
/ I 

AP-42 Section Number: 12.3 

Reference Number: 2 

Title: Background Information for New 
Source Performance Standards: 
Primary Copper, Zinc and Lead 
Smelters, Volume I, Proposed 
Standards 

EPA-45012-74-002a 

US EPA 

October 1974 

EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



BACKGROUND INFORMATION 
FOR NEW SOURCE 

PERFORMANCE STANDARDS: 
PRIMARY COPPER, ZINC, 

AND LEAD SMELTERS 

I P 

- 

VOLUME \l: PROPOSED STANDARDS 

ENVIRONMENTAL PROTECTION AGENCY 
Office of A i r  and Waste Management 

Office of A i r  Quality Planning and Standards 
Research Triangle Park, North Carolina 27711 

October 1974 



This report is issued by the Environmental Protection Agency to report 
technical data of interest to a limited number of readers.  Copies are 
available free of charge to Federal employees, current contractors and 
grantees, and nonprofit organizations - as supplies permit - from the A i r  
Pollution Technical Information Center, Environmental Protection Agency, 
Research Triangle Park,  North Carolina 27711; or, for a fee, from the 
National Technical Information Service, 5285 Port Royal Road, Springfield, 
Virginia 22161. 

( I .  . 

Publication No. EPA-450/2-74-002a -. 
\ . . -, 

ii 



TABLE OF CONTENTS 

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . .  
.LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . .  
ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.1 SUMMARY OF PROPOSED STANDARDS . . . . . . . . . . . .  
1.2 SUMMARY OF BACKGROUND INFORMATION . . . . . . . . . .  

2 . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . .  
3 . PRIMARY EXTRACTION PROCESSES FOR COPPER. Z INC 

ANOLEAO . . . . . . . . . . . . . . . . . . . . . . .  
3.1 PYROMETALLURGICAL PROCESSES . . . . . . . . . . . . .  

3.1.1 Copper Smel t ing . . . . . . . . . . . . . . . .  
References f o r  Sect ion 3.1.1 . . . . . . . . .  

3.1.2 Zinc Smelt ing . . . . . . . . . . . . . . . . .  
References f o r  Sect ion 3.1.2 . . . . . . . . .  

3.1.3 Lead Smel t ing . . . . . . . . . . . . . . . . .  
References f o r  Sect ion 3.1.3 . . . . . . . . .  

3.1.4 Combined Lead and Zinc Smelt ing . . . . . . . .  
References f o r  Sect ion 3.1.4 . . . . . . . . .  

3.2 HYDROMETALLURGICAL PROCESSES . . . . . . . . . . . . .  
3.2.1 Summary . . . . . . . . . . . . . . . . . . .  
3.2.2 Copper E x t r a c t i o n  . . . . . . . . . . . . . . .  
3.2.3 Zinc E x t r a c t i o n  . . . . . . . . . . . . . . . .  
3.2.4 Lead E x t r a c t i o n  . . . . . . . . . . . . . . . .  
References f o r  Sec t ion  3.2 . . . . . . . . . . . . . .  

4 . CONTROL TECHNIQUES . . . . . . . . . . . . . . . . . . . .  
4.1 SULFURIC A C I D  PLANTS . . . . . . . . . . . . . . . . .  

4.1.1 Summary . . . . . . . . . . . . . . . . . . . .  
4.1.2 General Discussion . . . . . . . . . . . . . . .  
References f o r  Sec t ion  4.1 . . . . . . . . . . . . . .  

4.2 ELEMENTAL SULFUR PLANTS . . . . . . . . . . . . . . .  
4.2.1 Summary . . . . . . . . . . . . . . . . . . . .  

. 

vii 
x . . . .  

xiii 
1-1 
1-1 

1-7 
2-1 

3-1 
3-1 
3-1 

3-118 
3-125 . 
3-167 

3-1 70 
3-199 
3-201 
3-21 1 
3-21 3 
3-21 3 
3-21 5 
3-226 
3-227 
3-233 

4-1 
4-1 
4-1 
4-3 

4-20 
4-22 
4-22 

iii 



. . . . . . .  . . . . . .  4.2.2 General Discussion ; 

References f o r  Sect ion 4.2 . . . . . . . . . . . . . .  
4.3 SCRUBBING SYSTEMS . . . . . . . . . . . . . . . . . . .  

4.3.1 Calcium-Based Scrubbing Systems . . . . . . . .  .. 4.3.2 D ime thy lan i l i ne  (DMA) Scrubbing . . . . . . . .  
4.3.3 Amnonia Scrubbing Systems . . . . . . . . . . .  
4.3.4 Sodium S u l f i t e - B i s u l f i t e  Scrubbing . . . . . .  
References f o r  Sect ion 4.3 . . . . . . . . . . . . . .  

4.4 PARTICULATE REMOVAL SYSTEMS . . . . . . . . . . . . . .  
References f o r  Sect ion 4.4 . . . . . . . . . . . . .  

AND LEAD SMELTERS . . . . . . . . . . . . . . . . . .  
5.1 PRIMARY COPPER SMELTERS . . . . . . . . . . . . . . .  

5.1.1 Domestic Copper Smelters . . . . . . . . . . .  
5.1.2 Foreign Copper Smelters . . . . . . . . . . . .  

5 . SURVEY DF DOMESTIC AND FOREIGN PRIMARY COPPER. ZINC 

5.2 PRIMARY Z I N C  SMELTERS . . . . . . . . . . . . . . . .  
. .  ~ 5.2.1 Domestic Z inc Smelters . . . . . . . .  I . . .  

. 5.2.2 Foreign Z inc Smelters . . . . . . . . . . . . .  
5.3 PRIMARY LEAD SMELTERS . . . . . . . . . . . . .  .s'.... . . 

5.3.1 Domestic Lead Smelters . . . . . . . . . . . .  
5.3.2 Fore ign Pr imary Lead Smelters . . . . . . . . .  
References f o r  Sect ion 5 . . . . . . . . . . . . . . .  

6 . ECONOMIC ANALYSIS . . . . . . . . . . . . . . . . . . . .  
6.1 . COPPER EXTRACTION . . . . . . . . . . . . . . . . . . .  

6.1.1 Copper I n d u s t r y  Economic P r o f i l e  . . . . . . .  
6.1.2 Cost Ana lys is  o f  A l t e r n a t i v e  

Contro l  S t ra teg ies  . . . . . . . . . . .  
6.1.3 Economic Impact o f  t h e  New Source 

Performance Standard . . . . . . . . . . .  
References f o r  Sect ion 6.1 . . . . . . . . . . . . . .  

6.2.1 Zinc Indus t r y  Economic P r o f i l e  . . . . . . . .  
6.2.2 Cost Ana lys is  o f  A l t e r n a t i v e  

Contro l  S t ra teg ies  . . . . . . . . . . . .  

...... 

6.2 Z INC EXTRACTION . . . . . . . . . . . . . . . . .  . 

iv 

& 
4-23 
4-48 
4-50 
4-53 
4-65 
4-75 
4-82 
4-88 
4-91 

4-1 01 

5-1 
5-1 
5-1 

5-16 
5-18 
5-18 
5-27 
5-28 
5-28 
5-35 
5-37 
6-1 
6-1 
6-1 

6-23 

6-46 
6-64 
6-66 
6-66 

6-74 

1 

1 



6.2.3 

References f o r  Sect ion 6.2 . . . . , . . . . . . . . . 6-105 

6.3.1 Lead I n d u s t r y  Economic P r o f i l e  . . . . . . .. . 6-106 
6.3.2 Cost Ana lys is  o f  A l t e r n a t i v e  

Contro l  S t ra teg ies  . . . . . . . . . . . . 6-113 

Impact o f  New Source Performance 
Standards . . . . . . . . . . . . . . . 6-96 

6.3 LEAD EXTRACTION . . . . . . . . . . . , . . . . . . . 6-106 

' i  1, 

6.3.3 Impact o f  New Source Performance 
Standards . . . . . . . . . . . . . . . . 

References f o r  Sect ion 6.3 . . . . . . . . . . . . . . 
7. RATIONALE FOR THE PROPOSED STANDARDS . . . . . . . . . . . . 

7.1 SELECTION OF SOURCE CATEGORIES . . . . . . . . . . . 
7.2 METHODOLOGY FOR DEVELOPING PROPOSED STANDARDS. . . . . 
7.3 SELECTION OF POLLUTANTS . . . . . . . . . . . . . . . 
7.4 SELECTION OF AFFECTED FACILITIES . . . . . . . . . . . 
7.5 DETERMINATION OF EMISSION LIMITS . . . . . . . . . . . 

7.5.1 Choice o f  Best  Demonstrated Technology . . .- . 
7.5.2 Q u a n t i t a t i v e  Emission L i m i t s  . . . . . . . . . 

6:136 
6-1 39 

7-1: 
7-1 
7-4 
7-9 

7-10 
7-1 1 
7-11 

7-39 
I u ,* 

References f o r  Sect ion 7 . . . . . . . . . . . . . . . 7-58 

8.1 SECONDARY POLLUTION . . . . . . . . . . . . . . . . . 8-1 
8.1.1 N e u t r a l i z a t i o n  o f  S u l f u r i c  Acid . . . . . . . 8-5 
8.1.2 Scrubbing Systems . . . . . . . . . . . . . . . , 8-17 

References f o r  Sect ion 8 . . . . . . . . . . . . . . . . . 8-46 

APPENDIX I. Mate r ia l  Balances f o r  Plodel Smelters . . . . . . . 1-1 
APPENDIX 11, O u t l i n e  o f  Group 11-A NSPS Development . . . . . 11-1 
APPENDIX 111. Analys is  o f  Continuous SO2 Moni tor  Data and 

Determinat ion o f  an Upper L i m i t  f o r  S u l f u r i c  

8-1 8. ENVIRONMENTAL EFFECTS . . . . . . . . . . . . . . . . . . . 

8.2 ENERGY IMPACT . . . . . . . . . . . . . . . . . . . . 8-33 

Ac id  P lan t  Ca ta l ys t  D e t e r i o r a t i o n  . . . . . . . 111-1 
APPENDIX I V .  Model Smelter Energy Balances . . . . . . . . . . IV-1 
APPENDIX V. 

v-1 
APPENDIX V I .  Ana lys is  o f  Dual-Absorpt ion Acid P l a n t  Continuous , 

SO2 Mon i to r ing  Data . . . . . . . . . . . . . . . VI-1 

Manual S u l f u r  D iox ide  Tests Performed a t  S ing le-  
Stage Acid P lan ts  . . . . . . . . . . . . . . . . 

V 



APPENDIX V I I .  Results o f  P a r t i c u l a t e  Tests Performed a t  
Primary and Secondary Nonferrous Smelting 
I n d u s t r i e s  . . . . . . . . . . . . . . . . . . . .  V I I - 1  

APPENDIX V I I I .  V i s i b l e  Emission Observations . . . . . . . . .  . V I I I - l  
APPENDIX I X .  Representative Model Copper F a c i l i t i e s  Using 

Gas Blending . . . . . . . . . . . . . . . . . . . .  IX-1 

Bibliographic Data Sheet . . . . . . . . . . . . . . . . . . . . .  x-1 

'. 

v i  

i 



v 

LIST OF FIGURES 

' 4  
I i 

Figure 
3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
3-9 
3-10 
3-1 1 

3-1 2 

3-13 
3-14 
3-1 5 

3-16 
3-17 
3-1 8 
3-19 
3-20 
3-21 
3-22 
3-23 
3-24 
3-25 
3-26 
3-27 
3-28 

Copper Smelter . . . . . . . . . . . . . . . . . . . . .  3-2 
Domestic Copper Smelt ing Technology . . . . . . . . . .  3-3 
Types o f  Roasters . . . . . . . . . . . . . . . . . . .  ' 3-4 
Reverberatory Smelt ing Furnace . . . . . . . . . . . . .  3-6 
Copper Convert ing Operat ion . . . . . . . . . . . . . .  3-8 
Types o f  Roasters . . . . . . . . . . . . . . . . . . .  3-13 
Reverberatory Smelt ing Furnace . . . . . . . . . . . . .  3-25 

E l e c t r i c  Smelt ing Furnace . . . . . . . . . . . . . . .  3-37 
Outokumpu Flash Smelt ing Furnace . . . . . . . . . . . .  3-50 
INCO Flash Smelt ing Furnace . . . . . . . . . . . . . .  3-52 

Dry Method f o r  Recovering Copper, Lead and Z inc 

Wet Method f o r  Recovering Copper, Lead and 
Zinc f rom Flash Furnace and Converter Dusts . . . . .  3-67 

Copper Converter . . . . . . . . . . . . . . . . . . . .  3-77 
Copper Converter Operat ion . . . . . . . . . . . . . . .  3-78 
F luc tua t i ons  i n  Converter Off-gas Volume and 

S u l f u r  D iox ide  Concentrat ions . . . . . . . . . . . .  3-83 
Converter Hood . . . . . . . . . . . . . . . . . . . .  3-85 
Hoboken Converter . . . . . . . . . . . . . . . . . . .  3-86 
Noranda Continuous Smelt ing . . . . . . . . . . . . . .  3-103 
WORCRA Continuous Smelt ing . . . . . . . . . . . . . . . .  3-106 
M i t sub ish i  Continuous Smelt ing . . . . . . . . . . . . . .  3-108 
TBRC Continuous Smelt ing . . . . . . . . . . . . . . .  3-111 
Pr imary Pyrometa l lu rg ica l  Zinc Smelt ing Process. . . . .  3-120 
Pr imary E l e c t r o l y t i c  Z inc Smelt ing Process . . . . . . .  3-121 
Mu l t i p le -hear th  Roast ing Furnace . . . . . . . . . . . . .  3-127 
F lash Roast ing Furnace . . . . . . . . . . . . . . . .  3-129 
Fluid-bed Roaster . . . . . . . . . . . . . . . . . . .  3-132 
Downdraft S i n t e r i n g  Machines . . . . . . . . . . . . . . .  3-140 
Zinc Downdraft S i n t e r i n g  Machine w i t h  Gas 

from Flash Furnace and Converter Dusts . . . . . . .  3-66 

-- 

R e c i r c u l a t i o n  . . . . . . . . . . . . . . . . . . . . .  &,46 

vii ! 



. 7 

Figure  

3-29 
3-30 
3-31 
3-32 
3-33 
3-34 
3-35 
3-36 
3-37 
3-38 
3-39 
3-40 
3-41 
3-42 
3-43 
3-44 
3-45 
4-1 
4-2 
4-3 
4-4 
4-5 
4-6 

4-7 
4-8 

5-1 
5-2 

5-3 

5-4 
5-5 

Hor izon ta l  R e t o r t  . . . . . . . . . . . . . . . . . . .  
V e r t i c a l  Re to r t  Furnace . . . . . . . . . . . . . . . .  
Elec t ro thermic  Furnace . . . . . . . . . . . . . . . .  
E l e c t r o l y t i c  Z inc E x t r a c t i o n  . . . . . . . . . . . . .  
Primary Lead Smelt ing Process . . . . . . . . . . . . .  
Single-Stream Operat ion . . . . . . . . . . . . . . . .  
Dual-Stream Operat ion . . . . . . . . . . . . . . . . .  
Updraft S i n t e r i n g  w i t h  Weak Gas R e c i r c u l a t i o n  

Lead B l a s t  Furnace . . . . . . . . . . . . . . . . . . .  
Bol iden E l e c t r i c  Furnace . . . . . . . . . . . . . . .  
S u l f u r  Balance i n  Bo l iden E l e c t r i c  Furnace . . . . . .  
. ISF Smelt ing Process . . . . . . . . . . . . . . . . .  

Cymet Hydrometa l lurg ica l  Process . . . . . . . . . . .  

. . . . . .  

The Imper ia l  Smelt ing Furnace . . . . . . . . . . . . .  

A r b i t e r  Hydrometa l lurg ica l  process . . . . . . . . . .  
Treatment o f  Galena Using Amine Leaching . . . . . . .  
Treatment o f  Galena Using F e r r i c  S u l f a t e  Leaching’’: .-I. 

S u l f u r i c  Ac id P l a n t  . . . . . . . . . . . . . . . . . .  
A l l i e d  Chemical S u l f u r  Diox ide Reduction Process . . . . . .  
Outokumpu S u l f u r  D iox ide  Reduction Process . . . . . . .  
Limestone/Lime Scrubbing Processes . . . . . . . . . .  
DMA Scrubbing Process . . . . . . . . . . . . . . . . .  
Cominco Amnonia Scrubbing Process . . . . . . . . . . .  
Davy Power Gas Scrubbing Process . . . . . . . . . . . .  
Composite Grade ( f r a c t i o n a l )  E f f i c i e n c y  Curves 

Based on Test S i l i c a  Dust . . . . . . . . . . . . . .  
E x i s t i n g  Domestic Pr imary Copper Smelters . . . . . . .  
Process Equipment Used by E x i s t i n g  Domestic 

Pr imary Copper Smelters . . . . . . . . . . . . . .  
Current  Status o f  SO2 Control  a t  E x i s t i n g  

Pr imary Copper Smelters . . . . . . . . . . . . . . .  
E x i s t i n g  Domestic Pr imary Z inc Smelters . . . . . . . .  
Process Equipment Used by E x i s t i n g  Domestic 

Pr imary Z inc  Smelters . . . . . . . . . . . . . . . . .  

&3Jg 

3-1 51 
3-153 
3-155 
3-1 59 
3-165 
3-172 
3-173 
3-1 78 
3-184 
3-189 
3-191 
3-197 
3-201 
3-21 2 
3-21 5 
3-223 
3-226 

4-4 
4-26 
4-29 
4-55 
4-68 
4-77 

4-84 

4-93 
5-2 

5-7 

5-9 
5-19 

5-22 

* 

viii 



Y 1 

Figure  

5-6 

5-7 
5-8 

5-9 

6-1 

6-2 

6-3 

6-4 

6-5 

6-6 

6-7 
6-8 

6-9 

6-10 
6-1 1 

’ 6-12 

6-13 

6-14 

Current  Status o f  SO2 Contro l  a t  E x i s t i n g  
Primary Zinc Smelters . . . . . . . . . . . . . . . . . 

E x i s t i n g  Domestic Pr imary Lead Smelters . . . . . . . . . 
Process Equipment Used by E x i s t i n g  Domestic 

Pr imary Lead Smelters . . . . . . . . . . . . . . . . . 
Current  Status o f  SO2 Contro l  a t  E x i s t i n g  

Pr imary Lead Smelters . . . . . . . . . . . . . . . . . 
q u a r t e r l y  P r i c e  Movements f o r  E l e c t r o l y t i c  

Wirebars and No. 2 Copper Scrap . . . . . . . . . . . . 
P r i c e  Movements f o r  Ref ined Wirebars on a 

Monthly Basis f o r  Two Major-Act ion Markets 
and U.S. Producers, Sept. 1968-Sept. 1970 . . . . . . . 

Model Copper Smelt ing F a c i l i t i e s  -- E l e c t r i c  
Smelt ing Opt ions . . . . . . . . . . . . . . . . . . . 

Model Copper Smelt ing F a c i l i t i e s  -- Flash Smelt ing 
Opt ions . . . . . . . . . . . . . . . . . . . . . . . 
Reverberatory Smelt ing Options . . . . . . . . . . . . 

Model Copper Smelt ing F a c i l i t e s  -- 
Reverberatory Smelt ing Options . . . . . . . . . . . . 

Monthly.Average Slab Z inc Pr ices,  1969-1972 . . . . . . . 
Model Z inc Smel t ing F a c i l i t i e s  -- Conventional 

Roasting and S i n t e r i n g  Opt ion . . . . . . . . . . . , .  . 
Model Zinc Smelt ing F a c i l i t i e s  -- E l e c t r o l y t i c  

Z i n c o p t i o n s  . . . . . . . . . . . . . . . . . . . . . .  
Model Zinc Smelt ing F a c i l i t i e s  --  Roast-Sinter ing Option. 
Monthly Average Quoted Lead Pr ices,  1969-1972 . . . . . . 
Model Lead Smelt ing F a c i l i t i e s  -- S i n t e r i n g  Machine 

Without Gas R e c i r c u l a t i o n  Options . . . . . . . . . . . 
Model Lead Smelt ing F a c i l i t i e s  -- S i n t e r i n g  

Machine w i t h  Gas R e c i r c u l a t i o n  Option . . . . . . . . . 
Model Lead Smelt ing F a c i l i t i e s  -- E l e c t r i c  

Furnace Opt ion . . . . . . . . . . . . . . . . . . . . 

Model Copper Smelt ing F a c i l i t i e s  -- Roaster/ r 

5-25 
5-29 

5-31 

5-34 

6-1 5 

6-17 

6-31 

6-33 
,. 

I 

“7’ 6-37 
/ 

“6-68 

6-76 

6-78 
6-80 

6-112 

6-1 15 

6-1 17 

6-1 19 



LIST OF TABLES 
Table 
3-1 Typical Levels of Volatile Metals in Domestic 
- 

3-2 

3-3 

3-4 
3-5 
3-6 
3-7 
3-8 

3-9 

3-10 
. .  

Copper Ore Concentrates . . . . . . . . . . . . . . . . 
Sulfur Content of Materials at Typical 

Electrolytic Smelters . . . . . . . . . . . . . . . . . 
Calcine Sulfur Content of Typical Smelters 

Using Fluid-Bed Roasters . . . . . . . . . . . . . . . , 
Calcine Sulfur Content . . . . . . . . . . . . . . . , , 
Toho Zinc Calcine Analysis . . . . . . . . . . . . . . . . 
Summary of Typical Zinc Roaster Parameters . . . . . . . . 
Sulfur Content of Typical Zinc Sinter Feed . . . . . . . . 
Calcine Produced at Typical Electrolytic 

Zinc Smelters . . . . . . . . . . . . . . . . . . . . . , 
Typical Sulfur Emissions for a Primary 

Lead Smelter . . . . . . . . . . . . , . . . . . . . . . 
Typical Updraft Sintering Machine Feed and 

4 Product Data . . . . . . . . . , . . . . . . . y.? .' :. . . 
3-11 

Machine with and Without Weak Gas Recirculation . . . .I . 
343 Typical ISF Process Materials Analysis . . . . . . . . . . 
3-13 Typical ISF Sinter Analysis . . . . . . . . . . . . . . . . 
3-14 Sulfur Balance,of ISF Installation . . . . . . . . . . . . 
4-1 

Off-gases Used to Manufacture Sulfuric Acid . . . . . . . 
4-2 Elemental Sulfur Plant Tail Gas "Clean-up" Processes . . . 
4-3 Calcium Scrubbing Installations . . . . . . . . . . . . . . 
4-4 ASARCO DMA Installations . . . . . . . . . . . . . . . . 
4-5 Cominco-Type Amnonia Scrubbing Installations . . . . . . . 
4-6 Davy Power Gas Scrubbing Installations . . . . . . . . . . 
4-7 Baghouse Emission Test Results . . . . . . . . . . . . . . 
5-1 Existing U.S. Copper Smelters . . . . . . . . . . . . . . . 
5-2 Foreign Copper Smelters . . . . . . . . . . . . . . . . . . 
5-3 Existing U.S. Zinc Smelters . . . . . . . . . . . . . . . . 
5-4 Existing U.S. Lead Smelters . . . . . . . . . . . . . . . . 

Feed and Product Comparisons of Sinter from 

Estimated Maximum Impurity Limits for Metallurgical 

X 

3-68 

3-131 

3-1 34 
3-134 
3-137 
3-137 
3-141 

3-144 

3-167 

3-1 77 

3-182 
3-199 
3-200 
3-203 

4-10 
4-42 
4-60 
4-70 
4-79 
4-86 
4-100 

5-3 
5-1 7 
5-20 
5-30 



Tab1 e 
6-1 

6-2 

6-3 

6-4 

6-5 
6-6 
6-7 
6-8 

6-9 
6-10 
6-1 1 

6-1 2 
6-1 3 

6-14 

6-15 
6-16 
6-17 
6-18 
6-19 
6-20 
6-21 
6-22 
6-23 
6-24 
6-25 

Product ion and Sales o f  Ref ined Copper f o r  
t h e  Leading Corporat ions i n  t h e  U.S. f o r  1971 . . . . . . 6-2 

Smelter and Ref inery  S t a t i s t i c s  -- Location', 
Capacity, and Ownership . . . , . . . . . . . . . . . . 6-3 

Annual Trends i n  Copper Product ion A c t i v i t i e s  f o r  
t h e  U.S., 1962-1971 . . . . . . . . . . . . . . . . . . . 6-6 

Product ion,  Supply, and Producers' Stocks of 
Ref ined Copper Metal i n  t h e  U.S.. . . . . . . . . . . . . - 6-7 

Trade Balance f o r  the  U.S.. . . . . . . . . . . . . . . . . 6-9 
Product ion lCapaci ty  Data f o r  Copper Smelters . . . . . . . .  6-10 
Consumption o f  Refined Copper by Fabr ica tors  i n  t h e  U.S. 6-12 
End Uses f o r  Domestic Copper Consumption f o r  

Most Recent ly Ava i l ab le  10-year Per iod  . . . . . . . . . 6-13 
Selected S t a t i s t i c s  and Operat ing Rat ios,  1960-1967 . . . . 6-19 
Elements o f  Cap i ta l  Costs f o r  SmelFer Technologies . . . . 6-25 
Cap i ta l  Costs and Operat ing Requirements f o r  

Contro1,Processes . . . . . . . . . . . . . . . . . . . .1 6-29 
Contro l  Costs f o r  Model Copper Smelt ing F a c i l i t i e s  . . . . 6-39 
Sumnary. o f  Smelter Control  Costs A l loca ted  

o r  An t i c ipa ted  . . . . . . . . . . . . . . . . . . . . . ' 6-49 
Model Income Statement f o r  I n teg ra ted  Producers, < :  ' 

Independent Mines, and Custom Smelters. . . . . . . . . . -' G 5 1  
Domestic Slab Zinc Capacity, 1968-1972 . . . . . . . . :'. 6-67 
Domestic Slab Zinc Consumption . . . . . . . . . . . :. . 6-71 
Supply o f  Slab Z inc by Source . . . . . . . . . . . . . . 6-72 
Foreign Sources o f  Ore Concentrates and Slab Zinc, 1971 . . 6-73 
Contro l  Costs f o r  Model Z inc Smelters . . . . . . . . . . i 6-82 
Cap i ta l  Costs f o r  Selected SO2 Contro l  A l t e r n a t i v e s  . . . . -6-86 
Operat ing Costs f o r  Selected SO2 Contro l  A l t e r n a t i v e s  . . '. - ' 6 - 8 8  
Economic Impact o f  By-product D i s p o s i t i o n  . . . . . . . . . 6-93 
Domestic P ig  Lead Product ion S t a t i s t i c s ,  1968-1971 . . . . 6-107 : 

U.S. Supply o f  P ig  Lead, 1968-1971. . . . . . .  . . . . . . . 6-108 
Lead Imports,  1971. . . . . . . . , .  . . . . . . . . . . . . 6-109 

. 

' 1  
,' 

xi 
B 



Table 
6-26 Domestic Lead Consumption, 1963-1971 . . . . . . . . . . .  
6-27 Contro l  Costs f o r  Model Lead Smelters . . . . . . . . . .  
6-28 Cap i ta l  Costs f o r  Selected SO2 Contro l  A l t e r n a t i v e s  . . .  
6-29 Operat ing Costs f o r  Selected SO2 Contro l  A l t e r n a t i v e s  . . 
6-30 Impact of Disposal Opt ions . . . . . . . . . . . . . . .  
7-1 

8-1 

- 

Frequency o f  D i s t r i b u t i o n  o f  Adjusted O u t l e t  SO2 
Concentrat ions . . . . . . . . . . . . . . . . . . . . .  
S u l f u r  Oxide Generat ion and Recovery a t  U.S. 

Smelters (1969-1972) . . . . . . . . . . . . . . . . . .  

Copper Smelt ing . . . . . . . . . . . . . . . . . . . .  

Zinc Smelt ing . . . . . . . . . . . . . . . . . . . . .  

Lead Smelt ing . . . . . . . . . . . . . . . . . . . . .  

8-2 Emission Contro l  Energy Requirements -- 

8-3 Emission Contro l  Energy Requirements -- 

8-4 Emission Contro l  Energy Requirements -- 

i 

& 
6-111 
6-1 21 
6-124 
6-127 

6-1 32 

7-48 

8-6 

8-36 

8-37 

8-38 

xii 



ABSTRACT 
I 

'. . 
Th is  documnt  presents i n fo rma t ion  on t h e  d e r i v a t i o n  o f  proposed 

standards o f  performance f o r  new and mod i f i ed  pr imary copper, z inc ,  

and lead smelters.  

a v a i l a b l e  f o r  copper, z inc ,  and lead, the  var ious  systems a v a i l a b l e  f o r ,  , 

con t ro l l i ng 'em iss ions  o f  s u l f u r  ox ides and p a r t i c u l a t e  ma t te r  from these 

processes, t h e  economic impact o f  t h e  proposed standards, the  environmental 

and energy-consumption e f f e c t s  assoc iated w i t h  the var ious processes and 

c o n t r o l  systems, and the  general r a t i o n a l e  f o r  the  proposed standards. 

The Standards developed r e q u i r e  c o n t r o l  a t  l e v e l s  t y p i c a l  o f  

: 8  The r e p o r t  descr ibes t h e  var ious e x t r a c t i o n  processes 

1 

bes t  demonstrated e x i s t i n g  technolqgy. These l e v e l s  were determined 

by ex tens ive  on -s i t e  i n v e s t i g a t i o n s ;  cons idera t ion  o f  process design 

f a c t o r s ,  maintenance p rac t i ces ,  a v a i l a b l e  t e s t  data, and c h a r a c t e r i s t i c s  

o f  p l a n t  emissions; comprehensive l i t e r a t u r e  examination; and consu l ta t ions  

wi th  the  Nat iona l  A i +  P o l l u t i o n  Control Techniques Advisory Committee, 

w e h e r s .  o f  t h e  academic comnunity, and indus t r y .  

!? 
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1. SUMMARY 

1.1 SUmARY OF PROPOSED STANDARDS 

Standards o f  performance are being proposed t o  l i m i t  atmospheric 

emissions o f  s u l f u r  d i o x i d e  and p a r t i c u l a t e  ma t te r  from primary 

copper, z inc  and lead smelters. 

new smelters constructed f o l l o w i n g  t h e  date o f  proposal o f  these 

These standards apply no t  on l y  t o  

standards i n  the  Federal Register,  b u t  a l so  t o  any e x i s t i n g  smelters 

which are mod i f i ed  f o l l o w i n g  the date o f  proposal. 

m o d i f i c a t i o n  i s  de f ined i n  the  1970 Clean A i r  Act  as "...any physical  

change in ,  o r  change i n  t h e  method o f  operat ion o f ,  a s t a t i o n a r y  

source which increases the  amount o f  any a i r  p o l l u t a n t  emi t ted by 

such source o r  which r e s u l t s  i n  the  emission o f  any a i r  p o l l u t a n t  

n o t  p rev ious l y  emitted." The standards themselves are def ined i n  

the  Act as "...a standard f o r  emissions o f  a i r  p o l l u t a n t s  which 

r e f l e c t s  the degree o f  emission J i m l t a t i o n  achievable through the  

a p p l i c a t i o n  o f  the  best  system o f  emission reduct ion which ( t a k i n g  

i n t o  account the cos t  of  achieving such reduct ion)  the  Administrator 

determines has been adequately demonstrated. " 

The term 

The proposed standards apply t o  the f o l l o w i n g  process u n i t s  

w i t h i n  a primary copper, z i n c  o r  lead smelter: Copper - dryer,  

roaster ,  smelt ing furnace, and copper converter; z i n c  - r o a s t e r  and 

s i n t e r i n g  machine; lead  - s i n t e r i n g  machine, s i n t e r i n g  machine 

discharge end, b l a s t  furnace, dross reverbera tory  furnace, e l e c t r i c  

smelt ing furnace, and converter.  

a f f e c t e d  f a c i l i t i e s .  

rhese process u n i t s  are termed 

The proposed standards are as fo l l ows :  



Primary Copper Smelters 

Any gases discharged into the atmosphere from any dryer may not: 

1. Contain particulate matter in excess of 50 milligrams 

per normal cubic meter (0.022 grains per dry standard 

cubic foot). 

Exhibit 20 percent opacity or greater, except for two 

minutes in any one hour. 

2. 

Any gases discharged into the atmosphere from any roaster, 

smelting furnace, or copper converter may not: 

1. Contain sulfur dioxide in excess o f  0.065 percent by 

volume (650 ppm), except that gases discharged from 

any existing reverberatory smelting furnace that is 

a1 tered to increase the sulfur dioxide emissions from 

the furnace are exempted from this requirement when 

the total sulfur dioxide emissions from all existing 

and affected facilities at the smelter are not 

increased. 

Exhibit 20 percent opacity or greater, except for two 

minutes in any one hour, if a sulfuric acid plant is 

utilized to control sulfur dioxide emissions. 

2 .  

Primary Zinc Smelters 

Any gases discharged into the atmosphere from any roaster 

may not: 

1. Contain sulfur dioxide in excess of 0.065 percent by 

volume (650 ppm) . 
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2. Exhibit 20 percent opacity o r  greater ,  except for  two 

minutes i n  any one hour, if  a sulfur ic  acid plant is 

u t i l i zed  t o  control sulfur dioxide emissions. . 

Any gases discharged in to  the atmosphere from any s inter ing 

machine may not: 

1 .  Contain par t iculate  matter i n  excess of 50 milligrams per 

normal cubic meter (0.022 grains per dry standard cubic 

foot) .  

2. Exhibit 20 percent opacity or  greater ,  except for  two 

minutes i n  any one hour. 

Primary Lead Smelters 

Any gases discharged into the atmosphere from any s inter ing 

machine, e l e c t r i c  smelting furnace, o r  converter may not: 

1. Contain sulfur dioxide i n  excess of 0.065 percent by 

volume (650 ppm). 

Exhibit 20 percent opacity or greater ,  except for  two 

minutes in any one hour, i f  a su l fur ic  acid plant i s  

ut i l ized t o  control sulfur dioxide emissions. 

2. 

Any gases discharged in to  the atmosphere from any b las t  furnace, 

dross reverberatory furnace, o r  s inter ing machine discharge end may 

not: 

1. Contain par t iculate  matter i n  excess of 50 milligrams 

per normal cubic meter (0.022 grains per dry standard 

cubic foot) .  

E x h i b i t  20 percent opacity o r  greater ,  except f o r  two 

minutes i n  any one hour. 

2. 
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These standards apply a t  the p o i n t  where emissions are discharged 

from the a i r  p o l l u t i o n  c o n t r o l  system or from the a f f e c t e d  f a c i l i t y  

if no a i r  p o l l u t i o n  c o n t r o l  system i s  u t i l i z e d .  

s u l f u r  d iox ide  emission l i m i t  app l i cab le  t o  copper smelters w i l l  be 

Compliance w i t h  the 

I e f f l u e n t  gases discharged t o  the  atmosphere over t h r e e  s ix-hour  

periods. The average s u l f u r  d iox ide  emission concent ra t ion  dur ing  

each o f  these th ree  periods w i l l  be determined. An average s u l f u r  

d iox ide  emission concentrat ion based on the th ree  s ix-hour  average 

s u l f u r  d iox ide  emission concentrat ions w i l l  be ca lcu la ted .  It i s  

t h i s  average o f  t he  th ree  s ix-hour  average s u l f u r  d i o x i d e  emission 

concentrat ions which must be less than 0.065 percent.  I n  the case 

o f  z inc  and lead smelters, compliance w i t h  the s u l f u r  d iox ide  concen- 

t r a t i o n  emission l i m i t s  w i l l  be determined i n  the  same man'ner, except 

t h a t  t h ree  two-hour per iods w i l l  be used r a t h e r  than th ree -s i x -hou r  . .  
periods. 

4p 

it' 

. 
Although the  p a r t i c u l a t e  and s u l f u r  d iox ide  standards are 

i n  the form o f  emission concentrat ions, compliance cannot be achieved 

by means o f  d i l u t i o n  w i t h  a i r  o r  o ther  gases. I f  d i l u t i o n  gases a r e  

added f o l l o w i n g  the  a i r  p o l l u t i o n  c o n t r o l  system, p r i o r  t o  the p o i n t  

of emission measurement, the amount o f  d i l u t i o n  must be determined 

and the  emission concent ra t ion  cor rec ted  t o  the  u n d i l u t e d  basis. 

'0 

9' 
Sul fu r  d i o x i d e  em'ission concentrat ions released t o  the atmosphere 

must be cont inuous ly  monitored. Continuous mon i to r i ng  i s  de f ined t o  be 

'I.. . a t  l e a s t  one measurement o f  s u l f u r  d iox ide  concentration... in each 

1-4 

~~~ A 



I 1 

I 
l 

a' 

s: 
I 
I 

fifteen-minute period. " 

system instal led must meet the following specifications:  

The performance character is t ics  of the monitoring 

Parameter Specification 

Accuracya (Re1 a t  i ve) 

Calibration errora  

Zero d r i f t a  ( 2  hr) 

Zero d r i f t a  (24 hr) 

Calibration d r i f t a  (2  hr)  

Calibration drifta (24 hr) 

Response time 15 m i n  maximum 

Operational perioda 168 hr minimum 

520% of reference mean valuea 

~ 5 %  of each (50%, 90%) 
Calibration gas mixture value 

22% of emission standarda 

54% of emission standarda 

- <2% of emission standarda 

55% of emission standarda 

aExpressed a s  the sum of the absolute mean value p l u s  95 percent 
confidence interval of a series of t e s t s .  

Relative accuracy re fers  t o  the difference i n  concentration values 

between the monitoring system and the EPA reference t e s t  method, 

expressed a s  a 'percentage o f  the concentration value determined by 

the EPA reference test  method. 

Six-hour average su l fur  dioxide emission concentrations, as 

indicated by the continuous monitor ins ta l led  a t  primary copper 

smelters, must be calculated and recorded dai ly ,  fo r  four consecutive 

six-hour periods of each operating day. 

dioxide emission concentrations must be calculated and recorded 

da i ly ,  for  twelve consecutive two-hour periods of each operating 

day, a t  primary zinc or  lead smelters. 

Two-hour average su l fur  

A f i l e  of a l l  mesurements 
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and calculations i s  t o  be maintained fo r  a two-year period. 

Compliance w i t h  the sulfur  dioxide and par t icu la te  matter 

standards will  be determined by a performance test .  The sulfur  

dioxide emission concentrations will be determined by the continuous 

monitoring system. Three runs will const i tute  a performance test. 

One continuous six-hour sample i s  considered one r u n  a t  a primary copper 

smelter, and one continuous two-hour sample wil l  be considered one 

r u n  a t  primary zinc o r  lead smelters. 

concentrations will be determined by EPA Test Method 5 ,  as  published 

i n  the December 23, 1971, Federal Register (36 FR 24876). 

The par t icu la te  matter emission 

Compliance w i t h  the opacity standards will be determined by 

EPA Test Method 9 ,  as publ i shed  in the December 23, 1971, Federal 

Register (36 FR 24876). 

it, 

1-6 



1.2 SUmARY OF BACKGROUND INFORMATION 

The purpose o f  t h i s  r e p o r t  i s  t o  document t h e  in format ion 

and r a t i o n a l e  used t o  develop the  proposed new source performance 

standards f o r  newly const ructed and mod i f ied  pr imary copper, z inc  

and lead smelters. Thus, t h i s  document reviews the  var ious 

smel t ing processes f o r  the e x t r a c t i o n  o f  copper, z i n c  and lead; 

the  var ious emission reduc t ion  systems t h a t  a re  a v a i l a b l e  f o r  

c o n t r o l l i n g  emissions o f  s u l f u r  d iox ide  and p a r t i c u l a t e  ma t te r  f rom 

these processes; the  smel t ing  processes and emission reduc t i on  

systems c u r r e n t l y  i n  use w i t h i n  t h e  domestic i ndus t r y ;  t h e  costs  

and economic impact associated w i t h  the  var ious  smel t ing  processes 

and emission reduc t ion  systems t h a t  a re  ava i l ab le ;  the  r a t i o n a l e  

f o r  t h e  proposed new source performance standards; t h e  environmental 

e f f e c t s  associated w i t h  the poss ib le  n e u t r a l i z a t i o n  o f  s u l f u r i c  

a c i d  and the d i s p o s i t i o n  o f  scrubbing system by-products; and 

the  impact o f  the  standards on energy u t i l i z a t i o n .  

Each o f  the  subsect ions i n  Sect ions 3, 4,  6 and 8 o f  t h i s  

document i s  preceded by summaries i n  which the major  t echn ica l ,  

economic o r  environmental conclusions developed i n  each subsect ion 

are  presented. 

d e s c r i p t i o n  o f  each sec t ion  f o l l o w s  t o  serve as a guide t o  t h i s  

document. 

Rather than d u p l i c a t e  these sumnaries, a b r i e f  

Various py rometa l l u rg i ca l  and hydrometa l lu rg ica l  e x t r a c t i o n  

processes are reviewed i n  Sect ion 3. Considerable d e t a i l  i s  developed 

concerning the  technology o f  py rometa l l u rg i ca l  processes as r e l a t e d  

t o  the c h a r a c t e r i s t i c s  o f  t h e  o f f -gas  streams which are  discharged by 
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specific process units. 

the domestic industry and those in use at various foreign installations 

are examined. 

and hydrometallurgical processes under development are reviewed. 

Section 4 reviews various emission control systems that are 

available to control emissions of sulfur dioxide and particulate 

matter from those pyrometallurgical extraction processes reviewed 

in Section 3. 

with each of these emission reduction systems are discussed in depth. 

Demonstrated emission reduction with regard to emission concentrations 

Both those smelting processes in use within 

In addition, a few of the more promising pyrometallurgical 

The limitations and range o f  applicability associated 

released to the atmosphere is identified for each emission control 

system discussed. 

Section 5 presents a survey of domestic and foreign copper, 

Smelting processes and emission control zinc and lead smelters. 

systems in use at each of these installations are reviewed. 

addition, the modifications currently underway within the domestic 

industry as o f  mid-1973 to meet the national ambient air quality 

standards are sumnarized. 

In 

The economics associated with the various smelting processes 

reviewed in Section 3 and the various emission reduction systems 

reviewed in Section 4 are presented in Section 6. 

of the domestic industry is reviewed, and the economic impact of the 

proposed standards is identified. 

The economic profile 

Section 7 presents the rationale for the proposed standards. 

The selection of the affected facilities covered by the standards and 
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the  determinat ion o f  the  emission concent ra t ion  l i m i t s  s p e c i f i e d  i n  

the  standards, which r e f l e c t  bes t  demonstrated technology tak ing  i n t o  

account costs, are reviewed. 

The p o t e n t i a l  environmental e f f e c t s  associated w i t h  the proposed 

standards are reviewed i n  Sect ion 8. Considerable d e t a i l  i s  developed 

concerning the  n e u t r a l i z a t i o n  o f  s u l f u r i c  a c i d  and t h e  d i s p o s i t i o n  

o f  var ious by-products associated w i t h  of f -gas scrubbing systems 

discussed i n  Sect ion 4. The impact o f  t h e  proposed standards on 

the  energy requirements associated w i t h  the  product ion o f  copper, 

lead, and z i n c  i s  also reviewed. 

var ious emission c o n t r o l  systems which can be u t i l i z e d  t o  comply 

w i t h  t h e  standards and the var ious  smel t ing  technologies which can 

be employed are  i d e n t i f i e d .  

The energy requirements o f  bo th  the 

1-9 . -_ 



I 

I 
I 

I 
I *  

* 

2. INTRODUCTION 

The purpose of t h i s  document i s  t o  make ava i l ab le  t o  the  p u b l i c  

the i n fo rma t ion  and r a t i o n a l e  which the  Admin is t ra to r  used t o  develop 

standards o f  performance which are be ing  proposed f o r  new and mod i f ied  

pr imary copper, lead, and z inc  smelters.  

var ious e x t r a c t i o n  processes a v a i l a b l e  f o r  copper, lead  and z inc ,  

the  var ious emission reduc t ion  systems ava i l ab le  f o r  c o n t r o l l i n g  

the  emissions o f  s u l f u r  oxides and p a r t i c u l a t e  ma t te r  f rom these 

processes, the  costs  and environmental e f f e c t s  assoc iated w i t h  the  

var ious processes and c o n t r o l  systems, and t h e  r a t i o n a l e  f o r  the  

proposed standards. 

This  r e p o r t  descr ibes t h e  

Sect ion 111 o f  the  Clean A i r  Act ,  as amended, d i r e c t s  the  

Admin is t ra to r  o f  the  Environmental P ro tec t i on  Agency t o  e s t a b l i s h  

standards o f  performance for  new s t a t i o n a r y  sources. The Admin is t ra to r  

was requ i red  t o  pub l i sh ,  w i t h i n  90 days a f t e r  the  da te  o f  enactment 

o f  the  Act, a l i s t  o f  ca tegor ies  o f  sources which may c o n t r i b u t e  

s i g n i f i c a n t l y  t o  a i r  p o l l u t i o n  which causes o r  con t r i bu tes  t o  t h e  

endangerment o f  p u b l i c  hea l th  o r  we l fa re ;  r e v i s i o n s  o f  the  l i s t  a r e  

t o  be publ ished from t ime  t o  time. The Admin is t ra to r  must propose 

regu la t i ons  w i t h i n  120 days a f t e r  t h e  p u b l i c a t i o n  o f  a l i s t ,  o r  r e v i s i o n  

o f  a l i s t ,  and a f f o r d  i n t e r e s t e d  persons an oppor tun i t y  f o r  w r i t t e n  

comnent on t h e  proposed regu la t i ons .  A f t e r  cons ider ing  these comnents, 

the  Admin is t ra to r  i s  requ i red  t o  promulgate standards, i nco rpo ra t i ng  

mod i f i ca t i ons  as he deems appropr ia te,  w i t h i n  90 days a f t e r  the date 

o f  proposal. 
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The i n i t i a l  set of Federal new source performance standards (NSPS's) 

was promulgated on December 23, 1971. 

for large foss i l - fue l - f i red  steam generating plants ,  portland cement 

manufacturing plants,  municipal incinerators,  n i t r i c  acid manufacturing 

plants,  and su l fur ic  acid manufacturing plants .  

performance standards promulgated March 8, 1974, apply t o  secondary 

lead smelters, secondary brass and bronze i n g o t  production 

plants,  asphalt concrete manufacturing plants ,  basic oxygen 

process furnaces a t  i r o n  and steel  p l a n t s ,  sewage sludge incinerators ,  

storage vessels fo r  petroleum l i q u i d s ,  and specified sources a t  

petroleum ref iner ies  . 

Emission standards were established 

The Group I1 new source 

New source performance standards apply t o  s ta t ionary sources the 

construction or modification of which i s  comnenced a f t e r  the publication 

o f  proposed regulations which will be applicable t o  t h a t  source category. 

The Act requires t h a t  new source performance standards 

the degree of emission l imitation achievable th rough  the application 

of the best system of emission reduction which ( t ak ing  in to  account 

the cost  of achieving such reduction) the Administrator determines 

has been adequately demonstrated." The "system of emission reduction'' 

may include both the production and emission control equipment, 

ra ther  than being r e s t r i c t ed  to  the l a t t e r  alone. 

not necessary fo r  the emission reduction system t o  have been comnercially 

demonstrated, or demonstrated a t  fu l l  scale .  

' I . . .  r e f l ec t ( s )  

Further, i t  is  

The proposed standards, which this document describes, apply to  

primary extraction f a c i l i t i e s  which use, pyrometallurgical techniques 

t o  produce copper, zinc, and lead from su l f ide  ore concentrates. Some 

of these f a c i l i t i e s  simultaneously process l e s se r  quant i t ies  o f  scrap 

4' 
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materials, but are distinct from secondary copper, zinc, and lead smelters 

which do not process ore concentrates. 

In developing the proposed standards, EPA engineers surveyed 

smelting process technology and emission control technology during 

on-site visits to all domestic primary copper, zinc, and lead smelters. 

Consultations with smelter operators were held during these visits and 

in joint EPA/American Mining Congress meetings. 

information base, together with that obtained by EPA review of the technical 

and trade literature, indicated that some foreign smelters operate 

processes more amenable to air pollution control and employ more 

effective sulfur dioxide emission control devices than had been 

demonstrated in the United States at that time. For example, 

flash copper smelting furnaces have not yet been operated in the 

United States, and metallurgical double-absorption sulfuric acid plants 

had not been operated domestically prior to late 1972. 

The resulting 

A limited EPA emission testing program was carried out in May and 

June 1972 to quantify emissions from metallurgical single-absorption 

sulfuric acid plants. 

on a metallurgical single-absorption sulfuric acid plant to record emissions 

of sulfur dioxide. 

1972, and the data Were analyzed to identify the effects of smelting 

process fluctuations which are peculiar to metallurgical acid plant 

operation. 

less effective than the double-absorption plants operated abroad, but 

the need existed for establishing a quantitative data base directly 

related 'to domestic smelting processes and methods o f  operation. 

In October 1972 a continuous monitor was installed 

This monitor operated from October through December 

EPA recognized that these single-absorption plants would be 

A limited 
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n u h e r  of t e s t s  were a l s o  c a r r i e d  o u t  t o  quan t i f y  the  performance of 

smel ter  p a r t i c u l a t e  contro l  devices. 

The fac t  t h a t  c o n t r o l  o f  weak s u l f u r  d i o x i d e  emission streams 

i s  the  most d i f f i c u l t  techn ica l  problem associated wi th smelter 

emission c o n t r o l  ( f o r  example, emissions f rom copper reverbera tory  

smel t ing  furnaces and lead s i n t e r i n g  machines) i n d i c a t e d  t h a t  

smel t ing processes which do n o t  generate such e f f l u e n t s  should be 

i nves t i ga ted  i n  d e t a i l  as one component o f  bes t  systems o f  emission 

reduct ion.  Consequently, EPA engineers inspected smel t e r s  i n  Europe 

and Japan du r ing  August and September 1972 t o  examine newer smel t ing 

techniques. 

and consul t a t i o n s  were he ld  w i t h  f o r e i g n  smel ter  operators  concerning 

the  emission c o n t r o l  performance o f  these p l a n t s .  

Double-absorption s u l f u r i c  a c i d  p l a n t s  were a l s o  inspected, 

The Nat ional  A i r  P o l l u t i o n  Contro l  Techniques Advisory Comnittee, 

the  Federal Agency L ia i son  Comnittee, and t h e  American Min ing Congress 

have reviewed d ra f t s  o f  t h i s  document. Numerous comments were rece ived 

on the  dra f ts ,  and r e y i s i o n s  were made on t h e  bas i s  o f  these comnents. 

By the  beginning o f  1973, i t  was ev iden t  t h a t  a number o f  the  

newer smel t ing technologies and emission c o n t r o l  systems would be p u t  

i n t o  opera t ion  i n  t h e  Uni ted States i n  t h e  near f u t u r e .  .Information 

had been re leased t h a t  one new f l a s h  copper smel t ing furnace and one new 

la rge-sca le  e l e c t r i c  copper smel t ing furnace would be constructed. 

A double-absorpt ion s u l f u r i c  a c i d  p l a n t  f o r  c o n t r o l l i n g  a copper conver ter  

e f f l u e n t  and a d ime thy lan i l i ne  (DMA) scrubbing system f o r  c o n t r o l l i n g  a 
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copper reverberatory smel t i n g  furnace e f f luent  had undergone s ta r tup  

in l a t e  1972. 

March 1973 and made plans t o  conduct emission t e s t s  during the summer. 

In June 1973, an emission test was carr ied out by EPA on the double- 

absorption su l fur ic  acid plant. 

guarantee of 500 ppm SO2. The DMA scrubbing system has experienced 

numerous mechanical problems since i n i t i a l  s ta r tup  i n  November 1972 

and has n o t  to  date achieved long-term continuous operation. 

In June 1973, EPA instal led a continuous monitor on the 

EPA engineers inspected these two ins ta l la t ions  i n  

T h i s  plant easi ly  met the vendor 

double-absorption su l fur ic  acid plant mentioned above. Emissions 

were recorded through December 1973. The su l fur  dioxide emission 

l imit  of the proposed standards i s  based primarily on the resu l t s  

of t h i s  t e s t .  

Emission control costs were calculated for  "model" copper, zinc, 

and lead smelters which employ a variety of d i f fe ren t  smelting processes 

which the Administrator has judged t o  be adequately demonstrated. 

Alternative emission control systems, which produce a range of smelter 

sulfur  dioxide emission control levels ,  were applied to  the "model" 

smelters t o  provide a basis for  taking costs  into account in arriving a t  

the proposed emission l imitations.  

oontaining byproducts by smelters and ultimate disposal o f  these materials 

by smelters were included as possible occurrences i n  calculating control 

costs.  

Both the cases o f  sa l e  of sulfur- 

The Administrator recogn i ze.s t ha t  the environmental. e f fec ts  of 

preventing large quant i t ies  of sulfur-bearing materials from being 

emitted into-the atmosphere-by primary copper, ainc,  and~.l.ead smelters - . ~. . 
--_.~ 
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must be evaluated. Consequently, EPA engineers have est imated t h e  

q u a n t i t i e s  o f  s o l i d  and sludge waste t h a t  may r e s u l t  from a p p l i c a t i o n  

o f  t h e  proposed standards. 

e f fec t i veness  o f  a v a i l a b l e  u l t i m a t e  d isposal  methods o r  byproduct 

use methods i n  l i m i t i n g  secondary water and a i r  p o l l u t i o n  have been 

inves t iga ted .  I n  add i t i on ,  EPA engineers have est imated t h e  energy 

requirements associated w i t h  .the var ious  emission c o n t r o l  systems t h a t  

cou ld  be u t i l i z e d  t o  comply with the  proposed standards, and analyzed 

t h e  impact o f  t h e  proposed standards on t h e  energy requirements 

associated w i t h  t h e  smel t ing o f  copper, l ead  and z inc .  

The p roper t i es  o f  these wastes and the  

Y; 

?? 
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3. PRIMARY EXTRACTION PROCESSES FOR COPPER, Z I N C  AND LEAD i 
3.1 PYROMETALLURGICAL PROCESSES 

3.1.1 Copper Smelt ing 

Conventional p r a c t i c e  f o r  t h e  produc t ion  o f  b l i s t e r  copper 

(approximately 99 percent pure copper) f rom copper s u l f i d e  o re  

concentrates inc ludes th ree  opera t ions :  

1. Roasting t o  remove a p o r t i o n  o f  the  concentrate s u l f u r  

content.  

Smelt ing o f  the  concentrate and f l uxes  i n  a furnace t o  

form s lag  and copper-bearing matte. 

Ox id i z ing  o f  the  mat te  i n  a conver te r  t o  form b l i s t e r  

copper. 

2. 

3. 

A p i c t o r i a l  representa t ion  o f  a copper smel ter  i s  presented i n  

F igu re  3-1, and a general sumnary o f  t h e  copper smel t ing  technology 

c u r r e n t l y  i n  use w i t h i n  the  Un i ted  States i d e n t i f y i n g  t h e  c o n t r i b u t i o n  

o f  each type o f  smel t ing u n i t  opera t ion  t o  t o t a l  SO;, emissions i s  

presented i n  F igure 3-2. O f  t h e  f i f t e e n  e x i s t i n g  domestic pr imary 

copper smelters, seven per form t h e  above t h r e e  operat ions,  w h i l e  the  

remafning e i g h t  feed concentrates (green-feed) d i r e c t l y  t o  the  

reve rbe fa to ry  furnaces w i thou t  a p r i o r  r o a s t i n g  step. 
'r 

Both mu l t i p le -hear th  roas ters  and the  more r e c e n t l y  developed 

f l u id -bed  roas ters  (1961) (F igure  3-3) 

she l te rs .  Roasting, a t  those sme l t i ng  f a c i l i t i e s  which employ 

t h i s  process, normal ly  con t r i bu tes  from 20 t o  50 percent  o f  the  

t o t a l  q u a n t i t y  o f  SO2 generated by such sme1ters.l E f f l u e n t  

a re  i n  use a t  domestic copper 
9 
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Concentrates 

20-50% 

10-30% 

Convert ing 40-50% 

Copper 

20-40% 

60-80% 

Concentrates 

F igure  3-2 \Domestic copper smel t ing technology 
- s u i f u r  d iox ide  emissions breakdown- 
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streams from mu l t i p le -hear th  roas te rs  t y p i c a l l y  con ta in  5 t o  10 

percent SO2 p r i o r  t o  a i r  d i l u t i o n  t o  e f f e c t  coo l ing ,  whereas f l u i d -  

bed r o a s t e r s ' i y p i c a l l y  produce e f f l u e n t s  w i t h  12 t o  14 percent  S02. 

A l l  c u r r e n t l y  opera t ing  11. S .  copper smelters,  w i t h  the except ion 

3~ 

o f  one which has r e c e n t l y  i n s t a l l e d  an e l e c t r i c  furnace, use f o s s i l -  

f u e l - f i r e d  reverbera tory  furnaces (F igure 3-4) 

concentrate,  f l uxes ,  and copper-bearing s l a g  ,ecyc led  from the 

conver ter .  

the bottom o f  the  furnace t o  form mat te which conta ins f rom 25 t o  

50 percent copper and 40 t o  20 percent  i r o n ;  t h i s  mat te  i s  p e r i o d i c a l l y  

tapped from the  furnace and charged i n t o  a converter.  

combine w i t h  the  f l uxes  t o  form a s lag  which f l o a t s  on t o p  o f  the 

furnace matte and which i s  a l s o  p e r i o d i c a l l y  ex t rac ted  f rom the  

furnace. The e f f l u e n t  f rom the  reverbera tory  furnace normal ly  

c o n t r i b u t e q f r o m  10 t o  40 percent  o f  the  t o t a l  q u a n t i t y  o f  SO2 3 

emissions gen2rated by i n d i v i d u a l  domestic copper smelters;  t h e  .; 

l a r g e r  percentages correspond t o  smelters which omi t the  r o a s t i n g  

opera t ion  p r i o r  t o  sme1ting.l 

reverbera tdry  furnace of f -gases t y p i c a l l y  ranges from 1/2 t o  

2-1/2 percent. 4 

t o  smelt  the  copper 

t 
~1 

The molten copper s u l f i d e s  and i r o n  s u l f i d e s  s e t t l e  t o  

I r o n  oxides 

.- 

The concent ra t ion  o f  SO2 i n  .. ../ .:y, 
, .  

. .  
, .  

Batches o f  reverbera tory  furnace mat te are charged i n t o  Pierce-  

Smith converters,  which a r e  c u r r e n t l y  t h e  o n l y  type o f  conver te r  

i n  use a t  domestic copper smelters.  

tuyeres loca ted  a t  the  s ide  o f  t h e  conver te r ,  passes upward through 

the mat te  and f l u x  t o  conver t  i r o n  s u l f i d e s  i n t o  i r o n  oxides and 

re lease S02. 

... > CI) ...I 
.7 .' A i r ,  which i s  blown i n t o  

The i r o n  oxides combine w i t n  the s i l i c a  f l uxes  t o  form 
. 
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FETTLING PIPES 
. _ )  

SLAG MATTE 

2 
F igure  3-4. Reverberatory smel t ing  furnace. 
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s lag ,  and the SO2 i s  contained i n  the e f f luent  collected by the converter 

hoodinq system. Periodically, the a i r  blowing i s  interrupted to  permit 

s laq t o  be poured from the converter and additional fluxes and matte t o  

be charqed. The i n i t i a l  operation of the converter, which transforms 

iron sulf ides  to  iron oxides, yieldinq a charqe o f  copper sulf ide,  is  

termed the " f i r s t  stage blow" or  "slag blow."  The second stage "white 

metal blow," o r  "copper blow," of the converter transforms copper sulf ides  

into b l i s t e r  copper and  releases SO2. Figure 3-5 i l l u s t r a t e s  the sequence 

of converting operations which typical ly  require 8 t o  10 hours for  a 

complete cycle to  produce b l i s t e r  copper from copper matte. 

! 

lhf . " 

Copper converting normally accounts for  40 to  80 percent of 

t o t a l  SO2 emissions a t  individual domestic copper sme1ters.l 

concentration of SO2 i n  converter off-gases varies greatly dur ing  ,,:..,*.,. 

the cycle of converter operation. 

emitted dur ing  conierter charginq and slagging and during copper 

pouring. 

mouth d u r i n g  "slag blowing" and 21 percent SO2 d u r i n g  "copper blowing." 

However, the i n f i l t r a t i o n  of large volumes of a i r  into the hooding 

a t  the converter mouth and into f lues  limits the concentrations of 

SO2 which can pract ical ly  be at ta ined i n  converter eff luents .  

quently, converter off-gases a re  normally i n  the range of 3 t o  10 

percent SO2 during various blowing stages and average 3 t o  7 percent 

SO2 depending on the amount of a i r  i n f i l t r a t i o n .  

The 

Fugitive quant i t ies  of SO2 are 

Theoretically, 15 percent SO2 i s  attained a t  the converter 

Conse- 

5 
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Figure 3-'5 Copper converting operation. 2 
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I n  a d d i t i o n  t o  t h e  i n s t a l l a t i o n  o f  s u l f u r i c  a c i d  p lants ,  

elemental s u l f u r  p lants,or poss ib l y  t h e  use o f  var ious of f -gas 

scrubbing systems t o  e i t h e r  recover  s u l f u r  d iox ide  f o r  f u r t h e r  

processing o r  t o  produce a su l fu r  compound , to  be s o l d  o r  discarded, 

t he re  are a number o f  process a l t e r n a t i v e s  t h a t  can be used t o  make 

the  bas ic  pyrometa l lu rg ica l  copper smel t ing process more amenable 

t o  a i r  p o l l u t i o n  con t ro l .  

w i l l  be t o  h i g h l i g h t  several  o f  these major a l te rna t ives , inc lud ing :  

The i n t e n t  o f  t h e  f o l l o w i n g  d iscuss ions 

1 (9 
I , 1. 

2. 

3. 

4. 

5. 

The use o f  f l u id -bed  roas te rs  be fore  reverbera tory  

smel t ing furnaces, 

The use o f  oxygen-enriched a i r  i n  "green charge" 

(no pre- roas t ing)  reverbera tory  smel t ing  furnaces, 

The use o f  e l e c t r i c  smel t ing  furnaces r a t h e r  than 

reverbera tory  smel t ing  furnaces, 

The use o f  f l a s h  smel t ing  furnaces r a t h e r  than 

reverbera tory  smel t ing furnaces, 

The use o f  Hoboken copper conver ters  r a t h e r  than Pierce-  

Smith copper conver ters  o r  t h e  use o f  t i g h t - f i t t i n g  hood 

systems on Pierce-Smith converters,  

and, i n  the  near fu tu re ,  

6.  The use o f  cont inuous copper smel t ing technology 

p resen t l y  under development. 

Fur ther ,  the  requirements fo r  b lending o f  e f f l u e n t s  f rom roas ters ,  

reverbera tory  smel t ing furnaces, and conver ters  t o  produce a combined 

s t rong s u l f u r  d iox ide  stream are  discussed. 



1 3.1.1.1 Roast ing  

Sumnary - 
Roasting can be used t o  remove a major p o r t i o n  o f  t h e  s u l f u r  

i n  copper concentrates.  Cur ren t l y  w i t h i n  t h e  domestic copper smel t ing 

industry, roas te rs  e l i m i n a t e  f rom 20-50% o f  t h e  s u l f u r  contained 

i n  the  concentrates. 

steady f l o w  ra te ,  con ta in ing  h igh  concentrat ions o f  s u l f u r  d iox ide .  

Mu l t i - hea r th  roas te rs  discharge of f -gases con ta in ing  5-10% s u l f u r  

dioxide, and f lu id-bed roas ters  discharge of f -gases con ta in ing  12-lr(% 

s u l f u r  d iox ide.  

Roasters discharge o f f -gas  streams o f  uniform, 

'Deep-roast ing" t o  remove 5 0 ~ 7 0 %  o f  t h e  s u l f u r  contained i n  t h e  

concentrates would i nvo l ve  major opera t iona l  changes i n  convent ional  

domestic smel t ing  p rac t i ce .  Although t e c h n i c a l l y  f e a s i b l e  w i t h  some 

concentrates, t h e  opera t iona l  changes requ i red  may be such t h a t  "deep- 

r o a s t i n g "  would be economical ly f e a s i b l e  o n l y  i n  c e r t a i n  s p e c i f i c  cases. 

"Dead-roasting'' t o  e l im ina te  a l l  the s u l f u r  contained i n  the  

concentrates i s  discussed i n  Sect ion 3.1.1.2 - E l e c t r i c  Smelting. 

"Sul fa te- roast ing ' '  t o  produce copper by  the  Roast-Leach-Electrowin 

(RLE) process can be u t i l i z e d  t o  e x t r a c t  copper from copper s u l f i d e  

concentrates.  Emissions o f  s u l f u r  oxides a r e  conf ined t o  the r o a s t i n g  

opera t ion  and are  discharged i n  an off-gas stream con ta in ing  4-8% s u l f u r  

d iox ide .  The1 RLE process, however, does have c e r t a i n  l i m i t a t i o n s  and may 

n o t  be economical ly f e a s i b l e  f o r  t reatment  o f  a l l  copper s u l f i d e  

concentrates,  p a r t i c u l a r l y  those con ta in ing  h igh  l e v e l s  o f  precious metals 

o r  h igh  l e v e l s  o f  var ious m e t a l l i c  i m p u r i t i e s .  

'1 

1 
I 
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General discussion -- 
The roasting of copper su l f ide  ore concentrates is basically a 

process i n  which the concentrates are heated i n  a i r ,  which may be 

oxygen enriched, t o  the temperature necessary f o r  some of the su l f ide  

su l fu r  t o  combine w i t h  oxygen t o  form su l fu r  oxides and f o r  some of 'the 

sulf ide metals t o  form metal oxides. The degree o f  su l fu r  removal from 

the concentrates"depends on the volume of air  supplied t o  the. roaster  

per u n i t  of concentrates charged. Consequently, essent ia l ly  a l l  ' ' 

(dead roasting) or  only a portion (par t ia l  roasting) of the sulfur'. '! 
3 .  contained i n  the ore concentrates can be removed as sulfur  oxides. 

However, domestic copper smelting techniques are based on the ab' l l i ty 

of molten si1,ica fluxes t o  combine w i t h  metal oxides, b u t  not metal 

su l f ides ,  forming a s lag.  

concentrates a f t e r  roasting t o  insure t h a t  the copper present will 

form a copper sulf ide matte i n  subsequent processing operations. 

the conversi'on of iron sulf ides  t o  iron oxides occurs preferenti81.1yu' 

t o  the conversion of copper sulf ides  t o  copper oxides, i t  i s  possible 

t o  recover copper from copper/iron su l f ide  ore  concentrates. 

Thus  su f f i c i en t  sulfur  must remain i n  the 

Since 
7q.7 

, ?  h 

Th i s  i s  not t o  imply, however, that  "dead roasting" of copper 

concentrates cannot be used t o  produce copper. The Montanwerke 

Brixlegg copper smelter i n  Austria practices "dead roasting" of 

copper concentrates followed by the production of "black copper," 

through the use of coke as  a reductant i n  an e l ec t r i c  furnace. 6 ' ' " r  

A copper smelter in Northern Rhodesia is reported t o  practice "dead 

roasting" of copper concentrates followed by production of copper 

sulfide matte i n  an e l e c t r i c  furnace. This is  accomplished th rough  the 
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a d d i t i o n  of v i r g i n  unroasted s u l f i d e  concentrates t o  t h e  e l e c t r i c  

furnace, thus p r o v i d i n g  s u l f i d e  s u l f u r  t o  reduce the  copper oxides 

t o  copper sul f ides. ’  

i 
i 

Copper concentrates can be roasted e i t h e r  i n  mu l t i - hea r th  o r  

f l u i d - b e d  r o a s t i n g  furnaces (Figure 3-61. The bas ic  design o f  a mu l t i - hea r th  

r o a s t e r  r e s u l t s  i n  a r e l a t i v e l y  long contac t  t ime f o r  r o a s t l n g  a 

u n i t  o f  concentrate; thus m u l t i - h e a r t h  u n i t s  g e n e r a l l y  have low 

throughput ra tes  compared w i t h  f l u i d - b e d  u n i t s .  

i n  a f l u i d - b e d  roas te r ,  however, r e s u l t s  i n  extremely i n t i m a t e  contac t  

tl 

9’ 
The t u r b u l e n t  bed 

between the concentrates and the o x i d i z i n g  environment, as compared 

w i t h  a mu l t i - hea r th  roas ter .  As a r e s u l t ,  f l u i d - b e d  r o a s t e r s  tend 

t o  produce roasted concentrates (ca lc ines)  o f  h ighe r  magnet i te content 

than mu l t i - hea r th  roasters .  

than f e r r i c  oxide (Fe203) and can lead t o  problems i n  smelt ing furnaces, 

such as s lags o f  h igh  copper content, reduced smel t ing  r a t e  and 

furnace bottom bui ld-up. 

Magneti te (Fe304) i s  much l e s s  des i rab le  

The off-gases from mu l t i - hea r th  roas te rs  con ta in  i n  the range 

o f  5-10% s u l f u r  d i o x i d e  depending main ly  on the  degree o f  oxygen 

u t i l i z a t i o n  and a i r  i n f i l t r a t i o n . 3 * 4  The of f -gases from f l u i d - b e d  

roasters ,  however, con ta in  i n  the range o f  12-14% s u l f u r  d ioxide. 3.4 

Consequently, off-gases from f l u id -bed  roas te rs  and, i n  some cases, 

those from m u l t i - h e a r t h  roas te rs  f r e q u e n t l y  do not  con ta in  s u f f i c i e n t  

oxygen if the off-gases are t o  be used f o r  the  manufacture o f  s u l f u r i c  

ac id .  

a i r  i n f i l t r a t i o n  o r  by blending w i t h  off-gases trom o t h e r  smelter 

operat ions con ta in ing  lower concentrat ions o f  s u l f u r  d i o x i d e  and 

h igher  concentrat ions o f  oxygen. 

D 

This oxygen de f ic iencv  i s  e a s i l y  corrected, however, bv a d d i t i o n a l  b’ 
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In terms of uniformity of flow r a t e  and sulfur  dioxide concen- 

t r a t ion ,  roaster off-gases are close to ideal for the manufacture 

of su l fur ic  acid or elemental sulfur .  

i n  e i t h e r  flow ra t e  o r  sulfur dioxide concentration and th i s  

pemits sulfur ic  acid p l an t s  or elemental su l fur  plants t o  operate 

a t  maximum ef f ic ienc ies .  However, w i t h  regard t o  the qual i ty  of 

su l fur ic  acid or  elemental sulfur  produced, fluid-bed roasters  

There i s  l i t t l e  variation 

are, generally superior t o  multi-hearth roasters .  

multi--hearth roasters ,  various organic agents entrained w i t h  the 

concentrates following f lo t a t ion  separation of the concentrates 

Frequently, w i t h i n  

from raw opes are merely vaporized o r  only pa r t i a l ly  decomposed i n  

the roaster .  Trace quant i t ies  of these agents oftentimes pass 

through gas cleaning equipment and are captured i n  the product 

su l fur ic  acid or elemental sulfur ,  leading to  the production of 

dark, discolored, off-grade acid or  su l fur .  

bed roasters ,  these organic f lo ta t ion  agents are completely' . 

decomposed and thus su l fu r i c  acid or elemental sulfur  produced 

from the off-gases i s  f r ee  of these contaminants. Although there 

are techniques which can be used to  decolorize or bleach acid or 

sulfur, these are usually cost ly  and sometimes not en t i r e ly  

sa t i s fac tory .  However, there are ou t l e t s  f o r  sulfuric ac id  or 

elemental sulfur  which a re  not  sensi t ive t o  color of the acid or  

su l fur ,  such as the production of f e r t i l i z e r s .  

Normally within f lu id -  

The presence o f  high levels of vo la t i le  metals, such as arsenic,  

antimony and mercury, e t c . ,  i n  the concentrates can present d i f f i c u l t i e s  

i n  the production of su l fu r i c  acid or elemental su l fur  from b o t h  
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m u l t i - h e a r t h  o r  f l u i d - b e d  r o a s t e r  off-gases. 

these d i f f i c u l t i e s  can be reso lved through the  i n s t a l l a t i o n  o f  adequate 

gas scrubbing and c leaning equipment p r i o r  t o  the s u l f u r i c  a c i d  or 

elemental sul fur"p1ant.  

( S u l f u r i c  Acid Plants)  and 4.2 (Elemental S u l f u r  P lants)  o f  t h i s  repor t .  

Cu r ren t l y  b i t h i n  the domestic copper smel t i n g  i ndus t r y ,  seven. 

Four operate the mu l t i - ,  i d s ,  ; 

I n  most cases, however, 

This aspect i s  f u l l y  discussed i n  Sections 4.1 

o f  the f i f t e e n  smelters operate roas te rs .  

hearth type and th ree  operate the  f l u i d - b e d  type. 

from 20-50% of the  s u l f u r  contained i n  the  copper ore concen t ra tes . i s  'i 

removed as s u l f u r  oxides i n  the r o a s t i n g  operat ion,  depending p r i m a r i l y  

on the copper content o f  the  concentrates processed and the copper 

s u l f i d e  content o f  the copper matte t h a t  the operators des i re  t o  produce' 

i n  the reverbera tory  smelt ing furnaces.& 

i n  some cases t h a t  the  degree o f  s u l f u r  removal i n  the r o a s t i n g  

operat ion could be increased s i g n i f i c a n t l y ,  poss ib l y  t o  50-70% 

of the s u l f u r  contained i n  the  copper concentrates ("deep r o a s t l n g " k 3  '.. 

thus sh i f t ing?a: .ma jor  p o r t i o n  o f  t h e  s u l f u r  normal ly  removed i n  the  ~ I a  . -  

copper converters and reverbera tory  furnace t o  the roaster ;  

As mentioned e a r l i e r ,  on l y  enough s u l f u r  need remain i n  the  

concentrates t o  i nsu re  t h a t  the copper w i l l  form a copper s u l f i d e  matte 

i n  subsequent processing operat ions.  Thus, s u l f u r  i n  excess o f  :I" . .  

t h i s  amount could be e l im ina ted  by  roas t i ng .  

A t  these ins ta l la t ions . ,  

. .  

It i s  l i k e l y ,  however, 

,' 7 .. ' .  3 3 3  

Operation i n  t h i s  manner, however, would increase the  grade ' . ' I * ! - ,  

. .  (copper content)  of matte produced i n  the  reverbera tory  furnaces 

from 30-40%, which i s  t y p i c a l  of domestic operations, t o  5 0 4 5 % .  

which i s  t y p i c a l  o f  some f o r e i g n  opera t ions  us ing f l a s h  smelt ing 

furnaces. 10yl'As a r e s u l t ,  a number o f  operat ional  changes would 

undoubtedly have t o  be incorpora ted  i .n to  conventional domestic 
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smelting techniques t o  accommodate "deep roasting." The use of 

separate slag treatment f a c i l i t i e s  t o  recover copper from both 

reverberatory slags and converter slags i s  one example. With  an 

increase i n  the grade o f  matte i n  a reverberatory furnace, the 

equilibrium concentrations o r  copper i n  the s lag would increase, 

leading t o  increased copper losses i f  the slag were not treated.  

Furthermore, as  a r e su l t  o f  "deep roasting," the magnetite - 
burden on the reverberatory furnace would increase. 

the magnetite content w i t h i n  the furnace t o  tolerable  levels ,  

reverberatory s lag would l ike ly  have t o  be tapped from the 

slag/matte interface,  where magnetite tends t o  accumulate, rather 

than from near the top of the s l a g  layer ,  as  I s  conventiohal practice. 

This change i n  slag tapping location would a l so  increase the 

copper content of the reverberatory s lag,  fur ther  necessitating 

s lag treatment f a c i l i t i e s  t o  control copper losses.  

necessity t o  in s t a l l  slag treatment f a c i l i t i e s  t o  t r e a t  reverberatory 

slags established. i t  i s  l ike ly  that  converter slags would',also 

be treated d i rec t ly  by 'these Fac i l i t i es  ra ther  than returned t o  

the reverberatory furnace. Only a small incremental increase i n  

s lag treatment capacity would be necessary, while the magnetite burden 

on the furnace would be reduced fur ther  w i t h  a s ignif icant  increase 

i n  smelting capacity result ing.  

To reduce 

With the probable 

If the concentrate contains h i g h  levels  of impurities, such as  

arsenic,  antimony, and bismuth,etc., increased f i r e  refining of 

the b l i s t e r  copper produced i n  the converters and changes i n  the 

e lec t ro ly t ic  refining c i r c u i t  m i g h t  a lso be necessary, as  discussed 

i n  Section 3.1.1.5 (Copper Refining). With low-grade mattes, 
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converters are q u i t e  e f f i c i e n t  i n  e l i m i n a t i n g  a number o f  i m p u r i t i e s  

f r e q u e n t l y  associated w i t h  copper concentrates. 

grade, however, leads t o  decreased conver te r  blowing t ime and 

lower conver te r  temperatures which, i n  tu rn ,  tends t o  r e s u l t  i n  

decreased i m p u r i t y  e l  imination.12 

Increased matte 

Consequently, "deep-wast ing"  t o  remove 50-70% o f  the  s u l f u r  

contained i n  the concentrates would l i k e l y  r e q u i r e  major operat ional  

changes i n  domestic smel t ing techniques. 

would on l y  be t e c h n i c a l l y  f e a s i b l e  i n  l i m i t e d  cases i n v o l v i n g  

concentrates w i t h  subs tan t i a l  "excess" s u l f u r  and would undoubtedly 

be economical ly f e a s i b l e  on l y  i n  c e r t a l n  s p e c i f i c  instances. 

Furthermore, "deep-roasting'' 

However, the use o f  w a s t e r s  i s  n o t  r e s t r i c t e d  t o  copper 

e x t r a c t i o n  techniques based on t h e  format ion o f  copper s u l f i d e  mattes. 

Other e x t r a c t i o n  techniques which have been developed u t i l i z e  roasters  

t o  e l im ina te  the s u l f i d e  s u l f u r  e i t h e r  by complete conversion t o  

s u l f u r  oxides ("dead roast ing") ,  o r  by conversion t o  s u l f a t e s  and 

s u l f u r  oxides ( " s u l f a t e  r o a s t i n g " ) .  

The B r i x l e g g  process, as mentioned prev ious ly ,  u t i l i z e s  "dead 

roas t fng "  o f  copper s u l f i d e  concentrates i n  a f l u i d - b e d  roas te r .6  

This process, which a l s o  u t i l i z e s  an e l e c t r i c  furnace, i s  discussed 

f u l l y  i n  Sect ion 3.1.1.2 ( E l e c t r i c  Smelt ing). 

The Roast-Leach-Electrowinni ng (RLE) process ,developed separa te ly  

by  the  Roan Select ion T rus t  Group and bo Bagdad Copper Corporation, 

uti1 izes " s u l f a t e  roas t i ng "  o f  copper s u l f i d e  concentrates. 12,13,14 

I n  t h i s  process, copper s u l f i d e s  arc converted s e l e c t i v e l y  t o  copper 

sul fates,  i r o n  is-conver ted t o  f e r r i c  oxide,and s u l f i d e  s u l f u r  i n  
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excess o f  t h a t  necessary t o  form copper s u l f a t e  i s  converted t o  s u l f u r  

oxides i n  a f l u i d - b e d  roas te r .  The copper s u l f a t e / f e r r i c  oxide c a l c i n e  

from the r o a s t e r  i s  then contacted w i t h  a s u l f u r i c  a c i d  leach so lu t ion .  

80th copper s u l f a t e  and f e r r i c  oxide are e x t r a c t e d  i n t o  s o l u t i o n ;  

however, the f e r r i c  oxide r a p i d l y  hydrolyzes t o  f e r r i c  hydroxide which 

i s  i n s o l u b l e  and p r e c i p i t a t e s  f r o m  s o l u t i o n .  Consequently, the  copper 

i s  s e l e c t i v e l y  ex t rac ted  from the ca l c ine ,  l e a v i n g  a res idue o f  f e r r i c  

hydroxide and i n s o l u b l e  gangue mate r ia l  . 1 3  

The copper s u l f a t e / s u l f u r i c  a d d  s o l u t i o n  i s  separated from the 

residue, p u r i f i e d  i n  a se r ies  o f  f i l t r a t i o n  steps t o  e l i m i n a t e  suspended 

inso lub le  m a t e r i a l ,  and then introduced i n t o  e l e c t r o l y t i c  c e l l s  f o r  

the recovery o f  copper by e lect rowinning.  Copper ions are reduced 

t o  f r e e  copper metal  which e l e c t r o p l a t e s  f rom t h e  s o l u t i o n  onto the 

copper cathodes as i n  conventional e l e c t r o l y t i c  r e f i n i n g .  As the 

copper i s  recovered from the  leach s o l u t i o n ,  s u l f u r i c  a c i d  i s  formed. 

Thus, the  s u l f i d e  s u l f u r  converted t o  s u l f a t e s  i n  the r o a s t i n g  

13 ' opera t ion  i s  u l t i m a t e l y  converted t o  s u l f u r i c  a c i d  i n  t h i s  process. 

Mu fu l i ra  Copper Mines Ltd. ,  which i s  associated w i t h  the  Roan 

Se lec t i on  T rus t  Group, c u r r e n t l y  uses the RLE process a t  i t s  Chambishi 

copper smelter i n  Zambia. The smelter was commissioned i n  1965 and 

Processes -200 tons/day o f  copper s u l f i d e  concentrates.f3 The o f f -  

gases from the  f l u i d - b e d  r o a s t e r  are vented d i r e c t l y  t o  the  atmosphere 

v i a  a tal l  stack, f o l l o w i n g  scrubbing of the  gases w i t h  s u l f u r i c  a c i d  

leach s o l u t i o n  t o  recover ca lc ines c a r r i e d  over from the  roas ter .  The 

concent ra t ion  o f  both s u l f u r  d iox ide  and oxygen i n  the off-gases i s  

i n  the  range o f  4-5%. 

fo r  t h e  produc t ion  o f  s u l f u r i c  acid, thereby p e r m i t t i n g  a h igh  degree 

13 
Consequently, the of f -gases could be u t i l i z e d  

3-1 8 



i 
o f  c o n t r o l  over emissions o f  s u l f u r  oxides t o  the atmosphere. 

There are, however, i n d i c a t i o n s  i n  the techn ica l  l i t e r a t u r e (  

t h a t  opera t ion  o f  a f l u i d - b e d  r o a s t e r  t o  ob ta in  both maximum s e l e c t i v i t y  

and conversion o f  copper s u l f i d e s  t o  copper su l fa tes ,  leads t o  condi t ions 

producing an of f -gas e f f l u e n t  con ta in ing  8% s u l f u r  d i o x i d e  and 4% 

oxygen.16 

opt imized w i t h  respect t o  conversion o f  copper s u l f i d e s  t o  copper 

I 
< 
'/ 

1 

I 

I 

Thus, i t  appears t h a t  i f  the  Chambishi opera t ion  were 
I 

: I  
IJ 

,\ s u l f a t e s ,  t h e  concent ra t ion  o f  s u l f u r  d i o x i d e  i n  the  off-gases could 

probably be increased s i g n i f i c a n t l y .  

process more amenable t o  a i r  p o l l u t i o n  c o n t r o l  by  reducing the volume 

o f  e f f l u e n t  t rea ted  t o  c o n t r o l  s u l f u r  ox ide  emissions. 

This would tend t o  make the 

The RCE process, however, does have c e r t a i n  l i m i t a t i o n s .  

Present ly,  the Chambishi smelter produces copper cathodes conta in ing  

genera l l y  unacceptably h i g h  l e v e l s  o f  impur i t ies .13 Although the 

i m p u r i t y  l e v e l s  are w i t h i n  ASTM S p e c i f i c a t i o n s  f o r  e l e c t r o l y t i c  copper, 

they exceed the  Roan Se lec t i ve  T r u s t  Group i n t e r n a l  standards f o r  

wirebars and i t  i s  l i k e l y  t h a t  they  exceed s i m i l a r  i m p u r i t y  standards 

w i t h i n  the domestic indus t ry .  

the  s u l f u r i c  a c i d  l e a c h / e l e c t r o l y t e  s o l u t i o n ,  which serves as the leach 

s o l u t i o n  f o r  the  copper e x t r a c t i o n  opera t ion  and a l so  as the  e l e c t r o l y t e  

i n  the  e lec t rowinn ing  operat ion,  con ta ins  extremely h igh  l e v e l s  o f  

impur i t ies. ' '  NO mention o f  p u r i f i c a t i o n  f a c i l i t i e s  f o r  removal o f  

d isso lved i m p u r i t i e s  from t h i s  s o l u t i o n  i s  made i n  the  l i t e r a t u r e ,  

and i t  appears t h a t  such f a c i l i t i e s  do no t  e x i s t  a t  the smelter. 

The l i t e r a t u r e  reveals,  however, t h a t  
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Rather, it appears that ,wi th  the necess i ty  o f  ope ra t i ng  a l a r g e  purge 

stream from the e lec t rowinn ing  c i r c u i t  es tab l i shed  t o  prevent the I 
/ 

accumulation o f  su l fa tes ,  t h i s  purge stream Is’ also u t i l i z e d  t o  prevent 

the  accumulation o f  i m p u r i t i e s  w i t h i n  the e l e c t r o l y t e  c i r c u i t .  

However, a l though t h i s  may prevent t h e  accumulation o f  i m p u r i t i e s ,  

i t  permits a genera l l y  h igh  l e v e l  o f  i m p u r i t i e s  t o  be a t t a i n e d  and 

maintained i n  the e l e c t r o l y t e  so lu t ion .  

P u r i f i c a t i o n  f a c i l i t i e s  f o r  removal o f  d i sso l ved  m e t a l l i c  i m p u r i t i e s  7; 

‘33 
from e l e c t r o l y t e  s o l u t i o n s  a r e  normal ly an i n t e g r a l  p a r t  o f  any e l e c t r o l y t i c  

r e f i n i n g  i n s t a l l a t i o n  w i t h i n  t h e  domestic i n d u s t r y .  The i n s t a l l a t i o n  

o f  such f a c i l i t i e s  a t  the  Chambishi smelter would undoubtedly reduce 

t h e  i m p u r i t y  l e v e l s  i n  the cathode copper considerably,  perhaps 

reducing them t o  acceptable leve ls .  

f a c i l i t i e s  are discussed i n  Sect ion 3.1.1.5, 

( E l e c t r o l y t e  p u r i f i c a t i o n  

Copper Refining,) 

Copper so l ven t  e x t r a c t i o n  techniques u t i l i z i n g  l iquid- lon-exchange 

reaqents developed by General M i l l s ,  Inc., c o u l d  a lso be u t i l i z e d  a t  

the  Chambishi smelter t o  reduce the i m p u r i t y  l e v e l s  i n  cathode copper. 

These l iquid- ion-exchange reaqents. under the  General M i l l s  t rade  

name o f  L IX  reagents, can e x t r a c t  copper ions f rom low-strength s u l f u r i c  

a c i d  s o l u t i o n s  w i t h  a h igh  deqree o f  s e l e c t i v i t y .  The copper i s  

recovered from the  L I X  reagent by so l ven t  e x t r a c t i o n  w i t h  a s t rong 
s u l f u r i c  a c i d  s o l u t i o n .  17,18,19 

These reagents could be used t o  e x t r a c t  copper from the s u l f u r i c  

a c i d  leach s o l u t i o n  a t  Chambishi, l eav ing  e s s e n t i a l l y  a l l  o f  the  

contaminating i m p u r i t i e s  i n  the  leach s o l u t i o n .  The leach s o l u t i o n  

could be recyc led t o  e x t r a c t  copper from t h e  copper s u l f a t e / f e r r i c  oxide 
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ca lc ine ,  which i s  c u r r e n t l y  done a t  Chambishi w i t h  the s u l f u r i c  a c i d  

l e a c h l e l e c t e o l y t e  s o l u t i o n .  

be removed from the leach s o l u t i o n  t o  prevent the accumulation o f  

sulfates,and t h i s  would serve t o  prevent  the accumulation o f  impur i t i es  

i n  the  leach so lu t i on .  

\ A l a r g e  purge stream would s t i l l  have t o  

A s t ronq s u l f u r i c  ac id  e l e c t r o l y t e  s o l u t i o n  from the  copper 

r e f i n i n g  c i r c u i t  could be u t i l i z e d  t o  e x t r a c t  copper from the LIX 

reagent. The regenerated LIX reagent  cou ld  then be recyc led and 

contacted w i t h  f resh leach s o l u t i o n  t o  e x t r a c t  more copper. 

s u l f u r i c  a c i d  e l e c t r o l y t e  s o l u t i o n  could be processed i n  e l e c t r o l y t i c  

r e f i n i n g  f a c i l i t i e s  t o  produce cathode copper. 

The copper- 

Consequently, the  i n s t a l l a t i o n  of L IX so lvent  e x t r a c t i o n  f a c i l f t i e s  a t  

Chambishi would minimize t h e  i m p u r i t y  l e v e l s  i n  the copper e l e c t r o l y t i c  

r e f i n i n g  c i r c u i t .  . lead ing  t o  a s u b s t a n t i a l  reduc t ion  i n  the  i m p u r i t y  : 

l e v e l s  o f  the  cathode copper produced. Without a doubt, t h i s  would 

permi t  the  product ion o f  cathode copper o f  good q u a l i t y .  

The most ser ious l i m i t a t i o n  o f  the  RLE process, however, when 
1 .  ., 

compared t o  convent ional  copper s u l f i d e  mat te  smel t ing processes, i s  

the l i k e l y  i n a b i l i t y  o f  the  process t o  recover precious metals 

contained i n  copper s u l f i d e  concentrates,  such as gold, s i l v e r ,  and 

pa l  1 ad i  uln. 

Roan Se lec t i on  T r u s t  Group concerning t h i s  process does no t  address 

t h i s  aspect; a review of t h e  techn ica l  l i t e r a t u r e  on copper hydrometal- 

l u r g i c a l  processes, hydrometal lurgy i n  general, and leaching i n  general 

i nd i ca tes  t h a t  t h e  s u l f u r i c  leach opera t ion  w i l l  most l i k e l y  no t  

e x t r a c t  precious metals i n t o  s o l u t i o n  t o  any significz1:t degree. 

Consequently, economic considerat ions w i l l  l i k e l y  d i c t a t e  t h e  use o f  

Although the  techn ica l  l i t e r a t u r e  re leased by the  
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conventional copper su l f ide  matte smelting techniques over the use of 

RLE technology f o r  processing copper su l f ide  concentrates containing 

suf f ic ien t  levels  of precious metals t o  warrant their recovery. 

I t  appears, however, t h a t  these l imitat ions a re  not serious 

enough t o  prevent fur ther  development and application of the RLE 

process. Although a great  deal of publicity has been given t o  the 

recent announcements by Phelps Dodge of plans t o  construct a f lash 

smelter a t  Tyrone, New Mexico, and by Anaconda of plans t o  construct a 

hydrometallurgical processing plant a t  Anaconda, Montana, l i t t l e  

publicity has been given t o  the recent announcement by Hecla - El 

Paso Natural Gas of plans t o  construct a copper smelter a t  t h e i r  Lakeshore 

mining properties i n  Arizona, u t i l i z ing  the RLE process.15 The smelter 

will process 400 tonflday of copper su l f ide  concentrates and i s  scheduled 

for completion during l a t e  1974. 

by ear ly  1975. 

Thus ,  the smelter should be i n  startup 

Sulfur oxide emissions from the fluid-bed roaster  will  be 

controlled by a 250-tons/day single-stage su l fu r i c  acid plant.  15,20 The 

RLE technology and "know-how" for  the in s t a l l a t ion  i s  being provided 

primarily by Bagdad Copper Corporation, based on data and information 

generated d u r i n g  their extensive pi lot-plant  program of development and 

testing of the process i n  the mid-1950's. 

had under consideration an RLE copper smelter; however, a1 though the 

pi lot-plant  program indicated commercial f e a s i b i l i t y  of the process, the 

small capacity of the ins ta l la t ion  being considered made the project 

economically unattractive.  

A t  t h a t  time Bagdad Copper 
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3.1.1.2 Smelting furnaces 

The smelting of copper sulf ide ore concentrates i s  basically a 

process i n  which the concentrates are heated t o  t h e i r  melting p o i n t  

t o  separate copper sulf ides  and  other valuable metals from the bulk of 

the unwanted constituents in crude form. 

the aim i s  t o  produce a copper su l f ide  matte containing the desired 

consti tuents.  

the copper i s  t o  oxidize the iron by roast ing,  while retaining the 

copper as sulf ide.  

miscible over a wide range of compositions so t h a t  oxidation of the 

iron alone will not yield the desired separat ion,  b u t  i f  s i l i c a  i s  present, 

the iron oxide combines w i t h  i t  t o  form a l i q u i d  iron s i l i c a t e  slag.  

This s i l i c a t e  phase i s  essent ia l ly  immiscibTe w i t h  the su l f ide  phase, 

and the melt separates into two layers w i t h  the l i gh te r  s lag layer  

floating on t o p  of; the matte layer. 

As br i e f ly  discussed e a r l i e r ,  

Frequently, the f i r s t  s t ep  i n  separating the iron from 

However, molten iron oxide and copper su l f ide  are 

The energy necessary t o  smelt the copper ore concentrates and 

limestone/silica fluxes can be provided i n  a number of ways, such as: 

(1)  the use of fossi l  fuel combustion in a reverberatory furnace, 

(2)  the use of e l ec t r i ca l  power i n  an e l e c t r i c  furnace, 

(3)  the use of the heat of reaction from the oxidat ion of iron 

su l f ide  t o  iron oxide i n  a f lash  furnace. 

or 

Reverberatory furnaces-- 

Summary--The emission of large volumes of off-gases containing low 

concentrations of sulfur oxides i s  inherent i n  the basic design of reverberatory 

smelting furnaces, since the heat fo r  smelting I s  provided by the Combustion 

of large volumes o f  fuel and air. 
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The roasting of copper concentrates pr ior  t o  charging t o  the 

furnace, the use of "bath" smelting rather  than "sidewall" smelting, 

and the treatment of converter slags i n  separate Slag treatment 

f a c i l i t i e s  ra ther  than returning them t o  the smelting furnace will  

minimize su l fur  dioxide emissions per unit  o f  furnace charge from 

reverberatory smelting furnaces, 

Section 3.1.1.1,could be ut i l ized in  some cases t o  remove 50-70% of the 

sulfur  contained i n  the concentrates, reducing emissions from the furnace 

to  the level of 5 1 0 %  of the sulfur  contained in the concentrates processed 

by the smelter. Currently within the domestic industry,  emissions from 

reverberatory furnaces range from 10-40% of the su l fur  contained in the 

concentrates. However, as also discusseci In Section 3.1.1.1, "deep- 

roasting" would require major operational changes in conventional domestic 

smelting practice,would be applicable only t o  spec i f ic  copper concentrates, 

and would most l ike ly  be economically feas ib le  only in ce r t a in  spec i f ic  

cases. 

"Deep-roas t i  ng ," as discussed in  

The concentration of sulfur oxide emissions from reverberatory furnaces 

can be increased s igni f icant ly  through the use of oxyqen enrichment of 

the combustion a i r .  Enrichment of colrbustion a i r  t o  28-40% oxygen increases 

the concentration of su l fu r  dioxide in the furnace off-gases t o  3-1/2 to  5%. 

The use of oxygen lances w i t h i n  reverberatory smelting furnaces, 

although shown in laboratory p i lo t  plants t o  increase su l fu r  dioxide 

concentrations i n  the furnace off-gases .to 12-18%, requires fur ther  develop- 

m e n t  and i s  not commercially demonstrated. 

General discussion--In a reverberatory furnace (Figure 3-7), a foss i l  

fuel such as Oil O r  natural gas i s  burned above the copper concentrates 
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Figure 3-7 Reverberatory smelting furnace. 2 
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being smelted. 

roof  and burners a t  one end. 

the  l e n g t h  o f  the  furnace. 

r a d i a t e s  d i r e c t l y  t o  the  charge l y i n g  on the  hear th  below, w h i l e  a subs tan t i a l  

part rad ta tes  t o  t h e  furnace roofs and w a l l s  and i s  r e t i e c t e d  down t o  the charge. 

The furnace i s  a long rec tangu la r  s t r u c t u r e  w i t h  an arched 

Flames from t h e  burners may extend h a l f  

P a r t  o f  t h e  heat  i n  t h e  combustion gas 

I n  a d d i t i o n  t o  smel t ing  the  copper concentrates,  a major  f u n c t i o n  o f  

a convent ional  reve rbe ra to ry  furnace i s  t o  recover  copper--both chemical ly  

and mechanical l y - - f rom s l  ag produced i n  t h e  copper converters.  Mol t e n  

conver te r  s l a g  i s  re tu rned t o  the  furnace,and copper s u l f i d e  matte and 

copper t h a t  i s  mechanical ly en t ra ined i n  t h i s  s l a g  s e t t l e s  o u t  b y  g r a v i t y .  

To some ex ten t ,  copper oxides trapped i n  t h e  s l a g  are converted t o  copper 

s u l f i d e s  by reduc t i on  w i t h  i r o n  s u l f i d e s  and a l s o  s e t t l e  out.  

Dur ing t h e  smel t ing  o f  copper concentrates as p rac t i ced  i n  reverbera tory  

furnaces within t h e  domestic copper sme l t i ng  i n d u s t r y ,  f rom 10-40% o f  

t h e  s u l f u r  conta ined i n  t h e  concentrates processed by the  copper smel ter  i s  

e l im ina ted  as s u l f u r  0x ides. l  Roast ing tends t o  reduce s u l f u r  e l i m i n a t i o n  

i n  reverbera tory  furnaces, however, and "calc ine-charge" furnaces ( those 

w i t h  p re- roas t ing  opera t ions)  normal ly  e l i m i n a t e  on l y  10-308 o f  the  s u l f u r  

conta ined i n  the  concentrates processed by  t h e  smelter,  w h i l e  "green-charge" 

furnaces ( those w i t h  no pre- roas t ing  opera t i on )  normal ly  e l i m i n a t e  20-40% o f  

t h e  su l fu r .  

p r i m a r i l y  a r e s u l t  o f  thermal decomposition o f  metal  s u l f i d e s  i n  the concentrates 

and,to a minor  ex ten t ,  the  reduc t ion  o f  magnet i te  (Fe3O4), contained i n  

conver te r  s lags  and roasted concentrates,  t o  i r o n  ox ide (Fe0).21,22 

Emissions o f  s u l f u r  oxides from reverbera tory  furnaces are  

3-26 

i 



The concent ra t ion  o f  s u l f u r  d iox ide  i n  t h e  e f f l u e n t  from reverbera tory  

furnaces i s  t y p i c a l l y  i n  the  range of 1 / 2  t o  2-1/2%.4 Major  fac to rs  

in f luenc ing  the  l e v e l  o f  s u l f u r  ox ide  emissions inc lude mineralogy 

of the  concentrates (amount o f  p y r i t i c  s u l f u r  present - FeSz and 

CuFeS2), type o f  charge ( roasted o r  unroasted) as mentioned above, method of 

smel t ina (s idewal l  o r  ba th) ,  t reatment  o f  conver te r  s lags,  and t h e  degree of air 

i n f i l t r a t i o n i ' 2 J  

of p y r i t i c  s u l f u r  a re  smelted i n  a "green-charge'' furnace (no pre- 

roas t i ng  operat ion) ,  emissions from the fu rnace w i l l  be g rea te r  than 

if concentrates e s s e n t i a l l y  f r e e  o f  p y r i t i c  s u l f u r  are smelted, o r  i f  

t h e  concentrates are f i r s t  roas ted  r a t h e r  than charged d i r e c t l y  t o  t h e  

furnace. 

of p y r i t i c  s u l f u r  compounds t o  re lease what i s  tenned " f ree "  p y r i t i c  
91 s u l f u r  as f o l l o w s j -  

FeS2 + FeS + S 

CuFeS2 + CuFeS + S 

I P  concenrrates con ta in ing  a s i g n i f i c a n t  amount 

Roast ing operat ions promote the  thermal decomposition 

Furthermore, as mentioned i n  Sect ion 3.1.1 .l, r o a s t i n g  favors  the  

o x i d i z a t i o n  o f  r o n  s u l f i d e s  t o  i r o n  ox ides 

4FeS + 702 +. 2Fe203 + 4502 

over the o x i d a t i o n  o f  o the r  metal  s u l f i d e s  t o  metal  oxides. Thus, 

r o a s t i n g  r e s u l t s  i n  l e s s  thermal decomposition o f  the  concentrates 

i n  a reverbera tory  furnace per  u n i t  o f  charge t o  the  furnace. 

The method o f  smel t ing  i n  a reve rbe ra to ry  furnace a l s o  in f luences  

s u l f u r  ox ide  emissions t o  some extent.22 I f the  charge i s  pneumat ica l ly  

dispersed on to  the  molten ba th  e x i s t i n g  i n  the  furnace (babb smel t ing j ,  

r a t h e r  than deposi ted i n  p i l e s  a long t h e  furnace s idewal ls  (s idewal l  

smelting), the  smel t ing  r a t e  i s  increased. Higher smel t ing  r a t e s  r e s u l t  
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I n  a lower residence t ime  i n  the furnace f o r  a u n i t  o f  charge before the  

charge i s  smelted and, as a r e s u l t ,  l e s s  thermal decomposition of the  

unsmel t e d  charge occurs.22 Consequently, emissions a r e  reduced per 

u n i t  o f  charge. 

The treatment o f  conver te r  s lags i n  separate Slag treatment f a c i l i t i e s  

a l so  reduces, t o  some ex ten t ,  s u l f u r  d iox ide  emissions from reverbera tory  

smel t ing furnaces pe r  u n i t  o f  charge. 

are normal ly  re turned t o  reverberatory furnaces t o  recover copper contained 

i n  the  slags. 

(Fe304), although magnet i te l e v e l s  as h igh  as 45% have been repor ted i n  

the  l i t e r a t u r e . 2 3 ~ 2 4  I n  the  reverbera tory  fu rnace a major p o r t i o n  o f  

the  magnet i te i n  the  converter slags i s  reduced w i t h  the  release o f  s u l f u r  

d iox ide  according t o  : 

As mentioned e a r l i e r ,  conver te r  slags 

However, these slags t y p i c a l l y  conta in  about 25% magneti te 

aFe3O4 + FeS + 5 S i 0 2 4  5(Fe0)2 Si02 + SO2 

Consequently, t r e a t i n g  conver te r  s lags i n  separate s lag  t reatment f a c i l i t i e s  

t o  recover copper, r a t h e r  than r e t u r n i n g  them t o  the reverbera tory  furnace, 

leads t o  a reduc t i on  o f  s u l f u r  d iox ide emissions per u n i t  o f  charge. 

Although i n  many cpaes there i s  considerable a i r  i n f i l t r a t i o n  i n t o  a 

t y p i c a l  reve rbe ra to ry  furnace and associated f lue-gas ductwork, t h i s  i s  

n o t  the p r i n c i p a l  reason f o r  the low concent ra t ion  emissions o f  s u l f u r  

d ioxide. 

amounts o f  f u e l ,  s u b s t a n t i a l  q u a n t i t i e s  o f  combustion a i r  must be provided. 

For example, t e n  t o  twelve volumes o f  a i r  are necessary t o  combust e f f i c i e n t l y  

one volume of n a t u r a l  gas. 

smel t ing furnace tends t o  r e s u l t  i n  the p roduc t i on  o f  l a r g e  volumes o f  o f f -  

gases con ta in ing  l o w  concentrat ions of s u l f u r  d iox ide.  

Since t h e  heat  f o r  smelt ing i s  provided by combustion o f  l a r g e  

Consequently, the  bas i c  design o f  a reverbera tory  

, 
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This i s  n o t  t o  imply ,  however, t h a t  no th ing  can be done t o  make 

reverberatory  furnaces more amenable t o  a i r  p o l l u t i o n  c o n t r o l .  

discussed i n  the  previous sec t i on  rev iewing  r o a s t i n g  operat ions,  i t  i s  

l i k e l y  t h a t  i n  some cases t h e  degree o f  s u l f u r  removal i n  the  r o a s t i n g  

operat ion could be increased s i g n i f i c a n t l y ,  poss ib ly  t o  50-70% o f  t h e  

s u l f u r  contained i n  t h e  concentrates.  

changes i n  normal domestic smel t ing  and r e f i n i n g  p r a c t i c e  ( r e f e r  t o  

Sect ion 3.1.1.1 - Roast ing),  the  l e v e l  o f  emissions o f  s u l f u r  oxides 

from the  reverbera tory  furnace would be reduced s u b s t a n t i a l l y .  

the percentage o f  s u l f u r  contained i n  t h e  concentrates processed by t h e  

smelter and discharged i n  t h e  e f f l u e n t  f rom the  reverberatory  furnace 

would probably  be i n  t h e  range o f  510% r a t h e r  than 10-40%.5*22 

As 

Although t h i s  would r e q u i r e  major 

Thus, 

On t h e  o the r  hand, r a t h e r  than a t tempt ing  t o  reduce t h e  l e v e l  

o f  s u l f u r  d iox ide  emissions from the reverbera tory  furnace t o  a minimum, 

var ious techniques can be employed t o  inc rease t h e  concentrat ion o f  s u l f u r  

d iox ide  emissions. As discussed i n  Sect ions 4 . 1 ,  4.2 and 4.3, a l though 

techn ica l  cons iderat ions normal ly  do n o t  l i m i t  t h e  a p p l i c a b i l i t y  of a i r  

p o l l u t i o n  c o n t r o l  systems t o  gas streams conta in ing  low concentrat ions 

o f  s u l f u r  d iox ide,  economic cons idera t ions  f requen t l y  do. 

the concentrat ion o f  s u l f u r  d iox ide  i n  the  of f -gases should make the 

reverbera tory  furnace more amenable t o  a i r  p o l l u t i o n  c o n t r o l .  Increas ing 

s u l f u r  d iox ide  emissions f r o m  reverbera tory  furnaces would e n t a i l  the  use 

of tonnage oxygen i n  the furnace t o  reduce f u e l  and comhustfnn a i r  rp.q\,lre"pnts 

and the  reduc t ion  o f  a i r  i n f i l t r a t i o n  t o  a minimum. 

Thus, inc reas ing  

Seal ing the  furnace and f lue-gas ductwork aga ins t  a i r  i n f i l t r a t i o n  

t o  a much g rea te r  ex ten t  than i s  common i n  t h e  domestic i n d u s t r y  a t  

present would r e q u i r e  the  use o f  roas ters  o r  d r i e r s  t o  i nsu re  t h a t  the  
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moisture content of the charge t o  the furnace would be no greater t h a n  

5-7X.25 T h i s  would minimize eruptions or explosions i n  the furnace as a 

r e su l t  of the rapid o r  essent ia l ly  instantaneous vaporization o f  water, 

which can occur i f  the moisture content of the charge i s  high. 

eruptions tend t o  promote the f o n a t i o n  of cracks and leaks in the furnace 

roof and sidewalls and throughout the flue-gas ductwork, permitting a i r  

i n f i l t r a t i o n .  The use of driers t o  reduce the moisture content of the 

charge further, t o  1/2% o r  less,  would be beneficial  as this would 

minimize di lut ion of the sulfur oxides i n  the furnace off-gases 

due t o  water vapor. 

These 

Y’ 

;Al 

The use of tonnage oxygen t o  enrich combustion a i r  i s  rapidly 

gaining widespread use, par t icular ly  in  the secondary smelting of 

nonferrous metals. 

reverberatory smelting furnace is  the volume of combustion gases. Since 

nitrogen comprises four - f i f ths  of the combustion a i r  normally supplied,  

enrichment of the a i r  w i t h  oxygen lowers the to t a l  volume o f  gas i n  the 

furnace, thus producing higher flame temperatures and increasing the 

smelting capacity. T h i s  i s  s ign i f icant  i n  t h a t  four tons of nitrogen 

carry away enough heat t o  smelt a ton of charge.12 With the decrease 

i n  the volume of off-gases per unit  of charge t o  the furnace, the 

concentration of sulfur dioxide increases, and i t  should not be d i f f i c u l t  

t o  achieve concentrations of su l fur  dioxide i n  the off-gases i n  the range 

A major parameter d e t e n i n i n g  the capacity of a 

* of 3-1/2 t o  5%. 2 6 , ~  ,2a 

Oxygen enrichment is currently employed by the International Nickel Co. 

Ltd. (INCO) a t  their Sudbury, Ontario, f a c i l i t i e s  i n  Canada. This operation, 

however, is on an intermit tent  basis w i t h  surplus dump oxygen tha t  becomes 

avai lable  t o  enhance smelting in nickel reverberatory f ~ r n a c e s . ~ g  As a 
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r e s u l t ,  l i t t l e  i n fo rma t ion  i s  a v a i l a b l e  concerning the concent ra t ion  of 

s u l f u r  d i o x i d e  i n  the  of f -gases. Unt i l  recen t l y ,  oxygen enrichment 

-of-the-conbustion - a i r  i n  a reverbera tory  smel t ing  furnace was also- 

p rac t i ced  a t  the  Onahama Smelt ing and Re f in ing  Co. copper smel te r  a t  

Onahama, Japan.30 However, the  degree o f  oxygen enrichment was l i m i t e d  

by  copper losses i n  t h e  furnace s l a g  and, as a r e s u l t ,  t h e  oxygen content  

o f  the  combustion a i r  was increased on ly  t o  23-25%. The i n s t a l l a t i o n  

o f  s l a g  t reatment  f a c i l i t i e s  was under cons ide ra t i on  a t  t h i s  smelter,  

w i t h  a view toward i nc reas ing  the  oxygen conten t  o f  the combustion a i r  

f u r the r ,  i n  o rder  t o  increase the  s u l f u r  d iox ide  content  o f  t h e  furnace 

~ f f - g a s e s . ~ ~  With t h e  oxygen content  o f  the  combustion a i r  increased t o  

23-25%, the  concent ra t ion  o f  s u l f u r  d iox ide  i n  the  reverbera tory  furnace 

off-gases was increased from 1-1/2X t o  2-1/2% and t h e  gases were rou ted  

d i r e c t l y  t o  a s ing le -s tage contac t  s u l f u r i c  a c i d  plant, 25,30,31 (See 

Sect ion 4.1 - S u l f u r i c  Ac id Plants.)  

Although t h i s  a c i d  p l a n t  i s  no longer.  i n  opera t ion  on the  off-gases 

from t h e  reverbera tory  furnace, t h i s  i s  n o t  a r e s u l t  o f  any techn ica l  problems 

t h a t  developed. Onahama Smel t ing and Ref in ing expanded t h e  smel ter  capac i ty  

by  the  cons t ruc t i on  o f  an a d d i t i o n a l  reverbera tory  smel t ing  furnace and 

add i t i ona l  copper converters.  The a c i d  p l a n t  now con t ro l s  s u l f u r  d iox ide  

emissions f rom t h e  new copper conver ters .  

(MgO) of f -gas scrubbing system, developed j o i n t l y  by Onahama Smelt ing and 

Ref in ing  and Tsukishima K ika i  Co., L td . ,  c o n t r o l s  s u l f u r  d i o x i d e  emissions 

f r o m  t h e  reverbera tory  smel t ing  furnaces.32 This  magnesium ox ide scrubbing 

system was comnissioned i n  e a r l y  1973 and has experienced no ser ious opera t iona l  

problems, thus se rv ing  as a successful  commercial demonstration of the  

A p ro to type magnesium ox ide  
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process as a means of controll ing su l fu r  dioxide emissions from reverberatory 

furnaces. 

From a review of the technical l i t e r a t u r e ,  i t  appear5 tha t  oxygen 

enrichment of the combustion a i r  i n  copper reverberatory smelting furnaces 

i s  under serious study in  the Soviet Union. 27*33 

be i n  use a t  the Almalyk Copper Smelter where i t  was reported tha t  

In f a c t ,  i t  may already 

increasing the oxyqen content of the combustion a i r  from 21% t o  23-25% 

about 2-3Z.27 T h i s  i s  i n  general agreement with the resul ts  obtained 

Y’ 

4 
increased the concentration of su l fur  dioxide i n  the off-gases from 1% to  

a t  the Japanese copper smelter cited above. 

in  the Soviet Union, increasing the oxygen content of the combustion a i r  

in  the reverberatory furnaces to  the range of 28-30% increased the su l fur  

dioxide content of the off-gases t o  3-1/2 t o  4%,  and the use of combustion 

a i r  with 40% oxygen increased the su l fur  dioxide concentration t o  4-1/2 t o  

5 % . * ’ ~ ~ ~  T h u s ,  oxygen enrichment i s  a viable means of increasing the 

concentration of su l fu r  dioxide in the off-gases from reverberatory furnaces 

t o  the range of 3-1/2 t o  5%.28 

Furthermore, a t  t h i s  smelter 

Increased copper losses i n  reverberatory furnace slags could r e s u l t ,  

however, from oxygen enrichment of the combustion a i r  i n  an exis t ing furnace, 

as a t  the Japanese smelter mentioned above. As the oxygen content of the 

combustion a i r  increases,  the smelting capacity of the furnace increases +i 

signif icant ly .  

furnace capacity, the residence time o f  the s l ag  formed i n  the furnace 

decreases. As a r e s u l t ,  there  i s  l ess  s e t t l i n g  time f o r  the copper sulf ide 

matte, which i s  formed from the concentrates charged t o  the furnace and 

I f  the operators take f u l l  advantage of this and increase 

.If 
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contained i n  the  copper converter slags returned t o  the furnace, t o  

separate from the slag.  

from the furnace may increase. 

Thus, the copper content of the slag tapped 

I t  should be noted, however, t h a t  i n  some cases copper losses 

migh t  actually decrease as a r e su l t  of the higher operating temperatures 

attained w i t h  oxygen enrichment of the combustion a i r .  

temperatures, l ess  limestone need be added t o  the s i l i c a  fluxing materials 

t o  promote good f l u i d i t y  of the s i l i c a  s l a g  w i t h i n  the furnace. Consequently, 

the volume o f  s l a g  produced per u n i t  of charge would decrease s ignif icant ly  

and,although the copper content of the s lag  might  remain the same or 

even increase,  overall copper losses may actually decrease. 

A t  the higher 

Decreased copper losses were observed a t  the Russian copper smelter 

mentioned above. A t  th is  i n s t a l l a t ion ,  the coeff ic ient  of copper 

dis t r ibut ion between the furnace s lag and matte remained essent ia l ly  

unchanged, even w i t h  the use of combustion a i r  enriched to  40% oxygen, 

which resulted i n  an 85% increase i n  furnace smelting capacity. However, 

the mean furnace temperature increased from 2500°F t o  290OOF a t  40% 

oxygen. As a r e s u l t ,  l ess  limestone was u t i l i zed  t o  reduce s lag viscosity 

and t h i s ,  i n  turn, led to  lower copper losses due t o  the reduced volume 

of s lag  pr0duced.~7 

If  copper losses were t o  increase as a resu l t  of the increased 

furnace smelting capacity from the use o f  oxygen enrichment, however, 

they could be controlled by the in s t a l l a t ion  o f  slag treatment f a c i l i t i e s ,  

Slag treatment would not only control copper losses d i r ec t ly ,  b u t  

could be u t i l i zed  t o  increase the residence time of -thX 7-everberatory 

slags i n  the furnace by treatment of the converter s lags ,  rather t h a n  
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r e t u r n i n g  them t o  the  furnace. 

s lags r e s u l t s  i n  a s i g n i f i c a n t  increase i n  furnace smel t ing capac i t y  

i t s e l f .  

i n  Japan,for example, separate t reatment  o f  t h e  conver te r  s lags r e s u l t e d  

i n  a 25% increase i n  reverbera tory  furnace smel t ing  capac i ty  and a 

M r k e d  decrease i n  copper 1osses:W Thus, i f  t h e  increase i n  furnace 

c a p a c i t y  r e s u l t i n g  f rom d i r e c t  t reatment  o f  conver te r  s lags was n o t  

f u l l y  u t i l i z e d ,  t h i s  would tend t o  increase t h e  residence t ime o f  t h e  

reverbera tory  s l a g  i n  t h e  furnace and counter-balance olr compensate 

t o  some e x t e n t  f o r  t h e  decreased s lag  res idence t ime t h a t  cou ld  

r e s u l t  from oxygen enrichment as discussed above. 

separate t reatment  o f  the  conver te r  s lags  a lowe  might  be s u f f i c i e n t  

t o  c o n t r o l  increased copper losses. 

Separate t reatment  o f  the conver te r  

A t  t h e  M i t sub ish i  Metal  Corporat ion,  Naoshima,copper smel ter  

Consequently, 

The use o f  oxygen l a n c i n g  i n  a reve rbe ra to ry  furnace t o  increase 

the  concent ra t ion  o f  sulfur d iox ide  by  i nc reas ing  the  convers ion o f  

s u l f i d e  s u l f u r  i n  t h e  concentrates t o  s u l f u r  ox ides has n o t  been 

app l i ed  on a commercial scale.  The use o f  oxygen i n  t h i s  manner has 

been s tud ied  i n  the  Un i ted  States,  and i n  1965 a pa ten t  was granted 

by t h e  U.S. 

t h i s  concept.34 The pa ten t  was based on p i l o t  p l a n t  s tud les  o f  oxygen 

i n j e c t i o n  i n t o  a reve rbe ra to ry  furnace using r o o f  lances. Data submit ted 

t o  the  Patent  O f f i c e  i n  suppor t  o f  t h e  pa ten t  a p p l i c a t i o n  repo r ted  

t h a t  the  concent ra t ion  of s u l f u r  d iox ide  i n  t h e  furnace of f -gases increased 

from 2% t o  12-18% through the  use of t h i s   technique^^^ Howdver, a l though 

t h i s  approach might  prove t o  be a v i a b l e  means o f  inc reas ing  t h e  s u l f u r  

d i o x i d e  concent ra t ion  i n  reverbera tory  fu rnace of f -gases, a d d i t i o n a l  

development work would be requ i red  be fore  t h i s  technique cou ld  be 

considered commercia 1 1 y demonstrated . 

W e n t  Office t o  t h e  Kennecott Copper Corporat ion cover ing  
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E l e c t r i c  furnaces-- 

SummarL--Electric smel t ing furnaces can be u t i l i z e d  t o  make t h e  copper 

m e l t i n g  process more amenable t o  a i r  p o l l u t i o n  c o n t r o l .  The q u a n t i t y  

o f  s u l f u r  ox ide emissions from e l e c t r i c  smel t ing furnaces i s  about t h e  

same as t h a t  f rom reverbera tory  smel t ing  furnaces, per  u n i t  o f  charge. 

The volume o f  of f -gases generated, however, i s  normal ly  about an order  

o f  magnitude l e s s  and i s  p r i m a r i l y  a f u n c t i o n  o f  the degree o f  a i r  

i n f i l t r a t i o n  t o  t h e  furnace. 

Roasting can be u t i l i z e d  w i t h  e l e c t r i c  smel t ing furnaces, as 

w i t h  reverbera tory  furnaces, t o  remove a s i g n i f i c a n t  p o r t i o n  o f  t h e  

s u l f u r  i n  t h e  concentrates, min imiz ing  o f f -gas  volumes and emissions 

from the  smel t ing furnace and producing of f -gases conta in ing  1-5% 

s u l f u r  d iox ide,  depending p r i m a r i l y  on t h e  degree o f  a i r  i n f i l t r a t i o n .  

Even i f  the  furnace of f -gases conta in  l e s s  than 3-4% s u l f u r  d ioxide, 

the  much lower volume o f  of f -gases generated by an e l e c t r i c  furnace 

permi ts  the  mix ing o f  r o a s t e r  and conver te r  off-gases w i t h  the  smel t ing  

furnace of f -gases t o  o b t a i n  an o f f - g a s  o f  4% o r  more s u l f u r  d iox ide.  

The B r i x l e g g  process which u t i l i z e s  "dead-roasting'' o f  copper 

concentrates cannot be considered c o m r c i a l l y  demonstrated a t  t h i s  

t ime. Although t h i s  process has been i n  use f o r  twenty years a t  an 

Aus t r ian  copper smelter, t h e  smel ter  processes o n l y  50 tons lday o f  

copper concentrates and i s  o n l y  a p i l o t ' p l a n t  by domestic smel t ing 

standards. 

E l e c t r i c  furnaces can be u t i l i z e d  t o  make the  smel t ing operat lon 

more amenable t o  a i r  p o l l u t i o n  c o n t r o l  by producing of f -gases o f  
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s u f f i c i e n t  s u l f u r  d iox ide  concent ra t ion  f o r  the  produc t ion  o f  s u l f u r i c  

a c i d  d i r e c t l y .  

and the  reduc t i on  of  a i r  i n f i l t r a t i o n  t o  a minimum can be used t o  produce 

off-gases conta in ing 4-8% o r  more su l fu r  d iox ide ,  depending p r i m a r i l y  

on t h e  degree o f  a i r  i n f i l t r a t i o n .  

furnaces p r e s e n t l y  smelt ing copper concentrates i n  the  wor ld  produces 

s u l f u r i c  a c i d  as a by-product from the furnace off-gases, t h e  M u f u l i r a  

Copper Mines e l e c t r i c  furnace i n  Zambia produces off-gases conta in ing  

3-4% s u l f u r  d ioxide,suff ic ient  f o r  the  p roduc t i on  o f  s u l f u r i c  acid. 

I n  add i t i on ,  an e l e c t r i c  furnace i s  c u r r e n t l y  under cons t ruc t i on  a t  

the I n s p i r a t i o n  Consolidated Copper smelter i n  Arizona, which i s  designed 

t o  produce of f -gases o f  4-8% s u l f u r  d iox ide.  

"Green charge" smelt ing (no pre- roas t ing  operat ion) 

Although no t  one o f  the  s i x  e l e c t r i c  

General d i scuss ion - -E lec t r i c  smel t ing furnaces (F igu re  3-8) 

prov ide  the  heat necessary f o r  smelt ing copper ore concentrates by 

p l a c i n g  carbon e lec t rodes  i n  contact  w i t h  t h e  molten bath w i t h i n  t h e  

furnace. The e lec t rodes  d i p  i n t o  the s lag  l a y e r  o f  the  bath,forming 

an e l e c t r i c a l  c i r c u i t .  

t h i s  c i r c u i t ,  the s lag r e s i s t s  i t s  passage, generat ing heat and 

producing smel t ing  temperatures. The charge o f  concentrates and 

f l u x i n g  m a t e r i a l s  i s  f e d  through the r o o f ,  and a l a y e r  o f  unsmelted 

charge covers the molten bath. Heat i s  t r a n s f e r r e d  from the ho t  s lag  

t o  the charge f l o a t i n g t o n  i t s  surface, and as the copper concentrates 

and f luxes are  smelted, they s e t t l e  i n t o  the  bath,forming s l a g  and matte. 

The chemical and phys ica l  changes occu r r i ng  i n  the molten bath 

When an e l e c t r i c  c u r r e n t  i s  passed through 

of a reverbera tory  furnace are s i m i l a r  t o  those occu r r i ng  i n  the  

molten bath o f  an e l e c t r i c  furnace. 

roas ted  p r i o r  t o  charging t o  an e l e c t r i c  furnace, o r  charged d i r e c t l y  

Copper concentrates may  be 
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t o  the furnace. 

t o  e l e c t r i c  furnaces f o r  recovery of the copper contained i n  the s lags ,  

as i n  reverberatory furnaces. Consequently, the quantity . I .  of sulfur  

oxide emissions per u n i t  of charge from e l e c t r i c  smelting furnaces i s  

about the same as t h a t  from reverberatory smelting furnaces.35 In an 

e l e c t r i c  furnace, however, there are no combustion gases, only gases 

formed by the vaporization of water and the chemical reactions which 

occur i n  the smelting process. As a r e s u l t ,  the volume of off-gases 

from an e l e c t r i c  furnace i s  basically a function of the degree of a i r  

i n f i l t r a t i o n  t o  the furnace. 

Also, copper converter s lags  are normally returned 

26,36 

Typically, however, e l e c t r i c  smelting furnaces a re  designed and 

operated w i t h  large amounts of a i r  i n f i l t r a t i o n  t o  the furnace. Since 

an e l e c t r i c  furnace does not discharge large volumes of hot  combustion 

gases l ike a reverberatory furnace, the recovery of heat from the of f -  

gases- i s  usually not  a t t r ac t ive .  

i n f i l t r a t i o n  i s  provided t o  the furnace t o  lower the off-gas temperatures 

t o  the p o i n t  where the  use of less expensive refractory-brickwork fo r  the 

furnace roof and the off-gas uptake f lues  i s  possible. As a r e su l t ,  

a l though e l e c t r i c  smelting furnaces can be designed t o  take advantage of 

the absence of large volumes of combustion gases in the furnace t o  produce 

off-gases containing greater  concentrations of su l fur  oxides than 

the off-gases produced by reverberatory furnaces, this i s  n o t  comnon 

practice.37 The concentration of su l fur  dioxide i n  the off-gases from 

e l e c t r i c  smel ting furnaces currently operating i n  various foreign 

countries i s  in the range of 1/2%, or l e s s ,  t o  about  4%, depending on 

the type of charge smelted (roasted or unroasted), the mineralogy 

of the copper concentrates and the degree of a i r  i n f i l t r a t i o n  t o  the 

Frequently, therefore,  enough a i r  

-! 

I .  , 
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furnace.37 As discussed i n  t h e  prev ious  sec t i on  concerning reverbera tory  

furnaces, when the concentrates con ta in  low l e v e l s  o f  p y r i t i c  s u l f u r  

o r  a re  roasted, r a t h e r  than charged d i r e c t l y  t o  the furnace, the  

e v o l u t i o n  o f  s u l f u r  oxides i s  lowest.  
I . ,  ., 

E l e c t r i c  furnaces can be u t i l i z e d ,  however, s p e c i f i c a l l y  as a 

means o f  making the  smel t ing opera t ion  more amenable t o  a i r  p o l l u t i o n  
:..-.7.. 

c o n t r o l .  

t o r y  furnaces, t o  remove a s i g n i f i c a n t  p o r t i o n  o f  t h e  s u l f u r  contained 

i n  t h e  concentrates, reducing the  emission o f  s u l f u r  oxides from t h e  

e l e c t r i c  furnace. The concent ra t ion  o f  s u l f u r  d iox ide  i n  the  f u r n i i e  

of f -gases would l i k e l y  be i n  the  range o f  1-5% depending on t h e  

degree o f  a i r  i n f i l t r a t i o n  t o  the  furnace.  

of s u l f u r  d iox ide  i n  the furnace of f -gases were a t  the  low end o f  t h i s  

range (1-3%), s ince  the  volume o f  o f f -gases from t h e  e l e c t r i c  furnace 

would be an ,order  o f  magnitude l e s s  than the  volume o f  o f f -gases 'from 

a reverbera tory  furnace, the  use o f  an e l e c t r i c  furnace r a t h e r  than a 
I F ti.} r. i 

reverbera tory  furnace would pe rm i t  t h e  sme l t i ng  furnace of f -gases t o  

be combined w i t h  t h e  r o a s t e r  and conver te r  off-gases. The concentrat ion 

of s u l f u r  d iox ide  i n  the  r e s u l t i n g  gas m ix tu re  would be i n  t h e  range 

of 4% o r  more and wnil ld he q u i t e  adequate f o r  the  produc t ion  o f  s u l f u r i c  

ac id .  35s jgY 393 40 To a c e r t a i n  ex ten t ,  t h e  b lending o f  

e l e c t r i c  furnace of f -gases would be o f f s e t  by the  e l i m i n a t i o n  o f ,  

t h e  need f o r  d i l u t i o n  o f  these gases w i t h  a i r  t o  p rov ide  oxygen f o r  

the  conversion' o f  SO2 t o  SO3 i n  t h e  manufacture o f  s u l f u r i c  ac id .  

Rqasting o f  t h e  concentrates can be employed, as w i t h  reverbera- 

* i ;.., 

Even i f  t h e  concentrat ion 

7 +. :.- , 
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h o t h e r  approach t o  min imiz ing the  emissions o f  s u l f u r  oxides 

from e l e c t r i c  smel t ing furnaces i s  t o  take advantage o f  t h e  absence 

of combustion i n  t h e  furnace t o  employ a f o s s i l  f u e l  as a reduc tan t  

f o r  the  product ion o f  copper d i r e c t l y ,  r a t h e r  than copper s u l f i d e  matte.  

Th is  i s  t h e  approach developed by t h e  Montanwerke B r i x l e g g  copper smelter 

i n  A u s t r i a  c i t e d  i n  Sect ion 3.1.1.1 - Roasting.6 The process i n  use 

by  t h i s  Aus t r i an  company, based on t h i s  concept, was developed s p e c i f i c a l l y  

t o  minimize a i r  p o l l u t i o n .  The copper concentrates are f i r s t  roasted 

t o  remove e s s e n t i a l l y  a l l  o f  t h e  s u l f u r  ("dead roas t ing" ) ,  conver t ing  

t h e  copper and i r o n  su l f i des  t o  copper and i r o n  oxides. 

roasted"  concentrates,  f l u x e s  and coke a r e  then charged t o  an e l e c t r i c  

furnace. As t h e  charge i s  smelted, t h e  coke p r e f e r e n t i a l l y  reduces the 

copper oxides over t h e  i r o n  oxides, forming elemental  copper. The i r o n  

oxides combine w i t h  the  f l u x e s  t o  form a s lag,  and the copper -se t t les  

o u t  as,a separate molten phase which i s  tapped from the  furnace. 

i s  no need f o r  copper conver ters .  

The "dead- 

There 

The copper produced by t h e  B r i x legg  process i s  r e f e r r e d  t o  as "black 

copper" and conta ins  a much h igher  l e v e l  o f  i m p u r i t i e s  than " b l i s t e r  

copper" produced i n  copper conver ters  by convent ional  py rometa l l u rg i ca l  

Processes. 

i s  t y p i c a l l y  98-99% copper. Thus, " b l i s t e r  copper" conta ins o n l y  

1 4 %  of i m p u r i t i e s  such as i r o n ,  n i c k e l ,  lead, and arsenic ,  w h i l e  

"b lack copper" con ta ins  5-10% o f  these impur i t i es .6  However, bo th  

"b lack copper" and " b l i s t e r  copper" r e q u i r e  f i r e - r e f i n i n g  t o  produce 

anode copper s u i t a b l e  f o r  c a s t i n g  i n t o  anodes f o r  e l e c t r o l y t i c  

"Black copper" i s  on l y  90-95% copper, whereas " b l i s t e r  copper" 
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I refining. Through the use of various f i re-ref ining techniques, as 

discussed i n  Section 3.1.1.5 - Copper Refining, most of the 

impurities i n  "black copper" can be eliminated. 

although "black copper" requires extensive f i re-ref ining canpared t o  

t ha t  normally required w i t h  " b l i s t e r  copper," in many cases anode 

As a r e s u l t ,  

..I 

copper of comparable purity can be produced from b o t h  "black copper" / I  

2p:l..t 1 ' 1  and "blister copper." 

Some impurities, however, such as nickel and bismuth, a re  particu- 

l a r l y  d i f f i c u l t  t o  eliminate by various f i re-ref ining techniques. I f - -  . 

concentrates processed by the Brixlegg process contained high : 

of these impurities, changes i n  domestic e l ec t ro ly t i c  refining practice - 

migh t  a lso be necessary, as discussed i n  Section 3.1.1.5. 

while there may be few technical l imitat ions t o  the production o f  

high-purity copper-equivalent t o  t h a t  presently produced w i t h i n  the- 7 . ' 3 ? .  

domestic industry. by: the Brixlegg process;6 due t o  the greater  degree;, L ." 

However, 
, .  

of refining treatment necessary t o  eliminate various impurities contained?' 

i n  "black copper," .economic considerations may limit the appl.?cationf- 

of the Brixlegg process t o  concentrates containing low levels  of impurities. 

The Brixlegg process lends i t s e l f  readily t o  various emission :.:I . 

' control techniques. W i t h  no need fo r  copper converters and essent ia l ly  

a l l  the sulfur  i n  the concentrates removed i n  the roasting s tep ,  a l l  . I .  

the su l fur  oxide emissions are confined t o  one processing operation.ro . 

Furthermore, through the use of fluid-bed roasters,  these emissions. . . . . . I  

are discharged i n  an off-gas stream of h i g h  concentration and 

\A 

. .  - .  . .. . 
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uniform f l o w  r a t e  s u i t a b l e  f o r  the produc t ion  o f  s u l f u r i c  a c i d  o r  

even elemental s u l f u r .  However, although t h i s  process has been i n  

use by the Montanwerke B r i x l e g g  Co. f o r  twenty years, t h e  smelt ing 

capac i t y  o f  t h i s  Aus t r i an  smelter i s  on l y  about 50 tonslday o f  

concentrates, compared t o  smel t i n g  c a p a c i t i e s  i n  a t y p i c a l  domestic 

smelter o f  1000-2000 tons/day o f  concentrates. 

cannot be considered t o  have been demonstrated on a commercial scale. 

Therefore, the  process 

Rather than reducing the  l e v e l  o f  s u l f u r  ox ide  emissions from 

e l e c t r i c  smel t ing furnaces t o  a minimum, var ious  techniques can be 

employed t o  increase the  concent ra t ion  o f  s u l f u r  d iox ide  i n  the furnace 

of f -gases. As mentioned i n  the  previous s e c t i o n  concerning reverbera tory  

furnaces, al though techn ica l  cons idera t ions  normal ly  do n o t  l i m i t  

the  a p p l i c a b i l i t y  o f  a i r  p o l l u t i o n  c o n t r o l  systems t o  gas streams 

con ta in ing  l o w  concent ra t ions  o f  s u l f u r  d iox ide ,  economic cons' iderations 

f requen t l y  do. Thus, var ious  techniques which increase the  concent ra t ion  

o f  s u l f u r  d i o x i d e  i n  the  off-gases should make the  sme l t i ng  furnace 

more amenable t o  a i r  p o l l u t i o n  cont ro l .  

o f  s u l f u r  d i o x i d e  i n  the off-gases from an e l e c t r i c  furnace 

would e n t a i l  the use o f  green charge smel t ing (no r o a s t i n g  operat ion) 

and the reduct ion o f  a i r  i n f i l t r a t i o n  t o  a minimum. 

Inc reas ing  t h e  concent ra t ion  

Sea l ing  the  furnace and f lue-gas ductwork aga ins t  a i r  i n f i l t r a t i o n  

would r e q u i r e  the use o f  copper concentrate d r i e r s  t o  i nsu re  t h a t  

t h e  mois tu re  content o f  the charge would be no g rea te r  than 5-7%. 25 

This would probably be s u f f i c i e n t  t o  prevent t h e  e rup t i ons  o r  
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explosions i n  the furnace resulting from the vaporization of water, 

which promotes the formation of cracks o r  leaks i n  the furnace roof and 

sidewalls and throughout the flue-gas ductwork. The use of d r i e r s  t o  

reduce the moisture content of the charge t o  1/2%, or  l e s s ,  would 

fur ther  reduce d i lu t ion  of the sulfur  oxides in the furnace off-gases 

due t o  water vapor. 

r 

' 

As previously discussed, the volumes df off-gases from e l e c t r i c  

smelting furnaces are about  a n  order of magnitude less t h a n  the volume 

of off-gases from conventional, domesti,c reverberatory smelting 

furnaces. 

minimum air i n f i l t r a t i o n ,  the concentration of sulfur dioxide i n  the 

off-gases from an e l e c t r i c  smelting furnace is normally i n  the range of 

4-8%,39s41 although i t  is reported t h a t  concentrations as h i g h  as 10-20% 

are possible.26 'There i s  some f luctuat ion i n  the off-gas flow r a t e  and' '$- 

sulfur  dloxfde.,concentration as  copper converter slags are returned,. ; :I: '* 

t o  the furnace and fresh concentrates and fluxes are charged; however, 

. .. , 

As a r e s u l t ,  w i t h  the use of green charge smelting and 

these tend t o  .be rather  minor compared t o  the fluctuations i n  off-  .JI - i' O'' 
gas flow r a t e  and sulfur  dioxide concentration experienced w i t h  copper 

converters, and the- control of su l fur  oxide emissions by the manufacture 

of su l fur ic  acid from the furnace off-gases would be qui te  straightforward.21 

Currently, six copper smelting in s t a l l a t ions  have been ident i f ied 

. 

. .  which operate e l e c t r i c  furnaces spec i f ica l ly  for  the smelting of , r  ' 

copper concentrates.37~42 However, there a re  numerous ins ta l la t ions  - , ' 

throughout  the world which use e l e c t r i c  furnaces for  the smelting 
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of n i c k e l ,  copper/nickel ,  and copper/cobalt concentrates. Although 

the py rometa l l u rg i ca l  p roduc t ion  techniques f o r  n i c k e l ,  and t o  a c e r t a i n  

extent  cobal t ,  are s i m i l a r  t o  those f o r  copper, t ime c o n s t r a i n t s  have 

n o t  permi t ted a thorough and complete i n v e s t i g a t i o n  o f  these furnaces. 

F ive o f  these s i x  e l e c t r i c  furnace i n s t a l l a t i o n s  are l oca ted  

i n  f o r e i g n  coun t r i es .37~42  S u l i t j e l m a  Gruber a t  S u l i t j e l m ,  Norway; 

Montanwerke B r i x legg  a t  B r i x legg ,  Aust r ia ;  and Bo l i den t  Akt iebolag a t  

Bol iden, Sweden, operate e l e c t r i c  smel t ing  furnaces i n  Europe. 

Kilemba Mines a t  J i n j a ,  Uganda, and M u f u l i r a  Copper Mines a t  Mu fu l i ra ,  

Zambia, operate e l e c t r i c  smel t ing  furnaces i n  A f r i c a .  

States, C i t i e s  Service Copper operates an e l e c t r i c  smel t ing furnace 

a t  Copperh i l l ,  Tennessee. 

I n  the United 

With the exception o f  Montanwerke B r i x l e g g  i n  Aust r ia ,  none o f  

these ' i n s t a l l a t i o n s  u t i l i z e  the  e l e c t r i c  furnace p r i m a r i l y  as a 

means o f  making the smel t ing  operat ion more amenable t o  a i r  p o l l u t i o n  

control: '  

e l e c w i c  power i s  less  expensive or  more dependable than var ious f o s s i l  

fue ls  i n . these  areas. 

are c o n t r o l l e d  a t  on l y  one o f  these i n s t a l l a t i o n s - t h e  C i t i e s  Service 

Copper i n s t a l l a t i o n  i n  Tennessee. However, t h i s  i s  the r e s u l t  o f  

spec ia l  circumstances. 

Rather, e l e c t r i c  smelt ing i s  u t i l i z e d  p r i m a r i l y  because 

S u l f u r  oxide emissions from the  smelt ing opera t ion  

Consequently, the e l e c t r i c  smel t ing furnaces 
a t  these i n s t a l l a t i o n s  are no t  designed t o  min imize a i r  i n f i l t r a t i o n .  37 

As a r e s u l t ,  the  concent ra t ion  o f  s u l f u r  d i o x i d e  i n  the furnace o f f -  

gases a t  these i n s t a l l a t i o n s  i s  i n  t h e  range o f  1-2% o r  less,  w i t h  

t h e  except ion of the  i n s t a l l a t i o n  a t  M u f u l i r a ,  Zambia, a t  which the  

concent ra t ion  o f  s u l f u r  d i o x i d e  i n  the  furnace of f -gases is i n  the  

range o f  3-4g.37 
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A second domestic ins ta l la t ion ,  however, i s  scheduled t o  i n i t i a t e  

operations w i t h  an e l e c t r i c  smelting furnace for the smelting of copper 

concentrates by mid-1974. The Inspiration Consolidated Copper Co. 

i s  ins ta l l ing  t h i s  furnace a t  their Arizona smelter primarily as a 

means of making the smelter more amenable t o  a i r  pollution control.. 

S u l f u r  dioxide emissions from the furnace will be controlled through 

the manufacture of su l fur ic  acid in a double-absorption su l fur ic  acid ,. 

plant.  The furnace will operate as a "green-charge'' furnace, processing 

copper concentrates which are  first dried t o  0.1-0.3% moisture. 

concentration of sulfur  dioxide i n  the furnace off-gases i s  projected 

t o  be in the range of 4-8%.41 

The 

Another domestic i n s t a l l a t ion  i s  also scheduled t o  i n i t i a t e  

e l e c t r i c  smelting of copper concentrates by l a t e  1975. The 

Anaconda Copper CO. plans t o  i n s t a l l  an e l ec t r i c  smelting furnace .a t - '  

t h e i r  Anaconda, Montana,smelter t o  replace the tour exis t ing reverbera- 

tory smelting furnaces. .I 

decision i s  the, increasing d i f f i c u l t y  of obtaining adequate suppl iesk 

of fos s i l  fuels  to  f i r e  the reverberatory furnaces and the frequent 

Ine major reason ci ted by .-inacoiida f o r  this 

curtailments jof,,fuel supply d u r i n g  the winter months.40 The . .  

e l e c t r i c  smelting furnace will operate as a "calcine-charge" furnace, 

processing the calcines from a fluid-bed roaster which will roast the 

copper concentrates. The concentration of sulfur dioxide i n  the :;x: 
combined off-gases from the fluid-bed roaster ,  the e l e c t r i c  smelting 

furnace, and the copper converters i s  projected t o  be in the range of 
6%. 40 ,~:. ! 
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F1 as h Furnaces-- 

Sumary--The degree o f  s u l f u r  removal i n  a f l a s h  smel t ing  furnace i s  

q u i t e  h igh  compared t o  e i t h e r  reverbera tory  o r  e l e c t r i c  smel t ing  furnaces 

and i s  normal ly  i n  t h e  range o f  50-80% o f  t h e  s u l f u r  contained i n  the  

concentrates.  

from f lash furnaces o f  Outokumpu Oy design i s  i n  the  range o f  10-20%. 

The concent ra t ion  o f  s u l f u r  d iox ide  i n  the  of f -gases 

I 
'4 I The concent ra t ion  o f  s u l f u r  d iox ide  i n  the  of f -gases from f l a s h  furnaces 

o f  INCO design i s  i n  the  range o f  7 5 4 % .  

d i o x i d e  concent ra t ion  l e v e l  r e s u l t s  f rom INCO's use o f  comnercial -grade 

oxygen r a t h e r  than a i r  t o  sus ta in  the  f l a s h  sme l t i ng  r e a c t i o n  111 the  

furnace. The opera t ion  o f  a f l a s h  smel t ing  furnace i s  "s teady-state"  

w i t h  respec t  t o  t h e  of f -gas f l o w  r a t e  and concent ra t ion  o f  s u l f u r  d iox ide  

i n  t h e  of f -gases. 

I 

This d i f f e r e n c e  i n  s u l f u r  

J 

The f l a s h  smel t ing  process was success fu l l y  demonstrated on a 

commercial sca le  by bo th  Outokumpu Oy and INCO i n  t h e  e a r l y  1950's. 

By mid-1973 t m r t e e n  copper smel t ing i n s t a l l a t i o n s  i n  the,.world operated 

f l a s h  smel t ing  furnaces rang ing  i n  capac i t y  f rom 300 tons lday  t o  

1500 tons/day of copper concentrates. 

design and the remaining twelve are o f  nutokumpu design. 

One i n s t a l l a t i o n  i s  o f  INCO 

Flash smel t ing furnaces can be designed t o  operate autogenously. 

Under these cond i t i ons  no ex terna l  source o f  f u e l  o r  energy i s  

requi red.  The heat re leased by  the  f l a s h  sme l t i ng  r e a c t i o n  i s  

s u f f i c i e n t  t o  smelt t h e  furnace charge. Thus, f l a s h  smel t ing  

requ i res  a lower  energy i n p u t  per  pound of copper produced than 

e i t h e r  reverbera tory  o r  e l e c t r i c  smelting. 

F lash furnaces t y p i c a l l y  produce high-grade mattes con ta in ing  

45-65% copper. This i s  h igher  than the  grade o f  matte produced 
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a t  most domestic smelters, which t y p i c a l l y  con ta ins  30-40% copper. 

High-grade mattes r e s u l t  i n  reduced secondary copper scrap processing 

capaci ty.  

copper smel t ing i n d u s t r y  would thus reduce t o  some ex ten t  the  a b i l i t y  

\. 

The adopt ion o f  f l a s h  smel t ing  by  the  domestic pr imary 

of the  domestic i n d u s t r y  t o  reprocess copper scrap. However, any 

t o  recover  copper f rom copper scrap would encourage the  expansion 

than l i m i t  the  recovery o f  copper f rom scrap. . ' ) I  ' 

: . 1 , = .  1 

reduc t ion  i n  t h e  c a p a b i l i t y  o f  the  domestic pr imary smel t ing i n d u s t r y  

.,:(!:I : 

o f  t h e  domestic secondary smel t ing i n d u s t r y  i n  most cases, r a t h e r  

Un l i ke  reverbera tory  smel t ing o r  e l e c t r i c  smel t ing i n s t a l l a t i o n s ,  

f l a s h  smel t ing i n s t a l l a t i o n s  r e q u i r e  s l a g  t reatment  f a c i l i t i e s  t o  

recover copper f r o m  bo th  the  f l a s h  furnace and conver te r  s lags.  

Flash smel t ing  furnaces a l s o  r e q u i r e  copper concentrates 

conta in ing  lower  tat'i'os; o f  Cu/S than a r e  necessary w i t h  e i t h e r  ?1 I 

reverbera tory  o r  e l e c t r i c  smel t ing  furnaces. 

w i t h  Cu/S r a t i o s  asL'tiigh as 1.3-1.5 can be smelted, and an EPA survey 

reveals t h a t  approximately 95% o f  domestic o re  concentrates have Cu/S 

r a t i o s  i n  t h e  range o f  0.6-1.3 o r  less .  

However, concentrates 
- . .  

'' 

-,: d ~ , . , '  

Conventional f l a s h  smel t ing  furnaces, however, cannot process s i g n i . f i c a n t  

tonnages o f  copper p r e c i p i t a t e s .  

domestic i n d u s t r y  would thus reduce t h e  a b i l i t y  o f  t h e  i n d u s t r y  t o  

recover copper f r o m  copper ox ide ores b y  convent ional  means. 

t h i s  would encourage the  use o f  a c i d  l each ing / l  i q u i d  i o n  exchange/acid' c. 

stripping/electrowinning operat ions,  r a t h e r  than a c i d  leaching/copper 

p r e c i p i t a t i o n / s m e l t i n g  operat ions.  

The adopt ion o f  f l a s h  smel t ing  b y  the 

However, .31F.::s 

Copper concentrates con ta in ing  h i g h  l e v e l s  o f  v o l a t i l e  metals,  



the most common being lead and zinc,  can present major problems in  

the heat recovery f a c i l i t i e s  associated w i t h  f lash smelting furnaces. 

The highest levels  t ha t  can be tolerated are 2-1/2 t o  3%. lead and 

5-1/2 t o  7% zinc. 

96%, 99%,and 98% of domestic ore concentrates contain less  than 2% lead, 

4% zinc,  and 1% arsenic ,  respectively. Furthermore, other vo la t i l e  

metals, such as cadmium, beryllium, vanadium; antimony and . ,  t i n ,  are 

present only i n  very small amounts (< lo  ppm t o  <lo00 ppm) i n  domestic 

concentrates. 

t 

However, an EPA survey reveals that  approximately 

General discussion--Essentially, f lash smelting i s  a process i n  which 

copper su l f ide  ore concentrates are  smelted by burn ing  a portion of the iron 

and sulfur contained in  the concentrates while they are  suspended in an 

oxidizing environment. 

combustion of pulverized coal. 

w i t h  pre-heated a i r ,  oxygen-enriched a i r ,  or  even p u r e  oxygen, in to  a 

furnace of special design, and smelting temperatures are attained as a 

resu l t  of the heat released by the  rapid,  flash c o m b u s t p ~ . o f ~ i , r o n  and , 

sulfur. 

As such, the process i s  qui te  similar t o  the 

The concentrates and fluxes .are injected 

.. 

~ 

Currently two companies have developed f lash smelting,,technology: 

Outokumpu Oy i n  Finland and International Nickel Co. (INCO) i n  Canada. 

Both companies of fe r  t he i r  technology for l icense e i the r  through the i r  own 

offices or various contractors.  The major difference between these technologies 

i s  i n  the  design of the f lash smelting furnace and the oxidizing environment 

i n  the furnace. Outokumpu uses pre-heated a i r ,  o r  oxygen-enrihched a i r ,  

as the ox id iz ing  medium, whereas INCO uses p u r e  oxygen. .However, i t  

appears t ha t  Outokumpu has been more aggressive i n  marketing the i r  

technology than has INCO, and, as a r e su l t ,  most of the f lash smelting 

! I .  5 

1 ,  
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furnaces p resen t l y  opera t ing  i n  the w o r l d  are o f  the Outokumpu design. 

For t h i s  reason, t h i s  discussion w i l l  dwel l  p r i m a r i l y  on Outokumpu 

technology, w i th '  b r i e f  references t o  t h e  INCO technology. 

The charge t o  a f l a s h  smelt ing furnace, which i s  composed o f  
: w? c ' \ d ' ~  copper s u l f i d e  :oncentrates and f l u x i n g  ma te r ia l s ,  must be f i n e -  

grained and e s s e n t i a l l y  "bone-dry" t o  i nsu re  an even and homogenous 

d i s t r i b u t i o n  o f  the  charge as i t  i s  i n j e c t e d  i n t o  the furnace. 

The copper concentrates should be o f  a f ineness corresponding t o  

a t  l e a s t  50% minus-200 mesh, and the  f l u x i n g  ma te r ia l  should be 
10 of  a f ineness corresponding t o  a t  l e a s t  80% minus-14 mesh.-. Since 

most concentrates are obtained from ores by  f l o t a t i o n  techmiques, 

t h e i r  f ineness normal ly meets these requirements w i thou t  f u r t h e r  

gr ind ing.  The f l u x i n g  ma te r ia l s ,  however, u s u a l l y  r e q u i r e  a d d i t i o n a l  

g r i n d i n g  beyond'that. necessary f o r  use i n  reverbera tory  o r  e l e c t r i c  

smelt ing furnaces: ' 

\ 
~ 2153: 

. I ,  .' . .  

.: t r i w i ' o . '  

. . e ,  

~. 
'i 

. .  
I . ,  

,*"I , cJ?uclII~o:' 

. ! ., ,_I . ' 

I 9353' * I  

I n  almost alf 'cases, i t  i s  necessary t o  d ry  the charge t o  the 
.: 31U2Er: "bone-dry" cond i t i ons  (0.1-0.3% mois tu re)  before smelt ing, as the  

concentrates t y p i c a l l y  con ta in  from 5-15% moisture f o l l o w i n g  f l o t a t i o n . ,  

I t  Is common p rac t i ce ,  however, t o  use the dry ing,  f a c i l i t i e s  no t  o n l y "  

f o r  d r y i n g  the  charge t o  the  furnace, bu t  a l so  f o r  b lend ing  the  f l u x -  

i n g . m a t e r i a l s  and the  var ious copper concentrates ava i l ab le  t o  prov ide 

a charge o f  un i fo rm composition. 

10,43. 

.7:".' ;:< 

. - .  
i ,~ 

: 3 > j l q .  

. t , j  fli < '  
The Outokumpu f l a s h  smelt ing furnace shown i n  Ffggre 3-9 

..' 
cons is ts  o f  three d i s t i n c t  sect ions:  a r e a c t i o n  shaf t ,  a s e t t l e r  and 

an uptake shaft;  'The d r i e d  copper concentrates and f l u x i n g  ma te r ia l s  

are i n j e c t e d  cont inuous ly  down i n t o  t h e  r e a c t i o n  ,shaft through concentrate 

burners l oca ted  a t  the top  of t h i s  shaft.  

.,e, , r 

. 
. J - .  ..re ,.nd:,?- 

I n  these burners. the. 
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CONCENTRATE 

Figure 3-9 Outokumpu f lash  smelting furnace. 2 

i 
L' 
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‘I 

charge i s  mixed with pre-heated a i r  o r  oxygen-enriched a i r  and dispersed 

as a f ine-gra ined suspension. 

sha f t  t o  s u s t a i n  t h e  f l a s h  combustion reac t ions .  

O i l  i s  a l s o  i n j e c t e d  i n t o  the  r e a c t i o n  

I n  t h e  r e a c t i o n  shaf t ,  t h e  heat  re leased from the  combustion o f  

the  o i l  and t h e  f l a s h  combustion o f  a p o r t i o n  o f  the  i r o n  and s u l f u r  

contained i n  t h e  concentrates increases t h e  temperature t o  t h e  p o i n t  

where t h e  concentrates and f l u x i n g  m a t e r i a l s  are smelted. A f i n e  

r a i n  o f  mol ten p a r t i c l e s  thus f a l l s  f rom the  reac t i on  s h a f t  i n t o  

the  molten b a t h  i n  the s e t t l e r .  Copper matte s e t t l e s  through the  

s l a g  l a y e r  i n t o  the  matte l a y e r  beneath, wh i l e  i r o n  oxides remain 

i n  the s l a g  l a y e r .  

The furnace of f -gases withdrawn f rom the  uptake s h a f t  normal ly  

conta in  10-20% s u l f u r  d iox ide,  depending on the  copper concentrate 

ana lys is ,  t h e  grade (copper conten t )  o f  mat te  produced, the  degree 

o f  oxygen enrichment and the  degree o f  combustion a i r  pre-heat. 

Typ ica l l y ,  however, f rom 6-7% o f  t h e  concentrates contained i n  the  

charge t o  t h e  furnace i s  en t ra ined as molten o r  semi-molten 

p a r t i c l e s  i n  t h e  of f -gases. 

con ta in  v o l a t i l e  metals, such as lead, z inc ,  arsenic,  etc. ,  these 

meta ls  a re  v o l a t i l i z e d  i n  the  r e a c t i o n  shaf t ,  and the  dus t  content  

o f  t h e  of f -gases increases accord ing ly .  The of f -gases are  cooled 

i n  a waste-heat b o i l e r  and passed through an e l e c t r o s t a t i c  p r e c i p i -  

t a t o r  t o  recover  these concentrate dusts,  which are  re tu rned  t o  t h e  

furnace charge. 

‘1,44 

I n  add i t i on ,  i f  the  copper concentrates 

10 

The INCO f l a s h  smel t ing furnace showd i n  F igure 3-10 

i s  of a much s imp ler  mechanical des ign than the  Outokumpu furnace 

and i s  e s s e n t i a l l y  a reve rhp ra to ry  furnace w i t h  an uptake s h a f t  

extending t h e  l eng th  o f  the  furnace roo f .  The d r i e d  copper concen- 
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Figure 3-10 INCO f l a s h  smelting furnace. 
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t r a t e s  and f l u x i n g  ma te r ia l s  are i n j e c t e d  cont inuously  i n t o  t h e  furnace 

through concentrate burners l oca ted  a long the  furnace s idewt i l ls .  

charge i s  mixed w i t h  pure oxygen i n  the  burners and i s  dispersed 

as a f ine-gra ined suspension i n  t h e  furnace. As i n  the Outokumpu 

furnace, the f l a s h  combustion o f  a p o r t i o n  o f  the i r o n  and s u l f u r  

i n  the concentrates smelts t h e  charge, and a f i n e  r a i n  o f  molten 

p a r t i c l e s  f a l l s  i n t o  the molten bath, separat ing i n t o  a s lag  l a y e r  

and a mat te  layer .  

The 

4s 

The concentrat ion o f  s u l f u r  d i o x i d e  i n  the INCO furnace o f f -  

gases i s  q u i t e  high, normal ly  i n  t h e  range o f  75-80%. as a r e s u l t  

o f  the  use o f  pure oxygen, r a t h e r  than a i r ,  as the  o x i d i z i n g  medtum 

i n  the  furnace.29 It appears t h a t  the  dus t  load ing  o f  the  o f f -  

gases i s  a l s o  q u i t e  high; however, t h i s  i s  probably  o f f s e t  f o r  

the  most p a r t  by  the  lower o f f -gas  volumes produced. 

I n  aL f lash  smel t ing furnace, the  combustion reac t ions  u t i l i z e  . %%+ * *  
completely the  oxygen contained i n  the  process atmosphere. Consequently, 

t h e  r e g u l a t i o n  o f  t h e  oxygen/concentrate r a t i o  i n  the  furnace con t ro l s  

the ex ten t  t o  which the  f l a s h  combustion reac t ions  proceed and thus 

determines bo th  the  grade o f  mat te  produced and the  heat re leased f o r  

smel t ing t h e  furnace charge. 

oxygen conten t  o f  t h e  combustion a i r  a l s o  e f f e c t i v e l y  increases the  

heat  re leased f o r  smelt ing.  

poss ib le  f o r  the  f l a s h  combustion and smel t ing reac t i ons  t o  occur 

autogenously. 

ox ida t i on  o f  i r o n  and s u l f u r  i s  s u f f i c i e n t  t o  completely smelt the  

furnace charge. 

Inc reas ing  the  incoming temperature o r  

As a r e s u l t ,  i n  som cases i t  i s  

Under these cond i t ions ,  the  heat released by the  
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The grade of copper matte produced i n  a f lash furnace is  t h u s  ii 
/ dictated not only by the copper concentrate analysis ,  b u t  frequently 

by the degree t o  which matte grade, oxygen-enrichment and combustion 
I 

a i r  pre-heat are incorporated into the furnace design t o  approach 

autogenous operation. 

matte grades i n  the range of 45-65%, w i t h  matte grades of 50-60% most 

common.1° T h i s  i s  somewhat higher than the grade of matte normally 

produced a t  most domestic copper smelters i n  reverberatory furnaces, 

which i s  in the range of 25-50%,4 w i t h  grades of 30-40% most c ~ m n o n . ~ ~  

In pract ice ,  f lash furnaces normally produce 

Production of higher, grade mattes, however, offers  both advantages 

and disadvantages from an operating point of view. 

matte increases,  the volume of matte associated with a u n i t  volume 

o f  copper decreases, and the capacity of the copper converters necessary 

t o  produce a given amount of copper decreases. 

converter operating costs are  a d i rec t  function o f  converter work 

which, in t u r n ,  is  related t o  matte grade. 

t h e i r  higher iron content require more work and thus converter operating 

As the grade of 

In addition, copper 

Lower matte grades w i t h  

costs increase w i t h  decreasing matte grade. 47 

Most domestic copper smelters, however, avoid, i f  possible, 

Operating copper converters with high-grade mattes. High-grade mattes 

tend t o  run  re la t ively cool during the f i r s t - s tage  slag blow, since 

less iron i s  present in the matte, and only a small amount of s l a g  

is formed. 

excessive heat generated during the s lag blow by the o x i d a t i o n  of 

iron su l f ide ,  which releases about four times as much heat per pound as 

the oxidation of copper su l f ide ,  to  smelt a s ign i f icant  amount of 

In practice,  some smelter operators take advantage of the 
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secondary copper scrap and smelter reverts i n  the converters. 

although flash smelting ins ta l la t ions  normally reprocess a l l  the smelter 

reverts produced within the smelter,48 only 1 imited quant i t ies  of secondary 

However, 

I copper scrap are processed. , 
In 1971, approximately 0.35 MM tons or 20% of the 1.60 MM tons of 

copper produced by the domestic primary copper smelters was recovered 

from copper scrap.49 

a t  secondary copper smelters from copper scrap.49 Thus ,  the recovery of 

copper from copper scrap represents a s ignif icant  portion of the production 

of copper a t  domestic primary copper smelters. 

smelting ins ta l la t ions  currently process s ignif icant  quant i t ies  of secondary 

Approximately 0.30 MM tons of copper was produced 1 +’ 

I 
1 lb/ 

Not a l l  domestic copper 

copper scrap. 

number do and a t  these ins ta l la t ions  the capacity t o  smelt s ign i f icant  

tonnages of scrap i s  dependent on the operation of converters w i t h  low- 

grade mattes. ,Consequently, the adoption of flash smelting by the domestic 

industry would reduce, t o  some extent ,  the a b i l i t y  o f  the indus t ry  t o  

reprocess copper scrap. 

associated w i t h  f lash smelting will probably encourage realignment of the 

domestic smelting industry, ra ther  than l imi t  the growth of the industry 

or prohibit  the application of flash smelting. 

capacity of the domestic primary smelt ing indus t ry  t o  recover copper 

from copper scrap would encourage the expansion of the domestic secondary 

smelting industry i n  most cases, ra ther  than l imi t  the recovery of 

copper from scrap. 

However, as the Bureau of Mines s t a t i s t i c s  indicate,  a 

I t  i s  l i k e l y ,  however, tha t  this l imitation 

A reduction in the 

I f  copper ore concentrates contain h i g h  levels of impurit ies,  

such as arsenic ,  antimony, and b ismuth ,  smelting by conventional domestic 

means to  produce high-grade mattes can resu l t  in the production of b l i s t e r  
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copper containing appreciable levels of these impurities. W i t h  low- 

grade mattes, converters are quite e f f i c i en t  in  eliminating vola t i le  

metal l ic  impurities. 

converter blowing time and lower converter temperatures, as discussed 

above, which in turn tends t o  resul t  in  decreased impurity elimination.12 

However, w i t h  the  f lash smelting process a major portion of the vola t i le  

metall ic impurities are  eliminated in the f lash furnace. 

w i t h  concentrates containing h i g h  levels of impurit ies,  this presents 

problems i n  the recovery of waste heat from f lash furnace off-gases, 

as discussed l a t e r  i n  this section. 

Increased matte grade, however, leads t o  decreased 

Indeed, 

As a r e s u l t ,  f lash smelting i s  somewhat limited i n  terms of 

processing concentrates containing high levels  of impurit ies,  and t h u s  i t  i s  

unlikely t h a t  impurity problems associated with the production of 

high-grade mattes would a r i s e  a t  ins ta l la t ions  incorporating 

f lash  smelting. Furthermore, i n  those few cases where the problem 

might a r i s e ,  increased f i r e  refining of the blister copper 

produced in the converters and changes i n  the e l ec t ro ly t i c  refining 

c i r c u i t ,  as discussed i n  Section 3.1.1.5 - Copper Refining, 

could undoubtedly be incorporated in to  the smelter operations t o  

resolve the problem. 

Unlike the slags normally obtained from either reverberatory 

smelting furnaces or e l e c t r i c  smelting furnaces, which typical ly  

contain i n  the range of 0.4-0.7% copper4 and a r e  discarded without 

further treatment, the slags obtained from most f lash furnaces 

typical ly  contain i n  the range of 1-2% copper, and thus usually 
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r e q u i r e  f u r t h e r  t reatment  t o  recover  copper." Not a l l  f l a s h  furnaces 

c u r r e n t l y  operat ing,  however, produce s lags o f  such h igh  copper 

content.  

o f  M i t s u i  Mining and Smelting Co. Ltd. ,  which i s  o f  Outokumpu design, 

has t o  date been successful  i n  c o n t r o l l i n g  the  copper content  o f  the  

furnace s l a g  t o  0.5-0.6%, 5 0 3 5 1  and t h e  copper content  o f  t h e  s l a g  

obta ined from the  f l a s h  furnace designed and operated by  I N C O  i n  

Canada i s  normal ly  i n  t h e  range o f  0.4-0.5%.52 

The r e c e n t l y  commissioned (January 1972) Tamano f l a s h  smelter 

A t  bo th  o f  these i n s t a l l a t i o n s ,  the  f l a s h  furnace has been 

designed t o  produce r e l a t i v e l y  low-grade mattes (45% a t  the  Japanese 

i n s t a l l a t i o n  and 50% a t  t h e  Canadian i n s t a l l a t i o n )  and t o  p rov ide  

s u f f i c i e n t  residence t ime i n  t h e  furnace t o  permi t  coDper mat te  en t ra ined 

i n  the s l a g  t o  s e t t l e  ou t .  

as they may a t  f i r s t  appear, however. 

i n  f l a s h  m a t i n g  furnaces i s  l i m i t e d  t o  copper concentrates conta in ing  

excessive p y r i t e  s u l f u r  (FeS2) and low Cu/S r a t i o s ,  o r  i t  requ i res  

specia l  design o f  the  furnace t o  i nco rpo ra te  a h igh degree o f  conbustion 

a i r  pre-heat and/or oxygen enrichment. 

i n  the concentrates n o t  o n l y  t o  p rov ide  the  heat necessary f o r  sme l t i ng  

by combustion, b u t  a l so  t o  remain i n  t h e  mat te  fonned so t h a t  the  mat te  

i s  l o w  grade. 

a major increase i n  the  volume o f  t h e  molten bath and, as such, requ i res  

an increased heat  re lease i n  t h e  furnace t o  prevent " f reez ing "  o f  the  

bath. 

These concepts a re  n o t  as easy t o  implement 

Product ion o f  low-grade mattes 

S u f f i c i e n t  s u l f u r  must be present 

Inc reas ing  the  residence t ime i n  the  furnace requ i res  

Product ion o f  low-grade mattes i n  f lash  furnaces by f i r i n g  f o s s i l  

f u e l  to  prov ide  e i t h e r  the  heat  t o  keep the  b a t h  from " f reez ing"  o r  

t o  p rov ide  t h e  heat  f o r  smel t ing  concentrates conta in ing  "normal I' 
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levels  of pyri te  su l fur  defeats the major incentive toward f lash 

smelting over conventional smelting, which i s  autogenous or  close 

t o  autogenous operation. Furthermore, f i r i n g  foss i l  fuel reduces 

the smelting capacity of the furnace and d i lu t e s  the su l fur  oxides 

In the off-gases. 

have been overcome through the use of a h i g h  degree of combustion 

a i r  pre-heat and the use of e lec t r ica l  energy in the same manner, 

as an e l e c t r i c  smelting furnace t o  main ta in  the furnace bath i n  a molten 

s ta te .50 A t  the Canadian in s t a l l a t ion ,  pure oxygen, rather than a i r ,  

i s  used t o  support the f l a sh  combustion reactions,  thus increasing 

the heat available fo r  smelting and maintaining the furnace bath i n  

a molten s t a t e  by decreasing the heat removed in the furnace off-  

A t  the Japanese i n s t a l l a t i o n ,  these problems 

gases. 53 

Unlike reverberatory smelting furnaces or  e l e c t r i c  smelting 

furnaces, however, f lash smelttng furnaces do not have the f l Q x i b i l i t y  

t o  recover copper from the slags produced i n  the copper converters, 

Consequently, converter s lags ,  which typ ica l ly  contain i n  the range 

of 5 4 %  copper, are n o t  returned t o  the f lash  furnace and require 

s l a g  t r e a t ~ n e n t . 1 0 , ~ ~  As a r e su l t ,  n o t  only do slags produced i n  the 

f lash  furnace require slag treatment f a c i l i t i e s  t o  recover copper, b u t  

a l so  those produced i n  the copper converters. 

Various methods can be used fo r  slag treatment, and the  choice 

frequently depends on local circumstances. Slag se t t l i ng  alone 

frequently achieves copper recoveries of 75-80%, and the us2 of 

slag f lo ta t ion  o r  slag reduction and s e t t l i n g  can achieve copper 

recoveries o f  The use df slag set t l ing techniques on the 
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combined f l a s h  furnace and conver te r  s lags,  there fore ,  normal ly  

reduces t h e i r  copper conten t  t o  0.5-0.7%. wh i l e  the use o f  s lag  f l o -  

t a t i o n  o r  s l a g  reduc t i on  and s e t t l i n g  techniques normal ly  reduces 

t h e i r  copper conten t  t o  0.25-0.35%. 

techniques, w i t h  o r  w i thou t  s l a g  reduc t ion ,  t h e  copper i s  recovered 

f rom t h e  s lags as a copper s u l f i d e  matte, which i s  charged t o  the 

converters.  The use o f  f l o t a t i o n  techniques, however, recovers 

the  copper as a copper concentrate,  which i s  recyc led  t o  the f l a s h  

furnace charge. 

Wi th the  use o f  s e t t l i n g  

Thus, through t h e  use o f  s l a g  s e t t l i n g  techniques, o v e r a l l  copper 

recovery a t  a f l a s h  smel ter  i s  f r e q u e n t l y  about the same as t h a t  a t  a 

convent ional  domestic smelter.  

reduc t i on  and s e t t l i n g  techniques, however, f requen t l y  increases 

o v e r a l l  copper recovery somewhat above t h a t  obta ined a t  a convent ional  

domestic smel ter,43948 

The use o f  s l a g  f l o t a t i o n  o r  s lag  

1 I - 8 .  

I n  a reverbera tory  furnace o r  an e l e c t r i c  furnace, the  heat  necessary 

f o r  smel t ing o f  the  copper concentrates i s  prov ided by  combustion o f  a 

f o s s i l  f u e l  o r  by the  use o f  e l e c t r i c a l  energy. 

however, as mentloned e a r l i e r ,  most o f  t h e  heat  necessary f o r  smel t ing  

i'S prov ided b y  f l a s h  combustion o f  excessive m e t a l l i c  s u l f i d e  s u l f u r  

Contained i n  the concentrates.  Thus, w h i l e  i n  reverbera tory  o r  e l e c t r i c  

smel t tng furnaces o n l y  enough s u l f i d e  s u l f u r  must be present  i n  t h e  

concentrates t o  Tnsure t h a t  e s s e n t i a l l y  a l l  the  copper w i l l  form a 

copper s u l f i d e  matte, i n  f l a s h  sme l t i ng  furnaces there  must be s u f f i c i e n t  

su l f i de  s u l f u r  i n  excess of t h i s  amount t o  p rov ide  a major p o r t i o n  o f  t h e  

heat  necessary f o r  smelt ing.  

I n  a f l a s h  furnace, 
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I n  ac tua l  p r a c t i c e ,  t h i s  i s  normal ly  n o t  a major l i m i t a t i o n  o f  

t h e  f l a s h  smel t ing process, as evidenced by  i t s  wldespread use 

throughout Europe and Asia. 

than enough s u l f u r  necessary t o  remove the  copper as a mat te  du r ing  

m l t l n g ,  and, as a r e s u l t ,  t h e  combustion o f  a p o r t i o n  o f  t h i s  

excess s u l f u r  t o  produce most o f  the  heat necessary f o r  smel t ing  

Most copper concentrates con ta in  more 

m e r e l y  increases t h e  grade o f  matte produced i n  t h e  smel t ing  furnace. 48,55 

F lash smel t ing furnaces can be designed t o  process copper 

concentrates con ta in ing  copper /su l fur  r a t i o s  as h igh  as 1.3-1.5. 55,56 

Normally, however, t h i s  r a t i o  i s  t y p i c a l l y  i n  t h e  range o f  0.6-0.9 a t  

most f l a s h  smel t ing i n s t a l l a t i o n s .  5 5 9 5 6  The ex ten t  t o  which supplemental 

f u e l ,  pre-heated a i r ,  oxygen-enriched a i r  and t h e  grade o f  mat te  

produced i s  used t o  balance t h e  heat requirements i n  the  f l a s h  

furnace a c t u a l l y  determines t h e  maximum r a t i o  o f  copper t o  s u l f u r  

tn  t h e  concentrates t h a t  can be processed. Extens ive use o f  pre- 

heated, oxygen-enriched a l r  i n  combination w i t h  t h e  produc t ion  o f  

high-grade mattes approaching wh i te  metal  (80% copper) permi ts  the  

f l ash  smel t ing o f  copper concentrates w i t h  copper - to -su l fu r  r a t i o s  

approaching 1.5, w h i l e  producing of f -gases t h a t  con ta in  h igh  concen- 

t r a t i o n s  o f  s u l f u r  oxides. 55 

I n  most cases, however, i t  would n o t  be necessary t o  r e s o r t  

t o  measures such as these t o  f lash-smel t  domestic concentrates. 

A survey by  EPA o f  t y p i c a l  copper s u l f i d e  o re  concentrates 

represent ing  some 95% o f  the  6.5 MM t ons /y r  o f  domestic concentrates 

smelted by  t h e  pr imary copper smel t ing i n d u s t r y  reveals  t h a t  approx i -  

mate ly  65% o f  these concentrates have Cu/S r a t i o s  i n  the range o f  

Y 

rj 
c 
I 
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0.6-0.9 or  less.57 T h i s  percentage increases t o  about 95% if the 

range of Cu/S ra t ios  i s  extended t o  include concentrates w i t h  Cu/S 

ra t fos  u p  t o  1.3. 

i s  d i rec t ly  applicable t o  from 65-95% of the domestic ore concentrates. 

As a r e su l t ,  the requirement of f lash  smelting f o r  concentrates 

containing suf f ic ien t  sulf ide sulfur i n  excess of tha t  necessary 

t o  recover a l l  the copper i n  the concentrates a s  a copper sulfide 

matte i s  not l ike ly  t o  be a major l imitation of the flash smelting 

process i n  the United States.  

Consequently, i t  appears t ha t  f lash  smelting 

A more serious 1 imitation, however, which i s  somewhat related 

t o  the Cu/S r a t i o  i n  concentrates, is l ike ly  to  be the inabi l i ty  

of f lash smel t ing furnaces t o  process s ignif icant  tonnages of copper 

precipi ta tes .  

acid leaching-of both copper oxide and low-grade copper sulfide/copper 

oxide ores. 

solution which is  transferred t o  a vat. Scrap iron i s  added t o  

the v a t  and copper ions i n  solution are  displaced by iron ions, 

causing the copper t o  precipi ta te  from solution. 

normally contain 75-80% copper w i t h  no sulfur and are  usually 

charged t o  a reverberatory smelting furnace' w i t h  copper sulf ide 

concentrates. Excess sulfur  i n  the concentrates i s  ut i l ized 

t o  convert the copper in the precipi ta tes  t o  copper sulfide.  

the copper i n  the precipi ta tes  is recovered as  copper sulf ide matte. 

Since flash-smelting furnaces combust most of the excess sulfur 

Copper precipi ta tes  a re  produced from the sulfur ic  

Copper i s  leached from the ore,forming a copper sulfate  
-I 

Copper precipitates 

Thus ,  

contained in the concentrates t o  provide most of the heat for  

smelting, s ignif icant  tonnages of copper cannot be recovered from 
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copper p r e c i p i t a t e s  i n  t h e  furnace. 

can a l s o  be p e l l e t i z e d  o r  b r i q u e t t e d  and charged t o  copper converters,  

t h i s  r e q u i r e s  t h a t  t h e  conver ters  operate on low-grade mattes t o  

bo th  me l t  t h e  p r e c i p i t a t e s  and conver t  the  copper i n  the  p r e c i p i t a t e s  

t o  copper s u l f i d e  du r ing  t h e  f i r s t  stage o r  s l a g  blow o f  t h e  conver ter .  

However, f l a s h  smel t ing  normal ly  produces h igh-grade mattes and, 

as a r e s u l t ,  the f l a s h  smel t ing  process i s  n o t  amenable t o  the 

recovery o f  copper f rom copper p r e c i p i t a t e s  . 

Although copper p r e c i p i t a t e s  

I n  1971, approximately 0.20 MM tons o r  about 15% o f  the  1.60 MM 

tons of copper produced by  t h e  domestic p r imary  smel t ing i n d u s t r y  

was recovered f rom copper  precipitate^.^^ Consequently, the  

recovery o f  copper f rom copper P r e c i p i t a t e s  represents  a s i g n i f i c a n t  

p o r t i o n  o f  t h e  produc t ion  o f  copper a t  domestic pr imary copper 

smelters. 

process s i g n i f i c a n t  tonnages o f  copper p r e c i p i t a t e s ;  however, :as 

the  Bureau of Mines s t a t i s t i c s  i nd i ca te ,  a number do. Furthermore, 

as a i r  p o l l u t i o n  regu la t i ons  fo rce  the  reduc t i on  o f  s u l f u r  

d i o x i d e  emissions, present a c i d  leaching opera t ions  a r e  l i k e l y  t o  

be expanded by as much as 100% o r  more t o  u t i l i z e  the s u l f u r i c  

a c i d  manufactured from s u l f u r  d iox ide  as an a l t e r n a t i v e  t o  a c i d  

n e u t r a l i z a t i o n .  Thus, w h i l e  the  recovery o f  copper f rom copper 

P r e c i p i t a t e s  c u r r e n t l y  represents about 15% o f  t h e  t o t a l  domestic 

copper product ion,  t h i s  cou ld  increase s i g n i f i c a n t l y  i n  t h e  fu tu re .  

Al though t h e  adopt ion o f  f l a s h  smel t ing  by  t h e  domestic 

i n d u s t r y  would reduce t o  some ex ten t  the  a b i l i t y  o f  t h e  i n d u s t r y  

Not a l l  domestic copper smel t ing  i n s t a l l a t i o n s  c u r r e n t l y  

I 

*' I 
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t o  recover copper from copper prec ip i ta tes ,  i t  should be noted t h a t ,  as 

i n  the case of copper scrap, th i s  l imitat ion will  l ikely encourage realignment 

of the domestic smelting industry rather  than l i m i t  the growth of the 

industry o r  prohibit the application of f lash smelting. 

winn ing  ra ther  than copper precipitation f o r  the recovery of copper from 

copper sulfate/acid leaching solutions will undoubtably increase i n  the next few 

years. Currently, electrowinning acccounts for about 20% of the copper 

recovered from acid leaching operations, w i t h  precipitation followed by 

smelting a t  primary copper smelters accounting for  the other 80%. 

The use of e lectro-  

However, each pound of copper precipitated from a copper sulfate/acid 

leaching solution requires about three pounds of scrap iron.58 As domestic 

sulfur ic  acid leaching operations are expanded, scrap iron i s  not l ike ly  t o  be 

economically available i n  suf f ic ien t  quant i t ies  t o  precipi ta te  the copoer, 

thus encouraging the use of acid leaching/liquid ion exchange/ 

acid stripping/electrowinning processes59 rather  than conventional 

acid leaching/copper precipitation/smelting processes. Consequently, 

a reduction i n  the capacity of the domestic smelting industry t o  

recover copper from copper precipitates '  through the use of f lash 

smelting would further encourage the expansion of the domestic 

electrdwinning industry rather t h a n  l imi t  the recovery of copper 

from copper oxide ores by acid leaching. 

// 

Another limitation of the f lash smelting process i s  the 

requirement t h a t  the copper concentrates charged t o  the furnace 

contafn II%J levels Of vo la t i l e  metals such as  lead, zinc,  and arsenic.  

As mentimed e a r l i e r ,  typical ly  from 6-7% of the concentrates 

contained i n  the charge a re  entrained as molten or semi-molten 
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p a r t i c l e s  i n  t h e  off-gases. 

contained i n  t h e  concentrates are vapor ized and leave t h e  furnace i n  

t h e  of f -gases. As the  off-gases cool, t h e s e ' v o l a t i l e  meta ls  condense. 

Thus, the  furnace of f -gases can conta in  apprec iab le loadings of molten 

o r  semi-molten p a r t i c l e s ,  depending on t h e  l e v e l  o f  v o l a t i l e  

meta ls  contained i n  the  copper concentrates. 

copper concentrates con ta in ing  h igh l e v e l s  o f  v o l a t i l e  meta ls  present 

no p a r t i c u l a r  problems i n  t h e  f l ash  furnace, they  do present problems 

t o  the  recovery o f  heat f rom the  furnace Off-gases. 

A major p o r t i o n  o f  t h e  v o l a t i l e  metals 

As a r e s u l t ,  wh i l e  

, . , ' ;  

F lash furnace of f -gases a r e  normal ly  cooled by  waste-heat b o i l e r s  

i nco rpo ra t i ng  both a r a d i a t i o n  sec t ion 'and a convect ion sect ion.  

purpose o f  the  r a d i a t i o n  sec t i on  i s  t o  cool  t h e  off-gases s u f f i c i e n t l y  

t o  s o l i d i f y  t h e  molten p a r t i c l e s  en t ra ined i n  t h e  gases, and t o  

lower t h e i r  temperature below the  s i n t e r i n g  p o i n t  before-tlre"gases 

en te r  the  convect ion sect ion.  

tubes a r e  completely s o l i d i f i e d  and do n o t  adhere t o  the  tubes. 

The s i n t e r i n g  temperature o f  t h e  p a r t i c l e s  i s  dependent on t h e i r  

composition. If the p a r t i c l e s  conta in  considerable amounts o f  l e a d  ' 
and z inc ,  f o r  example, t h e i r  s i n t e r i n g  temperature i s  r e l a t i v e l y  low . 

and they  e a s i l y  adhere t o  any coo l i ng  surface.60 Thus, copper 

concentrates con ta in ing  h igh  l e v e l s  o f  v o l a t i l e  metals, the  most 

common being l ead  and z inc ,  can present major problems i n  the  heat  

recovery f a c i l i t i e s  normal ly  incorporated i n to  the design o f  a 

f l a s h  furnace. 

The 

i 

P a r t i c l e s  thus s t r i k i n g  the  convdection 

I n  p rac t i ce ,  the h ighes t  l e v e l s  07 l ead ,and  z inc  t h a t  can be 

t o l e r a t e d  i n  the concentrates charged d i r e c t l y  t o  a f l a s h  furnace, 
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w i t h  complete r e c y c l i n g  o f  the  dus ts  recovered from the  off-gases, 

a r e  about 2% l e a d  and 4-1/22 

z inc  can be to le ra ted ,  however, i f  t h e  dusts recovered are n o t  recyc led 

but t rea ted  by other  means. Cur ren t ly ,  f o r  example, the  Dowa Mining 

Company's f lash-smel t ing  furnace a t  Kosaka. Japan, i s  processing, on 

a continuous bas is ,  copper concentrates conta in ing  2-1/2 t o  3% l e a d  

and 5-1/2 t o  7% z inc  by t r e a t i n g  the  dusts recovered from the furnace 

off-gases i n  f a c i l i t i e s  f o r  t h e  recovery  o f  lead and z inc.  Copper 

I s  a l s o  recovered and returned t o  the  f l a s h  smelter. 48.55 

Higher l e v e l s  o f  lead and 

A number o f  approaches cou ld  be used t o  t r e a t  the dusts recovered 

from f l a s h  furnace smelt ing concentrates conta in ing  h i g h  l e v e l s  o f  

l e a d  and zinc. 

t o  a ' l e a d  o r  z inc  smelter. Lead and z inc  would be recovered and a 

copper res idue-returned.  The use o f  var ious  techniques t o  t r e a t  the  

dusts a t  the copper smelter, however, might be more a t t r a c t i v e .  

Ptgures 3-11 and 3-12 o u t l i n e  two approaches f o r  the treatment o f  

f l ash  furnace dusts con ta in ing  h i g h  l e v e l s  o f  lead  and zinc.62 I n  

both approaches, copper i s  recovered from the dusts and charged t o  

copper converters r a t h e r  than recyc led  t o  the  f l a s h  furnace. 

Perhaps the s imp les t  would i n v o l v e  shipment o f  t h e  dusts 

, 

I n  most cases, however,. i t  i s  no t  l i k e l y  t h a t  f l a s h  smelt ing 

ell be severely l i m i t e d  i n  processing domestic ore concentrates due 

t o  h igh  l e v e l s  o f  v e l a t i l e  metals.  

copper s u l f i d e  ore concentrates represent ing  some 85% o f  t h e  6.5 MM 

tons /y r  o f  domestic concentrates smelted by the pr imary  copper smelt ing 

I n d u s t r y  i s  summarized i n  Table 3-1. As shown i n  t h i s  tab le ,  o n l y  

2%, 1%, and 2% of the domestic ore concentrates surveyed contained 

A survey by EPA o f  t y p i c a l  
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gnc Figure 3-11 Dry Method for  Recovering Copper, Lead and 
From Flash Furnace and Converter Dusts 

I I 
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Anode Plate  - 
Elec t rol  t i c  Ref i nery =+ 

Waste Converter Electrolyt ic  Lead 

Notes 
1. 
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Rotary furnace, electric furnace o r  b las t  furnace. 
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PreciJj i  t a t e  So lu t i on  , C o r  (Pb,S;) 

, , ( Z n p )  I T, Reducing 
Welt ing Furnace . _-  I 

Figure 3-12. Wet Method f o r  Recovering Copper, Lead and Zinc 
from Flash Furnace and Converter Dusts57 
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. a  

Lead - 

Zinc - 

Arsenic 

Cadmium 

Table 3-1 Typica l  Levels o f  V o l a t i l e  Metals I n  
Domestic Copper Ore Concentrates 

Concentrat ion Level Percent o f  Concentrates Surveyed 

<5000 ppm 
5000 ppm-<2% 

,2% - 

<1% 
1 4 4 %  

>4% - 

200-1000 ppm 
1000 ppm-1% 

.1% 

96% 
2% 
2% 

67% 
32% 

1% 

88% 
10% 

2% 

<lo00 ppm 100%. -- 

Bery l  1 i urn < l o  ppm 

Vanadium < l o 0  ppm 

An ti monL <200 ppm 
r200-5000 ppm 

>5000 ppm 

- Tin <lo00 ppm 

100% 

100% 

97% 
3% 

d / 2 %  

100% 
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more than 2% lead, 4% zinc,  and 1% arsenic ,  respec t ive ly .  

o the r  v o l a t i l e  metals, such as cadmium, bery l l ium,  vanadium, antimony 

and t i n ,  a re  a l l  present  o n l y  i n  ve ry  small amounts ( < l o  ppm t o  <5000 ppm) 

i n  domestic o re  concentrates. Consequently, i t  appears t h a t  t h e  

l i m i t a t i o n  o f  f i a s h  smel t ing furnaces t o  smelt  concentrates conta in ing  

h igh  l e v e l s  o f  v o l a t i l e  meta ls  i s  n o t  l i k e l y  t o  l i m i t  t h e  use o f  f l a s h  

smel t ing i n  the  Un i ted  States.  

Furthermore, 

The degree o f  s u l f u r  removal i n  a f l a s h  smel t ing furnace i s  

u s u a l l j  q u i t e  h igh  and depends s p e c i f i c a l l y  on the  composi t ion 

of the  concentrates processed and, t h e  grade o f  matte produced. 

mat te  grades o f  55-75% r e s u l t  i n  convers ion o f  50-80% o f  the  s u l f u r  

contained i n  the  concentrates t o  s u l f u r  oxides i n  t h e  f l a s h  furnace. 

Increas ing the  grade o f  mat te  increases t h e  degree o f  s u l f u r  removal 

i n  the  furnace andJthus s h i f t s  a p o r t i o n  o f  t h e  s u l f u r  removed i n  '-'.--I* 

t h e  copper conver ters  t o  the f l a s h  furnace. 

Typ ica l l y ,  

8,63 

It i s  n o t  poss ib le ,  . .  
I'  . i i \" 

however, t o  increase the  degree o f  s u l f u r  removal i n  the furnace above 

t h a t  l e v e l  corresponding t o  t h e  p roduc t i on  o f  wh i te  metal  (80% , -n ,  

matte grade), s ince a t  t h i s  p o i n t  t h e  s u l f u r  i n  excess o f  t h a t  

amount necessary t o  recover the  copper as a s u l f i d e  mat te  has 

been e l  iminated. 

determines the  maximum degree o f  s u l f u r  removal i n  the  f l a s h  furnace. 

Thus, the  composi t ion o f  t h e  copper concentrates 

The concentrat ion o f  s u l f u r  d i o x i d e  i n  the  of f -gases from a 

f l a s h  furnace i s  normal ly  i n  t h e  range o f  10-20%, depending on t h e  

grade o f  matte produced, the  a n a l y s i s  o f  t h e  concentrates processed, 

the  degree o f  oxygen enrichment, and t h e  degree o f  combustion. 

a i r  pre-heat. Generally, as the  grade o f  matte, the  degree o f  
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oxygen enrichment and t h e  degree o f  combustion a i r  pre-heat increase, 

the concent ra t ion  o f  s u l f u r  d iox ide  i n  t h e  furnace off-gases increases. 

As the  copper-to-sulfur r a t i o  i n  the  concentrates decreases, however, 

the concent ra t ion  o f  s u l f u r  d iox ide  i n  the  o f f -gases  increases i f  

the  grade o f  matte produced remains the same. 

cases, the  increase i n  of f -gas concent ra t ion  i s  the r e s u l t  p r i m a r i l y  

o f  the  increased heat released or heat a v a i l a b i l i t y ,  which s h i f t s  

the f l a s h  combustion reac t i ons  c lose r  t o  autogenous operat ion and 

thus reduces the need f o r  a u x i l i a r y  f u e l .  W1.th a reduc t i on  i n  a u x t l i a r y  

fue l  combustion, there i s  l e s s  d i l u t i o n .  o f  t h e  f l a s h  combustion o f f -  

gases, and the concent ra t ion  o f  s u l f u r  d i o x i d e  increases. 

8,11 

I n  each o f  these 

I n  the  case o f  oxygen enrichment, however, the n i t r o g e n  content 

. o f  the  process atmosphere I s  reduced, and t h i s  con t r i bu tes  

s i g n i f i c a n t l y  t o  an increase i n  s u l f u r  d i o x i d e  concentrat ion.  

thfou'gh the  use o f  pure oxygen r a t h e r  than a i r ,  the  Concentrat ion o f  

s u l f u r  d iox ide  can be increased t o  the  range o f  75-80%, as i n  the 

INCO f l a s h  furnace. 

Indeed, 

As a r e s u l t ,  the  use o f  f l a s h  furnaces f o r  the  smelt ing o f  

copper concentrates o f f e r s  a number o f  d i s t i n c t  advantages over 

reve rbe ra to ry  o r  e l e c t r i c  furnace smel t ing  4n terms o f  t h e  ease w i t h  

which emissions o f  s u l f u r  oxides can ,be c o n t r o l l e d .  The concent ra t ion  

o f  s u l f u r  oxides i n  t h e  off-gases i s  no rma l l y  i n  the range o f  10-14%.'0 

The opera t ion  o f  a f l a s h  furnace i s  cont inuous and caweven be termed 

a "steady-state" opera t ion  w i t h  respect t o  t h e  f l a s h  combustion 

. .  

. .. 
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react ions,  the  of f -gas f l o w  r a t e  and the concent ra t ion  o f  s u l f u r  

oxides i n  the  off-gases. Consequently, the produc t ion  o f  elemental 

s u l f u r  o r  s u l f u r i c  a c i d  from the f l a s h  furnace of f -gases presents 

no unusual problems. 

A9 discussed e a r l i e r ,  the oxygen i n  the process atmosphere 0 f . a  

f l a s h  furnace i s  consumed i n  the f l a s h  combustion react ions.  

the furnace off-gases con ta in  e s s e n t i a l l y  no oxygen f o r  the  conversion,;  

o f  SO2 t o  SO3 i f  the  of f -gases are processed i n  a s u l f u r i c  a c i a  

,p lan t .  

d i l u t i o n  or  by blending w i t h  o the r  smelter off-gases, such as those 

from the copper converters.  

Consequently, 

. I /  . .  This d e f i c i e n c y  i s  e a s i l y  corrected, o f  course, by  a i r  

If, however, elemental s u l f u r  r a t h e r  than s u l f u r i c  a c i d  1s 

manufactured, i t  i s  poss ib le  t o  take advantage o f  the h igh  temperatures 

and lack  o f  oxygehJ'in the furnace o f f -gases  t o  minimize the consumpt5bh'7: 

o f  reduc tan t  through the use o f  technology developed by Outokumpu Oy.--. 

This technology takes advantage o f  t h e  unique design o f  the Outokumpu.' " 

f lash furnace t o  e l i m i n a t e  the  reduc t i on  furnace and a major p r t i 0 n . T  'I:;, 

o f  the gas c lean ing  sec t i on  normal ly  requ i red  i n  an elemental s u l f u r  

p lan t .  Reductant i s  i n j e c t e d  i n t o  t h e  furnace off-gases i n  the 

I .  . - 

, *  . ,  

f l a s h  furnace uptake shaf t ,  and a major p o r t i o n  o f  the  s u l f u r  oxides ' 

is reduced t o  hydrogen s u l f i d e  and elemental s u l f u r .  The gases 

are then cooled s u f f i c i e n t l y  t o  remove t h e  dus t  en t ra ined i n  the 

off-gases by an e l e c t r o s t a t i c  p r e c i p i t a t o r ,  w h i l e  ma in ta in ing  the elemental 

s u l f u r  i n  the  vapor s ta te .  

condensed and the  off-gases routed t o  a Claus-type elemental s u l f u r  

. I  

' I ! ' ' ?  

Fol lowing the p r e c i p i t a t o r ,  s u l f u r  i s  
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plant ,  where elemental sulfur is  produced by the reaction of hydrogen 

su l f ide  and sulfur dioxide. 8,64 

The flash smelting process was successfully demonstrated on a 

comnercial scale  by both Outokumpu Oy and INCO a t  about the same time, 

i n  the ear ly  1950's. 

Plash furnaces f o r  the smelting o f  copper concentrates, ranging i n  

capacity from about 300 tons/day to  1500 tons/day of copper concentrates. 

One was of the INCO design and the remaining twelve were of the 

Outokumpu design. The INCO furnace was located i n  Canada, and the 

twelve Outokumpu furnaces were located i n  Japan ( f ive ) ,  Romania (one), 

h d i a  (one), Australia (two), Turkey (one), West Germany (one) and 

ftnland (one). 

additional Outokumpu f l a sh  furnaces for the smelting of copper concen- 

t r a t e s :  one i n  Japan, one i n  India, one i n  Australia and one i n  Africa. 

Furthermore, i n  various stages of design or  construction w i t h  startups 

planned in la te  1974 o r  1975 were two additional Outokumpu furnaces: 

one i n  Japan and one in the United States .  65,66 

As of mid-1973, th i r teen  ins ta l la t ions  operated 

In the process of s ta r tup  by ear ly  1974 were four 

I t  is apparent, therefore,  tha t  f lash  smelting furnaces can be 

used t o  make the copper smelting process more amenable t o  a i r  

pollution control.  

furnace off-gases is high, normally in the range of 10-14%, and the 

process is  "steady-state' ' w i t h  respect t o  the f lash combustion reactions. 

As a r e s u l t ,  there i s  very l i t t l e  f luctuat ion in the off-gas 

flow r a t e  o r  the concentration of su l fur  oxides. The production 

of high-grade mattes in the furnace resu l t s  i n  conversion of up 

The concentration of sulfur dioxide i n  the 
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t o  80% o f  the  s u l f u r  conta ined i n  the  concentrates t o  s u l f u r  oxides 

i n  the furnace, thus min imiz ing  the  s u l f u r  removed i n  the  copper 

converters.  

t he  smelt ing o f  copper concentrates be ing  discharged i n  the off-gases 

from the  f l a s h  furnace, r a t h e r  than i n  off-gases o f  low concentrat ions 

o r  w l t h  l a r g e  f luc tua t ions ,  t he  c o n t r o l  o f  emissions i s  s t ra igh t fo rward .  

With the major p o r t i o n  o f  the s u l f u r  oxides r e s u l t i n g  from 

. .. 

. . ., 

. . .I' 

, I . '  
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Concentrate Dryi nq-- 

As p rev ious l y  discussed i n  Sect ion 3.1.1.2, bo th  the  e l e c t r i c  

furnace and the  f l a s h  furnace r e q u i r e  a d r y  concentrate charge. 

The mois tu re  conten t  i n  t h e  charge t o  t h e  furnace must be no grea ter .  

than 7 percent  and i s  t y p i c a l l y  lowered t o  l e s s  than 0.5 percent.  

There are a number of  systems which can be used t o  d ry  copper 

concentrates,  i n c l u d i n g  converted mu l t i - hea r th  roas ters .  The d r y i n g  

system most l i k e l y  t o  be used a t  new domestic e l e c t r i c  and f l a s h  

smel t ing  i n s t a l l a t i o n s  i s ,  however, the  r o t a r y  d rye r .  The r o t a r y  

d rye r  i s  a r o t a t i n g  c y l i n d e r  i n c l i n e d  t o  t h e  h o r i z o n t a l  w i t h  m a t e r i a l .  

f ed  i n t o  one end and discharged a t  the oppos i te  end. Both the  

e l e c t r i c  smel t ing  i n s t a l l a t i o n  o f  I n s p i r a t i o n  Copper Company a t  

Miami, Ar izona, and t h e  Phelps Dodge Corporat ion,  Hida lgo County, 

Arizona, f l a s h  smel t ing  i n s t a l l a t i o n  w i l l  use r o t a r y  dryers.  

I n  most common dryers ,  a i r  or combustion gases f l o w  co-current  

o r  countercurrent  t o  t h e  movement o f  the  concentrate.  I n t ima te  

contac t  between the  d r y i n g  gases and t h e  concentrate i s  u s u a l l y  

permi t ted.  

which can present  an a i r  p o l l u t i o n  problem. The movement o f  the 

gases through the  d r y e r  presents  a very  h i g h  p o t e n t i a l  f o r  entrainment 

o f  the  concentrate i n t o  the  gas stream. 

o f  one new r o t a r y  d rye r  i n s t a l l a t i o n  t h a t  up t o  20 percent o f  the 

concentrate w i l l  be en t ra ined  i n  the emission stream. 

t h e  h igh  p o t e n t i a l  f o r  a i r  entrainment,  emission gases from dryers  

a re  t y p i c a l l y  ducted t o  p a r t i c u l a t e :  c o n t r o l  systems. One example o f  

It i s  the  con tac t  o f  the  d r y i n g  gases and the  concentrate 

It i s  est imated i n  the  case 

97 
Because o f  

i 
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8 particu1ate;control system on a concentrate dryer i s  the baghouse 

a t  the Inspiration Copper Co. smelter in Miami, Arizona. 
, .. 
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Copper conver t inp  i s  a batch opera t ion  w i t h  the concentrat ion o f  I 
s u l f u r  d i o x i d e  i n  t h e  conver te r  off-gases dependent on whether the 

conver te r  i s  i n  t h e  s laq-b lowinq mode o r  copper-blowinq mode. 

S to i ch iomet r i c  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  concent ra t ion  o f  s u l f u r  
I 

d i ox ide  i n  conver te r  o f f -gases should be i n  t h e  range of 15% during s l a g  ..b 

blowing and i n  the  range o f  21% dur ing  copper blowing. However, a i r  

i n f i l t r a t i o n  i s  f r e q u e n t l y  i n  the range o f  200-300% o r  more and t h i s  

r e s u l t s  i n  t y p i c a l  o f f -gas  concentrat ions o f  1-1/2 t o  5% s u l f u r  d iox ide .  

Consequently, major f l u c t u a t i o n s  i n  bo th  conver te r  of f -gas volumes and 

s u l f u r  d i o x i d e  concentrat ions occur f requent ly .  

.k 

k i n t a i n i n g  conver te r  of f -gases s u i t a b l e  f o r  the  product ion o f  

s u l f u r i c  a c i d  i s  dependent on the reduc t i on  o f  a i r  i n f i l t r a t i o n  t o  

a minimum and appropr ia te  schedul ing o f  i n d i v i d u a l  conver te r  operat ions.  

T i g h t - f i t t i n g  hoods p laced over  conver ter  mouths can reduce a i r  

i n f i l t r a t i o n  t o  80-100%. 

the  concent ra t ion  o f  s u l f u r  d iox ide  i n  the  conver te r  o f f -gases can 

With a i r  i n f i l t r a t i o n  reduced t o  these leve ls ,  



o n l y  two b lowing a t  the same time, conver te r  o f f -gases averaging 9% 

s u l f u r  d iox ide  can be expected. 
. .  

Oxygen enrichment o f  the  conver te r  blowing a i r  can a l s o  be used 

t o  some ex ten t  t o  overcome the d i l u t i o n  e f f e c t  o f  a i r  i n f i l t r a t i o n .  

An increase i n  the  oxygen content  o f  the  blowing a i r  r e s u l t s  

i n  a corresponding increase o f  t h e  same magnitude i n  the concent ra t ion  

o f  s u l f u r  d iox ide  i n  the  conver te r  o f f -gases.  . 
Min imiz ing  the  f l u c t u a t i o n s  i n  conver te r  off-gas f l o w  r a t e s  and 

s u l f u r  d iox ide  concentrat ions r e q u i r e s  appropr ia te  schedul ing o f  

i n d i v i d u a l  conver ter  operat ions.  The same number o f  conver ters  must 

be b lowing a t  a l l  times. A t  any t ime a conver ter  must r o t a t e  t o  pour 

s l a g  o r  b l i s t e r  copper, o r  accept f r e s h  charges o f  mat te  o r  f l u x i n g  

mater ia ls ,  another conver ter  must be ready t o  commence blowing. 

requ i res  t h a t  one conver ter  be mainta ined i n  a standby cond i t ion ,  

This  

h o t  and changed-.with matte, ready .to commence blowing. ' / , I  ' 

General d iscuss ion -- 
_ .  

The copper conver t ing  process i s  e s s e n t i a l l y  an adapt ion o f  the. 

Bessemer process developed by the  s t e e l  i n d u s t r y  f o r  conve r t i ng  h igh-  

carbon p i g  i r o n  t o  low-carbon i r o n  a l l o y s .  : 

reverberatory ,  e l e c t r i c  o r  f l a s h  smel t ing  furnace, molten copper 

s u l f i d e  mat te  cons is ts  o f  a copper / i ron /su l fu r  me l t  con ta in ing  small 

amounts o f  o the r  elements and prec ious  metals. A t  t h i s  po in t ,  a l l  

o f  t h e  rock o r  gangue and a p o r t i o n  o f  t h e  i r o n  contained i n  t h e  copper 

concentrates hasnbeen e l iminated.  

remove the  i r o n  remaining i n  t h e  mat te  and then t o  conver t  the copper 

s u l f i d e  i n  the  matte t o  copper. 

' 

Whether produced i n  a 

'. 

Copper conver ters  a re  u t i 1  i zed  t o  

This  i s  accomplished by adding s i l i c e o u s  
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fluxes t o  the molten matte and then blowing a i r  through the matte t o  

oxidize the iron sulf ides  t o  iron oxides. An iron oxide slag i s  

formed and removed from the converter, leaving copper sulf ide or  

white metal. 

t o  b l i s t e r  copper. 

Blowing i s  continued and the copper sulf ides  are  oxidized 

Copper converting is a batch operation. As shown i n  Figure 3-1.3, 

the s ide blown converter-known as  a Pierce-Smith converter-is a 

horizontal, refractory-lined steel  cylinder w i t h  an opening i n  the s ide  

which functions as  the converter m o u t h .  The converter can ro ta te  

about i t s  major ax is ,  swinging the converter mouth through an a rc  of 

about 120' from the ver t ica l .  Compressed a i r  o r  oxygen-enriched a i r  

i s  supplied t o  the converter through a header along the back of the 

converter, from which a horizontal row of tuyeres provide passages 

through the converter shel l  in to  the in t e r io r .  Molten matte produced 

i n  the s m l t i n g  furnace i s  charged t o  the converter t h r o u g h  the converter 

mouth by ladles ,  using overhead cranes. 

is rotated t o  br ing the converter mouth to  an angle of about 60" from 

the ver t ical  (as shown in Figure 3-14). 

from the ladle  through the converter mouth, f i l l i n g  the converter 

about half f u l l .  
converter through the converter mouth o r  through one end of the converter, 

as  shown i n  Figure 3-13. With the converter i n  the charging posit ion,  

the tvyeres are  above the level of the matte. 

the matte and fluxing materials,  air or  oxygen-enriched a i r  is  supplied 

under pressure t o  the tuyere l ine,  and blowing Tomnences. The converter 

is then rotated,  as shavn i n  Figure 3-14,swinging the converter mouth t o  

For charging, the converter 

Molten matte is  poured 

S i l i ca  fluxing materials a r e  a l so  charged t o  the 

Following charging of 
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2 Figure 3-13 Copper converter. 



CHARGING BLOWING SKIMMING 

Figure 3-14 Copper converter operation. 2 
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the ver t ical  and submerging the tuyeres t o  a depth of 6 t o  24 inches 

below the surface of the matte. 
I 
1 

I 
I I 

As a i r  blown in to  the converter enters  the molten matte, the matte 

i n  the i m d i a t e  area of the  tuyeres is cooled, forming accretions 

which obstruct the tuyere openings. To prevent complete obstruction 

of these openings, the tuyeres a re  mechanically cleaned every two or  

three minutes by forcing an iron bar through each tuyere passage. 

As the tuyere a i r  passes through the matte i n  the converter, 

the iron sulfides contained i n  the matte are converted t o  iron 

oxides and sulfur oxides. 

f l u x i n g  materials forming an iron oxide s lag,  and the sulfur  oxides 

are removed i n  the converter gases discharged t h r o u g h  the converter 

mouth. 

blow. 

+ 

The iron oxides combine w i t h  the s i l iceous 

T h i s  stage o f  the converter cycle operation i s  termed the slag 

C I  , ><, 

Blowtng i s  continued u n t i l  a substantial  layer of s lag i s  formed 

i n  the converter. 

3-14, 

from the ve r t i ca l ,  ra is ing the tuyere l i ne  above the surface of the 

molten ba th .  The a i r  supply t o  the tuyere l ine  i s  shut off and the 

blowing discontinued. Slag i s  skimmed o r  poured from the converter 

into a ladle and returned t o  the smelting furnace o r  transferred t o  

slag treatment f a c i l i t i e s  for  the recovery of copper contained i n  the 

slag.  

matte, fluxing materials and cold supplements, such a s  smelter reverts 

and copper scrap, a r e  added t o  b r i n g  the converter charge back t o  the 

working level. 

working position. 

The converter is then rotated,  as  shown i n  Figure 

swinging the converter mouth through an arc of about 120" 

IC' 

The converter i s  then rotated t o  the charging posit ion,  and fresh 
IV 

Blowing i s  resumed and the converter rotated t o  the 
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T h i s  process i s  repeated u n t i l  a charge of copper sulf ide i s  I 

accumu?ated i n  the converter, f i l l i n g  i t  t o  the working level .  

converter is  then rotated t o  the blowing posi t ion,  and the copper 

The 

blow o r  f in i sh  blow begins. 

cycle, the copper sulf ide (white metal) is oxidized,forming sulfur  

During this stage of the converter 

dioxide and copper. 

metall ic copper known as b l i s t e r  copper which is approximately 99% pure. 

The converter i s  rotated t o  the pouring o r  skimning position and the 

b l i s t e r  copper poured in to  ladles f o r  t ransfer  e i the r  t o  casting 

f a c i l i t i e s  o r  refining f a c i l i t i e s .  

charged w i t h  fresh matte and f l u x i n g  mater ia ls ,  and the converting 

cycle repeated. 

Following the copper blow, the converter contains only ,' 

The emptied converter is  then 

Generally w i t h i n  the domestic copper industry, two or three 
4 

converters a r e  associated w i t h  each smelting furnace. 

the grade of matte used i n  the smiting furnace, a converter may 

make ooe t o  three cycles i n  a 24-hour period, w i t h  the actual 

blavSpg time comprising about 70-75% of the cycle as shaw: 67 

Depending on 

Matte Grade Blowinq Interruptions Cycle' Time Converter Uti l izat ion 
(%) (hr) (hr) (%) 

30 
40 
50 

4.3 
3.2 

17.6 
12.0 

2.5 8.8 

75 
73 
71 

During the slag blow, each blowing period l a s t s  about 45-60 m i n .  

Followjng each blowing period as  mentioned above, slag i s  poured from 

the converter, and fresh matte and cold supplements are charged. The 

intervals  between blowing periods l a s t  about 15-20 min. 67 Cmkletion 

of slag blowing can be ident i f ied by various techniques. One technique 

used ,by converter operators i s  observation o f  the color of the flame 
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coming from the  conver te r  mouth. 

c o l o r i n g  o f  the  flame pales; Also, a sample o f  matte taken a t  t h i s  

p o i n t  i s  b o i l i n g  and forms bubbles.67 Another technique i s  observat ion 

of: conver ter  o f f -gas  s u l f u r  d i o x i d e  content.  

the s u l f u r  d iox ide  concent ra t ion  r i s e s ,  sharply.67 

grade mattes o f  30-40% copper, which are  t y p i c a l  o f  those produced w i t h i n  

the  domestic indus t ry ,  s l a g  b lowing comprises about 80-90% o f  the  t o t a l  

conver ter  cyc le .  

Slag blowing i s  complete when t h e  b lue  

A t  the  end o f  the  s l a g  blow, 

Normal ly wi th  low- 

4, 67 

The copper c m v e r t i n g  process i s  autogenous. 

f u e l  o r  o the r  source o f  energy i s  requ i red  t o  mainta in  the  conver te r  

bath i n  a molten s ta te .  

conver te r  du r ing  t h e  s l a g  blow than du r ing  the copper blow. The 

ox ida t i on  o f  one pound o f  f e r rous  s u l f i d e  according t o  the  f o l l o w i n g  

r e a c t i o n  re leases about 2600 BTU: 

Consequently, no 

However, more heat  i s  re leased w i t h i n  the 

2FeS + 392 + Si02 + 2Fe0 . Si02 + 2S02 

w h i l e  the  ox ida t i on  o f  one pound o f  c u p r i c  s u l f i d e  according t o  t h e  

f o l l o w i n g  r e a c t i o n  re leases o n l y  about 600 BTV: 

cu2s + 02 -+ 2cu + so2 

Thus, the  amount o f  heat re leased du r ing  the  s lag  blow i s  more than 

s u f f i c i e n t  t o  keep the  ba th  i n  a mol ten s t a t e  and compensate fo r  heat  

losses. 

conver te r  temperature t o  prevent  damage t o  t h e  r e f r a c t o r y  1 i n i n g  du r ing  

the s l a g  blow. 

copper concentrates a r e  charged t o  the conver ters  t o  bo th  take 

advantage o f  the  excessive heat re leased and t o  lower conver te r  

temperatures. Consequently, w i t h  low-grade mattes i t  i s  poss ib le  f o r  

copper scrap charged t o  t h e  conver te r  t o  be a s i g n i f i c a n t  source o f  the 

Indeed, conver te r  opera tors  must c o n t r o l  t h e  

Smelter r e v e r t s ,  copper scrap and, i n  some cases, 
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b l i s t e r  copper produced a t  a pr imary copper smel ter .  

o f  Mines s t a t i s t i c s  i n d i c a t e  t h a t  of t h e  1.60 MM tons /y r  o f  copper produced 

Indeed, Bureau 1 
' I  

I 

a t  pr imary copper smelters,  some 0.35 FIM tons /y r  o r  about 20% 

t o  the recovery o f  copper from scrap. 

i s  due 
49 

S to i ch iomet r i c  c a l c u l a t i o n s  i n d i c a t e  t h a t  the  concent ra t ion  o f  

s u l f u r  d i o x i d e  i n  conver te r  off-gases should be i n  the  range o f  15% dur ing  

t h e  s l a g  blow, assuming t h a t  25% o f  the  i r o n  s u l f i d e  i s  ox id ized  

t o  magnet i te i n  the  i r o n  ox ide slag, and i n  t h e  range o f  21% dur ing  the  

f i n i s h  blow.5 I n  p r a c t i c e ,  however, the  concent ra t ions  depend on the  

oxygen u t i l i z a t i o n  i n  the  conver ter  and t h e  amount o f  a i r  i n f i l t r a t i o n  

i n t o  the  o f f -gas  c o l l e c t i o n  system. 

i n  the l i t e r a t u r e  t o  be genera l l y  i n  the  range o f  85 t o  95%. a l though 

one r a t h e r  ex tens ive  s tudy repor ted oxygen u t i l i z a t i o n s  vary ing  from. 

45 t o  195% dur ing  s l a g  blowing and from 40 t o  70% dur ing  copper blowing. 

Normally, however, a i r  i n f i l t r a t i o n  i n t o  the  hoods and t h e  . f lues  o f  the  
4,5,69 o f f -gas  c o l l e c t i o n  system i s  from 100-300% 

assumed t o  be p r i m a r i l y  responsib le  f o r  s u l f u r  d iox ide  concentrat ions 

i n  the  off-gases o f  l e s s  than t h a t  shown by s t o i c h i o m e t r i c  ca l cu la t i ons .  

Since the  copper conver t i ng  opera t ion  i s  a batch opera t ion  w i t h  

Oxygen u t i l i z a t i o n  i s  repor ted  

68 

and,as a r e s u l t ,  i s  

t h e  concent ra t ion  o f  s u l f u r  d iox ide  i n  the  of f -gases dependent on 

whether t h e  copper conver te r  i s  i n  the  s l a g  b lowing mode o r  copper <- 

b lowing mode, f l uc tua t i ons  i n  both o f f -gas  volume and s u l f u r  d iox ide  

concent ra t ion  occur. The magnitude o f  these f l u c t u a t i o n s  i s  s i g n i f i -  

cant,as shown i n  F igure  3-15.70 Consequently , main ta in ing  the  

concent ra t ion  o f  s u l f u r  d iox ide  i n  conver te r  o f f -gases s u i t a b l e  

f o r  t h e  produc t ion  o f  s u l f u r i c  ac id  i s  dependent p r i m a r i l y  on the reduc t i on  

of a i r  i n f i l t r a t i o n  t o  a minimum and appropr ia te  schedul ing o f  the  

I 
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Figure  3-15 F luc tua t i ons  i n  conver ter  o f f -  as volume and s u l f u r  
d i o x i d e  concentrat ions .? 8 
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operat ions o f  i n d i v i d u a l  conver ters  t o  min imize f l u c t u a t i o n s .  

The use o f  t i g h t - f i t t i n g  hoods, as shown i n  F igure 3-16, p laced 

over t h e  conver ter  mouth i s  one approach t o  min imiz ing  a i r  i n f i l t r a t i o n .  

Converter hoods, however, cannot be p h y s i c a l l y  t i g h t .  

t i g h t - f i t t i n g  hoods, there  i s  some a i r  i n f i l t r a t i o n  i n t o  the  hood 

f l u e  system and t h i s  i s  c o n t r o l l e d  by approp r ia te  r e g u l a t i o n  o f  t h e  

d r a f t  on the  f l u e  system. 5970 Consequently, dampers o r  i n d i v i d u a l  

h o t  gas fans f o r  each conver te r  are requi red.  

reduc t i on  o f  a i r  i n f i l t r a t i o n  t o  the  l e v e l  o f  80 t o  100% i s  about 

the  best  t h a t  has been achieved. 5 9 7 0  Wi th a i r  i n f i l t r a t i o n  reduced 

t o  these leve ls ,  many Japanese smelters which have incorporated 

t i g h t - f i t t i n g  hoods on t h e i r  copper conver ters  are ab le  t o  ma in ta in  

the concent ra t ion  of s u l f u r  d iox ide  i n  the  conver te r  o f f -gases dur ing  

s l a g  b lowing i n  the  range o f  5-8% and du r ing  copper b lowing i n  t h e  

Thus, even w i t h  

I n  p rac t i ce ,  the  

22, 50, 71 range o f  10-13%. 

Another approach t o  min imiz ing a i r  i n f i l t r a t i o n  i s  through t h e  

use o f  Hoboken converters.  I n  Pierce-Smith conver te rs  most o f  t h e  gases 

pass i n t o  an of f -gas c o l l e c t i o n  hood through t h e  mouth o f  t h e  conver ter .  

Al though the  Hoboken conver te r  i s  e s s e n t i a l l y  t h e  same as a convent ional  

Pierce-Smith conver ter ,  t h i s  conver ter  i s  f i t t e d  w i t h  a s ide  f l u e  

l oca ted  a t  one end o f  t h e  conver te r  and shaped as an i n v e r t e d  U, 

as shown i n  F igure 3-17 The i n v e r t e d  U-shaped f l u e  r o t a t e s  

w i t h  t h e  conver te r  and i s  f i t t e d  w i t h  a c y l i n d r i c a l  duct ,  a l s o  

r o t a t i n g  w i t h  the  conver ter ,  which leads i n t o  a f i x e d  v e r t i c a l  f l u e .  

This  f l u e  arrangement permi ts  s iphoning o f  the  conver ter  gases from 

the  i n t e r i o r  o f  the conver te r  d i r e c t l y  t o  the  o f f -gas  c o l l e c t i o n  
72 system. 
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Figure 3-16 Converter hood. 70 
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Figure 3-17 Hoboken converter?* 
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The escape o f  conver ter  of f -oases through the  mouth o f  t h e  

Hoboken conver ter  o r  t h e  d i l u t i o n  o f  conver te r  of f -qases by a i r  

i n f i l t r a t i o n  through the  conver ter  mouth i s  minimized by  main ta in ing  

a constant  zero d r a f t  a t  t h e  conver te r  mouth through the  use of 

var iable-speed fans and dampers. 

one o f  which i s  blowing a t  any time, personnel a t  M e t a l l u r g i e  Hoboken, 

N.V., i n  Belgium, where the  Hoboken conver te r  was developed, i n d i c a t e  

t h a t  conver te r  of f -gases averaqing 8% s u l f u r  d iox ide  can be expected. 

I f  th ree  conver ters  are i n  operat ion,  w i t h  on l y  two b lowing a t  t h e  

same t ime, conver ter  of f -gases averaqing 9% s u l f u r  d iox ide  can be 

expected. 

With two converters i n  operat ion,  o n l y  

72 

Oxygen enrichment o f  t h e  conver te r  b lowing a i r  can be used t o  overcome, 

t o  some extent ,  the  d i l u t i o n  e f f e c t s  o f  a i r  i n f i l t r a t i o n .  

oxygen i n  copper conver t ing  operat ions i s  r a p i d l y  ga in ing  acceptance both 

i n  the  domestic and f o r e i g n  indus t ry .  The major  i n c e n t i v e  f o r  oxygen 

enrichment o f  t h e  blowing a i r  i s  t h e  inc rease i n  copper conver t ing  capac i ty  

which r e s u l t s .  Since n i t rogen  comprises f o u r - f i f t h s  o f  t h e  blowing a i r  

normal ly suppl ied,  oxygen enrichment o f  t h e  blowing a i r  lowers t h e  t o t a l  

volume o f  a i r  which must be prov ided p e r  u n i t  o f  copper. Th is  i s  s i g n i f i -  

cant  i n  t h a t  f o u r  tons o f  n i t r o g e n  c a r r y  away enough heat t o  smel t  a t o n  

o f  copper concentrates.  

The use o f  

12 

I n  terms o f  overcoming the  d i l u t i o n  e f f e c t s  o f  a i r  i n f i l t r a t i o n ,  

however, a number o f  i n v e s t i g a t i o n s  have shown t h a t  an increase 

i n  t h e  oxygen content  o f  t h e  blowing a i r  r e s u l t s  d i r e c t l y  i n  a 

corresponding increase o f  t h e  same magnitude i n  the concent ra t ion  

o f  s u l f u r  d i o x i d e  i n  t h e  conver te r  ~ f f - g a s e s . ~ ~  For example, a t  
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the Metallurgie Hoboken, N . V . ,  smelting in s t a l l a t ion  i n  Belgium, oxygen 

enrichment of the blowing a i r  t o  25% oxygen, an increase of about 

25%, resulted in an increase i n  tbe concentration of su l fur  dioxide 

i n  the  converter off-gases over the complete converter cycle from 

8-1/2% t o  about 10-1/2%, also an increase of about 25%: "4 

Another investigation a t  the Anaconda Company's Anaconda, Montana, 

smelter showed t h a t  an increase in oxygen content of the blowing a i r  

from 25-1/2% t o  about 42% resulted i n  an increase i n  sulfur  dioxide 

concentration of converter off-gases d u r i n g  s l a g  blowing a t  the 

converter mouth  before s ign i f icant  a i r  in f i l t ra t ion ' f rom about 16-1/2% 

t o  about 28%.73 

blowing a i r  by about 65% resulted i n  an increase i n  sulfur dioxide 

concentration of the converter off-gases a t  the converter mouth by 

about 70%. 

I n  this case, an increase i n  oxygen content of the 

In addition, another investigation a t  the Kennecott Copper Corporation's 

Utah copper smelter showed tha t  oxypen enrichment of the blowing a i r  t o  

23-36% oxygen increased sulfur dioxide concentrations i n  the converter 

off-gases from normal levels of 4-5% to  6-1/2 t o  9-1/2% su l fur  dioxide. 

The Kennecott investigation i s  o f  par t icu lar  in te res t .  In addition t o  

confirming a major increase i n  copper converting capacity, few problems 

were experienced and on the basis o f  their investigations,  Kennecott 

ins ta l led  an on-site oxygen plant t o  supply commercial oxygen t o  the 

copper converters.75 T h i s  ins ta l la t ion  i s  s t i l l  i n  use today. 

75 

76 

As a r e s u l t ,  i t  i s  c lear  t h a t  oxygen enrichment of the converter 

blowing a i r  can be u t i l i zed  t o  some extent  t o  overcome the di lut ion 

effects  of a i r  i n f i l t r a t i o n  into converter off-gases. 
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In terms of minimizing the f luctuat ions i n  converter off-gas 

flow ra tes  and sulfur dioxide concentrations, appropriate scheduling 

of individual converter operations i s  necessary. This requires 

essent ia l ly  tha t  the same number of converters be blowing a t  a l l  times. 

Also, a t  any time a converter must ro ta te  t o  pour s lag o r  b l i s t e r  

copper or accept fresh charges of matte or  f l u x i n g  materials,  

another converter must be ready t o  comnence blowing. 

this requires tha t  a t  l ea s t  one converter must be maintained in a standby 

condition, hot and charged w i t h  matte, ready t o  comnence blowing. 

Furthermore, the blowing r a t e  du r ing  the slag blow should be higher 

than the blowing r a t e  during the finish blow t o  compensate f o r  the 

lower off-gas volumes produced d u r i n g  s lag blowing, as the 

r e su l t  of the loss of oxygen t o  the slag-forming reactions.5 

As a r e su l t ,  

Automation of copper converters has been slow w i t h i n  the domestic 

smelting industry. As discussed e a r l i e r ,  the converting operation 

has been controlled visually by the operator observing the color of the 

converter flame. In the future ,  however, smelters will  have t o  u t i l i z e  

automatic analysis of t h e i r  various feeds and products. On the 

basis of s m e l t i n g  capacity, converting capacity, concentrate analysis 

and matte grade, computers will be used to  project converter a i r  

blowing r a t e s  and a schedule f o r  multi-converter operation.5 

Converter a i r  blowers will have t o  be instrumented for constant 

volume operation. Continuous measurement of individual converter 

off-gas compositions and gas temperatures will have t o  be collected 

t o  monitor the progress of the converter operation. The oxygen and 



ni t rogen concentrations w i l l  be used t o  i n d i c a t e  oxygen ef f ic iency,  and 

the s u l f u r  dioxide concentrat ion w i t h  the gas temperature w i l l  i n d i c a t e  

a i r  i n f i l t r a t i o n .  The s u l f u r  dioxide concentrat ion w i l l  a l s o  be used 

t o  i n d i c a t e  the end o f  the blows and s ignal  the  next  step o f  the 

schedule. 5 

. .a1 

I 
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3.1.1.4 Emission Stream B lend ing  

Sumna ry-- 

The blending o f  emission streams a t  copper smelters i s  a v i a b l e  

o p t i o n  i n  some instances t o  making weak SO2 streams from reverbera tory  

furnaces amenable t o  SO2 c o n t r o l .  The technique cons is t s  o f  m ix ing  

the  weak SO2 emission stream from a reverberatory smel t ing furnace 

w i t h  those o f  h ighe r  SO2 concent ra t ion  f r o m  roasters  and converters 

t o  ob ta in  an emission stream o f  h igher  SO2 concentrat ion. 

instances. the  r e s u l t i n g  emission stream w i l l  have s u f f i c i e n t l y  h igh 

SO2 and oxygen concentrat ions t o  a l l o w  the use o f  s u l f u r i c  a c i d  

p lan ts  as emission c o n t r o l  devices. 

I n  some 

I 

1 Mix ing  t o  achieve a s t r o n g  SO2 stream appears most favorable 

f o r  those smelters which use a l l  the  th ree  bas ic  operat ions o f  

roas t i ng ,  smelt ing and convert ing.  

than 4.2 percent are estimated i n  these cases. 

which use green-charge smel t ing  furnaces (no roas t i ng ) ,  the  at ta inment 

o f  a blended st rong SO2 stream appears more d i f f i c u l t  and i n  some 

cases may  no t  be poss ib le  unless a d d i t i o n a l  techniques such as oxygen 

enrichment are a l so  used. 

success o f  b lend ing  i s  dependent p r i m a r i l y  upon the SO2 concent ra t ion  

1 *' 

Concentrations o f  g rea te r  

For smelters 

I 
11 
I 
I '1 1 

I n  t h e  case o f  green-charge smelters, the  i I 

I 

I 

f r o m  the  converters and hence t h e  amount o f  a i r  d i l u t i o n  i n t o  the  

gas stream. The technique i s  considered feas ib le  i n  those instances 

I n  which the  average SO2 concent ra t ion  can be maintained s u f f i c i e n t l y  

h i g h  e i t h e r  by opera t ing  enough converters o r  by decreasing the 

a i r  inleakage i n t o  the conver te r  stream. 
- 
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Discussiofr-- 

A t e c h n i c a l l y  f e a s i b l e  technique which can be employed i n  

sow copper sme l t i ng  s i t u a t i o n s  t o  a i d  i n  t h e  c o n t r o l  o f  SO2 

emissions i s  b lend ing  o f  weak and s t rong SO2 streams w i t h  the  

o b j e c t i v e  o f  o b t a i n i n g  a s t rong  blended SO2 stream. To date, on ly  

the  copper smelter. i n  Bor, Yugoslavia. I s  repo r ted  t o  use gas b lend ing  

t o  enhance so2 emission c o n t r o ~ . ' ~  BY mix ing  gases from i t s  roasters.  

reverbera tory  furnace. and converters, the  Bor  smel te r  i s  ab le  t o  

c o n t r o l  f rom 80 t o  85 percent  of the  i n p u t  s u l f u r  t o  t h e  smelter w i t h  

s u l f u r i c  a c i d  p:ants. Upon compleaion o f  t h e  i n s t a l l a t i o n  o f  

Hoboken-type converters, discussed i n  Sect ion 3.1.1.3. the  percentage 

o f  c o n t r o l  i s  expected t o  increase t o  95 percent. 98 

To eva lua te  q u a n t i t a t i v e l y  the f e a s i b i l i t y  o f  gas stream mixing, 

i t  i s  necessary t o  review the  gas stream c h a r a c t e r i s t i c s  of t y p i c a l  

sme l t i ng  operations. The two smel t ing opera t ions  o f  importance i n  

t h e  dibcussion are those which use roasters  and those which do n o t  

use roasters.  F igu re  I X - 1  i n  Appendlx I X  shows a t y p i c a l  smelt fng 

s i t u a t i o n  which uses a f lu id -bed roaster .  reverbera tory  furnace. and 

th ree  copper converters. On an Idea l  bas is ,  assuming no a i r  d i l u t i o n ,  

a stream generated by m ix ing  the gas streams would have an SB2 

concent ra t ion  of 7.1 percent. It i s  necessary, however, t o  consider 

the  p r a c t i c a l  s i t u a t i o n  where i t  I s  impossible t o  prevent some a i r  

in leakage i n t o  the  emission streams, and excess oxygen must be 

present  t o  ensure e f f i c i e n t  opera t ion  o f  s u l f u r i c  a c i d  plants.  

P rov id ing  t h e  needed oxygen w i t h  U2 lu t i on  a i r  would n a t u r a l l y  

reduce t h e  r e s u l t i n g  SO2 concentrat ion. The r e s u l t i n g  emission 
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streams shown I n  Figure I X - 1  o f  Appendix I X  take i n t o  account these 

f a c t o r s  t o  a reasonable degree by i n c l u d i n g  25 percent excess a i r  

I n  ' the roaster emission stream, 30 percent excess a i r  i n  t h e  

reverbera tory  furnace emission stream, and 100 percent excess a i r  i n  

the  conver te r  emission stream. These values a r e  conservat ive b u t  may 

be obtained by us ing t i g h t  hooding and p roper l y  ma in ta in ing  

ductwott.  An SO2 concent ra t lon  o f  between 4.25 and 5.75 percent can 

be maintained throughout t h d  sme l t i ng  operation. Therefore, even 

w t t h  t h e  a d d l t i o n  o f  d i l u t i o n  a i r ,  i t  i s  f e a s i b l e  t o  o b t a i n  a s t rong 

SO2 stream ffom mix ing  the emission streams f r o m  a t y p i c a l  ca lc ine-  

charge smel t l n g  operatlon. 

I n  Flgure IX-2 o f  Appendix I X .  a model o f  a t y p i c a l  green-charge 

sme l t i ng  opera t ion  I s  shown. This opera t ion  presents a l e s s  

favorab le  s i t u a t l o n  f o r  gas m ix lng  thaa the previous operat ion s ince 

the continuous h i g h  SO2 concent ra t lon  gas stream fm a f l u i d - b e d  

r o a s t e r  I s  n o t  present. With s i m i l a r  allowances f o r  a i r  inleakage 

i n t o  the  reverbera tory  furnace and conver te r  emission streams as made 

above, the  SO2 concent ra t ion  o f  the  blended stream ranges between 

3.18 and 4.74 percent SO2 f o r  approximately 23 hours per day. This 

s i t u a t i o n  could be improved w i t h  the  a d d i t i o n  o f  more conver tk rs  o r  

w i t h  the  f u r t h e r  reduc t i on  o f  a i r  inleakage. I n  any case, however, 

the  r e s u l t l n g  gas stream w i l l  be near t h e  th resho ld  value f o r  t y p i c a l  

s t rong  gas stream c o n t r o l  systems. 

Thus, i t  i s  poss ib le  t o  use gas m ix ing  t o  ob ta in  s t rong SO2 

streams i n  some .instances, p a r t i c u l a r l y  where f l u i d - b e d  roasters  
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a r e  used. 

app l i cab le  t o  convent ional  green-charge sme l t i ng  operat ions.  

those cases the  a b i l i t y  t o  achieve and main ta in  a s u f f i c i e n t l y  

h igh  SO2 concent ra t ion  i s  sub jec t  t o  a number o f  var iab les  such as 

concentrate composition, t ype  o f  smel t ing  (ba th  v. s idewal l )  and 

amount o f  conver ter  s l a g  t reatment,  a l l  o f  which are discussed i n  

Sect ion 3.1.1.3. 

such as oxygen enrichment have n o t  been taken i n t o  account i n  t h e  

above c a l c u l a t i o n s  o f  ma te r ia l  f l o w  f o r  t y p i c a l  smel t ing operat ions.  

I t  i s  doub t fu l ,  however, t h a t  the  technique i s  u n i v e r s a l l y  

I n  

Ne i the r  o f  these va r iab les  n o r  t h e  use o f  techniques 
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3.1.1.5 Copper Re f in ing  

Sumnary-- 

According t o  Bureau o f  Mines s t a t i s t i c s , ’  about 1.45 MM t ons l y r ,  

or about 90% o f  the  1.60 MM tons/yr :o f  copper produced by the  domestic 

pr imary copper smel t ing indus t ry ,  i s  marketed as e lec t ro l y t i c -g rade  

copper. Most o f  the  p roper t i es  o f  e l e c t r o l y t i c - g r a d e  copper a re  

adverse ly  a f f e c t e d  t o  some degree b y  m e t a l l i c  i m p u r i t y  contamination; 

however, e l e c t r i c a l  c o n d u c t i v i t y  is rmore s e n s i t i v e  t o  the presence of 

i m p u r i t i e s  than var ious mechanical p r o p e r t i e s .  E lec t ro l y t i c -g rade  copper 

which meets ASTM standards p laced on e l e c t r i c a l  c o n d u t t i v i t y  i s  o f  

such p u r i t y  t h a t  the  associated mechanical p roper t i es  and ho t  and c o l d  

working c h a r a c t e r i s t i c s  a r e  e x c e l l e n t .  

A l l  m e t a l l i c  i m p u r i t i e s  lower t h e  e l e c t r i c a l  c o n d u c t i v i t y  o f  copper 

t o  some ex ten t .  However, i n  t y p i c a l  e l e c t r o l y t i c - g r a d e  copper, those 

i m p u r i t i e s  which a r e  o f  prime i n t e r e s t  concerning e l e c t r i c a l  c o n d u c t i v i t y  

a r e  arsenic ,  antimony and n i c k e l .  

e l e c t r i c a l  c o n d u c t i v i t y  i s  minimal compared t o  the  e f f e c t  o f  these 

i m p u r i t i e s  on e l e c t r i c a l  c o n d u c t i v i t y .  

The e f f e c t  o f  o the r  i m p u r i t i e s  on 

F i r e - r e f i n i n g  techniques cran e l i m i n a t e  many i m p u r i t i e s .  

e l e c t r o l y t i c  r e f i n i n g  i s  necessary t o  recover  precious metals such 

as go ld  and s i l v e r .  

r e f i n i n g  and serves as a means t o  e l i m i n a t e  gross i m p u r i t i e s .  

However, 

I n  many cases f i r e - r e f i n i n g  precedes e l e c t r o l y t i c  

Arsenic and antimony can e s s e n t i a l l y  be e l im ina ted  through the 

use of f i r e - r e f i n i n g ,  and arsenic ,  antimony and n i c k e l  can a l so  

e s s e n t i a l l y  be e l im ina ted  through t h e  use o f  e l e c t r o l y t i c  r e f i n i n g .  

The f a c t  t h a t  m e t a l l i c  impur i t - ies- i r e  found- in-copper cathodes- 

fo l l ow ing  e l e c t r o l y t i c  r e f i n i n g  i s  due main ly  t o  mechanical occ lus ion  
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of slimes and e lec t ro ly te  solution during copper deposition. Fire- 

refining can be used t o  eliminate many of the impurities which form 

slimes and muds and which accumulate in the e l ec t ro ly t e ,  thus 

minimizing the e f f ec t  of slime and e lec t ro ly te  occlusion. 

I n  general, with regard t o  metallic impurit ies,  such techniques 

as increased f i re-ref ining,  increased copper refinery e lec t ro ly te  solution 

purif icat ion,  decreased current density in the e l ec t ro ly t i c  c e l l s ;  a 
i 1 

1 change t o  top-to-bottom circulat ion of e lec t ro ly te  i n  the cells,  and 

the use of periodic reversal of the current during electrolysis  should 

be adequate to  insure t h e i r  elimination. Consequently, i t  appears 

t ha t  should impurity levels  i n  b l i s t e r  copper increase a s  a resu l t  

of the u t i l i za t ion  of new smelting technology w i t h i n  the  domestic 

smelting industry t o  meet the proposed .NSPS, copper refining techniques 

appear adequate t o  insure l i t t l e  or  no increase i n  the impurity content 

of e lec t ro ly t ic  -grade copper. 

General discussion-- 

Before examining the techniques of impurity el imination during 

copper refining, i t  i s  pertinent t o  review the e f f ec t  of impurities I 
on the various properties of copper. Electr ical  conductivity appears 

t o  be more sensi t ive t o  the presence of impurities than various mechanical 

properties such as annealing point, t ens i l e  strength,and duc t i l i t y ,  -9 

which determine the hot and cold working charac te r i s t ics  of copper. 

Indeed, electrolytic-grade copper which meets ASTM standards placed on 
r’ 

e lec t r ica l  conductivity is  of such purity t h a t  the associated mechanical 

Properties and hot and cold working charac te r i s t ics  are normally excellent.  77 

Consequently, t h i s  discussion will focus primarily’ on the e f fec ts  of 

impurities on e lec t r ica l  conductivity. 
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A l l  i m p u r i t i e s  lower the e l e c t r i c a l  c o n d u c t i v i t y  o f  copper t o  some 

However, t h e  e f f e c t  o f  most i m p u r i t i e s  on e l e c t r i c a l  conduc- ex ten t .  

t i v i t y  i s  p a r t i c u l a r l y  severe i n  "oxygen-free'' copper, which i s  a 

s p e c i a l t y  high-grade e l e c t r o l y t i c  copfier. I n  general ,  i m p u r i t i e s  

which e n t e r  i n t o  s o l i d  s o l u t i o n  w i t h  copper adversely a f f e c t  e l e c t r i c a l  

conduc t i v i t y .  Most harmful a r e  i r o n ,  phosphorus, s i l i c o n ,  a rsen ic ,  

antimony, aluminum, t i n ,  z i n c  and n i c k e l  .67*72 Other i m p u r i t i e s  

such as bismuth, lead, cadmium, selenium and t e l l u r i u m  do reduce 

e l e c t r i c a l  c o n d u c t i v i t y  t o  some degree, al though t h e i r  e f f e c t  i s  minima 

i n  compari son .77 

"Oxygen-free" copper, however, i s  n o t  w ide ly  produced o r  marketed 

w i t h i n  the  Un i ted  States.  

Re f in ing  (American Metals Climax) i n  Car te re t ,  N.J., i s  p resen t l y  

engaged i n  the  produc t ion  and market ing o f  t h i s  specia l ty-grade copper.78 

Thus, "oxygen-free'' copper represents  o n l y  a small f r a c t i o n  o f  t h e  

copper produced and marketed i n  t h e  Un i ted  States,and it appears 

t h a t  t y p i c a l  e l e c t r o l y t i c - g r a d e  copper i s  adequate f o r  most app l i ca t i ons  

Indeed, o n l y  one company, U.S .  Metals  

i n  which e l e c t r i c a l  c o n d u c t i v i t y  i s  o f  importance. 

Typ ica l  e l e c t r o l y t i c - g r a d e  copper, however, con ta ins  some oxygen 

and i n  the  presence o f  oxygen, the adverse e f f e c t  o f  many i m p u r i t i e s  

on e l e c t r i c a l  c o n d u c t i v i t y  i s  negated.67,77 This i s  expla ined by t h e  

ox ida t i on  o f  var ious i m p u r i t i e s  t o  t h e i r  oxides which are n o t  so lub le  

i n  copper. 

and the re fo re  have l i t t l e  e f f e c t  on e l e c t r i c a l  conduc t i v i t y .  I nso lub le  

oxides do d i sp lace  copper, and a l though the  l oss  o f  c o n d u c t i v i t y  as a 

r e s u l t  o f  t h i s  i s  smal l  compared t o  t h e  l oss  o f  c o n d u c t i v i t y  r e s u l t i n g  

These oxides p r e c i p i t a t e  f rom t h e  copper i n  i n e r t  form 
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1 
from the presence of arsenic,  fo r  example, this loss  i s  measurable when , 
the oxide i s  present t o  the extent of 0.01%.77 

Impurities which form insoluble oxides a r e  iron, phosphorus, 
i 

s i l icon ,  aluminum, t i n ,  and zinc.77. Antimony and bismuth also fonn insoluble 

oxides; however, these oxides are unstable above about 1300°F. 

The presence of antimony can have an adverse e f f e c t  on e lec t r ica l  

conductivity, b u t  the presence of bismuth has l i t t l e  effect.77 

Thus ,  those impurities which appear t o  be of prim in te res t  concerning 

e lec t r ica l  conductivity are arsenic, antimony and nickel. 

Copper refining can re fer  t o  e i the r  f i re-ref ining or  e lectrolyt ic-  

refining operations. 

many impurities present i n  b l i s t e r  copper, precious metals such a s  

gold and silver cannot be recovered. The extraction of previous 

metals,and the ellmination of essent ia l ly  a l l  impurities (to-99.95-99.97% 

copper) requires e lec t ro ly t ic  refining. T h u s ,  although some domestic 

copper i s  produced and marketed as f i re-ref ined copper, somewhat over 1.4 MM 

tons/yr, or about 90% of the 1.6 MM tons/yr o f  copper produced within 

Although fire-refining techniques can eliminate 

thebdomestic primary smelt ing industry, i s  marketed a s  e lec t ro ly t ic  copper. 49 

However, f i re-ref ining frequently precedes e lec t ro ly t ic  refining and 

serves as a means of eliminating gross impurities which might be present. 

The removal of impurities by f i re - re f in ing  i s  similar t o  the 

operation of copper converters in tha t  the impurities a re  oxidized and 

removed by volat i l izat ion or  ~ l a g g i n g . ~ ’  Fire-refining also consists of 

1 

two stages,  an oxidation stage and a reduction stage. A number of 

different  types of f i re-ref ining furnaces exists although the most 

comnon type employed a t  domestic primary copper smelters i s  similar 

i n  construction t o  a wpper converter. The f i re-ref ining process i s  not 

* 

- 
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autogenous, however, an4 consequently, na tu ra l  gas burners are pos i t ioned 

above the furnace mouth o r  p r o j e c t  through the  ends o f  the  vessel. 

These burners mainta in  the copper i n  a molten s ta te .  

I 
I 

I During the ox ida t ion  stage,air i s  blown through t h e  molten bath, 

and slags conta in ing var ious i m p u r i t i e s  a r e  removed as necessary. 

b lowing continues u n t i l  the copper i s  saturated w i t h  copper oxide. 

This i s  determined v i s u a l l y  by observing the co lo r  o f  the s lag  and 

the  s t ruc tu re  and c o l o r  o f  a cooled, s o l i d i f i e d  sample o f  the  copper. 

I n i t i a l l y ,  the s lag  i s  dark and as r e f i n i n g  progresses, i t  changes 

t o  "brick-red.' '  A cooled and s o l i d i f i e d  sample o f  the copper i s  

a l s o  a "br ick- red"  c o l o r  and upon breaking reveals a large-grained 

p r i  smic s t ruc tu re  .67 

The 
I 

1 ,  S ?  

1 
(-, 

I 

When the ox ida t ion  stage i s  completed, the  reduct ion stage comnences. 

During thisrstage; hydrogen o r  na tu ra l  gas i s  blown through the.molten-- 

bath u n t i l  most o f  the copper oxide, i n  the  molten bath i s  reduced t o  

copper. 

s t ruc tu re  o f  a cooled, s o l i d i f i e d  sample o f  copper. 

Th is ' i s  a l s o  determined v i s u a l l y  by observat ion o f  the c o l o r  and 

The "br ick- red ' '  

c o l o r  becomes "pink-red'," the sample has a l eve l - se t  surface, and a break 

has a s i l k y  r e f l e ~ t i o n . ~ ~  

Fol lowing reduct ion,  the copper i s  cas t  i n t o  b i l l e t s ,  s labs or ,  

most f requent ly ,  i n t o  anodes f o r  e l e c t r o l y t i c  r e f i n i n g .  

During t h e  o x i d i z a t i o n  stage a few impur i t i es  such as cadmium 

and z inc  a re  removed by v o l a t i 1 i ~ a t i o n . ~ ~  

are removed by ox ida t ion  and slagging. 

and coba l t  are r e a d i l y  removed by  these means. forming s i l i c a t e  

slags. 67379 

Although arsenic  and antimony a r e  not  s i g n i f i c a n t l y  reduced by normal 

However, most impur i t i es  

Magnesium, aluminum, i r o n  

T i n  can be e l im ina ted  through the use o f  bas ic  slags, 
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fire-refining techniques, if  a f te r  completion of normal slagging soda 

ash and lime are charged to  the fire-refining furnace, they may be 

slagged away with almost complete removal following successive treatments, 

Selenium and tellurium may also be removed through the use of a soda 

ash-lime-coal f lux,  followed by 

67,79 

Nickel, bismuth and lead, however, are  persistent impurities, 

although lead removal i s  favored by acid slags. 5 7 3 7 9  Consequently, 

of those impurities c i ted earlier-arsenic, antimony and nickel- 

which appear t o  be of prime interest  concerning electr ical  conductivity, 

only nickel appears t o  be a persistent impurity remaining following 

f i re-ref  i n i n g  . 
The elimination of impurities and the recovery of precious 

metals by e lec t ro ly t ic  reflning depends on the separation of copper 

from other metals by electrolysis  i n  a bath o r  e lectrolyte ,  which is 

basically a solution of copper sulfate and sulfur ic  acid. Metallic 

impurities which are electroposit ive w i t h  respect t o  copper do not 

enter the electrolyte  b u t  precipitate from solution,forming a slime or  

mud. Metallic impurities which are electronegative with respect t o  

copper and which enter the electrolyte  frequently combine w i t h  other 

ions i n  solution t o  form insoluble compounds and precipitate out of 

Solution. or, being less  electropositive than copper, remain in 

solution. 

a portion of the electrolyte  is continuously withdrawn and processed 

through electrolyte  purification f ac i l i t i e s .80  

To prevent the accumulation o f  these impurities in  solution, 

Silver,  gold, platinum and palladium a re  more electropositive 

than copper and,as a r e su l t ,  could deposit a t  the cathode if  they 

entered the electrolyte  solution. However, only s i lver  enters the 

1 
I 
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f e l e c t r o l y t e  t o  any extent,  and c h l o r i n e  added t o  the e l e c t r o l y t e  

i n  the form o f  s a l t  o r  ac id  p r e c i p i t a t e s  s i l v e r  i n  s o l u t i o n  as 

s i l v e r  ch lo r ide .  Consequently, as the  copper anode dissolves,  

s i l v e r ,  gold, p la t inum and pal lad ium form slimes o r  muds a t  the  bottom 

o f  the  e l e c t r o l y t i c  c e l l s .  81 ,a2 

Selenium and t e l l u r i u m  present i n  anode copper are i n  the  form o f  

s i l v e r  selenide and s i l v e r  t e l l u r i d e .  Both o f  these compounds are 

i nso lub le  i n  the a c i d  e l e c t r o l y t e  and as the anode dissolves,  they 

s e t t l e  t o  the  bottom o f  the  e l e c t r o l y t i c  tanks and en ter  the  mud ' 

81 3 2  o r  slime. 

Arsenic, antimony and bismuth are on ly  s l i g h t l y  e lect ronegat ive 

w i t h  respect t o  copper and en te r  the  e l e c t r o l y t e  t o  the  ex ten t  o f  

t h e i r  s o l u b i l i t y .  The s o l u b i l i t y  o f  antimony and bismuth i n  the e lec t ro -  

l y t e  i s  q u i t e  l im i ted ,  al though t h i s  i s  n o t  the case w i t h  arsenic*  T' 

Po ten t i a l l y ,  these three i m p u r i t i e s  could deposi t  a t  the  cathode s ince 

they are between hydrogen and copper i n  the e lect romot ive ser ies  and 

t h e i r  e lect romot ive p o t e n t i a l s  a r e  q u i t e  c lose t o  t h a t  o f  copper. 4 '')J,' 

The e lect romot ive p o t e n t i a l  o f  copper i s  +0.34 v o l t s  (Cu/Cu*) 

and +0.51 v o l t s  (Cu/Cu+) wh i l e  those of arsenic,  bismuth, and antimony 

are  +0.30 v o l t s  (As/As+++), +0.20 v o l t s  (Bi/Bi*+) and +0.10 v o l t s  

(Sb/SbH+), r e s p e c t i v e l y ~ ~ ~  

Under normal condi t ions i n  e l e c t r o l y t i c  r e f i n i n g ,  however,  there^ 

i s  l i t t l e  danger o f  depos i t ing  these metals a t  the  copper cathode. 2 

Metals depos l t ing  a t  the cathode are c o n t r o l l e d  by the law o f  mass act ion:  

a l l  o ther  cond i t ions  equal, the  metal  whose ions are  p r e s m t  i n  the 

grea tes t  a m u n t  i s  most l i k e l y  t o  deposi t .  

copper i n  the e l e c t r o l y t e ,  r a t h e r  than the concentrat ion o f  arsenic,  

' 

Thus, the concentrat ion o f  
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antimony o r  bismuth, i s  the  major f a c t o r  i n  determining the  e l e c t r o l y t i c  

depos i t ion  o f  these meta ls  on the copper cathode.80*81 

cond i t ions  o f  e l e c t r o l y t e  temperature, c i r c u l a t i o n  and cu r ren t  

dens i ty  w i t h i n  e l e c t r o l y t i c  c e l l s ,  i t  has been est imated t h a t  e l e c t r o l y t i c  

depos i t ion  o f  arsenic,  antimony o r  bismuth w i l l  not  occur u n t i l  the 

copper content  o f  the  e l e c t r o l y t e  drops t o  l e s s  than 10 grams per  l i t e r . 8 1  

Normally, e l e c t r o l y t i c  r e f i n i n g  so lu t ions  conta in  i n  the  range o f  40 

grams per  l i t e r  of copper, thus prov id ing  a considerable margin o f  safety.81 

Under normal 

Other m e t a l l i c  impur i t i es  such as lead, t i n ,  n i cke l ,  cobal t ,  

i r o n  and z i n c  are more e lect ronegat ive than copper and r e a d i l y  en ter  

the  e l e c t r o l y t e .  Lead and t i n ,  however, f o n  i nso lub le  su l fa tes  and 

p r e c i p i t a t e  f rom solution.81s82 Nickel ,  coba l t ,  i r o n  and zinc,  on the  

o ther  hand, accumulate i n  t h e  e l e c t r o l y t e .  

danger o f  e l e c t r o l y t i c  deposi t ion o f  these i m p u r i t i e s  on the 'copper 

cathode unless t h e i r  concentrat ion i n  the  e l e c t r o l y t e  approaches t h a t  

of copper.81 The e lect romot ive po ten t i a l s  o f  n i c k e l ,  cobal t ,  i r o n  and 

z inc  [ -0.23 v o l t s  (Ni/Ni++.), -0.29 v o l t s  (Co/Cott), -0.44 v o l t s  (Fe/Fe*) 

and -0.76 v o l t s  (Zn/Znt+), respect ively167 are s u f f i c i e n t l y  e lec t ronegat ive  

t o  copper t o  r e t a r d  t h e i r  e l e c t r o l y t i c  desposi t ion a t  the cathode under 

normal condi t ions,  

However, there i s  l i t t l e  

I f  t h e  e l e c t r o l y t e  s o l u t i o n  i s  n o t  p e r i o d i c a l l y  p u r i f i e d  and regenerated, 

however, these so lub le  m e t a l l i c  impur i t i es  discussed above could b u i l d  

up t o  the p o i n t  where they would begin t o  e l e c t r o l y t i c a l l y  deposi t  on 

the  cathode. Thus, t o  ma in ta in  the concentrat ion o f  m e t a l l i c  impur i t i es  

tielelow these leve ls ,  a p o r t i o n  s f  the e l e c t r o l y t e  i s  cont inuously  withdrawn 

f o r  p u r i f i c a t i o n .  Copper i s  recovered from the  f o u l  e l e c t r o l y t e  by 

1 

d 

I 
. 
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concentration on scrap iron, or concentration of the solution by evapora- 

tion, followed by crystallization. 

removed or recovered from the remaining electrolyte solution by electrolysis 

and/or further concentration of the solution by evaporation followed by 

crystallization. 

iron, nickel, bismuth, arsenic, antimony, and cobalt, are 

The metallic impurities are then 

Consequently, soluble metallic impurities. such 

kept from building up in the electrolytic refining circuit. 80.81 .83 , L.7. 

Although the electrolytic deposition of metallic impurities can 

be controlled as discussed above, this does not guarantee that increaced 

anode copper impurities will not lead to increased cathode copper . . ' 

Impurities. Generally speaking, increased anode impurity level will 

result in increased cathode impurity level, although the percentage 

increase in cathode impurity level decreases with increased impurity 

level In the anodej8J The fact that metallic impurities are found u I w I m "  

I n  copper cathodes 'is due mainly, if not entirely, to the fact that, . .., 

small amounts otre31ectPolyte and slimes become occluded in the cathode'lc'; .' 

deposit.a0s81 'Most slimes .are very slow in settling from solution and!, ~ 1 4 1 ~ -  

thus, the electrolyte frequently contains a fine suspension of slime . '  . : 

precipitate. Furthermore, some metallic impurities such as arsenic; -.  .. 

antimony and bismuth tend to form floating s l i m s  which are frequently' 

a source of cathode copper contamination.81 

A number of techniques can be utilized to reduce or minimize slim :'. 

and Electrolyte occlusion, however. As discussed earlier, fire- ~ . :. 

refining can be utilized to essentially eliminate arsenic, antimony, I 

seleni.um, teJJ.urium and zinc. thus minimizing the formation o f  both 

floating and 'settl'ing slimes and muds. 

such as tin, cobalt and iron can also be eliminated through fire- 

In addition, metallic impurities 
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refining. 

could, therefore, be minimized, thus minimizing the e f fec t  of electrolyte 

occlusion on the impurity content of cathode copper. 

The concentration of these soluble impurities i n  the e lectrolyte  

Top-to-bottom circulation of the e lec t ro ly te  solution i n  the 

e lec t ro ly t ic  c e l l s  could a l so  be employed. Normally, t h i s  resu l t s  

i n  a general improvement w i t h  regard t o  copper cathode contamination. 

Electrolyte circulation i s  essential to  maintain proper temperatures 

and prevent s t ra t i f ica t ion .  

a t  the base of the c e l l s  and i s  withdrawn from the top. 

direction of circulation hinders the se t t l ing  of slime. 

major copper ref iner ies ,  top-to-bottom circulation i s  employed and they 

report fewer problems w i t h  regard t o  cathode contamination and trouhFe 

from f l o a t  slime.81 

In most re f iner ies ,  electrolyte enters 

Thus,  the 

In several 

Techniques ut i l ized to  improve the density and smoothness of 

the copper deposits would a l so  tend t o  minimize slime and electrolyte  

occlusion i n  cathode copper. 

and open or coarse-grained e lec t ro ly t ic  deposition of copper on the 

cathode tends to resu l t  i n  a h i g h  degree of mechanical entrainment of 

slime and electrolyte .  

would tend t o  reduce cathode impurity levels ,  although the s ize  of the 

required refining instal la t ion would have t o  increase t o  compensate 

for  the loss i n  capacity resulting from the increased time 

requirements for refining.80 

Any condition or practice promoting rapid 

Thus ,  decreased current densit ies,  f o r  example, 

Glue and other e lectrolyte  additives, such as s u l f i t e  lignone 

liquor and sulfonated petroleum products, can a l so  be used t o  some 

extent t o  reduce cathode contamination. 

typically develops its own combination of additives,  glue is  used 

Although each refinery 

3-106 

i 

h 



by a l l .  

deposits by promoting fine-grained deposits of copper, thus minimizing 

mechanical entrainment of slime and electrolyte .  

Additives improve the density and smoothness of the copper 

81 

With regard t o  promoting dense, even fine-grained copper deposition 

a t  the cathode, a recent advance i n  the technology of e lec t ro ly t ic  

copper refining promises t o  reduce cathode contamination. 

i n  Bulgaria a t  the Zlatitsa-Pirdop copper refinery,  th i s  advance involves 

the use of periodic reversal of the current direction in  the e lec t ro ly t ic  

cell.84 A t  th i s  time, the Mufulira Copper Mines, Ltd. ,  copper refinery 

in Zambia and the Boliden Aktiebolag, Ronnskar, Works copper refinery 

in Sweden are incorporating th i s  technology into the i r  copper refining 

operations. 

t o  promote uniform copper deposition and t o  resu l t  i n  even and dense 

copper deposition, t h u s  minimizing slime and electrolyte occlusion. 84,85 

In conclusion, w i t h  regard to  those impurities cited ear l ier--  

Developed 

Periodic reversal o f  the current direction i s  claimed 

I. 

- 
arsenic, antimony and nickel--which appear t o  be of prime in te res t  concerning 

electr ical  conductivity, i t  appears t ha t  copper refining techniques // 
! ./ 

are l ike ly  t o  be adequate t o  insure their elimination i n  most cases, 

should the i r  level in b l i s t e r  copper increase as  a resu l t  of the ut i l izat ion 

of new smelting technology or smelting modifications by the domestic 

smelting industry t o  meet the proposed NSPS. 

eliminated through fire-refining and nickel can be eliminated through electro- 

l y t i c  r e f i n i n g .  With  regard t o  other impurities, in general such techniques 

as increased f i r e - r e f i n i n g ,  increased copper refinery electrolyte  solution 

puri f i cation, decreased current density i n  the refinery e lec t ro ly t ic  cel l  s , 
a change t o  top-to-bottom circulation of e lectrolyte  i n  the e lec t ro ly t ic  

ce l l s ,  and the use of periodic reversal of the current d u r i n g  e lec t ro ly t ic  

refining should be adequate t o  insure the i r  elimination. 

, 

Arsenic and antimony can be 
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3.1.1.6 Continuous Smelting 

In recent years,  a number of foreign companies have init iated 

I 

development of continuous smelting processes. Among other advantages, i 
these processes eliminate reverberatory furnaces and generate off-gases 

w i t h  sulfur d ioxide  concentrations tha t  a r e  re la t ive ly  constant and 

suff ic ient ly  h igh  t o  p e n i t  control of su l fur  dioxide emissions by the 

production of su l fur ic  acid,  elemental su l fur  o r  l iquid sulfur dioxide. 

The most pub1 icized continuous smelting technologies are discussed 

br ief ly  bel ow. 

Noranda smelting-- 

4 

- 
The Noranda process has been developed by Noranda Mines, Ltd., of 

Canada. A u n i t  tha t  processes 800 tons of concentratelday has been i n  

operarion since the spring of 1973 a t  Noranda's Quebec smelter. 

operation confirms the commercial f e a s i b i l i t y  of the process, and Noranda 

i s  offering t h i s  technology for  license. 

Th i s  

86 

The entire smelting process takes place i n  a cylindrical vessel as 

shown i n  Figure 3-18. The vessel can be rotated on a horizontal axis t o  

b r i n g  the gas tuyeres out of the bath f o r  servicing. 

fluxes a re  continuously fed i n t o  the cylinder a t  one end and s lag is con- 
tinuously tapped from a raised hearth a t  the opposite end. A t  the center 

of the cylinder, metall ic copper s e t t l e s  into a sump from which i t  i s  w i t h -  

Concentrates and 

drawn periodically. Off-gases containing su l fu r  dioxide concentrations of -3 

7-84: before dilution a re  collected i n  a special ly  designed hood. 87,88 

The process involves the following basic steps.  Concentrates and , 
flux a re  introduced a t  one end of the reactor, and a re  heated by a burner 

flame. Smelting takes place, as injected a i r  ag i ta tes  the mixture of 
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slag,  matte, and feed pel le ts .  

they move slowly to the tapping ports. 

the matte to  oxidize ferrous sulfide.  

into the resulting white metal gradually oxidizes copper sulf ide t o  

metallic copper, which is tapped periodically a f t e r  i t  separates by 

se t t l ing .  

Matte and slag flows a re  controlled as 

Oxidizing gas is introduced i n t o  

Continued injection of the gas 

89 

A t  no time has a "throw-away'' slag been produced in the Noranda 

pilot-plant.  With the exception of quantit ies used for  analysis and 

tes t ing,  the normal practice has been to charge the slag t o  one of the 

existing copper converters a t  the smelter si te.  Typical copper concen- 

t ra t ions in  the slag are  reported to  be about 10-12 percent. However, 

Noranda has found tha t  treatment of the slag by g r i n d i n g  and f lotat ion 

yields a high-grade copper concentrate which can be recycled. The ta i l ings  

from the g r i n d i n g  and f lo ta t ion  c i rcu i t  contain only 0.5% copper and can 

be discarded without further treatment. 87, 88 

Some runs have been made using oxygen-enriched a i r  i n  the p i lo t  plant. 

This work has shown that  smelting is autogenous w i t h  a i r  enriched t o  40% 

oxygen. 

dioxide i n  the off-gases is  increased to  about 25%. 88 

WORCRA smelting -- 

With a i r  enriched to  40% oxygen, the concentration of sulfur  

The WORCRA process was developed by Conzinc Riotinto of Australia 

Ltd.  Much of the early work was carried o u t  a t  a p i lo t  plant located a t  

the Cockel Creek Works o f  Conzinc. 

concentrate/hour and was operated for  twelve campaigns of from two t o  six 

weeks duration each. A u n i t  designed to process about three long tons/hour 

This unit processed about 400 pounds of 

3-110 

' I  



was l a t e r  bu i l t  a t  Port Kembla where i t  was operated for  three campaigns 

tha t  gave an aggregate operation time of about 23 months. 90, 91 

'. The WORCRA smelting furnace as  shown i n  Figure 3-19 consists o f  a 

long vessel w i t h  a slag well a t  one end and a cdpper well a t  the other, 

from which slag and copper a re  continually tapped. ,. 

fluxes are introduced i n  the mildy oxidizing smelting zone although some 

concentrates may be added in  the converter zone closer t o  the slag exit, 

where they help t o  control magnetite formation i n  the slag. 

Concentrates and 

a9 

A form of hot solvent-extraction is  achieved by forcing the slag 

to  move generally countercurrent to  the matte. 

t o  revert to  the matte phase by interaction w i t h  ferrous sulf ide i n  the 

matte. In this slag-cleaning zone, additions of concentrates o r  pyrites 

a re  made t o  cause both separation and se t t l i ng  of entrained matte, which 

i s  returned.by gravity t o  the smelting zone via a sloping hearth. -,,, ._ 

Copper i n  the slag tends 

89 

As the matte moves through the smelting and converting zones, i t  is  

lanced w i t h  a i r . ( o r  enriched a i r ) ,  causing conversion t o  white metal ,and 

then to copper. 

underpass through which copper passes to a "copper well" w i t h  the b l i s t e r  

copper product. 

The hearth i n  the converting zone slopes downward t o  an , # -  

89 

Copper i n  the slag d u r i n g  steady-state conditions ran between 0.3 and 

0.5%. The lower values were obtained when pyrites were added i n  the slag- 

cleaning zone, while higher values were achieved with concentrates a s  the 

washing agent. 89 

Off-gases from the smelting reactions are expelled through a f lue  

over the converting zone. A t  the Port Kembla unit the off-gases contained 
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sulfur dioxide concentrations in the 5 t o  8% range, b u t  Conzinc estimates 

that  the large future units will  have typical concentrations i n  the 9 to 

14% range. 

off-gases t o  a level of about 17 percent SO2. 

Mitsubishi smelting -- 

Enriched oxygen can also be used to further concentrate the 
92 

The Mitsubishi process has been developed by Mitsubishi Metal Corp. 

o f  Japan. Early development work was carried out  in a p i lo t  plant of ,; 
500 tons/mo. capacity during 1969 and 1970, 

a semi-commercial plant of 1500 tons/mo. capacity i n  1971 a t  the i r  Onahama 

smelter in Japan. Currently under construction a t  Mitsubishi's Naoshima 

smelter i s  a commercial ins ta l la t ion  of 4500 tons/mo. capacity scheduled 

for startup early in 1974.93994 

( *  

Mitsubishi then constructed 

The Mitsubishi process as shown i n  Figure 3-20 consists essentially 

of three furnaces: 

furnace t o  oxidize i ron  i n  the matte and make b l i s t e r  copper, and a slag 

cleaning furnace to  clean the slag.  The intermediate products are  trans- 

ferred continuously i n  molten s t a t e  between the respective furnaces, thus 

functionally connecting the furnaces with each other. 

is employed t o  blow oxidizing and converting a i r ,  w i t h  lances used to  in jec t  

oxygen-enriched blow a i r  and concentrates i n t o  the bath. 

a smelting furnace t o  smelt concentrates, a converring 

A t o p  blowing system 

93 

Concentrates and fluxes are  injected through the lances and are  

smelted in the smelting furnace. 

i s  also introduced into the smelting furnace. 

the smelting furnace overflow from the smelting furnace t o  the Slag- 

cleaning furnace through a launder. The slag-cleaning furnace is an 

Revert slag from the converting furnace 

Matte and slag produced i n  
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Figure 3-20 Mitsubishi continuous smelting. 89 
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e lec t r i c  furnace. The slag i s  washed by pyrites mixed w i t h  coke and, 

a f t e r  being cleaned, is continuously tapped from the furnace and granulated. 

The copper content in the slag i s  about 0.4%. 93 

Matte is siphoned from the slag-cleaning furnace continuously and 

transferred to  the converting furnace through a launder. The converting 

1, '., 
furnace i s  equipped w i t h  lances tha t  introduce blow air, converting the 

matte to  b l i s t e r  copper, which is  also continuously siphoned from the 

furnace. 

recycled to  the smelting furnace. 

Slag formed i n  the furnace i s  tapped o u t ,  cooled and crushed and 
93 

Off-gases produced by the smelting reactions contain sulfur  dioxide 

concentrations o f  greater than 10%. 89 Consequently, the Mitsubishi 

process appears readily amenable t o  a i r  pollution control. 

Top-blown rotary converter (TBRC) smelting - -  
The TBRC smelting process has been developed by the International 

Nickel Company (INCO). 

recently commissioned a ful l -scale  commercial TBRC instal la t ion for the 

smelting of nickel sulf ide concentrates a t  the i r  Copper C l i f f ,  Ontario, 

smelter. 

the smelting of copper sulf ide ore concentrates,and thus INCO indicates 
95 tha t  TBRC technology i s  direct ly  applicable t o  copper smelting. 

Dravo Corp. located i n  Pittsburgh, Pa., has been granted a worldwide 

INCO s ta r ted  work on th i s  concept i n  1959 and has 

The smelting of nickel sulf ide ore concentrate i s  analogous t o  

license by INCO to market TBRC technology for  copper smelting applica- 
96 tions. 

The introduction of rotary converters f irst  took place i n  1957 a t  

Domnarvet Steel Works of Stora Kopparberg i n  Sweden for the production 
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of h igh-qua l i t y  s t e e l  f r o m  high-phosphorus i r o n  ore. This system, known 

as the "Kaldo" process, i s  c u r r e n t l y  i n  use i n  e i g h t  s tee l  plants, i nc lud ing  

one i n  the  Uni ted States. 95 

The I N C O  TBRC smel t ing process i s  shown i n  Figure 3-21. With t h e  

use o f  TBRC's, t h e  smel t ing o f  copper concentrates can be c a r r i e d  ou t  

autogenously. 

ta ined as a standby u n i t .  

b lowing o r  emptying. When operat ing,  t h e  vessel i s  i n c l i n e d  a t  an angle, 

genera l l y  between 15' and 20°, t o  g i v e  t h e  optimum balance between degree 

o f  f i l l  and a g i t a t i o n .  

A minimum of two TBRC's a re  requ i red  w i t h  another main- 

Each TBRC may be t i l t e d  through 360' f o r  f i l l i n g ,  

95 

Concentrate i s  charged t o  the  vessel and melted w i t h  an oxy-fuel  

burner. Once a molten s u l f i d e  bath i s  formed, r o t a t i o n  o f  the vessel 

commences and s lagging begins. 

t inuous ly  charged t o  t h e  TBRC and t h e  vessel atmosphere i s  c o n t r o l l e d  by 

i n j e c t i o n  o f  the  des i red gases, such as oxygen, na tura l  gas and a i r  

through a water-cooled lance. The lance passes through ' the  hood and can 

be adjusted as t o  bo th  depth and angle i n  the vessel .  The thermal energy 

produced by t h e  ox ida t i on  react ions i s  u t i l i z e d  t o  supply the  heat  f o r  

smel t ing t h e  concentrates and f luxes .  Slag produced dur ing  t h e  f i r s t  

stage o f  i r o n  e l i m i n a t i o n  i s  low i n  copper, b u t  the  f i n a l  i r o n  s lag  i s  

l e f t  i n  the  vessel f o r  recovery o f  copper upon a d d i t i o n  o f  new concen- 

t r a t e .  

Fresh concentrates and f l uxes  are  con- 

95 

The mouth o f  the  TBRC vessel i s  equipped w i t h  an exhaust hood sea l ing  

r i n g  which provides a bear ing surface f o r  a t i g h t  hood. The t i g h t  hood 

w i l l  permi t  s u l f u r  d iox ide  concentrat ions o f  50-75% t o  be at ta ined.  95 
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3.1.2 Zinc Smelting 

Zinc i s  usually found i n  nature as a sulfide ore called sphalerite.  

The ores usually contain impurities of lead, cadmium, and minor amounts 

of other t race elements, and a re  processed a t  the mine t o  form 

concentrates containing up to  62 percent zinc and 32 percent sulfur. 

The smelting of zinc sulf ide concentrates into product zinc oxide 

or  metallic zinc i s  carried out by e i ther  a pyrcinetallurgical or  a 

combination pyrometallurgical-electrolytic extraction process as 

i l lus t ra ted  i n  Figures 3-22 and 3-23. 

pyrmetal lurgical extraction process are: 

The three primary steps of the 

1. Roasting of zinc sulf ide concentrates to  remove most o f  the 

sulfur  and form an impure zinc oxide called calcine. 

2. Sintering of the calcine t o  eliminate the remaining sulfur, 

vo la t i l i ze  lead and cadmium, and form a dense, permeable 

furnace feed. 

Reducing pyrometallurgically the zinc oxide (calcine) t o  

metallic zinc. 

3. 

The smelting of zinc sulf ide concentrates using e lec t ro ly t ic  extraction 

requires two principal operations: 

1 .  Roasting of the ainc su l f ide  concentrate t o  remove most of 

the sulfur  and form calcine. 

Electrolytic extraction, a f t e r  chemical leaching of calcine, 

t o  produce 99.99 + percent pure high-grade zinc. 

2. 
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Figure 3-23 Primary e l e c t r o l y t i c  z inc  smel t i n g  process. 
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As of mid-1973, there were eight primary zinc s m l t c r s  in the United 

States.  Seven of the eight smelters roast  zinc concentrate, whereas 

the eighth plant performs a combined roasting-sintering operation on 

a s ingle  machine. The different  roasting systems include the antiquated 

Ropp roaster ,  the multiple-hearth roaster,  the flash or Suspension 

roaster ,  and the fluid-bed roaster. 

used by one or  more of the domestic smelters. 

Each of these systems is  being 

Effluent streams from the Ropp roaster average less than 1 percent 

S02,1 whereas the multiple-hearth roaster, the flash roaster and the 
1 fluid-bed roaster yield a gas stream of from 5 t o  14  percent SO2. 

All currently used roasting systems with the exception of the Ropp 

roaster produce gas streams amenable t o  conventional acid p l a n t  control. 

The roasting process in  a zinc smelter typically is  responsible for  

greater than 90 percent of the potential su l fur  dioxide.emiss.ions from 

the smelter. 

Zinc s inter ing typically accounts for less t h a n  10 percent of the 

potential smelter SO2 emissions, with the exception of the case where 

the roast-sinter technique i s  used. 

a l l  the potential emissions are contained in the s in t e r  

machine effluent stream. 

Mth the roast-sintering, 

Zinc s in t e r  machine effluents usually contain less  t h a n  0.2 

percent SO2. varying t o  as low as 0.05 percent. 

as high as 2.5% when the roast-sinter technique i s  used without gas  

recirculation. The major potential emission problem of the zinc 

s inter ing machine i s  par t iculates ,  which a re  usually controlled with 

hi gh-eff i c i  ency precipitators or baghouses. 

However, this  ranges 
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There are  three basic reduc t ion  systems used by domestic 

pyrometa l lurg ica l  z inc smelters: hor izon ta l  r e t o r t  furnaces, v e r t i c a l  

r e t o r t  furnaces, and e lect ro- thermal  furnaces.' Each type o f  reduct ion 

system requi res a p a r t i c u l a r  type o f  s i n t e r ,  ranging from s o f t  t o  hard; 

therefore,  the  reduct ion system determines t o  some ex ten t  the  type o f  

p r i o r  roas t i ng  and s i n t e r i n g  operat ions and thereby the emission 

cha rac te r i s t i cs  o f  these systems. 

minor amounts o f  SO2. 

The reduct ion systems generate on ly  

There are  a number o f  process va r ia t i ons  which can be used t o  

f a c i l i t a t e  SO emission cont ro l .  These inc lude the  use o f :  2 
1. The Robson process. 

2. 

3. E l e c t r o l y t i c  ex t rac t i on .  

4. T k  Imper ia l  smel t ing process. 

Su l fu r  e l im ina t i on  roas t ing ,  fo l lowed by coke s in te r i ng .  

Each o f  these process v a r i a t i o n s  i s  discussed i n  the fo l l ow ing  sect ions.  

y- 
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3.1.2.1 Roasting 

Summary - -  
Regardless of the extractive technique used, pyrometallurgical or 

e lec t ro ly t ic ,  domestic and foreign zinc smelters u t i l i ze  one or a 

combination of several types of roasters t o  remove sulfur  from the 

concentrate. 

roasters and the modern flash and fluid-bed roasters .  During zinc 

sulfide roasting, 93 t o  97 percent of the input sulfur can be converted 

t o  S02. 

sulfur content; f o r  a given percent residual sulfur content in the 

product calcine,  the higher the concentrate sulfur  content the 

greater the sulfur elimination percentage of the roasting process. 

These include the antiquated Ropp and multiple-hearth 

The exact percentage elimination i s  a function of the concentrate 

Most domestic pyrometallurgical operations do not roast  t o  remove 

the maximum amount of sulfur from the concentrate. 

remaining in the calcine i s  emitted to  the atmosphere as  SO2 d u r i n g  the 

sintering. 

approximately a 5n% decrease in SO emissions from the sintering process 

can be realized. 

calcine of the above values. 

Therefore, the sulfur 

By decreasing the sulfur i n  the calcine t o  perhaps 1 to 1.5%, 

2 
Modern roasting systems are  capable of producing a 

Potential particulate emissions can r u n  as high as 70 percent of 

the feed concentrate (fluid-bed roaster);  however, since SO2 control 

systems normally require clean gas streams, par t iculates  are captured 

prior t o  SO2 control and thus present no a i r  pollution problems. 

The effluent from the Ropp and multiple-hearth roasters contain u p  t o  

1 percent and 7 percent SO2, respectively, whereas both the flash 

and fluid-bed roasters generate effluent streams containing from 10 

t o  14 percent S02. 
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25-31 General discussion-- 
Roaster operating parameters vary from plant t o  plant depending 

upon ' the  type of product calcine required and the extractive technique 

used. Regardless o f  the desired properties of the calcine, a 'basic 

requirement for  e i ther  pyrometallurgical or e lec t ro ly t ic  extraction 

i s  the breakdown of the sulf ide bond t o  produce zinc oxide and/or zinc 

sulfate .  In pyrometallurgical extraction on1.y the oxide s t a t e  i s  

preferred, whereas in  e lec t ro ly t ic  extraction the oxide s t a t e  p lus  

small percentages of the su l fa te  s t a t e  i s  acceptable. 

. .  For pyrometallurgical smelting, the degree of sulfur  removal 

during roasting i s  of major importance with regard to . the  control of . 

sulfur  dioxide emissions from the smel t inq prccess because the subsequent 

sintering and reducing operations can generate off-gases with low 

concentrations of SO2. 

remain i n  the calcine following roasting, and serves two functions. 

F i r s t ,  because the calcine requires s inter ing before reduction, the 

residual sulfur  can supply a portion of the fuel requirement for the 

sintering operation and will be eliminated in the sintering process. 

Second, because zinc su l fa te  can resu l t  

extraction process, the zinc sulf ide level i s  maintained h i g h  enough 

t o  p r o h i b i t  s ignif icant  formation of sulfates  in the roaster.  O n  the 

other hand,  i f  roasting i s  followed by electrolyt ic  extraction, the 

zinc sulf ide level must be minimized since i t  i s  not soluble in  the 

leaching solution and will resu l t  in a zinc loss in the process. 

Some of  the zinc sulfide i s  permitted t o  

in a zinc loss in the 

3 

The Ropp roaster, the oldest system s t i l l  in use by the domestic 

,industry, i s  t h e  only roasting'system which does not  generate a strong 
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SO, off-gas, stream. Bas ica l l y ,  i t  i s  a long, 'hor izon ta l  ,.mechanically. 

rabbled furnace open a t  both ends and d i v ided  i n t o  two' p a r a l l e l  hearths. 

The of f -gas temperatures range up t o  65OoC, and the  s u l f u r  

d iox ide  concentrat ions range from 0.7 t o  1.0% so2.1 Operation of t h e  Ropp 

roas te r  requ i res  from 50 t o  80 percent excess a i r .  

has a capaci ty  o f  approximately 45 tonslday. 

represents an ant iquated and i n e f f i c i e n t  technology, i t  i s  h i g h l y  u n l i k e l y  

thatany new systems o f  t h i s  type w i l l  be b u i l t  i n  the  fu ture.  

. .  

A t y p i c a l  roas ter  

Because t h e  Ropp system 

- .  
The mul t ip le -hear th  roas te r  i s  the  second o ldes t  type roas te r  

c u r r e n t l y  i n  use i n  the domestic industry.. It i s  b a s i c a l l y  a 

c y l i n d r i c a l  column o f  20 t o  25 f e e t  i n  diameter w i t h  7 t o  16 hearths 

(See Figure 3-24). The reac t i on  w i t h i n  t h e  roas te r  i s  e s s e n t i a l l y  

aUtOgenOUS. 

as low as 0.5 t o  1.0 percent,however, some add i t i ona l  f u e l  i s  added 

t o  the  lower hearths.' Since the gases from t h e  mul t ip le -hear th  

roas te r  do no t  have s u f f i c i e n t  heat value t o  a l l ow  the economical use 

o f  waste heat boi lers,  a i r  d i l u t i o n  i s  usua l l y  used t o  decrease gas 

temperature. Therefore, because o f  d i l u t i o r g  gas concentrat ion from the 

roas te r  w i l l  range on ly  up t o  approximately 7 percent SO2. 2 

normal product ion r a t e  f o r  mu1 t i p le -hear th  roas ters  averages 100 tons 

per  day. The mul t ip le -hear th  roas ter  has the  c a p a b i l i t y  o f  producing 

I n  o rder  t o  a t t a i n  a z inc  s u l f i d e  content i n  t h e  ca l c ine  

The 

a r e l a t i v e l y  h igh-pur i ty  ca lc ine,  which i s  o f  major importance when 

consider ing e l e c t r o l y t i c  reduct ion.  

v o l a t i l i z a t i o n  o f  the su l f ides, '  such as those o f . l e a d  and cadmium which 

can be captured wi th the ' . f l ue  dust.' However, t h i s  system has a lower 

I t s  use p e n i t s . t h e ,  s e l e c t i v e  

product ion r a t e  than t h a t  a t t a i n a b l e  w i t h  more modern roasters,  and i t  
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i s  doubt fu l  that  any new roas ters  o f  t h i s  type w i l l  be b u i l t .  

The f lash  roas te r  i s  a re f rac to ry - l i ned  c y l i n d r i c a l  s t e e l  chamber 

which encloses a d ry ing  hear th and a combustion chamber. 

t h e  e a r l i e r  models were converted mu l t i p le -hear th  roas ters  w i t h  a l l  

hearths removed except the  t o p  and bottom ones. 

concentrate dry ing.  

t h e  d ry ing  hear th loca ted  a t  the  bottom r a t h e r  than a t  t h e  top  (F igure 3-25). 

A number o f  

The top  hear th was used for 

The l a t e r  models, w h i l e  s i m i l a r  i n  design, have 

I* 

The operat ion o f  the  f l a s h  roas ter  resembles the burning of 

powdered coal  i n  a furnace i n  tha t  the concentrate i s  i n j e c t e d  i n t o  

a combustion chamber w i t h  a stream o f  a i r .  

t h e  z inc  concentrate ac ts  as f u e l  i n  the  ensuing exothermic reac t i on  

which produces s u l f u r  d iox ide.  During t h e  react ion,  the  temperature 

i n  the  combustion chambik Is c o n t r o l l e d  t o  w i t h i n  the optimum range 

o f  960 t o  1020°C.5 This penni ts  the  product ion o f  a ca l c ine  contain- 

t ng  from 0.1 t o  5.0% s u l f i d e  su l fu r .6  A t  the same time, the s u l f u r  i n  

s u l f a t e  form can be c o n t r o l l e d  t o  from approximately zero t o  a maximum 

2.5%.5 The h igher  values o f  su l f i des  content  i n  t h e  c a l c i n e  usua l l y  

correspond t o  r e l a t i v e l y  low su l fa te  content.  

w i t h  low l e v e l s  of s u l f u r  i n  s u l f i d e  form normal ly has a h igh  su l fa te  

content.  

The s u l f u r  content o f  

ConverselY, ca l c ine  

The ca l c ine  w i t h  the  h ighest  s u l f i d e s  content  i s  t h a t  on the 

c o l l e c t i n g  hear th a t  the bottom o f  the  furnace, whereas the ca l c ine  

captured i n  the  gas stream i s  r e l a t i v e l y  h igh  i n  s u l f a t e s  content. The 

coarser ca l c ine  from t h e  c o l l e c t i n g  hearths and the f l u e  dust  i s  f u r t h e r  

desu l fu r ized  by  being rabbled over a ser ies  o f  add i t i ona l  hearths a t  

the  bottom o f  the furnace. This  f u r t h e r  r o a s t i n g  i n  the  bottom hearths 
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al lows t h e  product ion o f  a homogenous product  w i t h  minimum t o t a l  s u l f u r  

'content .  Typica l  roas te r  operat ion data from the  ASARCO smelter a t  

Corpus C h r i s t i ,  Texas, and the Cominco smel ter  a t  T r a i l ,  B.C., i nd i ca te  

t h a t  t h i s  system can y i e l d  a ca l c ine  wi th s u l f u r  content's as shown i n  

ble.. 3.2. 
j d u  i' 

As discussed above, the f l a s h  roas te r  can be operated t o  cons is ten t l y  

produce a ca l c ine  conta in ing  0.1 t o  0.5% res idua l  s u l f u r ' i n  s u l f i d e  form and 

0 to"2.5% res idua l  s u l f u r  i n  s u l f a t e  form. The roas te r  i s ' n o m l l y  

operaied t o  produce a ca l c ine  w i t h  2.5% o r  g rea ter  t o t a l  s u l f u r  when t h e  

ca l c ine  i s  t o ' b e  used as s i n t e r  feed. 

.. . 

typical flash roaster processes 

between 100 and 350 tons per  day o f  ca lc ine.  

The f l u id -bed  r o a s t e r  i s  the newest r o a s t i n g  system f o r  z inc  s u l f i d e  

concentrates. 

manner i n  which the  roas ters  are charged. 

s l u r r y ,  whereas others feed a d ry  charge t o  the combustion chamber. 

(See Figure 3-26.) 

There are several types i n  use which d i f f e r  p r i m a r i l y  i n  the  

Some are  charged w i t h  a wet 
I '  

The of f -gases from the  roas ter  w i l l  have a SO2 concentrat ion o f  from 

10 t o  13 percent.5 I n  addi t ion,  from 50 t o  85% o f  the roas te r  charge 

w i l l  be c a r r i e d  o u t  i n  the  of f -gas stream.1 

The reac t i on  w i t h i n  the  roas ter  i s  an autogenous react ion.  and no 

external  heat source i s  requ i red  a f t e r  i n i t i a l  s ta r tup .  The operat ing 

temperature averages up t o  1000°C, w i t h  e i t h e r  water i n j e c t i o n  o r  s l u r r y  feed 

r a t e  used t o  con t ro l  bed temperature.l 

percent excess a i r  i s  requ i red  t o  ensure e f f i c i e n t  desu l fu r i za t i on  o f  the 

z inc  concentrate feed. 

t r a t e  can be lowered t o  O.l%,-bQt values somewhat higher, p a r t i c u l a r l y  

Normally, on ly  about 20 t o  30 

5 The s u l f u r  content  i n  s u l f i d e  form o f  the  concen- 
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Table 3-2 SULFUR CONTENT OF MATERIALS AT TYPICAL ELECTRObYTIC 
SMELTERS (USING RECYCLING OF COTTRELL DUST) 9 7 

Plant A 

Concentrate, 
% weight 

Total Sulfur 31.5 

Sulfate - 
Sulfide - 

. 4 .  

Calcine, 
% weight 

0.83 

0.73 

0.1 

C O t t R l 1  ;-,dust 
% weight 

6.2 
I.. i JC". 

5.. 7 

0.5 
~ f31':1! > 

Plant B 

Concentrate % Calcine % I' 

Total Sulfur 31.7 2.1 - 
1.3 - 
0.8 

Sulfate - 
Sulfide - - .  

. I  

.. . . 
' . .3-137'  
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i n  pyrometallurgical ins ta l la t ions ,  are more comnon. 

As w i t h ,  the flash roaster,  there i s  a significant d u s t  carryover 
. .  

i n  the eff lcent  stream of the fluid-bed’system. As much as E5 percent 

.of  the charge is collected by a ser ies  of devices (waste heat boi lers ,  

cyclones, and e lec t ros ta t ic  precipitators) and e i ther  recycled for  

further desulfurization o r  conbined w i t h  product calcine.1 

Fluid-bed roasters are similar t o  flash roasters i n  t he i r  capability 

of producing a low total  sulfur  content calcine as shown i n  Table 3-3. 

/’ 
A study made by the Toho Zinc Company,Ltd., w i t h  the purpose of 

further lowering the residual sulfur content o f  the product calcine from 

fluid-bed roasters shows that, as the dust-laden gases proceed further 

from the roaster,  the sulfate  sulfur  content of the entrained dus$/increases, 

although the sulfide content shows no appreciable ~ h a n g e . 3 . ~  

This phenomenon can be seen i n  Table 3-4. 

/ 

Consequently, unless suff ic ient  retention time is  allowed w i t h i n  the 

roaster combustion chamber t o  complete the desired desulfurization 

reactions, the material will be carried over i n  the gas stream where i t  

will undergo reaction w i t h i n  the waste heat boi ler ,  and subsequent dust 

collection systems.8 Due t o  the lower reaction temperatures i n  these 

subsystems, s ignif icant  amounts of sulfates  can be formed. 

Normal practice for  typical smelters is to  combine calcines from the 

roaster and the d u s t  collecting systems. 

calcine i n  some cases will average approximately 2.5% sulfur, primarily 

i n  su l fa te  form. 

is possible t o  design a roaster and dus t  collection system t o  both minimize 

d u s t  carryover and su l fa te  formation. Minimizing d u s t  carryover minimizes 

the amount o f  material which will be  exposed t o  undesirable roasting condi- 

Eased on Table 3-4, the resulting 

However, the Toho Zinc Company study indicates t h a t  i t  
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Table 3-3 CALCINE SULFUR CONTENT OF TYPICAL SMELTERS 
USING FLUID-BED ROASTERSg, 10, 11 

Concent- 
rate (s ) Sulfur Sulfur Sulfur 

locat ion Roaster Plant % Sulfur (Sulfides)% (Sulfates)% ( to ta l )% Type Type 

West 
&many Fluid-bed Electro. 32.1 0.1 2.4 2.5 

u. s. Fluid- El ectro. 30.65 0.3 2.25 2.55 
I 

bed 

Japan Fluld- Electro. 31 - 7  0.3 2.1 2.4 
. bed 

Table 3-4. CALCINE SULFUR CONTENT,g3 

Material Sulfate Sulfur Sulfide Sulfur Total Sulfur 

, I .  Concentrate 32.5 32.5 
Bed overflow 0.2 0.3 .5 

Waste heat bo i l e r  0.8 0.3 1.1 

Cyclone 2.5 0.1 2.6 

Precipitator 5.5 0.1 5.6 
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tions,and r a p i d  coo l i ng  o f  the off-gases i n  a b o i l e r  minimizes t h e  t ime 

dur ing  which undesirable reac t i on  condi t ions w i l l  cause s u l f a t e  formation. 

Thus, the r e s u l t s  o,$.,this study and subsequent comnercial app l i ca t i on  show 

t h a t  i t  i s  poss ib le  t o  produce a c a l c i n e  i n  a f l u id -bed  roas te r  w i t h  below 

1.5 percent t o t a l  su l fu r .8  Table 3-5 gives the  ca lc ine  s u l f u r  d i s t r i b u t i o n  

a t  the  Toho i n s t a l l a t i o n .  
, -  
'c 

Various types o f  roas t i ng  systems have product ion advantages and ; 

For instancet')b,n?. _I .  disadvantages depending upon the p a r t i c u l a r  app l i ca t ion .  

the mul t ip le -hear th  system has a lower ca l c ine  product ion r a t e  than the 

f lash  and f,luid-bed systems, b u t  there  i s  l ess  dust  i n  the  e f f l u e n t  

stream, thereby reducing the  performance requirements f o r  p a r t i c u l a t e  

con t ro l  systems. The mul t ip le -hear th  permits the p r e f e r e n t i a l  

v o l a t i l i z a t i o n  o f  impur i t i es  such as lead s u l f i d e  (PbS) and cadmium 

s u l f i d e  (CdS). 

i s  very important where ca l c ine  p u r i t y  i s  important, as i n  e l e c t r o l y t i c  

reduct ion.  

s i n t e r i n g  operat ion f o r  pyrometa l lu rg ica l  reduct ion.  

h igh  gas volume, the mul t ip le -hear th  roas ter  tends t o  produce a 

s i g n i f i c a n t  amount o f  s u l f a t e  s u l f u r  which i s  det r imenta l  t o  e f f i c i e n t  

pyrometa l lurg ica l  reduct ion.  

, ... . .  

This a b i l i t y  t o  e l im ina te  most o f  the  major impur i t i es  

Als6, i.t reduces the impur i t y  e l im ina t i on  load on the  

However, due t o  the 

S im i la r l y ,  f l a s h  and f l u id -bed  roas ters  have an advantage over 

the mul t ip le -hear th  system i n  t h e i r  g rea ter  product ion ra tes  and t h e i r  

a b f l l t y  t o  produce a lower t o t a l  s u l f u r  ca lc ine .  Data on f l a s h  

roas ter  s u l f u r  e l i m i n a t i o n  c a p a b i l i t y  show t h a t  they can produce 

a ca lc ine  as low as 0.83 percent s u l f u r . 6  S im i la r l y ,  data 

on more.modern f l u id -bed  roas te r  operat ions i nd i ca te  a product 
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ca lc ine  as low as 1.5 percent s u l f u r  can be produced from these 

systems. 

roas t i ng  w i l l  be a func t i on  o f  the s u l f u r  con ten t ' o f  both the 

concentrate and the  ca lc ine .  

i n  the c a l c i n e  w i l l  vary  and w i l l  normal ly range from 3 t o  7 percent 

o f  the concentrate su1fur . l  

However. t h e  exact percentage e l i m i n a t i o n  o f  s u l f u r  dur ing  

The percent o f  t o t a l  i n p u t  sulfur remaining 

Typica l  z inc  roas ter  operat ing parameters are s u m r i z e d  i n  Table 3-6. 
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Table 3-5. TOM0 ZINC CALCINE ANALYSIS,%' 

Reactor Overflow Carry-Over Average 
Reactor Carry-Over 

Su l f tde  S u l f u r  0.27 0.23 0.25 - J  $11 ' 

Su l fa te  Su l fu r  0.45 1.71 1 .oo 
1.30 Total  Su l fu r  0.72 1.91 . I  !r .+, ' 7 ,  

Table 3-6 Sumary o f  Typica l  Zinc Roaster Parameters' 

%SO2 Residual Residual Residual 

Type b f  Operating Feed Rate i n  o f f -  % S u l f i d e  % Su l fa te  % To ta l  S 

Roaster. temperatureOF tons/day gas i n  Calc ine i n  Calc ine i n  Calc ine - 
ROPP 65OOC 45 1 max 5-9 

Mu1 t i p l e -  
hearth 69OOC 100 5.5 0.5-1.0 1.4 2.4 

Flash 98OoC 150 10 0.1-5 0-2.5 2.6 

F1 uid-bed 1 OOOOC 225 12 eo. 1 0-2.5 2.6 
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3.1.2.2 S i n t e r i n g  

Summary -- 
The purpose o f  s i n t e r i n g  i s  twofo ld  except where a combined 

operat ion o f  roas t i ng  and s i n t e r i n g  i s  performed. 

and cadmium impur i t i es  are v o l a t i l i z e d  and discharged i n t o  the 

e f f luen t  stream. These impur i t i es  are captured i n  p a r t i c u l a t e  con t ro l  

systems and processed t o  recover metal. Second, s i n t e r i n g  agglomerate 

the charge i n t o  a hard permeable mass s u i t a b l e  f o r  feed t o  a reduct ion 

system. 

F i r s t ,  the  lead 

. By Uecreastng tne amount o f  res ldua l  s u l f u r  I n  the ca l c ine  t o  the 

s i n t e r i n g  operat ion,  i t  i s  poss ib le  t o  minimize SO2 emissions from the 

s i n t e r i n g  operat ion.  

by perhaps 50% by decreasing the res idua l  s u l f u r  content o f  t h e  ca l c ine  i n  

t y p i c a l  pyrometa l lu rg ica l  operations from 3 percent  t o  1.5 percent s u l f u r .  

It i s  poss ib le  t o  decrease emissions from s i n t e r i n g  

The concentrat ion of SO2 i n  t h e  off-gases from the  s i n t e r i n g  operat ion 

normal ly range from 400 t o  3000 ppm when z inc  ca lc ines  a r e ' s i h e r e d .  

When z inc  concentrates are roasted i n  a s i n t e r i n g  machine us ing the  

Robson process, the concentrat ion o f  SO2 i n  t h e  off-gases i s  normal ly  i n  

the  range o f  2.5 percent. 

machine can be upgraded t o  aoproximately 6 percent  SO2 i f  the  s i n t e r i n g  

machine i s  equipped w i t h  a gas r e c i r c u l a t i o n  system. This  places a l l  
s u l f u r  m i s s i o n s  i n  a s i n g l e  gas stream of h igh  SO2 content. 

General Discussion -- 

However, the of f -gases from t h e  s i n t e r i n g  

Several s i n t e r i n g  techniques are now being used by  the  domestic 

z inc  i ndus t r y :  

. 
c 

'.' 

c 



1. 

2;. , .'The s inter ing o f  green concentrates di1,uted w i t h  s i n t e r  returns. 
The sintering o f  dead-roasted concentrates w i t h  coke or coal. 

. .  

' 3. Sintering Of., par t ia l ly  roasted concentrates. 

Although the f i r s t  method predominates i n  the domestic industry,  the 

l a t t e r  two techniques are still  being used, particularly i n  foreign 

instal 1 ations. 

# $ , 7 , * ,  

. -  The sintering'machine incorporates bar or grate-type pal le ts  
L I 1  - .  

which are  joined t o  form a continuous metal conveyor system. Calcine, 

recycled sinter.* coke or o i l ,  .sand bnd other inert ingredients , r  . . 

are d i s t r ibu ted  on the pallet's and ignited. 

the charge composition, and the machine operating parameters vary 

and are dependent upon the desired physical properties of the s in te r  

product. 

The depth o f  the layer, 

Downdraft-type sintering machines (Figure 3-27) are used i n  the zinc 

industry, w i t h  , the  exception of those u p d r a f t  machines. used in 

conjunction w t t h  the, Imperi-a1 s&l t i n g  process i n  foreign Smelters. 

il'he -raft machine -is Uistingulshed by the a i r  supply passing 

downward .through the s in t e r  bed. 

. . . .  

. .. 

A .  discussion. of .the ,. . Imperial smelting process i s  given i n ;  Section 3.1.4. * 

L 

.? 

In typical d p p s t i c  pyrometal1urgical operations, from 3 to 

o f  the concentrate sulfur remains . i n  the calcine feed t o  the..sintering 

mach1ne.l predominately in the form of sulfate  as shown I n  Table 3-7. 

Seventy-five to  ninety percent of t h i s  'remaining sulfur ,  whether in 

sulfide or sulfate  form, decomposes t o  form'S02 in the s in t e r  machine 

percent . ,  

, .; ,' 

-'. ;,Yo 



PAM CONVEYOR TO HOOD 
SIZING SYSTEM 

\ IGNITION FURNACE -.-.- 4 

Figure 3-27 Downdraft sintering machine.. 1 3  
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. . . .  . .  

1 4 s  15, 16 ,  17,  18 Table 3-7 SULFUR CONTENT OF TYPICAL Z I N C  SINTER FEED 

Total Calcine Calcine Total 
Calcine Sulfide Sulfate Off -gas, Sinter 

Plant Sulfur, % Sulfur,  % Sulfur, % PPM SO2 Sulfur, % 

A 2-3 0 . 5  c2.0 <800 

1-4 

*5 

*Ropp Roasters used will cease operation in 1973; 

<loo0 

3000 

0.2 

0.4 
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off-gas.’Z Typically, the resulting weak s i n t e r  machine eff luent  

stream contains approximately 1000 ppm S02, b u t  the concentration 

of SO2 can range from 400 t o  3000 ppm SO2 depending upon the total  

sulfur content of the feed stock.14, 15 In sintering machines which 

process raw concentrates, the off-gas concentrations can range up t o  

2.5 percent.’ The s ingle  domestic smelter using this operation will 

shut down i n  tne near future. 19 

The physical properties required of s i n t e r  vary depending on the 

type of reduction system used. For horizontal r e to r t  reduction, the 

s in t e r  need not  possess h i g h  physical strength. However, the horizontal 

re tor t  is being phased ou t  as a viable reduction system. 

properties 

Each i n d i v i d u a l  piece of s i n t e r  may be required t o  suppor t  a column o f  

s i n t e r  equal t o  the height of the furnace despite being weakened by the 

extraction o f  i t s  zinc. Therefore, the s i n t e r  mix usually requires the 

addition of s i l i c a  t o  increase hardness and strength of the sinter 

mass and thus prevent sinter collapse. 

The strength 

are very important i n  the case of electrothermic  furnace^.^ 

In other vertical reduction furnaces such as the vertical  retort, 

high i n i t i a l  s in te r  strength is  n o t  a major requirement since the product 

s in t e r  i s  usually briquetted before charging t o  the furnace. The ab i l i t y  

of the vertical r e to r t  furnace t o  use a s o f t  briquetted s i n t e r  permits 

the application of both conventional s inter ing and roast-sintering technl- 

ques fo r  the processing of z inc concentrates. Roast-sintering permits 

both elimination and control of sulfur  d u r i n g  the sintering operation. 

When zinc calcines are sintered, the su l fur  emissions from a sinter 

machine are primarily determined by the i n p u t  calcine su l fur  content, 

although some emissions resu l t  from the zinc sulfate liquor added t o  the 
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' 5  

s in t e r  mix. 

emission control would be t o  eliminate as much sulfur  as technically 

possible during the roasting s tep.  

pperation as a SO2 emission source. 

bed and flash roasters discussed in Section 3.1.2.1, a calcine averaging 

1.5 percent toal sulfur ,  rather than one of approximately 3 percent total  

sulfur as is  presently practiced within the domestic industry, could be 

produced. 

o u t  t o  provide a 1.5 percent residual sulfur  content i n  the calcine,  then 

a corresponding decrease in sulfur emissions t o  the atmosphere by s in te r -  

ing  would be realized. Table 3-8 shows e lec t ro ly t ic  zinc smelter roaster 

data indicating a 1.5 percent residual su l fur  capability. 

The ideal s i tuat ion from the point of view of su l fur  dioxide 

This would minimize the sintering 

Based on the capabili ty of f luid-  

T h u s ,  i f  roasting in a pyrometallurgical operation i s  carried 

The elimination of su l fur  i n  the calcine would require additional 

coke or  coal t o  accomplish s inter ing,  and would increase the cost  

of s inter ing.  ' L  However, there are no insurmountable technical problems 

with t h i s  approach. 

As stated e a r l i e r ,  one domestic zinc smelter has practiced the 

roast-sintering technique (Robson process) since 1951 ,20 b u t  no 

attempt t o  control SO2 emission from t h i s  operation has been made. 

The sinter from the t o p  20 percent of the s in t e r  bed of th i s  operation 

does not have adequate physical properties t o  allow d i rec t  charging t o  

a reduction furnace; thus, a two-pass s inter ing operation i s  needed t o  

produce an acceptable s in t e r  product fo r  tha t  portion of the charge.*l 

The second pass employs coke s inter ing.  
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Table 3-8 CALCINE PRODUCED AT TYPICAL ELECTROLYTIC ZINC SMELTERS. 3, 6. 7. 8 

Total 
Feed 

Plant Type Roaster Sulfur, % 

A Flash 31 

B Fluid-bed 32 

C F1 as h 32 

D F1 uid-bed 33 

Calcine 
Sulfide 
Sulfur, % 

0.1 

0.25 

0.8 

0.2 

Calcine 
Sulfate 
Sulfur, % 

0.73 

1.25 

1.3 

1.1 

Total 
Calcine v 
Sulfur, % 

0.8 
c’ 

1.5 

2.1 

1.3 
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' h, 

The production of s o f t  s in t e r  by the Robson process, from green 

concentrates, for vertical  r e t o r t  extraction has been used a t  

the Avonmouth f a c i l i t y  of Imperial Smelting Corporation, Ltd., of 

England. 

roast and s in t e r  zinc concentrates. 

machines i s  t he i r  a b i l i t y  t o  produce a s t rong SO2 effluent stream by 

the use of gas recirculation techniques.22 

In th i s  case, downdraft sintering machines simultaneously 

However, an important feature of these 

22 

As in the conventional zinc roasters discussed ea r l i e r ,  the 

reaction i n  the s in t e r  machine i s  autogenous and fueled by the sulfur  

of the zinc concentrate. 

averages 5.5 t o  6%. 22 Once in i t i a t ed ,  the reaction proceeds autogenously, 

and the heat generated causes the fusion of the material into a permeable 

mass. 

s in t e r  ranges between 0.5 and 1.0%, and the SO2 concentration of the 

effluent gas a t  Avonmouth ranges between 6.5 and 7.5%F2 

The sulfur  content of the charge a t  Avonmouth 

A t  the discharge end of the machine, the sulfur content of the 

The basic principle of the recirculation technique i s  the ducting 

of the weak ignition gases (feed end gases) and cooling gases (discharge 

end gases) into the areas where the primary roasting reaction takes 

place; see Figure 3-28. These gases contain from 1 t o  2% S0222 and 

suff ic ient  oxygen to  permit additional combustion. In e f f ec t ,  the 

weak gases which would normally be emitted to  the atmosphere a re  thus 

concentrated to  produce the resul tant  strong SO2 stream. 

stream generated by th i s  method contains u p  to 7.5% SO2." Because the 

gases are recirculated,  a smaller volume of gas (compared to  normal 

s inter ing)  i s  discharged. 

The gas 
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Figure 3-28 . Zinc downdraft sintering machine with gas recirculation.22 
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This operat ion i s  not  w i thout  some problems. F i r s t ,  s ince the  gases 

from the  feed and discharge ends have undergone p a r t i a l  react ion,  there 

i s  a smal ler  concentrat ion o f  f r e e  oxygen which reduces the  e f f i c i e n c y  

o f  the s i n t e r i n g  react ion.  

l a r g e  percentage o f  the s in te r .  

dust  loading, the  deposi t  o f  ent ra ined dus t  o f  the  recycled stream i n  

the  s i n t e r  bed can reduce s i n t e r i n g  e f f i c i e n c y  by decreasing permeabi l i ty  

o f  the bed dnd poss ib ly  causing channeling w i t h i n  the  bed. Again, s i n t e r  

recyc le  can o f f s e t  t h i s  problem. 

considered i s  the loss  o f  one o f  t h e  two pr imary funct ions o f  s i n t e r i n g  

as i t  i s  used i n  the  domestic indus t ry :  the  e l im ina t i on  o f  lead and cadmium. 

The lead and cadmium removed from the s i n t e r  i s  ent ra ined i n  the s i n t e r  

machine e f f l u e n t .  

would be recaptured dur ing r e c i r c u l a t i o n  by the  f i l t e r i n g  a c t i o n  o f  

the s i n t e r  bed. 

p a r t i c u l a t e  removal system i s  requ i red  i n  t h e  r e c i r c u l a t i o g  stream. 

I n  addi t ion;  any ch lor ides which may be present i n  the  s i n t e r  feed stock 

could d i s t u r b  ac id  p l a n t  operat ion by poisoning the  c a t a l y s t  i f  present 

i n  s u f f i c i e n t  amounts. However, as discussed i n  Sect ion 4.1 - S u l f u r i c  

Acid Plants, i f  t h i s  problem i s  recognized dur ing  the  design o f  the  

ac id  p lan t ,  var ious techniques can be u t i l i z e d  i n  the gas cleaning 

sec t ion  preceding the ac id  p l a n t  t o  minimize and e s s e n t i a l l y  overcome 

t h i s  problem. 

This i s  p a r t i a l l y  o f f s e t  by recyc l i ng  a 

Second, s ince  the gases have a h igh  

/ 

However, the  major f a c t o r  t o  be 

Consequently, a s i g n i f i c a n t  po r t i on  o f  these impur i t i es  

To prevent recapture o f  t h e  impuri t ies,  a h igh-e f f i c iency  

The technique o f  Robson process s in te r i ng ,  wh i l e  using 

gas rec i r cu la t i on ,  i s  b a s i c a l l y  su i ted  on ly  f o r  the product ion o f  s i n t e r  
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t o  be used i n  the hor izon ta l  and v e r t i c a l  r e t o r t  furnaces. I n  the  l a t t e r  

system' the s i n t e r  ' i s  .b r iquet ted  t o  improve i t s  s t rength  character-  

i s t i c s .  An except iona l l y  hard and s t rong s i n t e r  i s  requi red f o r  

e lect ro thermic furnace reduc t ion  w i t h  t h e  s i n t e r  cha rac te r i s t i cs  o f  h igh 

po ros i t y  and densi ty  being less  important.  S in te r i ng  Tor these 

systems i s  performed i n  a two-pass operat ion even a f t e r  roast ing.  The 

f i r s t  step provides a s o f t , r e l a t i v e l y  pure s i n t e r  and the second step, 

w i t h  the  add i t i on  o f  8 t o  10% s%lica,17 produces an extremely hard 

s i n t e r .  

s i n t e r  o f  the  Robson process w i l l  produce an acceptable s i n t e r  f o r  the 

e lect rothermic furnace. 

Therefore, there  i s  some doubt t h a t  even b r i q u e t t i n g  o f  the  product 

The advantage o f  t h i s  process, however, i s  t h a t  a l l  su l fur - laden 

gases from the  roas t i ng  and s i n t e r i n g  opera t ion  are contained i n  one 

strong stream o f  6% SO2. 

t h i s  technique have been e s s e n t i a l l y  resolved,and as a r e s u l t  the  s i n t e r -  

i ng  o f  green concentrates us ing gas r e c i r c u l a t i o n  i s  considered a 

v iab le  technique t o  make the  s i n t e r i n g  . ,  process amenable, t o  a i r  p o l l u t i o n  

cont ro ls  

The problems encountered by f a c i l i t i e s  using 
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3.1.2.3 Zinc pyrometallurgical reductiorl processes 

Summary-- 

The three reduction systems in use i n  the domestic industry are the 

horizontal and vertical  r e to r t  furnaces and the electrothermic furnace. 

The future outlook of pyrometallurgical system indicatesthat the hori-  

zontal r e t o r t  will fade away. The remaining systems will continue in 

, operation b u t  l ess  emphasis will be placed upon their improvement. 

Sulfur which may be introduced in to  the reduction system via the 

sinter is  primarily i n  a su l fa te  su l fur  form and tends t o  decompose t o  

a metal sulf ide,  usually iron su l f ide ,  i n  the highly reducing atmosphere. 

Thus, SO2 emission from typical reduction systems averages less  than 50 ppm. 

The pyrometallurgical process does have an advantage over electro- 

l y t i c  extraction i n  i t s  ab i l i t y  t o  process recycled materials,  most of 

which cannot be processed i n  an e lec t ro ly t ic  c i rcu i t .  Approximately 30 

percent of the secondary (recycled) zinc production i n  1973 was performed 

a t  primary pyrometallurgical smelters. 

General Discussion-- 

The basic reactions which take place i n  the reduction furnace are: 

ZnO + CO + Zn (Vapor) + C02 

. .  
. . .  co2 + c .+ 2co 

Either coke o r  coal provides the carbon reductant, with the choice being ' ,. 

determined by the physical properties required in the f inal  product.. . 
5 : .  , . ,  . 

. . ., 

Any sulfur  present i n  the s in t e r  feed is  usually: in a su l fa te  form'and,oniy . .  " 

a small fraction i s  converted t o  SO2 dur ing  reduction.' The sulfur  .usually 

shows up as iron o r  zinc sulf ide i n  the residue from the furnace.. . .  

. .  . .  

. .  . .  
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Pyrometa l lurg ica l  reduc t ion  has a d e f i n i t e  advantage over e l e c t r o l y t i c  

z inc operat ions i n  i t s  a b i l i t y  t o  process secondary and scrap z inc  

mater ia ls .  

tons o f  scrap mater ia ls  were processed i n  pr imary pyrometa l lurg ica l  

smelters i n  the  U.S. i n  1972.23 This i s  approximately 30 percent o f  the  

t o t a l  1972 secondary z inc  production. O f  these secondary ma te r ia l s  a 

s i g n i f i c a n t  quan t i t y  w i l l  con ta in  z inc  ch lo r i de  which can be det r imenta l  

t o  some e l e c t r o l y t i c   operation^.^ However, these mater ia ls  can be combined 

i n  the  s i n t e r i n g  machine feed o f  pyrometa l lu rg ica l  smelters, thereby 

pe rm i t t i ng  t h e  e l i m i n a t i o n  o f  the  c h l o r i n e  i n  the off-gases. 

Accordinq t o  Bureau o f  Mines data,  approximately 80,000 sho r t  

The ho r i zon ta l ,  o r  Belgian, r e t o r t  i s  the o ldes t  reduc t ion  system 

used i n  the z inc i n d u s t r y  and i s  p resen t l y  being replaced by more 

e f f i c i e n t  and more product ive systems. The furnace consis ts  o f  a 

ser ies  o f  t ubu la r  r e f r a c t o r y  receptacles w i t h  a r a t i o  o f  leng th  t o  diameter 

of between 4 and 7.55 (F igure 3-29). 

d i c ta ted  by the hot  s t rength  o f  the r e f r a c t o r y  mater ia ls .  

number o f  these r e t o r t s  are placed h o r i z o n t a l l y  w i t h i n  an enclosure 

w i t h  the  r e t o r t  face exposed t o  the atmosphere. An open d i s t i l l a t i o n  

condenser i s  placed over the r e t o r t  face a f t e r  charging. The 

re f rac to r ies  are f i r e d  e x t e r n a l l y  by passing combustion products 

through the areas between the  r e t o r t s .  

The length  o f  each r e t o r t  i s  

A l a rge  

The external  f i r i n g  and batch nature o f  the hor izon ta l  r e t o r t  

are on l y  two o f  t h e  u n a t t r a c t i v e  features which have added t o  the  

'Li 

1 

c 

- 1  
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demise of the system. 

100 pounds of zinc every 48 hours.'4 Therefore, t o  produce s ignif icant  

quantit ies of zinc, a furnace must incorporate many r e to r t s ,  and this 

requires large and expensive work crews. 

In addition, each r e t o r t  produces only about 

Though SO2 emissions from the system a r e  extremely small, these 

systems are ,  however, major particulate emission sources. 

r e t o r t  is a par t iculate  emitter, a massive control system would be 

required for effective control. 

few restrictions on the i n p u t  sinter properties. 

soft. f r iab le ,  and ppor-appearing s in t e r ;  t h u s ,  the s i n t e r  production 

need not be tied t o  a par t icular  roasting o r  sintering process. 

Because each 

The horizontal retort, however, places 

I t  requires only a 

The major problems facing th i s  sytem are  excessive operating 

cost ,  low productivity, and d i f f icu l ty  i n  controll ing particulate 

emissions;l7 therefore, its continued existence i s  not expected i n  the 

future. 

The vertical  r e t o r t  furnace, developed i n  the 1920's by the New Jersey 

Zinc Company, l ike the horizontal r e to r t  i s  externally f i red.  

unlike the horizontal retort, i t s  operation i s  semi-continuous and i s  

automated t o  a moderate degree. 

However, 

The furnace has a vertical  re tor t  sha f t  which allows the charge, 

with the aid of gravity,  t o  pass downward through the shaf t  and be 

expelled from the bottom of the furnace (Figure 3- 30. 
be a granular, loose, and s o f t  mixture as i n  the  horizontal r e t o r t ,  b u t  

The charge cannot 
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must be e i t h e r  a hard s i n t e r  o r  br iquet ted.  I t  i s  the b r i q u e t t i n g  s tep 

t h a t  i s  the  c h i e f  disadvantage o f  t h i s  system, s ince i t  i s  an expensive 

operat ion.  24 

However, the  a b i l i t y  t o  use b r i q u e t t e d  s i n t e r  feed can a l so  be an 

advantage, because i t  permi ts  the use o f  a s o f t  s i n t e r  produced e i t h e r  

by coke s i n t e r i n g  o r  by roas t -s in te r ing .  

technique i s  being used by the  Avonmouth. England.smelter o f  Imper ia l  

Smelt ing Corporation. Limited,2z f o r  the  product ion o f  z inc  s i n t e r  f o r  

t h e i r  v e r t i c a l  r e t o r t  furnaces. 

This  l a t t e r  s i n t e r i n g  

SO2 emissions from the v e r t i c a l  r e t o r t s  average less  than 50 ppm.14 

P a r t i c u l a t e  emissions are  ev ident  on ly  dur ing  charging which w i l l  l a s t  

approximately one minute. The v e r t i c a l  r e t o r t  furnace e l iminates most 

o f  the  major f a u l t s  o f  the  hor izon ta l  system and can be adapted t o  

automation t o  reduce operat ing costs. 

w i l l  remain i n  use f o r  the  foreseeable fu tu re .  

Thus, i t  appears t h a t  t h i s  system 

The e lec t ro thermic  smelt ing system was developed by t h e  S t .  Joe 

Minera ls  Corporat ion and began commercial operat ion i n  19362* 

the newest pure ly  z inc-smelt ing furnace. 

v e r t i c a l ,  r e f r a c t o r y - l i n e d  cy l inder .  

the furnace shaf t ,  and the  furnace der ives i t s  reac t i on  heat from the  

res is tance o f  t h e  furnace charge t o  the  cu r ren t  f low between the  

electrodes (Ftgure 3-31). S u f f i c i e n t  temperatures a r e  generated, up 

t o  14OO0C, t o  aause vapor iza t ion  o f  t h e  z i n c  w i t h i n  the  s i n t e r .  As i n  

the v e r t i c a l  r e t o r t  furnace, g r a v i t y  i s  r e l i e d  upon t o  move the charge 

downward through the  furnace shaf t .  U n l i k e  o t h e r  furnaces. however, an 

unusual ly hard s i n t e r  i s  required; s i l i c a  (sand) i s  usua l l y  added t o  the  

It i s  

The furnace i s  b a s i c a l l y  a 

Graphi te electrodes prot rude i n t o  

I 

I 

I 
r . 1  

I 
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s in te r  mix to  increase the strength of the s in te r .  

therefore, tha t  the strength requirement l imi t s  the type of sintering 

which may be used in conjunction w i t h  this system to the coke sintering 

method. 

tha t  i s  acceptable t o  the electrothermic furnace without an expensive 

briquetting step or without a second coke sintering pass t o  increase 

;trength properties of the s in te r .  

Indications a re ,  

I t  i s  doubtful tha t  roast-sintering can produce a hard s in t e r  

I ,  

The electrothermic furnace has a number of advantages over other 

pyrometallurgical zinc processes. First, i t  i s  a continuous operation * 
and i s  amenable to  automation. 

secondary zinc scrap and zinc residue materials.  

furnace has pract ical ly  no SO2 o r  par t iculate  emissions. 

Second, i t  can readily process 

Finally, the 
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3.1.2.4 Electrolytic zinc extraction 

Sumnary-- 

Electrolytic extraction i s  the second basic route for the manufacture 

of metallic zinc. 

of zinc i s  derived by electrolyt ic  extraction. 

l y t i c  extraction are i t s  amenability to  automation and its a b i l i t y  to  

produce a high-grade metal without subsequent refining. 

i t s  greatest  advantage is the re la t ive  ease w i t h  which a i r  pollution 

problems can be controlled. The only source of SO2 emissions dur ing  

this process is the roasting step. As discussed i n  Section 3.1.2.1, 

typical zinc roasting operations will  produce an emission stream Of 

greater than 4 percent SO2. 

in SO2 emissions. 

Greater than one-half of the free world's production 

The advantages of electro- 

However, perhaps 

The remaining process steps do not result 

Most zinc concentrates can be processed i n  e lec t ro ly t ic  zinc smelters. 

However, there are a limited nunber o f  impurities which  can cause extracthm 

problems: concentrates containing germanium, cobalt, tellurium, iron 

and other minor elements r e q d r e  special treatment and a r e ,  therefore, ?eSS 

desirable for  e lec t ro ly t ic  extraction. 

General discussjon- 

Electrolytic zinc extraction represents approximately 56 percent o f  

the free worOd's zinc production capacity. 

control from this process depends primarily upon the generation of a Strong 

SO2 roaster effluent stream through the use of modern roasting technology, 

A detailed discussion of modern roasters is  contained i n  Section 3.1.2,1 - 
Roasting. 

Sulfur dioxide emission 
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During b l e c t r o l y t i c  z inc  recovery, t h e  z inc  s u l f i d e  concentrate i s  

preroasted t o  produce an impure z inc  oxide, c a l l e d  calc ine.  Through 

the use o f  modern roas t i ng  systems, the  t o t a l  res idua l  s u l f u r  content 

can be reduced t o  as low as 1.5%.8 

as SO2 i n  any l a t e r  processing step. 

The res idua l  s u l f u r  i s  n o t  emi t ted 

The preroasted ca l c ine  i s  t rans fer red  t o  a leaching operat ion 

where t h e  ca l c ine  and d i l u t e  s u l f u r i c  ac id  a re  introduced i n t o  a ser ies  

o f  tanks. The impur i t i es  are s e l e c t i v e l y  p r e c i p i t a t e d  through the  

a d d i t i o n  of a small amount o f  ZnO dust. The leaching step var ies  some- 

what from p l a n t  t o  p lan t ,  dependent upon concentrate impur i t ies ,  but  

the bas ic  process o f  s e l e c t i v e l y  p r e c i p i t a t i n g  t h e  impur i t i es  from the 

leach s o l u t i o n  remains the  same (Figure 3-32). A f t e r  f i n a l  f i l t r a t i o n ,  

the zinc-bearing s o l u t i o n  i s  subjected t o  e l e c t r o l y s i s  t o  produce a 

h igh -qua l i t y  z inc  metal. 

It should no t  be concluded t h a t  e l e c t r o l y t i c  z inc  e x t r a c t i o n  I s  

economically su i ted  f o r  a l l  loca t ions  and f o r  ' a l l  product ion requirements. 

F i r s t ,  e l e c t r o l y t i c  e x t r a c t i o n  depends upon both t h e  a v a i l a b i l i t y  and 

cost o f  BSectr ica l  power. The a v a i l a b i l i t y  o f  e l e c t r i c a l  power has been 

p a r t i a l l y  solved by one domestic smelter through t h e  use of natural-gas- 
6 f i r e d  steam b o i l e r s  and t u r b i n e  generators t o  produce e l e c t r i c a l  power. 

Second, t o  f i l l  consumer requirements f o r  lower  q u a l i t y  prime 

western o r  intermediate-grade zinc, which i s  the i n i t i a l  product from 

pyrometa l lurg ica l  processes, e l e c t r o l y t i c  zinc requ i res  debasing. The 

requi red t race  a l l o y i n g  o f  e l e c t r o l y t i c  z i n c  thus creates. a h lgher  cos t  
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product r a t h e r  than a cheaper one. 

I n  addi t ion,  e l e c t r o l y t i c  z inc e x t r a c t i o n  i s  b a s i c a l l y  l i m i t e d  on ly  

t o  the processing o f  concentrates. 

m e t a l l i c  residues,and recyc le  scrap i s  n o t  poss ib le  i n  most cases. 

The processing o f  non-oxide residues, 

Furthermore, impur i t i es  which can e x i s t  i n  z inc  concentrates can 

present problems i n  e l e c t r o l y t i c  ex t rac t ion .  

found i n  t y p i c a l  concentrates are  lead, cadmium, copper, arsenic,  

antimony, i r o n  and precious metals. Most o f  these impur i t i es  can be 

p r e c i p i t a t e d  from the  leach s o l u t i o n  w i thou t  s i g n i f i c a n t  d i f f i c u l t y .  

Other impur i t ies ,  less  common y e t  more troublesome t o  e l e c t r o l y t i c  ex t rac-  

t ion,are germanium, cobal t ,  and te l l u r i um.  

g rea ter  than 1 p a r t  per  10 m i l l i o n  can make commercial e l e c t r o l y t i c  

e x t r a c t i o n  d i f f i ~ u l t . ' ~  Cobalt,which can be t o l e r a t e d  up t o  10 mg/ l i ter ,  

i s  t h e  most troublesome impur i t y  t o  remove and w i l l  magnify the  e f f e c t s  

o f  genanium when i n  the  same solut ion.  

zinc,thus lowering the p u r i t y  o f  the product metal. 

The most comnon impur i t i es  

Germanium i n  concentrat ions 

Te l lu r ium w i l l  deposi t  w i t h  cne 

Concentrate contain- 

i n g  these impur i t i es  can be processed; however, spec ia l  v a r i a t i o q  i n  the  

leaching and p u r i f i c a t i o n  process p lus s t r i c t  processing con t ro l s  are 

required,which w i l l  add t o  the cost o f  product ion.  

L .  . c  

O f  a l l  z inc e x t r a c t i o n  processes, however, e l e c t r o l y t i c  e x t r a c t i o n  i s  

the most a t t r a c t i v e  from the  po in t  o f  view o f  SO2 and p a r t i c u l a t e  emission 

con t ro l .  

SO2 emissions. 

There i s  on ly  one operat ion,  t h a t  o f  roasting,which generates 

' 
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3.1.3 Lead Smelting 

Lead is  usually found i n  nature as a sulf ide ore containing small 

amounts of copper, iron, zinc and other t race elements. 

concentrated a t  the mine from an ore of 3 t o  8 percent lead t o  a 

concentrate of 55 to  70 percent lead. 

percent by weight of the concentrate is  sulfur.  

I t  is  normally 

Typically, between 13 and 19 

Normal practice (domestic and foreign) for  the production of lead 

from lead sulf ide concentrates includes the following operations 

(See Figure 3-.33): 

1 .  Sintering in which the concentrate lead and sulfur  are 

oxidized to  produce lead oxide and sulfur  dioxide. 

Simultaneously, the charge material made up of concentrates, 

recycle s in te r ,  sand and other i ne r t  materials i s  agglomerated 

to  form a dense, permeable material called s in te r .  

Reduction of the lead oxide contained in the s in t e r  to  

produce molten lead bullion. 

3. Refining of the lead bullion to  eliminate impurities. 

The sintering operation normally eliminates as sulfur dioxide up 

2. 

to  85% of the concentrate sulfur.’ Sintering machines are operated 

w i t h  e i ther  a single off-gas stream or  two off-gas streams. In the 

case of the single-stream operation, the eff luent  stream has an SO2 

concentration o f  about 2 percent w i t h o u t  gas recirculation.’ 

gas recirculation the concentration of SO2 i s  i n  the range of 6%. 

In dual-stream operation, the strong off-gas stream has an SO2 concentration 

of between 4 and, J -  percent ana the weak stream has an SO2 concentration 

With 
9,10,12 

0 . .  

1 

c 
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of approximately 0.5 percent.’ Single-stream operation i s  accomplished by 

ducting a l l  process gas under the machine hood, via a single stream, to  the 

emission point. 

a t  the feed end of the machine are ducted separately from the weaker 

gases a t  the discharge end of the machine. 

In dual-stream operation, the stronger S02-laden gases 

Sinter is charged to the blast  furnace periodically and typically 

contains up t o  15 percent of the concentrate sulfur  in e i ther  a sulf ide 

o r  su l fa te  form. 

the remaining sulf ide o r  thermal decomposition of the sulfates  typically 

have concentrations of less than 1 percent SO2 and represent approximately 

7 percent of the concentrate sulfur. The remaining sulfur  is con€ained i n  

the slag or matte produced by the furnace. 

Emissions from the b las t  furnace due to  oxidation of 

The refining process consists mainly of removing the impurities 

of copper, gold, s i l v e r  and antimony from the furnace 1ead;bulllon. 

furnace bullion is  transferred t o  a series of refining ket t les  where 

drosses are  select ively removed from the bullion. 

various impurities, are  treated i n  a reverbqratory furnace for  further 

collection of lead and concentration of other metal values. The SO2 

missions from refining systems are essent ia l ly  zero. 

The 

The drosses, containing 

A breakdown of the sulfur  emissions from a typical primary lead 

smelter operation is summarized in Table 3-9. 

The fol1owi.ng discussion will not only review domestic production 
I 

procedures and equipment, but will out l ine alternative processing 

techniques and dquipment such as: 
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Table 3-9. TYPICAL SULFUR EMISSIONS FOR A PRIMARY LEAD SMELTER' 

I. Sin te r ing  machine 
.... 

Percentage o f  concentrate s u l f u r  discharged i n  off-gases. . .  85% 

SO2 concentrat ion i n  s ing le-s t ream operation. . . . . . . . .  <2% 

Without gas r e c i r c u l a t i o n  . . . . . . . . . . . . . . . .  2% 

With gas r e c i r c u l a t i o n .  . . . . . . . . . . . . . . . . .  6% 

Weak stream . . . . . . . . . . . . . . . . . . . . . . .  0.5% 

Strong stream . . . . . . . . . . . . . . . . . . . . .  .4-7% 

I I I U  

SO2 concentrat ion i n  dual-stream operat ion 

. .  

11. B l a s t  furnace 

Percentage o f  concentrate s u l f u r  remaining i n  feed t o  b l a s t  

f u r n a c e . .  . . . . . . . . . . . . . . . . . . . . . . . .  15% 

, . > U L , , , . .  Percentage o f  i npu t  s u l f u r  discharged i n  gas stream . . . . .  7% 

Percentage o f  i npu t  s u l f u r  discharged i n  waste. . . . . . . . . .  8% 

SO2 ta i i cen t ra t ion  i n  gas stream . . . . . . . . . . . .  !!-.2:<0.2 

111. Ref in ing I operat ions . - .  ., 
Percentage o f  concentrate s u l f u r  discharged . . . . . . . . .  0 
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1. The use o f  s in ter ing  machines wi th  off-gas r e c i r c u l a t i o n  

systems which p e n i t  the  generation o f  a s ing le  strong SO2 

stream. 

2. The use o f  e l e c t r i c  smelting furnaces which el iminates 

approximately 90 percent o f  the  concentrate su l fur  i n  a 

strong SO2 gas stream. 
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3.1.3.1 Sinter ing 

Soma ry- - 
The basic purpose of sintering i s  t o  convert the lead sulf ide 

concentrate (PbS) into an oxide or  s u l f a t e  form, while simultaneously 

producing a hard porous clinker material sui table  fo r  the r ig id  require- 

ments of the blast  furnace. 

During sintering approximately 85 percent of the concentrate sulfur  

Process gases from the machine are currently handled is removed as SO2. 

in e i ther  of two methods by the domestic industry. 

weak stream i s  taken from the machine hood a t  about 2 percent SO2 or  

two streams are taken from the machine hood: one weak stream taken from 

the discharge end of the machine and one strong stream taken from feed 

end of the machine. 

than 0.5 percent and the strong stream has a SO2 concentration of 5 to  

Either a s ingle  

The weak stream has a SO2 concentration of l e s s  

7% so2. 
A possible solution t o  the elimination of the weak stream from the 

s inter ing machine is  the use of weak gas recirculation. The weak gas 

recirculation technique i s  being used by a number of foreign lead and 

Imperial Smelting Process smelters. 

the sintering machine t o  enit a s ingle  strong SO2 gas stream of about 6% 

Weak gas recirculation will  enable 

so2. 
General Discussion-- 

The s inter ing machine i s  essent ia l ly  a continuous steel pa l le t  

conveyor bel t  moved by sui table  gears and sprockets. Each pa l l e t  
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consis ts  of per fo ra ted  o r  s l o t t e d  grates.  

are windboxes which are connected t o  fans t h a t  prov ide a d r a f t  

on the  moving s i n t e r  charge. 

the  updra f t  and the  downdraft machines. 

design, const ruct ion,  and operat ion,  d i f f e r i n g  on ly  i n  the  d i r e c t i o n  

i n  which the d r a f t  i s  p laced upon the  charge dur ing  s in te r i ng .  

Beneath the moving p a l l e t s  

There are two types o f  s i n t e r i n g  machines, 

The systems are s i m i l a r  i n  

The s i n t e r i n g  reac t i on  i s  autogenous and creates temperatures o f  

The temperature i s  b a s i c a l l y  c o n t r o l l e d  by the approximately 1000°C. 

s u l f u r  content o f  the  s i n t e r  charge mix. 

mentation and p r a c t i c e  have shown t h a t  best  system operat ion and 

product q u a l i t y  a re  achieved when t h e  s u l f i d e  s u l f u r  content o f  t h e  

s i n t e r  charge i s  between 5 and 7 percent by weight. 

the  des i red l e v e l  o f  s u l f u r  content, s u l f i d e - f r e e  f l uxes  such as s i l i c a  

and l imestone p lus  l a rge  amounts o f  recyc led  s i n t e r  and smelter 

residues are added t o  the mix. 

usua l l y  determined by  i t s  b r i t t l e n e s s  ( r a t t l e  index) and s u l f u r  content. 

Low su l fu r  and h igh  r a t t l e  index i s  the des i red  c h a r a c t e r i s t i c  o f  the 

product s i n t e r .  Hard-qual i ty  s i n t e r  w i l l  r e s i s t  crushing dur ing 

discharge from the  s i n t e r  machine. 

i n s u f f i c i e n t  d e s u l f u r i z a t i o n  and i s  t he re fo re  recyc led f o r  f u r t h e r  

processing. 

Years o f  s i n t e r i n g  exper i -  

I n  order  t o  mainta in  

The q u a l i t y  o f  the product s i n t e r  i s  

Undersized s i n t e r  usua l l y  i nd i ca tes  

Two techniques are c u r r e n t l y  used t o  remove e f f l u e n t  gases from 

the s i n t e r i n g  machine i n  domestic operat ions.  One technique w i l l  produce 

.. 
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a s ing le  weak stream (<3% S02) wh i l e  the  second technique w i l l  produce 

a s t rong stream (>3% S02) and a weak stream simultaneously. 

operations the d e s i r a b i l i t y  o f  e i t h e r  method o f  operat ion i s  b a s i c a l l y  

determined by the  ava i l ab le  market f o r  any by-product ac id  which may be 

produced. 

single-stream operat ion i s  usua l l y  used, thus emi t t i ng  a weak S02'stream 

t o  the atmosphere. I n  cases where there i s  a po ten t i a l  ac id  market,,-,lc 

1, 

I n  present 

I n  cases where there i s  no ava i l ab le  s u l f u r i c  ac id  market, ,,,, ,'r 

. 

dual-stream operat ion i s  used w i t h  s u l f u r i c  a c i d  being produced from the. . _ I  

st rong gas stream. 

p a r t i c u l a t e  removal. . .  

t o  t r e a t  the smal lest  gas volume which conta ins the grea tes t  p o r t i o n  o f  

the  SO2 gases generated .* I i n  the machine. Thus the acid-producing system ,. , 

The weak stream i s  emi t ted t o  the atmosphere a f t e r , L I y ,  . 

Dual-stream operat ion permits the smelter ope ra to r ,  , 
I .  _ j  , 

needs t o  have on ly  the c a p a c i V  t o  process those gases which w i l l  g i ve  the 

greatest  economic re tu rn .  

from t h e  machine are  contained i n  the s t rong stream.2 However, the . . 

strong stream w.ilJ make up only  approximately 25 t o  50 percent o f  the 9":. 
volume from t h e  machine. 

Approximately 75 percent o f  the SO2 emissions , _.- * Jlllr. !31,1,'1 91% 

. ' I  

, . / I  J V .  I . . I  .. 

. . 1+1 

I n  both cases the  l a t t e r  h a l f  o f  t h e  machine acts  as a s i n t e r  ,. .- 
coo l ing  zone. This coo l i ng  zone serves two main purposes. F i r s t .  i t  

. .  ,- , , 

a l lows the subsequent handl ing o f  a r e l a t i v e l y  cool mater ia l ;  thus , 4.' 3 ,  . , 

conventional conveying equipment, conveyor b e l t s ,  are adequate t o  

handle the discharged s i n t e r .  Second, p o t e n t i a l l y  hazardous dus t  formations 

are minimized by coo l ing  the product, thus decreasing the need f o r  Covering ~ 

and v e n t i l a t i n g  the  conveying systems. 

single- and dual-stream operations, respec t fve ly .  

~ ,. 

,_ . .  . 7 . * _  

Figures 3-34 and 3 -35 'de ta i l  
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1 4 . 2 %  so2 

.SINTER  FEE^ AIR 

Figure 3-34. Single-stream operation. 
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SINTER. 
SINTER FEED 

Figure 3- 3 5 .  Dual-stream operation. 
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Within the l a s t  decade, the updraft s inter ing machine has gained 

almost total  acceptance i n  the domestic lead industry; only one operating 

smelter s t i l l  uses the downdraft system. 

a number of advantages over the comparable downdraft machine. 

the sinter-bed hetght i s  greater than that w i t h  the downdraft machine, 

thereby resulting i n  an increased production ra te  over a downdraft 

machine o f  similar d i m e n ~ i o n s . ~  Thls can be explained by the f a c t  tha t  

i n  downdraft s inter ing the force on the s i n t e r  bed by the draf t  direction 

aided by gravity will cause compaction of the bed and decrease i t s  permea- 

b i l i t y .  The opposite i s  t rue w i t h  updraft sintering. The draf t  direction 

tends t o  decrease bed compression and increase permeability. 

The updraft machine has 

First, 

3 

Also during slntering, small quantit ies of elemental lead are  

produced by the following reacti&s:l ,3 

PbS + PbSOq -+ 2Pb + 2S02 

PbS + 2Pb0 + 3Pb + SO2 I 

In downdraft sintering, this lead tends t o  flow downward and drop ei ther  

into the machine windboxes as desired, o r  co l lec t  a t  the bottom of the 

s in te r  charge or i n  the machine grates. The collection of the droplets 

a t  the bottom of the charge o r  on the grates can lead t o  increased pressure 

drop across the s in t e r  bed and reduced blower capacity, resulting 

i n  decreased production. 

the elemental lead fonnatlons tend t o  so l id i fy  a t  the i r  point of 

f o ~ m a t i o n . ~  This i s  due to  the fact  tha t  the reaction moves in an 

upward direction; therefore, a f t e r  reaction the lower regions of the bed 

are cooler, and the elemental lead so l id i f i e s  before reaching the 

machine grate area. 

In the case of updraft sintering, however, 

As a r e su l t  o f  the re la t ively higher permeability 
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j \, o f  t h e  s i n t e r  bed i n  upd ra f t  s in te r i ng ,  approximately 20% less  fan power 

i s  requi red than f o r  downdraft s i n t e r i n g  

ra tes .  

f o r  the same s i n t e r  product ion 

3 

Another advantage t h a t  the  updra f t  system e x h i b i t s  over the 

downdraft system i s  the a b i l i t y  o f  t h e  system t o  produce s i n t e r  of h igher 

lead ~ o n t e n t . ~  As discussed prev ious ly ,  some molten lead forms dur ing 

s in te r i ng .  

downdraft s in te r i ng ;  consequently, the  lead content i n  the mix f o r  down- 

d r a f t  s in te r fng  i s  maintained below 45% t o  prevent s i g n i f i c a n t  format ion 

o f  molten lead. 

no longer a s i g n i f i c a n t  fac to r ;  therefore,  s i n t e r  mixes o f  greater  than 

50% lead can be p r o c e ~ s e d . ~ ~  The s u l f u r  f u e l  percentage thus becomes 

the on ly  major s i n t e r  mix parameter. 

Elemental lead format ions can be a major problem dur ing 

I n  upd ra f t  s i n t e r i n g ,  the lead content o f  the mix i s  

A f u r t h e r  advantage o f  upd ra f t  s i n t e r i n g  i s  the lower maintenance 

requirements o f  the  s i n t e r i n g  machine and associated e q ~ i p m e n t . ~  The 

metal  p a l l e t s  are exposed t o  heat f o r  a much shor ter  per iod o f  t ime ,  

thus r e s u l t i n g  i n  l ess  eros ion and warpage. I n  add i t ion ,  the fans and 

, ;’ duct ing systems are subjected t o  a l ess  harsh environment than t h a t  

i n  downdraft s i n t e r i n g .  

f o r  the updraft s i n t e r i n g  system. 

The end r e s u l t  i s  fewer maintenance shutdowns 

Since the  t rend  i n  t h e  U.S. over t h e  l a s t  deiade has i nd i ca ted  a 

preference f o r  updra f t  s in te r i ng ,  i t  i s  doubted t h a t  any new downdraft 

i n s t a l l a t i o n s  w i l l  be b u i l t  i n  the domestic indus t ry .  Therefore, f u r t h e r  

considerat ions o f  the  s i n t e r i n g  process f o r  p o l l u t i o n  con t ro l  here in  w i l l  
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concentrate on con t ro l  o f  updraf t  i n s t a l l a t i o n s .  

and product cha rac te r i s t i cs  from t y p i c a l  upd ra f t  s i n t e r i n g  operations. 

Table 3-10 gives feed 

An inherent  c h a r a c t e r i s t i c  o f  the  updraf t  s i n t e r i n g  machine i s  the  

r e l a t i v e  ease w i t h  which an e f f e c t i v e  a i r  seal  between the p a l l e t s  and 

windboxes can be designed i n t o  the system. Because the reac t i on  area 

can be e f f e c t i v e l y  i s o l a t e d  from outs ide a i r  i n f i l t r a t i o n ,  r e l a t i v e l y  

h igh concentrat ions o f  SO2 can be a t ta ined  i n  the f r o n t  pa r t s  o f  the 

machine. Th is  concentrat ion var ies between 5 and 8 percent 41 5 near 

the entrance o f  the  machine, bu t  decreases t o  approximately zero percent 

near t h e  r e a r  o f  the machine. 

a concentrat ion o f  6 percent can be a t t a i n e d  i n  a s ing le  gas stream 

from t h e  m a ~ h i n e . ~  

machine w i t h  gas r e c i r c u l a t i o n .  

However, when gas r e c i r c u l a t i o n  i s  used, 

F igure 3-36 i s  a schematic o f  a t y p i c a l  s i n t e r i n g  

With the  gas r e c i r c u l a t i o n  technique, oxygen suppl ied t o  c e r t a i n  

por t ions  o f  the s i n t e r  bed area i s  contained i n  a gas stream which has 

taken p a r t  i n  a previous react ion.  

ducted from an area o f  r e l a t i v e l y  low reac t i on  a c t i v i t y ,  thus low SO2 

concentrat ion and h igh O2 concentrat ion,  t o  the  pr imary combustion area. 

Thus these gases have adequate oyygen t o  support  add i t i ona l  conbustion. 

The r e c i r c u l a t e d  gas stream i s  

A p l a n t  no t  using weak gas r e c i r c u l a t i o n  normally uses approximately 

75 percent o f  the machine length  f o r  r o a s t i n g  and s in te r i ng ,  and the  

remainder o f  the length  as a coo l ing  zone.3 When s i n t e r i n g  gases are  

rec i rcu la ted ,  however, the  gas stream en te r ing  t h e  pr imary combustion 

zone w i l l  be a t  a h igher  temperature than dur ing  convent ional  operat ion.  
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_ _  
STRONG GAS TO DEDUCTING 

i 

Figure 3-36. Updraft sintering with weak gas recirculation. 
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The cooling zone is not present i n  machines using gas recirculation,and 

even though the recirculated gases are taken from an area of re la t ively 

low reaction activity, they will s t i l l  have a temperature of up to  400 C.  

Due to  the higher operating temperatures, more 1 iquid-phase elemental 

lead is  formed w i t h i n  the s in t e r  bed,causing uneven ~ e r m e a b i l i t y . ~  In 

addition, moisture variations can resu l t  i n  the s in t e r  return c i rcu i t .  

The uneven permeability and moisture variation decrease the efficiency of 

the roasting process in a machine using gas recirculation over a similar 

machine without gas recirculation. I t  follows, therefore, tha t  the use of 

gas recirculation will decrease the production capacity o f  an updraft sintering 

machine using gas recirculation over a similar machine w i t h o u t  gas recirculation. 

0 3  

' 

9 

The cooling zone of a conventional domestic sintering machine 

ass i s t s  in the reduction of dust formation d u r i n g  s in te r  discharge 

from the machine and subsequent screening of the s in te r ,  and also permits 

the handling of a relatively cool material. 

however, when using gas recirculation. 

from the machine in a re la t ively hot s t a t e ,  approximately 400" t o  5OO0C; 

therefore. an iIKreaSe i n  d u s t  formation d u r i n g  discharge resul ts .  

of reducing d u s t  formation is  to  recirculate the gases and rely upon the 

This i s  not the case, 

The s i n t e r  i s  usually discharged 

One method 

f i l t e r ing  e f fec t  of the s in t e r  bed to  capture the entrained dusts. 

However, this would further decrease s inter ing efficiency through the 

decreased bed permeability caused by dust deposition. Another method 

is the ducting of gases from the s in t e r  discharge area through a 

particulate collection device directly to  the atmosphere. Since 
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reac t i on  a c t i v i t y  e s s e n t i a l l y  has ceased i n  the discharge area. these gases 

conta in  l i t t l e  S02. 

Although gas r e c i r c u l a t i o n  resu l t s  i n  a decrease i n  s i n t e r i n g  

machine e f f i c i e n c y  and capaci ty,  the product s i n t e r  eompares 

favorably w i t h  t h a t  from t y p i c a l  domestic l ead  s i n t e r i n g  operations. 
3 res idua l  s u l f u r  content o f  the s i n t e r  w i l l  average 1 t o  1.5 percent. 

This equates t o  the removal o f  approximately 85 percent o f  the  s u l f u r  

dur ing  the s i n t e r i n g  operat ion.  

The 

From an a i r  p o l l u t i o n  viewpoint, the spec ia l  importance o f  gas 

r e c i r c u l a t i o n  l i e s  i n  the  f a c t  t h a t  a s i n g l e  e f f l u e n t  stream i s  

generated from the  s i n t e r i n g  process. 

SO2 content  t o  a l l ow  e f f i c i e n t  SO2 con t ro l  by  conventional s t rong SO2 gas 

stream  method^.^ 

This  gas stream has s u f f i c i e n t  

Gas r e c i r c u l a t i o n  i s  being used i n  a number o f  fo re ign  smelters 

both on s i n t e r i n g  machines which produce lead  s i n t e r ,  and those which 

produce a combined lead and z inc  s i n t e r  ( Imper ia l  Smelting Process). 

Both the Brunswick Smelting Company i n  New Brunswick, Canada, and 

the  Mitsubishi-Cominco smelter i n  Japan, f o r  example, u t i l i z e  gas 

r e c i r c u l a t i o n  s i n t e r i n g  machines. lo '  l1 I n  each case a s ing le  strong 
stream o f  up t o  6 percent SO2 i s  produced. 10, 11 

Downdraft s i n t e r i n g  i s  a lso  compatible w i t h  the  r e c i r c u l a t i o n  

technique. 

lead s i n t e r  by downdraft s i n t e r i n g  and weak gas rec i rcu la t ion .12  The 

s ing le  e f f l u e n t  stream from t h i s  s i n t e r i n g  operat ion o f  5.5% SO2l2 i s  

conveyed t o  an ac id  p l a n t  f o r  treatment. 

mately 99% of the feed s u l f u r  released as SO2 dur ing  c f n t e r i n g  i s  

recovered by sYstem.12 As p rev ious ly  discussed, however, l i m i t a t i o n s  

The Hoboken lead and copper smelter i n  Belgium i s  producing 

It i s  estimated t h a t  approxi- 
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of the downdraft system should l i m i t  i t s  f u t u r e  a t t rac t i veness  t o  the 

domestic indus t ry .  

Table 3-11 ind ica tes  t h a t  the  parameters o f  the feed and product 

mater ia l  are e s s e n t i a l l y  the same i r r e s p e c t i v e  o f  s i n t e r  machine 

operat ion w i t h  o r  wi thout  gas r e c i r c u l a t i o n .  

concluded t h a t  a s i n t e r i n g  machine opera t ing  w i t h  weak gas r e c i r c u l a t i o n  

does no t  s i g n i f i c a n t l y  a l t e r  the operat ing procedures o f  a lead  smelter. 

A t  the same t ime the ove ra l l  advantages o f  the  updra f t  machine are not  

l o s t  due t o  gas r e c i r c u l a t i o n .  

I t  can thus be 

~ b )  

i I 
i, 

I 
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3.1.3.2 Lead Reductior) 

Sumnary-- 
. .  

Lead reduction in the domestic industry i s  carried out i n  a blast  

The feed material, s in t e r ,  will contain approximately 15% of furnace. 

the concentrate sulfur .  

the blast  furnace or  7 percent of the concentrate sulfur  will be emitted 

t o  the atmosphere as a weak SO2 stream. The stream will have an SO, 

'concentration of from 500 t o  2500 ppn. ' The remaining su l fu r ' (8  percent 

of the concentrate sulfur') is  contained in the slag or matte from the 

furnace. 

General 'Discussioa-- 

Approximately one-half of the feed sulfur to 

.. 

. .  

Reduction i n  the domestic industry i s  carried out in a blast  furnace. 

The furnace i s  basically a water-jacketed shaf t  furnace supported by a 

refractory base. 

pressure are  located near the bottom and evenly spaced on e i ther  s ide 

of the furnace (Figure 3-37). 

Tuyeres through which combustion a i r  i s  admitted under 

The furnace is  charged w i t h  a mixture of s in t e r  and metallurgical 

coke. Other materials added include limestone, s i l i c a ,  l i tharge,  and 

slag-forming materials. 

s i n t e r  makes up from 80 t o  90 percent.13 The remaining constituents 

are  recycled and clean-up materials. 

materials and reduces the s in t e r  to  lead bullion w i t h  most of the 

impurities being eliminated in the slag.  

Coke makes up from 8-14% of the charge, and 

The blast  furnace takes the charge 

The principal reactions wbich take place i n  the b las t  furnace' 

are: 

PbO + CO + heat + Pb + C02 

+ '2 + co2 + heat 
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LEAD BULLION 
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1 4 Figure 3-37. Lead b l a s t  furnace. 
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C + C02 + heat +. 2CO. 

The b l a s t  furnace products separate i n t o  as many as f o u r  layers,  

dependent upon the charge cons t i tuents  and the processing circumstances. 

These include, from l i g h t e s t  t o  heaviest ,  s lag  ( l a r g e l y  s i l i c a t e s ) ,  

speiss (bas i ca l l y  arsenic  and antimony), matte (made up e s s e n t i a l l y  

o f  copper s u l f i d e  and o the r  metal s u l f i d e s )  and lead b u l l i o n .  

the  co l l ec ted  slags a t  domestic smelters are made up o f  the f i r s t  three 

layers and are co l l ec ted  c o n t i n u a l l y , f r o m  the b l a s t  furnace. 

i s  e i t h e r  processed a t  the  smelter f o r  i t s  metal content o r  shipped t o  

s lag  t reatment f a c i l i t i e s .  

Normally, 

The slag' .  .~. 

Sin.ce the s i n t e r i n g  process i s  n o t  100 percent e f f i c i e n t  i n  the 

conversion o f  lead s u l f i d e  (PbS) t o  lead oxide (PbO), some lead s u l f a t e  

(PbS04) and small amounts o f  lead s u l f i d e  remain i n  the product s i n t e r .  

Therefore, w j t h i n  the b l a s t  furnace s h a f t  there are add i t i ona l  leadforming 

reac t ions  i nvo l v ing  lead su l f i des  and su l fa tes .  

which generate SO2 dur ing  b l a s t  furnace operat ions.  

p r i n c i p a l l y i l 3  

It i s  these react ions 

The react ions are 
-. 

2Pb0 + PbS + 3Pb + SO2 

PbS04 + PbS +. 2Pb + 2S02 

: 

As a r e s u l t ,  the  e f f l u e n t  from a b l a s t  furnace normal ly contains SO2 i n  

concentrat ions ranging from a few hundred ppm t o  as much as 2500 ppm. 1 

However, n o t  a l l  s u l f u r  i n  the s i n t e r  feed t o  the b l a s t  furnace i s  

e l im ina ted  as SO2.  

dependent, however, upon the presence o f  copper and other  impur i t i es  i n  the 

s i n t e r .  

t h e  s i n t e r ,  p a r t  o f  the  s u l f u r  i n  the s i n t e r  becomes f i x e d  w i t h  the copper 

A major p o r t i o n  i s  contained i n  the  slag.15 This i s  

When copper o r  o ther  impur i t i es  such as n i c k e l  a re  present i n  
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present and forms a matte. 

b las t  furnace are dependent upon the amount of sulfur  that  becomes 

fixed with copper and other matte-forming impurities and that  contained 
i n  slags.  

Thus,  sulfur  emissions as SO2. from the 

Typical sulfur  balances from domestic instal la t ions indicate tha t  

from 10 to  20% of the concentrate sulfur  is eliminated i n  the b las t  

furnace. Fully 50 percent of the furnace sulfur  can be emitted as SO2 

w i t h  the remaining 50 percent contained i n  the furnace matte and slag. 

The overall sulfur  eliminated from the blast .furnace may seem h i g h  com- 

pared to  the relat ively low out le t  SOz concentration experienced, b u t  th i s  

i s  mainly due to the h i g h  volume of di lut ion a i r  injected into the emission 

stream from the furnace. 

F i r s t ,  i t  provides a i r  t o  d i lu t e  the carbon monoxide in the discharged 

gas stream from the furnace shaft. 

luted, a potentially dangerous si tuatipn would a r i s e  due to  the explosive 

nature of carbon monoxide.' Second, large volumes of a i r  are  also required 

to cool the ex i t  gases from an estimated 75OoC to  approximately 140°C,which 

then allows baghouse treatment for par t iculate  removal. 

. -  

The dilution a i r  serves two important purposes. 

I f  the carbon monoxid.e-were not d i -  

1 
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3.1.3.3 Electric furnace smelting 

Sununarp 
, 

The e l ec t r i c  smelting process for  lead concentrates was developed 

by Boliden Lead Company of Sweden and i s  i n  commercial use a t  the i r  

Skelleftea, Sweden, instal la t ion.  

than 65% lead are processed. 

furnace and a copper-type converter. 

t r a t e  sulfur i s  removed as SO2 and'slag i.n the furnace and the remaining 

10 percent i s  removed as SO2 i n  the converter. 

A t  present only'concentrates of greater 

The smelting system consists of an e lec t r ic  

Approximately 90% of the concen- ,. '. 
\ 

The concentration of SO2 i n  the off-gases from the furnace averages 

10% and these gases can be processed i n  conventional strong gas emission 

control systems. The intermittent- gases 'generated during converter blowing, 

however, are presently emitted direct ly  to t h e  atmosphere tnrough a t a l l  stack 

(145 meters) a t  the Skelleftea smelter. Company personnel, however, indicate 

that i t  would be impossible t o  combine the converter off-gases w i t h  the furnace 

off-gases t o  produce a single strong off-gas stream, thus permitting 

control o f  both operations. 

the e l ec t r i c  smelting furnace appears t o  present an alternative t o  

conventional lead smelting processes. 

General discussion:- 

Consequently, w i t h  further development 

The foreign-developed Boliden process i s  an e lec t r ic  furnace smelting 

process f o r  lead concentrates. 

upon e lec t r ica l  energy t o  provide the necessary heat to  i n i t i a t e  and 

sustain the smelting reactions. 

The process i s  basically one which re l ies  

The Boliden furnace incorporates electrodes which are  submerged i n  

a molten bath of slag. 

c i r cu i t  through which a current i s  forced under  h i g h  voltage. 

The electrodes and slag form an electr ical  

The 
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resistance t o  current flow by the slag layer provides the heat necessary 

t o  in i t i a t e  the smelting reactions. 

Boliden e l ec t r i c  furnace. 

Figure 3-38 i s  a schematic of the 

The charge t o  the Boliden furnace i s  made up  of concentrates, 

recycled dust and dross, fluxing materials, and coke which are  injected 

i n t o  the furnace through the furnace roof as a finely dispersed 

suspension. The basic smelting reaction i s :  

PbS + O2 -f Pb + SO2 

and to  a small extent: 

3PbS + 502 + 2Pb0 + PbS04 + 2S02 

However, additional simultaneous reduction reactions w i t h i n  the slag 

layer occur amoung lead sulfate ,  lead oxide and carbon. They are: 

2Pb0 + PbS +. 3Pb + SO2 

PbS04 + PbS + 2Pb + 2S02 

2Pb0 + C + 2Pb + C02 

The furnace i s  constructed t o  allow suff ic ient  tfme f a r  each 

concentrate par t ic le  to .  burn  the bulk of i t s  sulfur  and simultaneously 

oxidize lead and zinc while i n  suspension. 

process the concentrates are reacted with less  than stoichiometric a i r ,  

thus allowing a portion of the lead sulfide concentrates to  s e t t l e  

direct ly  into the lead bullion. 

furnace a r t i f i c i a l l y  low, i t  i s  possible t o  maintain the lead content 

of the slag a t  about 3.5%, equivalent t o  a total  lead loss  of about 

1.0%.l6 

the e x i t  gases from the waste heat boiler contain about 8.5% s02. 

However, in the present 

By keeping the oxygen supply to  the 

Even though total  desulfurization i s  not achieved i n  the furnace, 
16 
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Figure 3-38. 16  Boliden e l e c t r i c  furnace 
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The furnace b u l l i o n  which i s  de l i ve red  t o  a conver ter  averages 3% 

sul fur ,  o r  about 18 percent o f  the concentrate su l fu r .16  Therefore, a 

s i g n i f i c a n t  amount o f  s u l f u r  remains i n  the  furnace b u l l i o n  and i s  

ava i l ab le  f o r  conversion t o  SO2 dur ing conver t ing.  

of t h e  conver ter  s u l f u r  i s  e l im ina ted  as SO2 dur ing  converting.16 Thus 

f u l l y  10% of the  concentrate s u l f u r  i s  e l im ina ted  dur ing  the conver t ing 

process. 

operat ion.  

Approximately 55% 

Figure 3-39 gives a s u l f u r  balance o f  the e l e c t r i c  furnace 

Present Bo1 iden process operations i n d i c a t e  t h a t  about 40 minutes 

o f  b lowing t ime f o r  each 70 tons o f  b u l l i o n  i s  required, which means a 

t o t a l  b lowing t ime o f  about th ree  hours i n  each 24-hour period.15 The e x i t  

SO2 concentrat ion a t  the  conver ter  mouth increases successively from 

zero up t o  as h igh as 17%, w i t h  an average o f  about 10% dur ing  the b10w ing . l~  

Typica l  copper conver ter  experience ind i ca tes  t h a t  from 80% t o  300% a i r  

i n f i l t r a t i o n  i n t o  t h e  conver ter  off-gases can be expected due t o  the 

i n a b i l i t y  t o  completely seal  o f f -gas c o l l e c t i o n  hoods t o  the  conver ter  

mouth.18 Thus, the concentrat ion o f  SO2 i n  the conver ter  off-gases 

c o l l e c t e d  could be reduced by a f a c t o r  o f  2-4 as a r e s u l t  o f  a i r  

i n f i  1 t r a  t i o n .  

Typica l  SO2 c o n t r o l  systems f o r  s t rong gas streams, however, 

r e l y  upon ambient a i r  t o  d i l u t e ,  cool and supply oxygen before processing. 

Gas streams o f  g rea ter  than 8 percent are normal ly  d i l u t e d  down t o  

4-7%. Thus by mix ing  the  d i l u t e  converter gases w i t h  the hot,  low- 

oxygen e l e c t r i c  furnace gases, the na tu ra l  i n f i l t r a t i o n  o f  the conver ter  

system would be u t i l i z e d  t o  provide a r e l a t i v e l y  h igh  oxygen content  

gas stream t o  d i l u t e  the furnace gases. 
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Concentrate 
Sulfur 100 TPD 

2 I 88.0 TPD 

, -  

Sulfur 
Slag' 1.5 

Electr ic  Furnace 

4 - 7  Converting 

Sulfur as 
10.5 TPD 

. .. 

s02 ,. 

I I 8  I O J ' " " .  

1 , 2 1 ' 1  

, .  
. I  . , ? ~ .  I . ,  

a! .fij,!. > 

16 
Sulfur balance in Boliden e l ec t r i c  furnace.. 

. ~ . . , ' J  
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I t  i s  not  poss ib le  t o  reduce the s u l f u r  content o f  the b u l l i o n  f r a n  

the furnace and a t  the same t ime mainta in  a low lead content slag. 

By increas ing  the coke add i t i on  and min imiz ing the a i r  i n l e t  

t o  therfurnace, s lag losses w i l l .  be reduced bu t  furnace lead w i l l  

have a h igh  s u l f u r  content. 

cond i t ions  i n  the furnace, the furnace lead w i l l  be low i n  s u l f u r  

I, .. 

On the o ther  hand, w i t h  h igher  o x i d i z i n g  

and the  s lag  high i n  lead. Furthermore, e lec t rode consumption 

w i l l  be accelerated w i t h  h igher  ox id i z ing  cond i t ions .  

the furnace, therefore,  a t radeof f  among s u l f u r  e l im ina t ion ,  lead  

s lag  losses, and elect rode consumption, i s  reqUired. l7  

I n  operat ing 

. 1 . f l  ,,. 
I 

Curren t l y  there i s  on ly  one i n s t a l l a t i o n  i n  the Western World 

Th is  i n s t a l l a t i o n  processes using the  e l e c t r i c  lead smel t ing process. 

exc lus i ve l y  r i c h  lead concentrates a t  a feed r a t e  o f  235 me t r i c  tons 

per  day.16 To date, on l y  concentrate mix tu res  o f  65% t o  75% lead are 

k t n g  processed i n  the  furnace.16 whereas most domestic smelters are 

processing concentrates o f  approximately 40-75% 1 ead content=k 

?,!T', 

'q * 1 

. ,  _ .  
* . .  

..I 

A t  present the  l e a d  converter operat ion i s  no t  cont;olled; 

however, the  con t ro l  of the converter i s  poss ib le .  With con t ro l  

of t h e  converter the e l e c t r i c  furnace process presents an e f f e c t i v e  

SO2 con t ro l  a l t e rna t i ve .  
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3.1.4 Combined Lead and Zinc Smelting. The Imper ia l  Smelting Process. 

Summary-- 

The Imper ia l  Smelting Furnace ( I S F )  process has proven t o  be capable 

o f  t r e a t i n g  a wide range o f  mater ia ls,  i nc lud ing  some which are una t t rac t i ve  . .  . i  . 1 

t o  present domestic lead and z inc  smel t ing operat ions.  , 1  

From an a i r  p o l l u t i o n  v iewpoint ,  the  most a t t r a c t i v e  aspect o f  t h e  ; 
I .  . .  

$?:#L. . 
'ISF process i s  the  poss ib le  absence of gaseous s u l f u r  emissions frui93 

the smelt ing furnace. In formal  d iscuss ions w i t h  Imper ia l  Smelting,.y I .  

o f f i c i a l s  and l i t e r a t u r e  reviews seem t o  i nd i ca te  t h a t  the furnace 

i s  an extremely small source o f  SO2 a t  bes t  and i s  comparable t o  the , 

conventional b l a s t  furnace a t  worst .  

, ,\', 
' '1 

'. 

: ,I General dfscussion-- . ' .  

The . Imper ia l  Smelting Process, developed by Imper ia l  Smelting . , 

Corp. Ltd.  o f  England, was o r i g i n a l l y  designed f o r  the product ion o f  

z inc from bu lk  lead-zinc concentrates. This technology was then 

exsended t o  the'treatment o f  high-grade lead concentrates simultaneously 

w i t h i n  the furnace.:. Fur ther  development has a l so  extended the  

f l e x i b i l i t y  o f  the process t o  the t reatment o f  most lead and z inc 

pr imary and secondary mater ia1s. l  - J:l- 

(ISF) process produces 11 percent o f  t h e  wor ld 'pr imary z inc product ion 

. > .  

; r G  2: 
, I . '  .. 

..I i : 

1 .  

Current ly ,  the Imper ia l  Smelting,&urnace 

and 10 percent o f  the  wor ld  pr imary lead production.2 +,.j , > '. 
f i . ,  di; 

smelters. The t y p i c a l  ISF f a c i l i t y  cons is ts  o f  the fo l l ow ing  sect ions:  

I n  many respects  an ISF p l a n t  i s  s i m i l a r  t o  most domestic lead 
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1 .  The charge preparation and mixing section which includes 

the sintering operation and the coke preheating operation. 

The Imperial smelting furnace in which the reduction of lead 

and zinc i s  accomplished. 

The condenser and separation systems for  condensation of zinc 

vapors. 

2. 

3. 

Concentrates are f i r s t  desulfurized and  agglomerated by the s inter-  

roasting process on updraft sintering machines. 

operation, the sulfide materials are oxidized t o  produce metal oxide 

and sulfur  dioxide. 

t ra t ions of abou t  6 percent. 

ISF instal la t ions i s  shown in Figure 3-40. The two potential SO2 

emission sources, as in typical lead smelters, are the sintering 

machine and the Imperial smelting furnace, which corresponds t o  a 

blast  furnace in the conventional lead f a c i l i t y .  However, process 

data indicate that emissions of sulfur dioxide from the Imperial 

smelting furnace are less  than emissions from the conventional lead 

blast  furnace. 

mately equivalent t o  t h a t  produced a t  a conventional domestic lead smelter. 

For the ISF process a high-quality s i n t e r  i s  one o f  less  t h a n  1% sulfur 

During the sintering 

The sulfur dioxide i s  usually produced a t  concen- 

The basic process flow chart for ' typical  

The lead bullion produced by the ISF process i s  approxi- 

with a good porous ~ t r u c t u r e . ~  Sinter qual i ty  is usually based on the 

sulfur content and the r a t t l e  index (Section 3.1.3.2). T h u s ,  a s in te r  

of less  than 1% residual sulfur and a r a t t l e  index o f  75 or greater i s  

considered sat isfactory s in t e r  for  use in the  ISF process. 4 
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Figure 3-40. ISF smeltina process. 
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To produce a s i n t e r  o f  the requi red q u a l i t y ,  the updra f t  s i n t e r i n g  

The advantages machine has been u n i v e r s a l l y  adopted by ISF f a c i l i t i e s .  

o f  the updra f t  system i n  producing s t rong gas streams and h igh-qual i ty  

s i n t e r  need no t  be discussed i n  t h i s  sec t i on  s ince these have been 

discussed i n  Sectfon 3.1.3.1. However, i t  i s  appropr ia te t o  i nd i ca te  

t h a t  gas r e c i r c u l a t i o n  i s  used i n  most s i n t e r i n g  machines a t  I S F  

i n s t a l l a t i o n s ,  and t h i s  r e s u l t s  i n  s i n t e r i n g  machine of f -gases o f  

6% t o  7% S O Z . ~ ’ ~  

I n  the s i n t e r i n g  process, feed cons is t s  b a s i c a l l y  o f  mixed concen- 

t r a t e s  and recyc led ma te r ia l s  bonded together  by water. 

g ives a t y p i c a l  raw mate r ia l  analysis.  

feed i s  c o n t r o l l e d  t o  approximately 20 percent,  which maintains 

cond i t ions  f o r  the  product ion o f  a low-su l fu r  s i n t e r .  

g’L,es t y p i c a l  product s i n t e r  analysis.  

Table 3-12 

The lead content i n  the s i n t e r  

Table 3-13 
\ 

I 

The Imper ia l  smel t ing furnace i n  many respects resembles the 

conventional lead b l a s t  furnace, but there a r e  important d i f ferences.  

The ISF i s  a c losed-top u n i t  us ing ho t  preheated me ta l l u rg i ca l  coke 

and a ho t  a i r  b l a s t .  

t h a t  of a lead b l a s t  furnace except t h a t  the  tuyeres p r o j e c t  ins ide  

the l i n e  of t h e  water jacke ts .  

p e r i o d i c a l l y  from the bottom o f  the furnace. Slag overf lows i n t o  

launders. 

.’ . 

The lower p a r t  o f  the  furnace i s  s i m i l a r  t o  

The b u l l i o n  and s lag  are tapped 

Figure 3-41 i s  a diagram o f  the  ISF. 

Since z inc  i s  ex t rac ted  a t  above i t s  b o i l i n g  po in t ,  the z inc-  

laden gases r i s e  t o  the top o f  the furnace and are  ducted v i a  two 

ducts t o  condensers. 

CO2, 5-7% Zn, 18-25% CO, and the remainder N2. 6 9 7 ~ 8  It i s  important 

The gases a t  t h i s  p o i n t  con ta in  between 8-12% 
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t o  note the apparent absence of any gaseous s u l f u r  compounds. 

The condensers are b r i ck - l i ned  chambers which conta in  a pool 

of lead. The lead i s  showered over the cross-sectional area o f  the 

chamber, promoting i n t ima te  contact w i t h  the z inc-containing gases 

passing through t h e  chamber. 

are shock-cooled by the lead from a temperature o f  100O'C t o  a temperature 

o f  55OOC.  7s10 Outside the condenser, the l ead  bath becomes super- 

saturated w i t h  z inc  by decreasing i t s  temperature t o  about 450°C.7 

The'molten z inc  separates and f l o a t s  t o  t h e  top o f  the l i q u i d  lead. 

The l i q u i d  z inc overf lows i n t o  a ho ld ing bath where i t  i s  tapped o f f  

p e r i o d i c a l l y .  

Before l eav ing  the condenser, the gases 

The r e s u l t i n g  z inc  product i s  prime western-grade zinc.  

The gases from the I S F  are s t r ipped i n  the condensers o f  over 

95% o f  t h e  ent ra ined zinc.  Zinc o r  lead remaining i n  the gas stream 

i s  i n  the form o f  dust and i s  removed by h igh -e f f i c i ency  p a r t i c u l a t e  

captur ing systems. 

Compared t o  the conventional lead b l a s t  furnace, the I S F  furnace 

does n o t  appear t o  be a major source o f  SO2 emissions. 

i s  introduced i n t o  the furnace v ia  the s i n t e r  charge ma te r ia l s  and 

coke. As ind icated,  t he  charge s i n t e r  t y p i c a l l y  contains 1 percent 

o r  less su l fur .  

Table 3-14 gives a s u l f u r  balance a t  a recent  I S F  operat ion campaign. 

Note the unaccountable s u l f u r  loss o f  0.7 tonslday o f  the i npu t  s u l f u r  

t o  the I S F .  

t h i s  amount w i l l  equal approximately 10 percent o f  the i npu t  s u l f u r  

t o  the Imper ia l  smelt ing furnace compared t o  a s u l f u r  e l i m i n a t i o n  as 

so2 of approximately 50% o f  the i npu t  s u l f u r  t o  a conventional b l a s t  

furnace. 

Most s u l f u r  

11 Coke t y p i c a l l y  contains l ess  than 0.7% s u l f u r .  

Assuming t h a t  the unaccountable s u l f u r  i s  converted t o  S02, 
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Table 3-14. SULFUR BALANCE OF ISF  INSTALLATION12" 

-% . 
Inpu t  

S i n t e r  

Coke 

output  - 
Slag 

P.S. Dross 

Blue Powder 

Unaccounted*, 

S u l f u r  
Dry M TonslDay % S u l f u r  ( S )  M Tons/Day 

770 0.6 4.5 

297 

187 

31 

43 

*Potent ia l  SO2 emissions. 
> 

0.8 

2.6 

1.8 

1.9 

2.4 
6.9 
- 

4.8 

0.6 

0.8 

Tota l  
% S u l f u r  

65 

0.7* 
6.9 
- 10 j 

100 

.. .. 

i (8 
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Based on preliminary data, the I S F  process does seem to offer an 

advantage in increased control of input sulfur to the pyrometallurgical 

lead and zinc smelting process. All sulfurous gases from the sintering 

operation can be controlled,and most of the sulfur remaining in the 

sinter charged to the smelting furnace appears to be captured by the 

furnace slag and not emitted to the atmosphere. 
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3.2 HYDROMETALLURGICAL PROCESSES 

Concerning the  treatment o f  copoer, lead  and z inc  ores, 

hydrometa l lurg ica l  processes have been app l ied  comnercial ly on ly  t o  

oxide ores o r  t o  ores cons is t i ng  predominantly o f  oxides w i t h  some 

su l f i des  present. T o  date, however, no hydrometa l lurg ica l  process has 

been successfu l ly  commercialized f o r  the t reatment o f  copper, lead  o r  

z inc s u l f i d e  ores,  although many processes are c u r r e n t l y  under development. 

I n  l i g h t  o f  t h i s  absence o f  commercialized hydrometa l lurg ica l  technology 

f o r  the t reatment o f  copper, lead o r  z inc  s u l f i d e  ores, the i n t e n t  o f  the 

fo l l ow ing  discussions w i l l  be merely t o  g i ve  a perspect ive o f  the  range 

o f  a p p l i c a b i l i t y  o f  hydrometallurgy, t o  h i g h l i g h t  present work i n  t h i s  

area, and t o  review recent  developments. 

3.2.1 Summary 

Hydrometal 1 u r g i c a l  processes have many apparent advantages over 

pyrometa l lurg ica l  processes f o r  the product ion o f  copper, lead  and zinc.  

Hydrometal lurgical  processes t y p i c a l l y  show a very h igh  e x t r a c t i o n  o f  the 

desired metal and are somewhat b e t t e r  s u i t e d  t o  the t reatment o f  low- 

grade ores than pyrometa l lurg ica l  processes. Hydrometal lurgical  processes 

a lso are w e l l  su i ted  t o  s t a r t i n g  on a smal l  sca le and expanding as necessary, 

whereas pyrometa l lurg ica l  processes u s u a l l y  must be desiqned as a large-  

scale operat ion.  F i n a l l y ,  hydrometa l lurg ica l  processes do n o t  present 

the p o t e n t i a l  a i r  p o l l u t i o n  problems t h a t  pyrometa l lurg ica l  processes do, 

s ince the  s u l f i d e  s u l f u r  contained i n  the  ore o r  ore concentrate i s  no t  

released t o  the atmosphere as s u l f u r  oxides. 

. .  

3-213 



However, hydrometallurgical processes presently a re  not  sui table 

or ent i re ly  sat isfactory for producing copper, lead or zinc from the i r  

ores in a l l  cases, The  dissolution of minute quantit ies o f  impurities 

in the leach solution may severely impair t h e  p u r i t y  of the recovered 

metal, t h u s  requiring fur ther  repurification. 

leach solutions which exhibit  high extraction of copper, lead, or 

zinc exhibit  low extraction of precious metals such as gold and 

s i lver .  

process rather t h a n  a hydrometallurgical process for  the treatment of ores 

containing precious metals values high enough t o  warrant recovery. 

Hydrometallurgical processes involve the leaching o f  desired 

A l s o ,  in most cases, 

Thus, economics may dictate the use o f  a pyrometallurgical 

minerals from an ore ,  ore  concentrate o r  other metallurgical product 

in to  solution. 

t o  remove suspended insoluble material, o r  in some cases , to  remove 

gross impurities dissolved in the solution. 

i s  then treated t o  recover the desired metal from solution. 

can be used, b u t  the most common consist o f :  "ce&ntation" o r  displacement 

This i s  followed by purification of the leach solution 

The purified leach1 solution 

Many techniques 
- 

of the desired metal ions in solution by metal ions of higher oxidation 

potential i n  the electromotive se r i e s ;  reduction o f  the metal ions i n  

solution by hydrogen gas; ion exchange with an ion-exchange media 

exhibiting a high se lec t iv i ty  toward fonning a chemical complex with the 

desired metal ions in solution; and d i rec t  e lectrolysis  (electrowinning) 

of the solution t o  recover the desired metal. 

i 

- 1  
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3.2.2 Copper Extraction 

Although no hydrometallurgical process for  d i rec t  application t o  

copper sulf ide concentrates has as ye t  been commercially demonstrated, 

bo th  the Federal Government, through the Bureau of Mines, and a number 

of companies presently have research/development programs underway, 

with the goal of developing such a process. 

Anaconda, Duval Copper and Cyprus Mines, and in Canada, Cominco and 

Sherritt-Gordon Mines are actively developing hydrometallurgical 

processes applicable t o  copper sulf ide concentrates. 

limited technical information has been forthcoming in most cases from 

these various programs and, thus, l i t t l e  i s  known concerning t h e i r  s ta tus  

In the United States ,  

However, t o  d a t e  

Exceptions in th i s  area are the Anaconda process and the Cyprus Mines 

process about which some information has recently been published in the 

technical l i t e ra ture .  

Anaaonda, Duval Copper and Cyprus Mines are each developing separate 

hydrometallurgical processes. Cominco and Sherritt-Gordon Mines, however, 

have signed a joint,agreement for  the development of a hydrometallurgical 

process. A l t h o u g h  l i t t l e  information has been released by e i the r  Cominco 

or Sherritt-Gordon, i n i t i a l  indications are tha t  the process i s  similar in  

some respects t o  t h a t  developed by Sherritt-Gordon in the early 1950's 

for  nickel sulf ide concentrates. This process was commercialized i n  1954 

by Sherritt-Gordon with the construction of their Fort Saskatchewan 

operations t o  recover nickel from nickel sulf ide concentrates. 1 

The process in use by Sherritt-Gordon a t  FortSaskatchewan u t i l i ze s  

an ammonia leach solution t o  extract  nickel from ore concentrates. However, 
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i t  appears t h a t  the  process under development f o r  copper s u l f i d e  

concentrates u t i l i z e s  a s u l f u r i c  ac id  leach s o l u t i o n  t o  e x t r a c t  copper 

from ore concentrates. 

presence of a i r  o r  oxygen and i s  ca r r i ed  o u t  i n  an autoclave. As the  

des i red metals go i n t o  s o l u t i o n  as copper s u l f a t e ,  the s u l f i d e  s u l f u r  

i s  reduced t o  elemental s u l f u r  which p r e c i p i t a t e s  from so lu t i on .  The 

copper can then be recovered from the  leach s o l u t i o n  by e l e c t r o l y s i s  

(e lect rowinning)  o r  by  hydrogen reduct ion.  

s u l f u r i c  ac id  leach s o l u t i o n  i s  regenerated simultaneously as the  

metal ions  a r e  removed from the so1ut ion . ly2  To date, no i n f o m a t i o n  

has been released which i d e n t i f i e s  the  degree o f  e x t r a c t i o n  o f  precious 

metals by the  leach so lu t ion ;  however, Cominco and Sherr i t t -Gordon have 

ind i ca ted  t h a t  the  o v e r a l l  process u t i l i z e s  a separate metals recovery 

scheme t o  recover precious metals such as go ld  and s i l v e r . 3  

The leaching operat ion i s  a pressure leach i n  the 

I n  e i t h e r  case, the 

It would appear t h a t  Cominco and Sherr i t t -Gordon are progressing 

r a p i d l y  w i t h  the  development o f  t h e i r  process,as evidenced by the  

November 1972 announcement t h a t  a $10 m i l l i o n  p i l o t  p l a n t  w i l l  be b u i l t  

a t  Fo r t  Saskatchewan i n  Alber ta .  The p i l o t  p l a n t  i s  scheduled t o  s t a r t  up 

i n  l a t e  1974 and w i l l  serve t o  demonstrate t h e  technica l  and economic 

f e a s i b i l i t y  o f  the  p r o ~ e s s . ~  

It appears from in fo rmat ion  publ ished i n  the technica l  l i t e r a t u r e  

t h a t  Duval Copper and Cyprus Mines are proceeding along somewhat the  

same l i n e s  toward developing a hydrometa l lurg ica l  process app l icab le  

t o  copper s u l f i d e   ore^.^^^ The Cymet process, under development by 

Cyprus Mines, seems t o  be making subs tan t i a l  progress toward successful 

c o m e r c i a l i z a t i o n .  A demonstration p i l o t  p l a n t  o f  25 tons/day capaci ty  

(ore concentrates capac i ty )  i s  scheduled f o r  s ta r tup  by mid-1974.6 
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The Clear process under development by Duval Copper, however, was 

thoroughly tested in a p i lo t  p l a n t  operated by Duval during 1971 

and 1972, and in July 1973 Duval announced plans t o  construct a 

hydrometallurgical plant t o  process copper sulf ide concentrates. 

plant will be located a t  Duval's Esperanza mine just outside of 

Tucson, Ari,zona,and will have the capacity t o  produce 32,500 tons per 

year of  copper. 

1975.7 

The 

The ins ta l la t ion  i s  scheduled t o  s t a r t  up  in ear ly  

Although Duval Copper appears t o  be progressing rapidly toward 

the cone rc i a l  demonstration o f  a viable hydrometallurgical process for  

copper sulf ide concentrates, t o  date 

released by Duval Copper which describes the process. Indications, 

however, are tha t  the process i s  based on the use of a ferric-chloride 

leach solution: -In th i s  respect, i t  i s  similar t o  the Cyprus Mines 

Cymet process. A simplified process flow schematic of the Cymet 

process is shown in Figure 3-42. 

l i t t l e  information has been 

Copper concentrates are f i r s t  contacted countercurrently 

w i t h  a f e r r i c  chloride leach solution. The following reaction occurs, 

6FeC13 + 2CuFeS +2CuC1 + 2s + 8FeC12 

extracting copper i n t o  solution as copper chloride. 

the iron i s  extracted in to  solution as ferrous chloride and the sulfide 

su l fur  reduced t o  elemental su l fur .  The elemental su l fur  precipitates 

from solution and i s  separated from the leach solution w i t h  the 

insoluble residue remaining following the leach. 

Simultaneously, 

The sulfur  i s  recovered 
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5 Ficlure 3-42. Cymet hydrometal 1 urgical process. 
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and the insoluble residue processed th rough  a copper f lotat ion u n i t  

recover a copper sulfide ore concentrate which i s  recycled t o  the 

leaching c i rcu i t .  

discarded. 

The ta i l ings from the f lotat ion u n i t  are 
5. 8 

The leach solution containing the copper chloride is then 

treated in a diaphragm-type e lec t ro ly t ic  ce l l .  

introduced in to  the anode compartment of the ce l l  and the copper 

ions migrate through the diaphragm to  the cathode, where they are  

reduced t o  f ree  metal and precipi ta te  from s o l u t i o n .  

solution from the anode compartment i s  withdrawn from the  ce l l  and 

recycled t o  the leaching c i r cu i t .  

The solution i s  

Leach 

The copper i s  removed from the 

cathode compartment as a s lur ry  and i s  recovered as a copper powder 

by f i l t r a t ion .  The copper powder i s  melted, cast  i n t o  anodes and 

electrolyt icdl ly  refined t o  meet various impurity specifications. 5, 

The spent leach solution remaining from the slurry i s  
I 

introduced into an e lec t ro ly t ic  c e l l ,  a lso Of the diaphragm t ,ype,  

t o  

a 

for  removal o f  iron extracted into the leach solution from the concen- 

t r a t e  and for  regeneration o f  the leach solution. 

compartment, iron ions are reduced t o  f ree  iron metal and electro- 

plate from solution. 

the anode compartment and react w i t h  ferrous ions, converting them t o  

f e r r i c  ions, thus reganerating the f e r r i c  chloride leach solution 

which i s  recycled t o  the leach c i r cu i t .  

In the cathode 

Chlorine ions migrate from the cathode t o  

5, 8 

A major advantage of the Cymet process over most other tiydro- 

metallurgical processes i s  t h a t  some degree of, precious metals 
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recovery i s  claimed. 

60% of the gold contained i n  t y p i c a l  concentrates tes ted  have been achieved, 

The gold and s i l v e r  a re  leached from the concentrates i n t o  s o l u t i o n  

and recovered w i t h  the  copper powder. 

r e f i n i n g  of the  copper, the go ld  and s i l v e r  depos i t  i n  the slimes, 

as i n  cu r ren t  e l e c t r o l y t i c  r e f i n i n g  practice,and are recovered by 

conventional, means. 

S p e c i f i c a l l y ,  recover ies o f  97% o f  the s i l v e r  and 
5 

During e l e c t r o l y t i c  

Anaconda's A r b i t e r  process appears t o  be about as c lose t o  

c o m e r c i a l  demonstration and success as Duval Copper's Clear 

process mentioned e a r l i e r .  

cons t ruc t ion  o f  a 400-ton/day capaci ty  (o re  concentrates capaci ty)  

i n s t a l l a t i o n  a t  the  company's Montana smelter,  scheduled f o r  completion 

by  mid-1974. 

l a t e  19748 Anaconda has a l so  ind ica ted  t h a t  t h i s  capaci ty  . i s  the  

optimum commercial capac i ty  f o r  the process and t h a t  add i t i ona l l  

capac i ty  a t  an i n s t a l l a t i o n  us ing the A r b i t e r  process would be added 

by t h e  cons t ruc t i on  o f  add i t i ona l  u n i t s  o f  the  same s ize .  

process f l o w  schematic o f  the  A r b i t e r  process i s  presented i n  

Figure 3-43. 

Anaconda has announced the 

Thus, the  i n s t a l l a t i o n  should be i n  s ta r tup  dur ing  

A s i m p l i f i e d  

Copper su l f i de  concentrates are contacted w i t h  an amnonia 

leach s o l u t i o n  i n  the presence o f  oxygen. Although t h e  leaching 

vessels are covered, t h i s  i s  n o t  a pressure leach and the leaching 

takes p lace a t  moderate temperatures and pressures.  The f o l l o w i n g  

reac t i on  occurs, 

4CuFeS + 8NH3 + 1102 -+ 4Cu(NH3)2SO4 + 2Fe203 

I 

,A I 
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9 
Figure 3-43. Arbiter hydrometallurgical process. 
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e x t r a c t i n g  the  copper i n t o  s o l u t i o n  as ' a  copper a m i n e  su l fa te .  

Simultaneously, the  i r o n  i s  ext racted i n t o  s o l u t i o n  as f e r r i c  

oxide. 

which i s  i nso lub le  and, as a consequence, p r e c i p i t a t e s  from 

so lu t ion .  

countercur ren t ly  w i t h  a LIX reagent (General M i l l s  marketing tradename 

f o r  a ser ies  o f  l i q u i d  i o n  exchange reagents) d isso lved i n  a kerosene 

c a r r i e r .  

ions and a low a f f i n i t y  f o r  o the r  ions; thus the copper ions are  

s e l e c t i v e l y  removed from the a m n i a  leaching so lu t ion .  

copper ions are  removed, the  copper ammine s u l f a t e  forms amnonium 

However, f e r r i c  oxide r a p i d l y  hydrolyzes t o  f e r r i c  hydroxide, 

The leach so lu t ion ,  r i c h  in 'copper ,  i s  then contacted 

The LIX reagent has a very h i g h  a f f i n i t y  f o r  the copper 

As the 

2, 8, 9, 10, 11 s u l f a t e .  

The kerosene/LIX so lu t ion ,  r i c h  i n  copper, i s  then contacted 

countercur ren t ly  w i t h  spent e l e c t r o l y t e  s o l u t i o n  from t h e  capper 

e lec t rowinn ing  tankhouse. 

L IX /so lu t i on  i n t o  the  e l e c t r o l y t e  so lut ion,  and the kerosene/LIX 

s o l u t i o n  i s  r e c i r c u l a t e d  t o  the  l i q u i d  i o n  exchange c i r c u i t :  

e l e c t r o l y t e  so lu t i on ,  con ta in ing  the copper as copper su l fa te ,  

then passes t o  e lec t rowinn ing  c e l l s  f o r  the recovery o f  copper. 

The copper i s  e lec t rop la ted  from s o l u t i o n  forming copper cathodes, 

as i n  convent ional  e l e c t r o l y t i c  r e f i n i n g .  

depleted o f  copper ions, i t  i s  r e c i r c u l a t e d  t o  the copper s t r i p p i n g  

c i r c u i t .  

The copper i s  s t r ipped from the kerosene/ 

The 

As the e l e c t r o l y t e  i s  

2, 8, 9, 1~0, 11 

Fol lowing the  separat ion o f  the p r e c i p i t a t e d  f e r r i c  hydroxide and 

copper concentrate res idue from the ammonia leach so lu t ion ,  t h i s  residue i s  

processed i n  a copper f l o t a t i o n  u n i t  t o  recover a copper s u l f i d e  concentrate. 
. . . .  ~ 

- .~ 
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Although pilot-plant resu l t s  show tha t  copper recoveries of 9749% are  

possible, Anaconda indicates tha t  with concentrates containing significant 

levels of precious metals, economics dictatesthat  the process be 

operated a t  lower copper recoveries. 

then recovered from the residue remaining following the 

leach, which contains most of the residual copper and precious 

metals values. 

A copper concentrate i s  

This concentrate i s  then processed by conventional 

pyrometallurgical means t o  recover copper and precious metals. 8, 9 

Unlike the Cymet process under development by Cyprus Mines, 

which reduces the sulfide sulfur  contained in the ore concentrates 

t o  elemental sulfur ,  Anaconda's Arbiter process oxidizes the sulfide 

sulfur t o  sulfate .  

a portion of the spent leach solution must be withdrawn from the process 

t o  remove the sulfate  as ammonium sul fa te .  

solution is- recirculated to  the leaching c i r c u i t ,  fresh ammonia 

must be added to  leach copper from the ore concentrates. 

ammonium sulfate  solution withdrawn can be uti l ized t o  produce 

ammonium sulfate  f e r t i l i z e r  or ammonia can be recovered fo r  recycle 

t o  the leach c i r cu i t .  To recover ammonia, lime i s  added t o  the solution. 

Calcium displaces the amnonia and combines with the sulfate  t o  form 

calcium sulfate ,  which i s  insoluble and precipitates from solution 

as gypsum. 

Thus, following the liquid ion exchange s tep,  

Although spent leach 

.I . -, .I 

The 

The ammonia i s  then recovered by heating the solution 
or steam stripping. a ,  9 

Although neither the Cymet process not  the Arbiter process poses 

the potential a i r  pollution problems presented by conventional 

pyrometallurgical processes, t h i s  does not mean that  they are 
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t e n t i r e l y  f ree o f  a i r  p o l l u t a n t  emissions. 

fo r  example, the p o t e n t i a l  f o r  ch lo r i ne  gas evo lu t i on  e x i s t s  i n  

the  e l e c t r o l y t i c  c e l l s  employed. 

ac id  m i s t s  a l s o  could be emit ted.  

e x i s t s  the p o t e n t i a l  f o r  emissions o f  amnonia and var ious ammonia s a l t s  

from the  leaching c i r c u i t  and other  process equipment vented t o  

the atmosphere. 

gases evolved from var ious process equipment t o  adequate t reatment 

f a c i l i t i e s ,  such as water scrubbers, combined w i t h  adequate b u i l d i n g  

v e n t i l a t i o n  and,in the  case o f  the  Cymet process, the maintenance 

With the Cymet process, 

Various c h l o r i d e  compounds o r  hydrochlor ic  

Wi tht the A r b i t e r  process, there 

With both processes, however, t h e  r o u t i n g  o f  

o f  low e l e c t r o l y t i c  c e l l  vol tages and c u r r e n t  dens i t ies ,  should 

reduce these emissions t o  n e g l i g i b l e  l eve l s ,  even when compared 

t o  a i r  p o l l u t a n t  emissions from pyrometa l lu rg ica l  processes t h a t  

are we1 1 con t ro l  l ed .  . . , . . , , , . . , . 

Concerning the area o f  s o l i d  waste disposal ,  on balance it' 'ars  

t h a t  t h i s  problem may be lessened somewhat by 'hydrometa l lu rg ica l  . 

processes compared t o  pyrometa l lu rg ica l  processes. 

g i c a l  processes the i r o n  and gangue contained i n  the concentrates i s  

e l im ina ted  and discarded i n  the f o r m  o f ' a  s i l i c a  s lag.  

concentrate may conta in  25,  30, and 15 percent  by weight o f  copper, 

i ron,  and gangue mater ia ls .  

1.8 tons o f  i r o n  and ,gangue are t y p i c a l l y  slagged w i t h  0.6 ton  of  s i l i c a  

t o  produce a s o l i d  waste product o f  2.4 tons by convent ional  pyrometa l lur -  

g i c a l  smel t ing processes. 

i r o n  i s  recovered as e l e c t r o l y t i c  i r o n  f o r  s a l e  and on ly  the gangue i s  

discarded. 

With pyrometa l lur -  

A t y p i c a l  

Thus, f o r  each t o n  o f  copper produced, 

With the Cymet process, however, the 

Thus, f o r  each ton  o f  copper produced,only 0.6 ton  of s o l i d  
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waste product is produced (no silica is required for slagging). 

With the Arbiter process the iron is not recovered and thus, 

for each ton of copper produced, only 1.8 tons of solid waste 

is produced. 

With either hydrometallurgical or pyrometallurgical processes, 

however, the problem of disposing of the sulfur contained i n  the 

concentrates remains. 

sulfuric acid, elemental sulfur or amnonium sulfate- then sulfur 

disposal would, of course, present no major problems to either the conven- 

tional pyrometallurgical process, the.Cymet process, or the Arbiter 

If markets are .found for the sulfur by-products- 
t 

t/ 

process. If suitable markets cannot be found, however, these problems 

are minimized by the Cymet process, both from the point of view of the 

quantity of solid waste generated and by the associated potential 

water pollution problems, since elemental sulfur is the resulting by-product 

from the concentrate sulfur. With - most pyrometallurgical processes 

and the Arbiter process, the only alternative to markets for sulfuric 

acid or amnonium,,,s,ulfate is the production of gypsum (calcium sulfate). 

The potential environmental problems associated with gypsum production 

are discussed in Section 8 of this report.. 

, 

, .  
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3.2.3 Zinc Ex t rac t i on  

hydrometa l lurg ica l  processes. 

The most promising technique f o r  the chemical t reatment o f  

z inc s u l f i d e  ores i s  the  d i r e c t  leaching o f  z inc concentrate 

w i t h  s u l f u r i c  ac id .  Th is  process has been p i l o t e d  by the 

Cheminco and the Dowa mining companies i n  Japan. 12 

With t h i s  process, z inc  concentrate i s  contacted w i t h  s u l f u r i c  

ac id  a t  e levated temperatures and high pressure. 

r e a c t i o n  takes place: 13 

The fo l l ow ipg  

2ZnS + 2H2S04 + 02+ 2Zn SO4 + 2s + 2H20. 

Elemental s u l f u r  i s  produced as a by-product. 

can be p u r i f i e d  and subjected t o  e l e c t r o l y s i s  t o  produce e l e c t r o l y t i c -  

grade z inc.  

p u r i f i c a t i o n  step, can be separated from t h e  s o l i d  residue by 

f l o t a t i o n ,  o r  by me l t i ng  and f i l t e r i n g  t o  produce a h igh -pu r i t y  s u l f u r  

by-product.” Since t h e  economics o f  t h i s  process are repor ted t o  be 

favorable,13 it i s  poss ib le  t h a t  the f i r s t  pu re l y  hydrometa l lurg ica l  

z inc  e x t r a c t i o n  process w i l l  use t h i s  technique. 

The r e s u l t i n g  s l u r r y  

The s u l f u r ,  which i s  removed and concentrated dur ing  the 
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3.2.4 Lead E.xtraction 

There are a number o f  experimental hydrometa l lurg ica l  e x t r a c t i o n  

techniques f o r  lead s u l f i d e  ores p resen t l y  under development, which 

may i n  the fu tu re  lead t o  economical t reatment o f  lead  concentrates. 

Fol lowing i s  a discussion o f  these inves t i ga t i ons  which show some 

degree o f  promise, f o r  f u t u r e  commercial app l i ca t i on .  

Leaching w i t h  f l u o r s i l i c i c  acid--  

Leaching o f  lead s u l f i d e  i n  f l u o r s i l i c i c  ac id  has been i n v e s t i -  

gated by B j o r l i n g  and E l f s t i o n  on an experimental b a s i ~ . ~ ~ ? ’ ~  By 

us ing n i t r i c  a c i d  as a c a t a l y t i c  agent, i t  has been shown t h a t  a 

lead f l u o r s i l i c a t e  s o l u t i o n  can be produced from concentrates, 

fo l lowed by  e l e c t r o l y t i c  p r e c i p i t a t i o n  o f  lead on a cathode. 

Indeed, t h e  l a t t e r  p a r t  o f  t h i s  process has been commercially demonstrated 

i n  the product ion o f  e lec t ro l y t i c -g rade  lead ( the  Bet ts  process). 

the feed mater ia l  i n  the Bet ts  process i s  b l a s t  furnace lead b u l l i o n ,  

and a s u l f u r  e l i m i n a t i o n  problem i s  n o t  encountered. 

However, 

Though the  concentrate leaching s tep i s  on l y  a t  the labora tory  

stage a t  t h i s  time, i t s  a b i l i t y  t o  success fu l l y  leach lead ores 

w i thou t  subsequent t o x i c  gas format ion makes i t  an important 

process worthy o f  f u r t h e r  i nves t i ga t i on .  

Amine leach-- 

j h., r 
1 

Another method proposed f o r  the t reatment o f  galena (PbS) i s  

based on the  s o l u b i l i t y  o f  lead oxide (PbO) and lead s u l f a t e  

(PbS04) i n  an aqueous s o l u t i o n  o f  c e r t a i n  a lky lene and a lkanol  

amines. 16,17 Diethylenetr iamine (DETA) i s  used t o  e x t r a c t  the 

lead s u l f a t e  i n t o  so lu t ion .  wh i l e  most su l fa tes ,  gold, s i l v e r  and other  

Impur i t i es  which may be found i n  the concentrate are insolubye. 

I 

q’ 

16 

3-227 



The process i s  b a s i c a l l y  a two-step process. The lead concentrate 

i s  converted t o  lead s u l f a t e  i n  a pressure leaching step i n  the presence 

of s u l f u r i c  ac id .  

by p r e c i p i t a t i o n  as lead carbonate or  e l e c t r o l y t i c  e x t r a c t i o n  as m e t a l l i c  

lead. 

The lead s u l f a t e  i s  then ex t rac ted  by  OETA, fo l lowed 

The importance o f  the  i n i t i a l  pressure leaching step i s  due 

t o  the f a c t  t h a t  lead oxide has l i m i t e d  s o l u b i l i t y  i n  OETA compared t o  

lead s u l f a t e  under the  same condi t ions.16 Thus, the h igher  t h e  conversion 

e f f i c i e n c y  o f  lead s u l f i d e  t o  lead s u l f a t e ,  the  greater  the o v e r a l l  

recovery o f  the  process. 

some s u l f i d e  impur i t i es  which are ex t rac ted  i n t o  the s u l f u r i c  a c i d  

leach s o l u t i o n  i n  a d d i t i o n  t o  conver t ing lead s u l f i d e  t o  lead su l fa te .  

Impur i t i es  which remain w i t h  the  lead s u l f a t e  res idue a r e  separated 

du r ing  the f i n a l  amine leaching step. 

1 r  

The pressure leach ing  step serves t o  e l im ina te  

A t  t h i s  t i m e  the  p r i n c i p a l  problem prevent ing  f u r t h e r  development 

o f  t h i s  process l i e s  i n  the design and cons t ruc t i on  o f  the  autoclave 

needed f o r  the  leaching step. 16*18’1g Probable temperature and pressure 

requirements f o r  an autoclave would be 200°C and 800 p s i g  (100 p s i  oxygen))’ 

This process i s  rece iv ing  considerable a t t e n t i o n  and i n  a few 

years may show d e f i n i t e  commercial p o t e n t i a l .  Figure 3-44 shows 

a proposed process f l o w  cha r t  f o r  the  t reatment  o f  lead s u l f i d e  concen- 

t r a t e s  us ing an amine leach. 

F e r r i c  i o n  l each inp  -- 
Both f e r r i c  su l fa te  (Fe2(S04)3) and f e r r i c  ch lo r i de  (FeC13) w i l l  

r e a c t  w i t h  lead s u l f i d e  as fo l lows:  

I 

. 
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Figure 3-44. Treatment of galena using amine leaching. 19 
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PbS t Fe2 (so4)3 = PbS04 t 2FeS04 t S. 17 

PbS t 2FeC13 = PbC12 t 2FeC12 + S.18 o r  

Though both processes a r e  s i m i l a r ,  the f e r r i c  s u l f a t e  leach'seems 

t o  g i ve  b e t t e r  r e s u l t s  and appears t o  be t h e  l ess  expensive o f  the 

two processes. 16 

The f e r r i c  s u l f a t e  leaching technique under i nves t i ga t i on  
*. 

by  Bureau of Mines researchers consis ts  o f  the f o l l o w i n g 1 6  ' 

(a) Galena (PbS) leaching w i t h  hot,  aqueous f e r r i c  s u l f a t e  

s o l u t i o n  t o  produce lead s u l f a t e  (PbS04) and elemental s u l f u r .  

Treatment o f  lead s u l f a t e  w i t h  amnonium carbonate,converting 

i t  t o  lead carbonate (PbC03) which i s  ac id  so lub le.  

Amnonium s u l f a t e  i s  produced as a by-product. 

D isso lu t i on  o f  the  lead carbonate by  ac id .  

E l e c t r o l y z i n g  o f  t h e  pregnant a c i d  s o l u t i o n  t o  recover 

99.9% Pb. 

(e)  Ex t rac t i on  o f  s u l f u r  w i t h  organic  solvents from the  ac id  

so lu t i on .  

(b) 

(c)  

(d )  

Laboratory exper imentat ion has concluded t h a t  about 89% o f  the 

lead can be recovered as meta1.16 Most o f  the s u l f u r  i s  recovered 

as elemental su l fu r  w i thou t  any re lease o f  s u l f u r  gases t o  the 

atmosphere.16 

Research has a l so  been conducted i n t o  the development o f  a 

process us ing a f e r r i c  c h l o r i d e  (FeC13) leach.20 With t h i s  process, 

the  bu lk  lead concentrate i s  ox id ized w i t h  FeC13 e x t r a c t i n g  the  

lead i n t o  s o l u t i o n  as lead ch lo r i de  (PbC12). Elemental s u l f u r  i s  

formed dur ing t h e  reac t ion ,  and i s  c o l l e c t e d  w i t h  the  residue. 

E l e c t r o l y s i s  can then be u t i l i z e d  t o  recover the lead. 

20 
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Both f e r r i c  s u l f a t e  leaching and f e r r i c  ch lo r i de  leaching 

seem t o  have d e f i n i t e  m e r i t  bo th  from a product ion standpoint  and 

f o r  p o l l u t i o n  con t ro l .  To date no experimental i n s t a l l a t i o n s  have 

been i n i t i a t e d ,  probably due t o  the  f a c t  that,as y e t ,  n e i t h e r  

leaching technique approaches t h e  product ion e f f i c i e n c i e s  o f  present 

pyrometa l lurg ica l  processes. 

w i t h  t h i s  technique, e x t r a c t i o n  e f f i c i e n c y  may increase t o  the  i 

p o i n t  t h a t  i t  could become a v i a b l e  product ion process. 

However, as exper imentat ion continues 

Figure 3-45 shows a proposed f low cha r t  f o r  the 

treatment OT lead s u l f i d e  concentrates us ing a f e r r i c  s u l f a t e  leach. 
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4 .  CONTROL TECHNIQUES 

4.1 SULFURIC A C I D  PLANTS 

4.1.1 Summary- 

The most common technique f o r  c o n t r o l  o f  emissions o f  s u l f u r  

oxides from copper, lead, and z inc  smelters i s  c a t a l y t i c  ox ida t ion '  

o f  s u l f u r  d iox ide  i n  the smelter off-gases t o  s u l f u r  t r i o x i d e  for  the 

product ion o f  s u l f u r i c  acid. 

designed t o  produce ac id  from gas streams .conta in ing from a f r a c t i o n  

o f  a percent o f  s u l f u r  d iox ide  up t o  the  h ighest  concentrat ions feasible '  

i n  smelt ing operations. 

r e s t r i c t  the  app l ica t ions  t o  concentrat ions (>3-1/2 o r  4%) which, a l low 

autogenous operation. 

I ) '  'I, 
Contact s u l f u r i c  ac id  p lan ts  can be'  

// However, economic considerat ions u s u a l l y  

, 

S u l f u r i c  ac id  m i s t  and smelter o f f -gas  contaminants can present 

d i f f i c u l t i e s  i n  the product ion o f  s u l f u r i c  ac id  due t o  corros ion 

o f  heat exchanger tubes, plugging o f  c a t a l y t i c  beds, o r  p a r t i a l  

deactivation Loof the ca ta l ys t .  

by adequate .design and proper maintenance o f  the gas p u r i f i c a t i o n  

system and the ac id  p lan t .  

,.*. ~ 

These d i f f i c u l t i e s  can be minimized 

I:t i s  widely  accepted t h a t  f l u c t u a t i o n s  i n  i n l e t  volumetr ic 

flow ra tes  and s u l f u r  d iox ide  concentrat ions adversely a f f e c t  s u l f u r  ' 

d iox ide emissions from s u l f u r i c  ac id  p lants ,  although no data e x i s t  

t o  quan t i f y  these e f f e c t s .  

averaging s u l f u r  d iox ide emissions over a time .aer iod o f  s i x  hours 

i s  s u f f i c i e n t  t o  mask normal f l u c t u a t i o n s  i n  s u l f u r  d iox ide  emissions, 

i nc lud ing  the 1 arge f luc tua t ions  encountered w i th  copper converte'r 

e f f l u e n t  gases. 

An EPA ana lys is ,  however, ind ica tes  t h a t  

s 
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Sul fu r ic  ac id  p l a n t  vendors guarantee maximum s u l f u r  d iox ide 

emission concentrat ions o f  2000 ppm f o r  me ta l l u rg i ca l  s ing le-s tage 

absorpt ion p lan ts  and 500 ppm f o r  me ta l l u rg i ca l  dual-stage absorpt ion 

p lan ts  dur ing  three- t o  f ive-day new p l a n t  performance tes ts .  These 

guarantees are f o r  maximum s u l f u r  d iox ide emissions and inc lude 

inherent  allowances f o r  increased emissions due t o  i n l e t  s u l f u r  

d iox ideLf luctuat ions.  

allowances f o r  increased emissions due t o  c a t a l y s t  de te r io ra t i on .  

However, these guarantees do n o t  inc lude 

Sul fur  d iox ide  emissions from a double-absorption s u l f u r i c  ac id  

p l a n t  operat ing a t  a copper smelter were cont inuously  monitored by €PA 

over a seven-month per iod.  The data show 

t ime was s u f f i c i e n t  t o  mask the normal f l u c t u a t i o n s  o f  o u t l e t  SO2 

concentrat ion.  

and,ex t rapo la t ing  the data t o  a l low f o r  the  h ighest  i n l e t  SO2 

concentrat ions expected from copper, lead  and z inc  smelters, the data 

demonstrated t h a t  emissions can be l i m i t e d  t o  500 ppm 95% o f ' the  time. 

t h a t  a s ix-hour  averaging 

A f t e r  t ak ing  i n t o  account 10% c a t a l y s t  d e t e r i o r a t i o n  
' 

Manufacturers o f  ac id  m i s t  e l im ina to rs  guarantee maximum stack 

emissions o f  1 mg/f t3 f o r  h igh -e f f i c i ency  a c i d  m i s t  e l im ina to rs .  

These manufacturers do n o t  guarantee any form o f  v i s i b l e  emission 

l i m i t a t i o n ,  b u t  ac id  m i s t  emissions o f  1 mg/f t3 normal ly r e s u l t  i n  

stack plumes of l ess  than 10% opaci ty .  Thus, present con t ro l  

technology i s  adequate t o  r e s t r i c t  ac id  m i s t  emissions t o  low- 

Opaci ty wisps, except dur ing  in f requent  upsets. 
8 
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-. 4.1 .2  . General Discussion 

The basic steps i n  the contact process for the manufacture of 

sulfur ic  acid from sulfur  dioxide-bearing gases are shown schematically 

i n  Figure 4-1. 

particulates and vola t i le  metals, acid mist i s  removed i n  an 

e lec t ros ta t ic  mist precipitator,  .and the gases are dried with 

93% sulfur ic  acid. 

of gas-to-gas heat exchangers t o  heat the off-gases t o  the optimum , .  

temperatures for  ca ta ly t ic  conversion of sulfur  dioxide t o  su l fur  , ' '  

tr ioxide (SO3). 

stages of, converter catalyst ,  whereas dual-stage absorption plants 

use one, two, or  three stages of ca ta lys t  before the ' f i r s t  absorption 

tower. 

is  exothermic; the converter ou t le t  gases must be cooled before,passing 

through the absorption tower. 

current t o  . .  the in l e t  gases i n  the heat exchangers mentioned above. 

The sulfur tr ioxide i s  then absorbed by 98% sulfur ic  acid i n  an 

absorption tower to  yield the product .  

treated to  remove . -  acid mist and spray, and vented t o  the atmosphere 

i f  a single-stage absorption acid plant is  employed. 

The off-gases are copled and cleaned t o  remove 

.i , , 

The cool, dry gases then pass t h r o u g h  a series'ii[:. , ' .  

' .  

Single-stage absorption acid plants use three or  four 

Since the conversion of sulfur  dioxide to  sulfur  tr ioxide 

These out le t  gases are passed counter- 

. .I 

The remaining gases are then s i .  

In a dual-stage 

. absorption acid p l a n t ,  the gases exhausted by the f i r s t  absorption 

tower are passed through a second ser ies  of heat exchangers and;, I,, , j .  

ca ta ly t ic  converter stages t o  oxidize the sulfur dioxide remaining 

in the gases. Normally, t h i s  step employs one or two stages of 

catalyst .  The gases then pass through a second absorption tower, 
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where s u l f u r  t r i o x i d e  i s  absorbed b y  s u l f u r i c  ac id  as i n  the f i r s t  

absorpt ion tower. The waste gases are then t rea ted  t o  remove a c i d  

m i s t  and spray, and vented t o  the atmosphere. 

Spec i f i c  design parameters, such as the number o f  conver ter  stages, 

c a t a l y s t  i n l e t  and o u t l e t  gas temperatures, and the  degree o f  su l fu r  

d iox ide  conversion i n  each c a t a l y s t  stage, a re  based on reac t i on  

. 

Y 
0 k i n e t i c s  and equ i l i b r i um considerat ions.  I n  dual-stage absorpt ion _I 

ac id  p lants ,  the removal o f  s u l f u r  t r i o x i d e  i n  the f i r s t , a b s o r p t i o n  tower 

s h i f t s  the s u l f u r  d iox ide /su l fu r  t r i o x i d e  equ i l i b r i um i n  favor  o f  format ion o f  

more s u l f u r  t r i o x i d e  and r e s u l t s  i n  s i g n i f i c a n t l y  less unconverted 

s u l f u r  d iox ide.  

Although a gas stream conta in ing more than 3-1/2% s u l f u r  d iox ide  

i s  a prime considerat ion f o r  a c i d  product ion i n  s ingle-stage 

absorpt ion a c i d  p lan ts  and a gas stream conta in ing  more than 4% s u l f u r  

d iox ide  i s  a prime considerat ion i n  dual-stage absorpt ion ac id  

plants,  these considerat ions a r e  not  due t o  technica l  l i m i t a t i o n s . l 9 *  

Contact s u l f u r i c  ac id  p lan ts  can be designed t o  produce ac id  from 

gases conta in ing a f r a c t i o n  o f  a percent o f  s u l f u r  d iox ide. '  

considerat ions,  however, u s u a l l y  r e s t r i c t  the  app l ica t ions  t o  h igher  

concentrations, s ince operat ing costs r i s e  r a p i d l y  as the concen- 

t r a t i o n  o f  s u l f u r  d iox ide  decreases. 

- .  

k o n o m i c '  

From mid-1971 u n t i l  the end o f  1972, however, the  Onahama Smel t ing ,  

and Ref in ing Co. copper smelter i n  Japan produced concentrated s u l f u r i c r ?  
i' 

ac id  from the off-gases o f  a green-charged reverberatory  smelt ing furnace.3s4 

A t  t h i s  smelter, a p re -ex i s t i ng  s ing le-s tage s u l f u r i c  a c i d  p l a n t  was 
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redesigned t o  t r e a t  weak su l fu r  d iox ide  off-gases as low as Y.5X s u l f u r  

d iox ide  (averaging 2.5% s u l f u r  d iox ide) ,  wh i le  mainta in ing a conversion 

e f f i c iency  o f  almost 97%.334 

concentrat ions requi red t h a t  the smel t ing furnace of f -gases be r e f r i -  

gerated t o  approximately 15OC and d r i e d  t o  prevent exorb i tan t  d i l u t i o n  

o f  the  product ac id .  The cooled and d r i e d  gas then requ i red  reheat ing 

t o  maintaiin optimum c a t a l y s t  converter temperatures.3*4 

Operation on such low  s u l f u r  d iox ide  

Although t h i s  ac id  p l a n t  i s  no longer  i n  operat ion,  i t  was not shut down 

as a r e s u l t  o f  technica l  problems t h a t  developed. 

Ref in ing  expanded the smelter by the cons t ruc t ion  o f  an add i t i ona l  reverbera- 

t o r y  smel t ing furnace and add i t i ona l  copper converters.  

con t ro l s  s u l f u r  d iox ide  emissi.ons from t h e  new copper converters. A prototype 

magnesium oxide (MgO) gas scrubbing system, developed by Onahama Smelting 

and Ref in ing, con t ro l s  s u l f u r  d iox ide emissions from the  reverberatory  

Onahama Smelting and 

The ac id  p lan t  now 

, .  
smel t ing furnaces. 5 

Gases conta in ing less  than 4% su l fu r  d iox ide  frequently.,,require 

ex t ra  coo l ing  i n  the gas p u r i f i c a t i o n  system t o  remove excessive 

water vapor, and gases conta in ing l ess  than 3% s u l f u r  d iox ide  f requent ly  

requ i re  r e f r i g e r a t i o n  t o  condense enough water t o  ob ta in  an,acceptable 

water /su l fu r  ra t io .2  A low water /su l fu r  r a t i o  i n  the gases i s  necessary 

s ince excessive water remaining i n  the  gas w i l l  cause d i l u t i o n  o f  the 

product ac id  below commercial-grade s t rength.  

Single-stage s u l f u r i c  a c i d  p lan ts  a r e  no t  ab le t o  operate 

autothermal ly  on off-gas streams conta in ing  l ess  than 3-1/28, s u l f u r  

dioxide,2 and dual-stage absorpt ion a c i d  p lan ts  requ i re  off-gases 
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t o '  s u l f u r  t r i o x i d e  must be incorporated. 

On t h e  o ther  hand, gases w i t h  s u l f u r  d iox ide  concentrat ions o f  9%.)7 

o r  more u s u a l l y  do no t  conta in  s u f f i c i e n t  oxygen f o r  the conversion of.'! :':. 

su l fu r  d i o x i d e . t o  s u l f u r  t r i o x i d e .  I t  i s  necessary t o  d i l u c e  these ' ' I 

?. 

. .  +I 

gases w i t h  a i r  , o r  .o ther  off-gases conta in ing  excess oxygen before 

r a t i o  o f  oxygen . to .su l fur  d iox ide.  '. . ? ' ; 

. I  , 

t he  gases e n t e r  the  a c i d  p l a n t  converters t o  provide the proper 

; I -,  
, _I I For maximum operat ing e f f i c iency ,  meta l lurg i ,cq l  s u l f u r i c  ac id  

* 
p l an ts  should'operate on a gas stream o f  un i fo rm f low r a t e  and 

su l fu r  d iox ide  concentrat ion,  such as those from roas ters  OP smel t ing 

furnaces. Gas streams o f  f l u c t u a t i n g  flow ra tes  and s u l f u r  d iox ide  ' 

n., r ,p concentrations,:such as those from copper converters,  requ i re  a c i d  ' 

,<. 
. ._ ,  

' . .  . .  .~ 
p lan ts  t o  be designed f o r  the worst cond i t ions  and w i t h  adequate 

con t ro l s  t o  handle va r ia t i ons  i n  s u l f u r  d iox ide  concentrat ion.  Var ia t ions  

i n  feed gas volume are less  o f  a problem and can be to le ra ted  w i t h i n  

reasonable 1 i m i  ts. ' * *  

., ,1 > 
i ;!J-Y,- 

. -  
, ? I  

,+ 
In order  to,'reduce the cost  o f  s u l f u r  recovery, proper design ' ' 

necess i ta tes ' t ha t "gas  volumes be minimized and s u l f u r  d iox ide  concentrat ions 

be maximized as much as i s  p r a c t i c a l .  E f f e c t i v e  methods o f  increas ing 
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the s u l f u r  d iox ide  concentrat ion inc lude oxygen enrichment o f  combustion 

a i r  and the reduc t ion  o f  a i r  i n f i l t r a t i o n  by using t i g h t - f i t t i n g  h ~ o d s . ~ . ~  

(See Sect ion 3.1-Pyrometallurgical Processes.) 

the s u l f u r  d iox ide  content o f  t h e  off-gases froin the  Onahama reverberatory  

smel t ing furnace prev ious ly  mentioned by approximately 50%.3*4 

Use o f  such methods increased 

The presence o f  h igh  l e v e l s  o f  s o l i d  o r  gaseous contaminants i n  

b 
smelter of f -gases can present d i f f i c u l t i e s  i n  the  product ion of 

s u l f u r i c  ac id .  

gas stream p r i o r  t o  the  c a t a l y s t  converters.  Thei r  reclamat ion 

represents an economic recovery or prevents damage t o  the ac id  p l a n t  

o r  contaminat ion o f  t h e  product ac id .  

operat ions conta in  vary ing amounts of en t ra ined dust  as  we l l  as fumes 

formed by vapor iza t ion  and subsequent condensation o f  v o l a t i l e  components. 

This includes compounds o f  arsenic,  antimony, cadmium, mercury, etc. ,  

i n  a d d i t i o n  t o  copper, lead, and z inc .  

I n  general, these contaminants are rwnoved from the  

The of f -gases from smel t ing 

9 

Most o f  the  dust  and fume i s  recovered i n  dry-type co l l ec to rs ,  

such as cyclones, e l e c t r o s t a t i c  dust p r e c i p i t a t o r s ,  and baghouses, f o r  i t s  

economic value.’ 

t o  remove res idua l  q u a n t i t i e s  i n  order t o  p r o t e c t  the a c i d  p lant .  

The major problems caused by these r e s i d u a l  q u a n t i t i e s  inc lude p lugging 

o f  the  c a t a l y s t  beds w i t h  deac t iva t ion  o f  the  c a t a l y s t  and contamination 

o f  t h e  product acid.1° Chlor ine and f l u o r i n e  a t tack  o f  s ta in less  s tee l s  

and p e r f o r a t i o n  o f  lead  sheathing by small amounts o f  mercury a lso  

present d i f f i c u l t i e s . ”  However, a n t i c i p a t i o n  o f  the p o t e n t i a l  

magnitude o f  these problems, followed by  i n s t a l l a t i o n  o f  adequately 

However, i n  many cases, add i t i ona l  c1eaning”is requ i red  

10 
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designed gas cleaning systems, will ensure reduction of the concen- 

t ra t ions t o  tolerable levels. 

Table 4-1 contains estimates of the maximum levels of impurities 

t h a t  can be tolerated in smelter off-gases. 

deterioration experienced a t  these various impurity levels can be 

accommodated by an acid plant which shuts down once per year t o  

screen the  catalyst  and repair  equipment. Table4-1 also contains 

the estimated upper level of impurities t ha t  can be removed by typical 

g a s  purification systems with pr ior  coarse d u s t  removal. 

complete removal o f  contaminants from the off-gases i s  not  pract ical ,  

99.5 t o  99.9% overall removal i s  considered t o  be attainable.  

For especially severe cases of contamination, more elaborate cleaning 

systems must be designed specif ical ly  fo r  the problem contaminants. 

The de ta i l s  vary with the contaminants, b u t  the general solution includes 

the use of more e f f i c i en t  d u s t  or mist collectors and the scrubbing 

of the gases with liquids which absorb the contaminants. 

The degree of catalyst  

Although 

10 

Although i t  i s  widely accepted tha t  metallurgical off-gas contami- 

nants can lead t o  plugging of the ca ta lys t  beds o r  partial  deactivation 

of the ca ta lys t ,  there exis ts  a general lack o f  substantial numerical 

qualification of the e f f ec t  of ca ta lys t  deterioration on sulfur  dioxide 

emissions from metallurgical sulfuric a c i d  plants. Sulfur dioxide 

emission data gathered by simultaneous EPA source testing of the No. 6 

and No. 7 single-stage acid plants a t  the Kennecott Garfield smelter 

during the period of June 13-16, 1972, however, indicate tha t  normal 

catalyst  deterioration and differences in acid plant design and technology 

can resu l t  in-a 30% increase i n  sul-fur dioxide emissions.8 

of t h i s  analysis i s  included in Appendix 111. 

A summary 
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Table 4-1 ESTIMATED MAXIMUM IMPURITY LIMITS FOR 
METALLURGICAL OFF-GASES USED TO MANUFACTURE SULFURIC ACID'" 

Approximate L im i t ,  ( M ~ / N I ~ ~ ) ~  

Substance Acid Plant  I n l e t  Gas Pur i f i ca t i on  System I n l e t b  

Chlor ides,  as C1 1.2 1 25d 

F luor ides,  as F 0.25 25e 

Arsenic, as AS203 1.2c 

Lead, as Pb 1.2 

Mercury, as Hg 0.25 

2 00 

200 

2.5f 

Selenium, as Se 5OC 1 00 

Tota l  So l ids  1.2 10009 

H2S04 Mis t ,  as 100% a c i d  50 - 
Water, as H20 - 400 x 103 

Notes: 

(a)  Basis: d r y  o f f -gas  stream conta in ing  7% s u l f u r  d iox ide.  

(b )  For a t y p i c a l  gas p u r i f i c a t i o n  system w i t h  p r i o r  coarse dust  removal. 

(c)  Can be ob jec t ionab le  i n  product ac id .  

(d) Must be reduced t o  6 i f  s ta in less  s t e e l  i s  used. 

(e) Can be increased t o  500 i f  s i l i c a  products i n  scrubbing towers are 
replaced by carbon; must be reduced i f  s t a i n l e s s  s t e e l  i s  used. 

( f )  Can be increased t o  5-12 i f  lead ducts and p r e c i p i t a t o r  bottoms 
are not  used. 

(9) Can usua l l y  be increased t o  5000-10,000 if weak ac id  s e t t l i n g  tanks 
are used. 

t 4  
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A t  the  t ime.o f  the €PA source tes t i ng ,  the No. 6 (Parsons) p l a n t  

was i n  the second month o f  i t s  twelve-month c a t a l y s t  c leaning cyc le  

and the No. 7 (Monsanto) p l a n t  was i n  the t w e l f t h  and l a s t  

month o f  i t s  c a t a l y s t  c leaning cyc le .  A s t a t i s t i c a l  

analys is  o f  t h e  emission data leads t o  the conclusion t h a t  the 30% 

greater  average emissions o f  the No. 7 p lan t ,  compared t o  the 

average emissions o f  the  No. 6 p l a n t ,  a re  s t a t i s t i c a l l y  s i g n i f i c a n t  

a t  the 90% p r o b a b i l i t y  l e v e l .  

no t  on l y  c a t a l y s t  d e t e r i o r a t i o n  b u t  a l so  o ther  fac to rs ,  such as 

differences i n  emissions due t o  design o r  const ruct ion va r ia t i ons  

between Parsons 1967 ac id  p l a n t  technology and Monsanto 1970 ac id  p lan t  

technology. However, i t  i s  safe t o  assume t h a t  the major p o r t i o n  of 

t h i s  d i f f e rence  i n  emissions i s  due t o  c a t a l y s t  de te r io ra t i on .  

Although add i t i ona l  data are n o t  ava i lab le ,  me ta l l u rg i ca l  

Th is  d i f f e rence  i n  emissions r e f l e c t s  

s u l f u r i c  a c i d  p l a n t  vendors have agreed t h a t  the EPA est imate 

o f  a 30% increase i n  SO2 emission concentrat ions a s  the upper l i m i t  

for  d e t e r i o r a t i o n  of c a t a l y s t  performance between c a t a l y s t  screenings 

f o r  s ingle-stage ac id  p lan ts  i s  a lso  a reasonable est imate f o r  dual- 

stage ac id  ~ 1 a n t . s . ~  

a func t i on  o f  pressure drop r a t h e r  than conversion e f f i c i e n c y .  

the f i r s t  bed depth i s  50% greater  than the theo re t i ca l  design depth 

i n  order t o  compensate f o r  the a n t i c i p a t e d  decrease i n  conversion 

e f f i c i e n c y  as the c a t a l y s t  becomes p a r t i a l l y  plugged and the pressure 

drop increases between c a t a l y s t  screenings .’ 
for var ious per iods although longer  guarantees necess i ta te the 

The per iod  between c a t a l y s t  screenings i s  p r i m a r i l y  

Generally, 

Catalysts are guaranteed 
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use of more c a t a l y s t  for  a l a r g e r  conversion e f f i c i e n c y  

margin. The screening per iod  var ies from one year  t o  two years 

depending upon blower capac i ty  and the  p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c y  

o f  the  gas p u r i f i c a t i o n  equipment. 

i n  which the c a t a l y s t  i s  no t  subject  t o  poisoning, the c a t a l y s t  i n  the 

f i r s t  bed should be replaced a f t e r  10-12 years i f  Performance has 

deter iorated.  

As a r u l e  o f  thumb, f o r  an app l i ca t i on  

7 

Acid p l a n t  vendor guarantees are  based on new p l a n t  performance 

and do n o t  inc lude a margin f o r  increases i n  emissions due t o  c a t a l y s t  

o r  p l a n t  d e t e r i o r a t i o n  w i t h  age.7 Furthermore, these guarantees are 

fo r  ac id  p l a n t  performance o n l y  and obv ious ly  do n o t  inc lude smelter 

emissions which are  bypassed t o  the atmosphere dur ing per iods o f  a c i d  

p l a n t  shutdown fo r  c a t a l y s t  screening and/or replacement o r  o ther  

p l a n t  maintenance. 

I n  some cases, t race  amounts o f  contaminants can pass through bot 

the  gas c leaning equipment and the c a t a l y s t  t o  contaminate the product 

acid.  I n  these cases, the  a c i d  can e i t h e r  be so ld  t o  o u t l e t s  t h a t  are 

n o t  sens i t i ve  t o  the contamination, cleaned o f  the object ionable 

contamination, o r  neu t ra l i zed  and disposed o f .  

dark, d isco lo red  a c i d  ( "b lack  acid")  i s  a common example o f  a c i d  

contamination. Frequently, w i t h i n  mu l t i - hea r th  roasters  o r  lead  

s i n t e r i n g  machines, var ious organic agents ent ra ined w i t h  the concen- 

t r a t e s  are merely vaporized o r  on ly  p a r t i a l l y  decomposed. Trace amounts 

o f  these organic agents can pass through bo th  the  gas cleaning equipment 

and the c a t a l y s t  and be captured i n  the product acid,leading t o  the 

product ion o f  "black ac id" .  

The product ion of 
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Normally, w i t h i n  f lu id -bed roasters ,  however, these organic f l o t a t i o n  

agents are completely decomposed and thus s u l f u r i c  ac id  produced from 

these off-gases i s  f r e e  o f  organic contaminants. 

techniques which can be used t o  p u r i f y  o r  bleach acid, these techniques 

Although there are 

are u s u a l l y  c o s t l y  and sometimes are not  e n t i r e l y  sa t i s fac to ry .  10,12 

For example, ox ida t ion  o f  the  organic contaminants by  hydrogen peroxide 

i s  accompanied by the release o f  water which d i l u t e s  the product ac id .  

S im i la r l y ,  the  use o f  potassium permnganate r e s u l t s  i n  the contamination 

o f  the ac id  by  manganese ions which can be object ionable i n  some processes. 

Experiments have been conducted using ozone as the  o x i d i z i n g  agent 

and the r e s u l t s  are p r 0 m i ~ i n g . l ~  However, there are o u t l e t s  f o r  

su l fu r i c  a c i d  which are no t  sens i t i ve  t o  co lo r ,  such as the product ion 

o f  f e r t i l i z e r s  o r  a1 k y l a t i o n  processes a t  r e f i n e r i e s .  

13 

Contamination o f  product s u l f u r i c  ac id  by other  contaminants, such 

I n  general, these as mercury, cadmium or  arsenic,  

contaminants are more d i f f i c u l t  t o  remove from the  product ac id  and 

present greater  problems than the product ion o f  "b lack acid."  ' However, 

the Bunker H i l l  Company r e c e n t l y  announced development o f  a 

process capable o f  reducing mercury l e v e l s  i n  s u l f u r i c  ac id  from 

100 ppm t o  1 ppm. 

can a l so  occur. 

14 

Depending upon the  amount o f  excess oxygen, the temperature, 

and the presence o f  m e t a l l i c  oxide p a r t i c u l a t e s  i n  the off-gases, 

some s u l f u r  t r i o x i d e  i s  formed dur ing the var ious smelt ing operations. 

I n  the presence o f  water o r  weak ac id  vapors, s u l f u r  t r i o x i d e  forms 

s u l f u r i c  ac id  m is t  a t  temperatures o f  l ess  than 200°C.10 I f  n o t  removed, 

the m i s t  p a r t i c l e s  w i l l  cause corros ion problems and the i r o n  
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sulfates  resulting from corrosion can be deposited on the catalyst .  

Heat exchanger corrosion i s  serious,  n o t  only because of the physical 

damage t o  the equipment, b u t  also because leaks will resu l t  in a 

substantial increase in the concentration of sulfur dioxide contained 

in the gas stream t o  the f inal  absorber. 

absorbed and i s  emitted t o  the atmosphere. 

This sulfur dioxide i s  not 

Sulfuric acid mist par t ic les  a re  extremely d i f f i cu l t  t o  remove 

from the gas stream, and special equipment, such as e lec t ros ta t ic  mist 

precipi ta tors ,  are required. 

or mist which can be carried through precipitators due t o  flow surges 

or other troubles, a fiber-bed f i l t e r ,  such as the Brink Mist Eliminator, 

can be used as a backup device. ‘¶lo Although maintenance benefits and 

corresponding sulfur dioxide emission abatement benefits can be realized 

by using fiber-bed f i l t e r s  ahead of heat exchangers and catalyst  stages, 

such instal la t ions a re  s t i l l  i n f r e q ~ e n t . ’ ~ ~ ~ ~ ~ ~ ~  However, f iber  f i l t e r s  

have been widely accepted for  removal of sulfur ic  acid mist from 

absorber eff luents ,  and they can be ut i l ized to  protect process 

equipment . 10y13 In general, by adequate plant design and proper 

maintenance, the e f fec ts  ‘of corrosion due t o  acid mist can be minimized.l5.16 

Furthermore, due t o  the use of special l inings,  demisters, and special 

alloy heat exchanger tubes, sulfuric acid plants are currently 

being designed t o  have extremely long l i f e  and low maintenance. 

To guard against small amounts of d u s t  

Acid mist emissions from dual-stage sulfur ic  acid plants are 

normally less  t h a n  acid mist emissions from single-stage acid plants 

because the mist loading o f  the f inal  absorbing tower i s  less .7  

However, an acid mist eliminator must be installed following the f i r s t  
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absorpt ion tower i n  dual-stage a c i d  p l a n t s  t o  p r o t e c t  downstream equip- 

ment from corrosion. 

extremely sens i t i ve  t o  many variables, i nc lud ing  i n l e t  s u l f u r  t r i o x i d e  

concentration, absorbing a c i d  strength,  temperature, and f l o w  ra te .  

However, present con t ro l  technology i s  adequate t o  r e s t r i c t  ac id  m i s t  

emissions t o  low-opacity wisps, except f o r  in f requent  upsets.' Such 

upsets are caused by the absorbing s u l f u r i c  a c i d  concentrat ion becoming 

greater  than azeotropic and thus a l l ow ing  s u l f u r  t r i o x i d e  t o  remain 

unabsorbed by the a c i d  and c rea te  a v i s i b l e  a c i d  m is t  plume as i t  

combines w i t h  water a f t e r  leav ing  the  stack.  

p a r t i c u l a t e  c o l l e c t i o n  devices and obv ious ly  cannot prevent ac id  m i s t  

emissions produced dur ing  upsets by  combination o f  s u l f u r  t r i o x i d e  

emissions w i t h  water a f t e r  leav ing  the  m i s t  e l im ina to r .  

Absorption towers have inherent  lags and are 

M i s t  e l im ina tors  are 

Manufacturers o f m i s t  e l im ina to rs  guarantee maximum stack emissions o f  

1 mg/f t3 f o r  h igh-e f f i c iency  m i s t  e l im ina to rs  and 2 mg/ft3 f o r  lower e f f i c i e n c y  

m ~ d e l s . ~  M i s t  emissions are normal ly  l ess  than 50% o f  the guaranteed 

value. ' Under worst  condi t ions the 2 mg/ f t3  emission value can represent 

a 20% opaque plume, bu t  normal ly the emissions from a h igh -e f f i c i ency  

m i s t  e l im ina to r  a re  l ess  than 10% opaci ty .  
7 

Typ ica l l y ,  s u l f u r i c  ac id  p l a n t  vendors guarantee maximum s u l f u r  

d iox ide emission concentrat ions o f  2000 ppm f o r  me ta l l u rg i ca l  s ing le -  

stage absorpt ion p lan ts  and 500 ppm f o r  me ta l l u rg i ca l  dual-stage 

absorpt ion p lan ts  dur ing new p l a n t  performance tes ts .  

t es ts  are conducted f o r  three t o  f i v e  consecut ive days wh i le  the p l a n t  

i s  operat ing on gases t h a t  con ta in  the percentages o f  s u l f u r  d iox ide 

.7,11,15,17 Such 
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spec i f i ed  i n  the design basis fo r  the p l a n t  and wh i l e  the  p lan t  i s  not 

experiencing any malfunct ions.  It i s  s i g n i f i c a n t  t o  note tha t  these 

guarantees are  f o r  maximum s u l f u r  d iox ide  emissions and thus inc lude 

inherent  allowances f o r  increased emissions due t o  i n l e t  s u l f u r  d iox ide  

f l u c t u a t i o n s .  Although these guarantees are f o r  new p lan ts  and do no t  

inc lude allowances f o r  increases i n  emissions due t o  c a t a l y s t  o r  p l a n t  

d e t e r i o r a t i o n  w i t h  age, one domestic vendor does guarantee these 

emission l e v e l s  f o r  one year a f t e r  s ta r t -up .  

. 
7,15 

An EPA ana lys is  ( f u l l  t e x t  i n  Appeddix 111) o f  approximately ten  

weeks o f  emission data from one o f  the Kennecott Copper Corporation 

s ingle-stage s u l f u r i c  a c i d  p lan ts  a t  Gar f ie ld ,  Utah, showed s u l f u r  d iox ide  

emissions dur ing  normal operat ions of l ess  than 2000 ppm when averaged 

fo r  long  per iods,  such as one week.8 The s p e c i f i c a t i o n  o f  "normal" 

operat ions was determined by analyzing ac id  p l a n t  operat ing logs and 

i n l e t  f l o w  r a t e  and su l fu r  d iox ide  concentrat ion data t o  ascer ta in  

the ex ten t  o f  mal funct ions and s ta r tup  and shutdowns dur ing  the per iod.  

It i s  s i g n i f i c a n t  t o  note t h a t  the long-term average SO2 concentrat ion 

value i s  considerably l ess  than the emission concentrat ion (2700 ppm) 

corresponding t o  the vendor guarantee o f  95% conversion a t  5% SO2 i n l e t .  

As  mentioned e a r l i e r ,  f o r  maximum operat ing e f f i c i e n c y  me ta l l u rg i ca l  

s u l f u r i c  a c i d  p lan ts  should operate on gas streams o f  un i form flow 

r a t e  and s u l f u r  d iox ide  concentrat ion.  However, off-gases from some 

smelt ing operations, such as copper conver t ing,  e x h i b i t  extreme f l u c t u a t i o n s  

i n  both volumetr ic f l o w  r a t e  and s u l f u r  d iox ide  concentrat ion.  Although 

these f l u c t u a t i o n s  can be minimized by b lending w i t h  other  o f f -gas  

streams, o r  by var ious operat ional  techniques as disclissed i n  

*? 

'* 
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Section 3.1.1.3 o f  t h i s  document, they cannot be e l iminated and remain 

substant ia l .  Although i t  i s  wide ly  accepted t h a t  f l u c t u a t i o n s  i n  of f -  

gas f l ow  r a t e  and s u l f u r  d iox ide concentrat ion adversely a f f e c t  a c i d  

p l a n t  performance, the re  e x i s t s  l i t t l e  data t o  quan t i f y  the e f f e c t  on 

s u l f u r  d ioxide emissions. 

An analys is  o f  the Kennecott data mentioned above showed t h a t  

instantaneous s u l f u r  d iox ide emissions var ied g r e a t l y  (<1000 ppm 

t o  >7000 ppm) depending upon f l u c t u a t i o n s  i n  i n l e t  SO2 concentrat ions 

'(<1% t o  >?%). 

(2700 ppm) when averaged over a four-hour duration.* 

averaging time t o  s i x  hours decreased the number o f  per iods exceeding 2700 

ppm t o  seven. Increasing the reference s u l f u r  d iox ide emission 

concentrat ion from 2700 ppm ( the vendor's guarantee) t o  3000 ppm 

(approximately 10% greater)  reduced the  number o f  periods exceeding the  

Thi r teen data per iods exceeded the vendor's guarantee 

Increasing the 

'I 

'1 '1 reference emission l e v e l  by approximately 50%. Further increases i n  

e i t h e r  the averaging t ime o r  the reference s u l f u r  d iox ide emission 

concentrat ion selected f o r  comparison d i d  not s i g n i f i c a n t l y  decrease 

the number o f  periods exceeding the reference s u l f u r  d iox ide emission 

concentrat ion. Further analys is  o f  t h e  same data, based on the actual  

t ime dur ing which s u l f u r  d iox ide emissions exceeded the reference concen- 

t r a t i o n  l e v e l ,  l e d  t o  the same conclusions. Thus ,  based on t h i s  analysis 

and no t  consider ing c a t a l y s t  d e t e r i o r a t i o n ,  i t  appears t h a t  an averaging 

t ime o f  s i x  hours and an emission l e v e l  10-20% above commonly 

accepted vendor/contractor s u l f u r  d iox ide  emission guarantees e f f e c t i v e l y  

masks normal, short- term f l u c t u a t i o n s  i n  s u l f u r  d iox ide emissions.* 

I 
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Sul-fur dioxide emissions from a double-absorption sulfur ic  acid 

plant operating on copper converter off-gases a t  the ASARCO, El Paso, 

Texas, copper/lead smelter were monitored by EPA through the use of a 

continuous monitoring system from mid-May t h r o u g h  November 1973. The 

data have been validated t o  insure t h e i r  accuracy and analyzed by EPA. 

The data show t h a t  six-hour averages effect ively mask the extreme 

fluctuations encountered with copper converter off-gases. Sulfur 

dioxide emissions were limited t o  250 ppm o r  less  95% of the time, b u t  the 

i n l e t  sulfur  dioxide concentration was re la t ive ly  low and no catalyst  

deterioration was detected during the period of the t e s t .  

account an increase in  emissions of 10% due t o  catalyst  deterioration 

and extrapolating the data t o  allow for  the highest i n l e t  SO2 concentrations 

expected from copper, lead and zinc smelters (9% S02),the d a t a  showed 

t h a t  SO2 emissions can be limited t o  500 ppm or  less  95% of the time and 

650 ppm o r  l ess  98.8% of the time. .A complete analysis of the double- 

absorption su l fur ic  acid plant data i s  included in  Appendix VI. 

Taking  into 

The use of su l fur ic  acid plants t o  control su l fur  dioxide emissions 

from copper, lead and zinc smelters i s  well demonstrated technology. 

As discussed i n  Section 5 o f  this  document, nine of the f i f teen domestic 

copper smelters produce sulfur ic  acid from process off-gases. Two dual- 

stage absorpt ion acid plants were recently comnissioned, one a t  ASARCO's 

El Paso, Texas, smelter in December 1972 and another a t  Anaconda's 

Anaconda, Montana, smelter in May 1973. 

acid plants are scheduled t o  begin operation i n  1974; two in mid-1974 a t  

Inspiration Consolidated Copper Co.'s Inspiration, Arizona, smelter and 

Magma Copper's San Manuel, Arizona, smelter; and.one in September 1974 a t  

Kennecott's Hurley, New Mexico,smelter. 

gases from roasters and/or copper converters are ut i l ized t o  manufacture 

Three new double-absorption sulfur ic  

A t  each of these ins ta l la t ions ,  off-  
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sulfuric acid. At the Inspiration Consolidated Copper Smelter, however, 

off-gases from the electric smelting furnace will be utilized to 

manufacture acid. 

Of the six domestic lead smelters currently operating, three 

produce sulfuric acid from the smelter off-gases. All of these 

acid plants are of the single-stage absorption design and all operate 

only on the strong off-gas stream (3-1/2% sulfur dioxide or greater) 

from lead sintering machines. 

Of the eight domestic zinc smelters currently operating, six 

produce sulfuric acid from the smelter off-gases. 

acid plants are of the single-stage absorption design, and all 

produce sulfuric acid from the off-gases from zinc roasting facilities. 

All of these 
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4.2 ELEMENTAL SULFUR PLANTS 

4 .2 .1  Summarv 
Elemental sulfur  plants have never achieved widespread use within 

the copper, lead or zinc smelting industry. ‘However, i n  some cases they 

represent a viable a l ternat ive t o  the production of sulfuric acid 

from sulfur dioxide emissions contained i n  various smelter off-  

gases. 

sulfur dioxide reduction technology: Allied Chemical Corp. and 

American Smelting and Refining Co./Phelps Dodge Corp. (ASARCO/PD) 

in the United States and Outokumpu Oy in Finland. 

and Outokumpu have announced the commercial ava i lab i l i ty  of the i r  

technology. ASARCO/PD, however, is s t i l l  i n  the p i lo t  plant stage 

of development. 

Three companies have developed or  a re  ac t ive ly  developing 

Both Allied Chemical 

The Allied Chemical and ASARCO/PD technology i s  generally 

applicable t o  the wide range of smelter off-gases. 

technology, however, i s  res t r ic ted to  flash smelting furnaces. 

O f  the various off-gases generated during the smelting of 

The Outokumpu 

copper, lead or  zinc, only those discharged by fluid-bed roasters 

and f lash smelting furnaces are suitable for  direct  application of 

sulfur dioxide reduction technology. 

process u n i t s  require concentration of the sulfur  dioxide in a 

regenerative off-gas desulfurization system prior t o  reduction (see 

Section 4 . 3  - Scrubbing Systems). 

Off-gases discharged by other 

There exis ts  l i t t l e  data from which a quantitative conclusion can 

be drawn regarding the increase i n  sulfur dioxide emissions from 

elemental sulfur plants due t o  normal catalyst  deterioration. However, 

review of the limited data available indicates that  a 5-10% increase i n  
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emissions i s  l ikely to  occur between annual plant turnarounds as a 

resu l t  of catalyst  deterioration. 

Elemental sulfur plants normally achieve sulfur dioxide reduction 

efficiencies of 90%. The concentration of sulfur dioxide i n  the 

t a i l  gases released to  the atmosphere is  normally i n  the 'range of 

0.7-1.0%, i f  the plant operates on the off-gases from a 'fluid-bed 

roaster o r  f lash smelting furnace. 

dioxide process gas produced by a regenerative off-gas desulfurization 

process, the concentration of sulfur dioxide i n  the t a i l  gas released 

t o  the atmosphere i s  normally i n  the range of 2-5%. 

I f  the plant operates on a sulfur 

I 

A number of t a i l  gas "clean-up" processes are applicable to  elemental 

sulfur plants. 

concentrations to  1000-2000 ppm. T h i s  would increase the overall 

sulfur dioxide reduction efficiency t o  about 98% i f  the off-gases 

from a fluid-bed roaster or  f lash smelting furnace are  reduced, 

and to  about 99.5% i f  a sulfur dioxide process gas produced by a 

regenerative off-gas desulfurization system i s  reduced. 

The IFP process will reduce sulfur dioxide emission 

.. , , ,. . .. 

The Wellman sulfur dioxide recovery process will reduce emission 

This would increase the overall 

, 

concentrations t o  less  than 500 ppm. 

sulfur dioxide reduction effi.ciency t o  about 99.5% i f  the off-gases 

from a fluid-bed roaster or f lash smelting furnace are reduced, and t o  

about 99.8-99.9% i f  a sulfur dioxide' process gas produced by a regenera- 

t ive off-gas desulfurization system i s  reduced. 

4.2.2 General Discussion 
Although elemental sulfur plants have never achieved widespread 

use w i t h i n  the copper, lead or  zinc smelting industry, the recovery 
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of elemental sulfur  from smelter off-gases has generated a great deal 

of i n t e re s t ,  as evidenced by the number of elemental sulfur plants t ha t  

have operated throughout the world during the past forty years. 

The f a i lu re  of t h i s  technology t o  achieve widespread application in 

most cases has not been due t o  technical l imitations,  b u t  a matter 

of economics where other a l ternat ives  have been available. 

Essentially,  elemental sulfur  plants consis t  of two basic process 

steps. A foss i l  fuel 'is mixed with the gas  stream t o  be reduced, 

frequently in the presence of a ca ta lys t  t o  promote the reduction 

reactions. A portion of the sulfur dioxide in the gas stream i s  

reduced t o  elemental sulfur  and hydrogen sulf ide.  The extent t o  

which elemental sulfur  and hydrogen su l f ide  are formed and sulfur  

dioxide remains in  the gas stream depends on temperature, pressure 

and the carbon-to-hydrogen r a t i o  in the fuel ut i l ized a s  a reductant. 

W i t h  the reductant properly proportioned t o  the sulfur dioxide in 

the gas stream, the r a t i o  of hydrogen sulf ide t o  sulfur dioxide 

remaining will be approximately 2 : l .  Following reduction, a Claus 

catalyst  is  ut i l ized to  reac t  the hydrogen sulfide formed w i t h  the 

remaining sulfur dioxide, producing elemental sulfur  according to  the 

familiar Claus reaction: 

4H29 + 2SO2 + 3S2 + 4H20 
The reductant employed i n  elemental su l fur  plants can 

pulverized coal ,  fuel o i l ,  natural gas or  reformed natural 

Natural gas or  fuel o i l ,  however, i s  frequently the choice 
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where avai lable,as a minimum o f  f a c i l l t i e s  f o r  i n t r o d u c t i o n  and admixture 

i n t o  the  gas stream t o  be reduced are requ i red .  

Current ly ,  th ree  companies have developed o r  a re  a c t i v e l y  developing 

s u l f u r  d iox ide  reduc t ion  technology f o r  d i r e c t  a p p l i c a t i o n  t o  copper! lead  

o r  z inc  smelters: 

Ref in ing  Co./Phelps Dodge Corp. (ASARCO/PO) i n  the Uni ted States and 

Outokumpu Oy i n  Finland. 

have announced the  comnercial a v a i l a b i l i t y  o f  t h e i r  t e c h n ~ l o g i e s , ~ . ~  

ASARCO/PO i s  s t i l l  i n  the  p i l o t - p l a n t  stage o f  development. 

A l l i e d  Chemical Corp. and American Smelt ing and 

Although both A l l i e d  Chemical and Outokumpu 

4 

A process schematic o f  t he  A l l i e d  Chemical technology i s  presented 

i n  Figure 4-2.3 Smelter off-gases are  cleaned and p u r i f i e d  t o  

remove dus t  and o the r  contaminants o r  in t roduced i n t o  a regenerat ive 

o f f -gas  d e s u l f u r i z a t i o n  process t o  concentrate the su l fu r  d iox ide  (see 

Section 4-3). 

in t roduced i n t o  the  process gas stream. Fol lowing heat  exchange i n  

a unique heat exchange system, the  gas m ix tu re  en ters  the reduc t ion  

r e a ~ t o r . ~ ’ ~ ”  

Natural  gas, which serves as the  reductant ,  i s  then 

The reduc t ion  o f  s u l f u r  d iox ide  i n  the reduc t ion  reac to r  f o l l ows  the  

reac t ions  : 

Cb t 2502 + 2H20 t S2 + co2 

4CH4 t 6502 + 4C02 t 4H20 t 4H2s t s2 

which take p lace i n  the  presence o f  a p r o p r i e t a r y  c a t a l y s t  developed by 

A l l i e d .  From 40 t o  50% o f  t h e  s u l f u r  d iox ide  i s  reduced d i r e c t l y  t o  

I 

elemental s u l f u r ,  depending on the concent ra t ion  o f  s u l f u r  d iox ide  i n  the 

i n l e t  process gas stream. 

and the  r a t i o  of n a t u r a l  gas t o  s u l f u r  d iox ide  i n  the  entering gas stream 

insures t h a t  the  r a t i o  o f  hydrogen s u l f i d e  t o  s u l f u r  d iox ide  i n  the  

gases leav ing  the r e a c t o r  w i l l  be 2:1, which i s  necessary f o r  the  

Control  o f  the  temperature i n  the reduc t ion  reac to r  
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subsequent Claus  reaction^.^^^^^ 
Following the ca ta ly t ic  reduction reactor,  elemental sulfur  i s  

condensed from the process gases. The gases are then introduced in to  

the f i r s t  stage of a two-stage Claus reactor system i n  which hydrogen 

sulfide and sulfur d i o x i d e  react t o  form elemental sulfur.  

i s  condensed from the gas stream as i t  leaves the f i r s t  Claus reactor. 

Further. conversion of hydrogen sulfide and sulfur dioxide t o  elemental 

sulfur takes place i n  the second Claw reactor.  

of t h i s  sulfur  from the process gases, the gases are combusted i n  an  

incinerator t o  convert residual hydrogen sulf ide to  sulfur  dioxide 

before release t o  Vie a t m ~ s p h e r e . ~ ~ ~  v 7  

This sulfur  

Followlng condensation 

The sulfur dioxide reduction technology under development by ASARCB/PD 

di f fe rs  s ignif icant ly  from tha t  developed by Allied Chemical. 

natural gas rather t h a n  natural gas i s  u t i l i zed  as the reductant and this 

resul ts  i n  a number of differences i n  engineering design. 

natural gas i s  produced i n  a process developed by Phelps Dodge. 

air/natural gas mixture i s  par t ia l ly  combusted i n  the presence of 

a catalyst  t o  produce a gas stream containing a hydrogen plus carbon 

monoxide content of 48-50% (volume), according t o  the r e a ~ t i o n : ~  

Reformed . 

The reformed 

An- 

I .  

. .  ZCH4 + O2 -+ 2CO + 4H2 

As in the Allied Chemical process, the ASARCO/PD process would 

l ikely require precleaning and purification of smelter off-gases, . .  

or concentration of the su l fur  dioxide in a regenerative off-gas ' - :  
desulfurization process. Following precleaning or sulfur dioxide ~ . 

concentration,; reformed natural gas i s  introduced in to  the process 

gas stream t o  be reduced. 

the following reactions take place in the presence of a c a t a l ~ s t : ~  

-1 " .... . 

. ,  

The gases then enter the reduction reactor where 
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4CO + 2S02 + 4CO2 + S2 

10H2 + 4So2 + 2H2S + 8H2O + S2 

From 70 t o  80% of the  s u l f u r  d iox ide i s  reduced d i r e c t l y  t o  elemental 

su l fu r ,  depending on the concentrat ion o f  s u l f u r  d iox ide i n  the i n l e t  

process gas stream. 

and the r a t i o  o f  reformed na tu ra l  gas t o  s u l f u r  d iox ide  i n  the en ter ing  

gas stream insures t h a t  the r a t i o  o f  hydrogen s u l f i d e  t o  s u l f u r  d iox ide  

i n  the gases leav ing  the reac tor  w i l l  be 2:1, as i n  the A l l i e d  Chemical 

Control  o f  the temperature i n  the reduct ion reac to r  

process. 4 

Fol lowing the  reduc t ion  reactor ,  elemental s u l f u r  i s  condensed from 

the process gases. 

Claus reac to r  system. 

i n  the gases r e a c t  t o  form elemental s u l f u r .  

the gas stream as i t  leaves the  Claus r e a c t o r  and the process gases are 

inc inera ted  before re lease t o  the a t m ~ s p h e r e . ~  

The gases are then in t roduced i n t o  a single-stage 

Hydrogen s u l f i d e  and s u l f u r  d iox ide remaining 

S u l f u r  i s  condensed from 

A process schematic o f  the  Outokumpu s u l f u r  d iox ide reduc t ion  process 

i s  presented i n  Figure 4-3.5 

process developed by A l l i e d  Chemical o r  t h a t  under development by ASARCO/PD, 

i s  genera l l y  app l i cab le  t o  the wide range o f  smelter o f f -gas streams 

produced by copper, lead  o r  z inc  smelters,  the Outokumpu process i s  l i m i t e d  

t o  Outokumpu f l a s h  smel t ing furnaces. (Flash smelt ing was a l so  developed 

by Outokumpu and i s  discussed i n  d e t a i l  i n  Sect ion 3.1 o f  t h i s  document.) 

Most of the  discussion i n  t h i s  sect ion,  therefore,  w i l l  concern the 

A l l i e d  Chemical and ASARCO/PD reduct ion processes, w i t h  b r i e f  references 

t o  the Outokumpu process. 

Although t h e  s u l f u r  d iox ide  reduct ion 

- 

As shown i n  Figure 4-3, t h i s  technology takes advantage o f  the 

unique design of the Outokumpu f lash smel t ing furnace t o  e l im ina te  

the  separate reduc t ion  reac to r  necessary i n  both the A l l i e d  Chemicql and 
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ASARCO/PD processes. 

and i s  i n j e c t e d  i n t o  the furnace off-gases i n  the uptake s h a f t  o f  the 

f l a s h  smel t ing furnace. 

A l l i e d  Chemical and ASARCO/PD processes, a ma jo r  p o r t i o n  o f  the  s u l f u r  d iox ide  

i n  the off-gases i s  reduced t o  elemental s u l f u r  and hydrogen s u l f i d e .  

However, the reduc t ion  reac t ions  do n o t  take  place i n  the presence o f  

a c a t a l y s t .  A t  the h igh  temperatures involved, Outokumpu i n d i c a t e s  t h a t  

a c a t a l y s t  i s  no t  necessary t o  increase the k i n e t i c s  o f  the var ious 

reduc t ion  reac t ions .2  

s h a f t  and the  r a t i o  o f  reductant  t o  s u l f u r  d i o x i d e  i n  the furnace o f f -  

gases insures t h a t  the r a t i o  o f  hydrogen s u l f i d e  t o  s u l f u r  d iox ide  remaining 

i n  the of f -gases w i l l  be Z : l . 2 s 5  

Naphtha o r  pu lver ized  coal  serves as the reductant  

As i n  the  reduc t ion  reac tors  associated w i t h  the 

Contro l  o f  the temperature i n  the furnace uptake 

Fol lowing reduct ion i n  the uptake shaf t ,  the of f -gases are cooled 

s u f f i c i e n t l y  i n  a waste heat b o i l e r  t o  remove en t ra ined dusts i n  an 

e l e c t r o s t a t i c  p r e c i p i t a t o r .  The elemental s u l f u r  formed i n  the furnace 

uptake s h a f t  i s  maintained i n  a vapor s t a t e .  

p r e c i p i t a t o r ,  the gases are  reheated and in t roduced i n t o  the f i r s t  stage 

o f  a two-stage Claus reac tor  system. 

remaining i n  the furnace of f -gases r e a c t  t o  form elemental s u l f u r .  The 

s u l f u r  formed i n  t h i s  stage o f  the Claus r e a c t o r  system and t h a t  f o m d  

i n  the uptake s h a f t  o f  the f l a s h  furnace i s  then condensed from the  gas stream. 

Normally, t h i s  represents about 85% o f  the  elemental s u l f u r  t h a t  i s  recovered.* 

The gases are then reheated and introduced t o  the  second Claus reac tor ,  

where a d d i t i o n a l  elemental s u l f u r  i s  formed by the  r e a c t i o n  o f  hydrogen 

s u l f i d e  w i t h  s u l f u r  d iox ide.  Fol lowing the second Claus r e a c t o r  stage, 

s u l f u r  i s  condensed from the  process gases. 

before re lease t o  the a t m o ~ p h e r e . ~ ’ ~  

From the e l e c t r o s t a t i c  

Hydrogen s u l f i d e  and s u l f u r  d iox ide  

The gases are then i n c i n e r a t e d  

I n  each o f  these s u l f u r  d i o x i d e  reduc t ion  technologies,  the reducing 

agent i s  the l a r g e s t  s i n g l e  element o f  opera t ing  cos t  associated w i t h  
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each p r o ~ e s s . ~ . ~  Consequently,. minimizing the oxygen content i n  the gas 

stream t o  be reduced i s  of major importance, since each volume of oxygen 

consumes as much reductant as  a volume of sulfur dioxide. 

In addition, as i s  generally true f o r  any sulfur dioxide emission :::r 

control system, there is  a point below which, w i t h  lower sulfur dioxide . .  

concentrations, i t  becomes more economical to  concentrate the sulfur . 

dioxide prior t o  reduction, rather than reduce the en t i re  off-gas stre'aniI2 . 
Although this point will vary depending on a large number of factors;, - 
i n  general, i f  the combined sulfur  dioxide and oxygen content in  an off- 

gas stream is 2% (volume) or more and the r a t i o  of sulfur dioxide t o  

oxygen i s  3 or more, d i rec t  reduction of the en t i re  off-gas stream t o  

produce elemental sulfur could be a viable approach to  controlling sulfur 

dioxide emissions. 

: 

.. <;,,,-, 

'. "j ,1 ;,: 

'Ili' ,.=, 

' .  

! 9 

However, the d i rec t  application of sulfur  dioxide reduction technology 

t o  various gas  streams may only s t a r t  to  become a t t rac t ive  in a few, sp,e,ci!fic 

si tuations where the sulfur dioxide concentration i s  4-5% or  more and .where 

the oxygen content is quite low.3 

o f  this technology i s  not l ike ly  t o  become suff ic ient ly  a t t rac t ive  ' t o  

achieve widespread u t i l i za t ion ,  unless the concentration of sulfur d ib&le  

i n  the gas stream is 10-15% or  more and the oxygen content i s  1-3% or less .  

The d i r ec t  reduction of various off-gases, by means of the Allied 

Chemical process, which contain less  than 1% oxygen and 10-15% sulfur 
I: ~,~,>,+r,;: 

dioxide m y  require supplementary heat t o  maintain a thermal balance around. . , ,  

the ca ta ly t ic  reduction reactor,  depending on the i r  i n l e t  temperature, , , 

Tn a l l  b u t  a few cases, supplementary preheating of the gases before 

.introduction into the reduction reactor will be necessary t o  maintain. 

optimum temperature profiles i n  the reactor for  direct  reduction of 

I n  most cases, the d i rec t  application;fll* ', 
.... t , 1 1 1  

,:'I :r4 

~ j '>, . 

. 

.. 
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gases w i t h  the  i n l e t  off-gases ahead o f  the  reduct ion reac tor  I 
I 

providesmost o f  the supplementary heat requirements. 3,lO 

‘+ D i r e c t  reduc t ion  o f  off-gases w i t h  inc reas ing  oxygen contenbon the  

other  hand, increases the heat  load t h a t  must be d iss ipa ted  from the reduct ion 

reac to r  c i r c u i t .  Th is  can be a subs tan t ia l  increase s ince a t  the temperatures I 

involved, the  heat re leased by the reduc t i on  o f  oxygen i s  from f i v e  

t o  ten  times as grea t  as t h a t  re leased by the reduc t ion  o f  s u l f u r  

d ioxide.”  Thus, f o r  both technologica l  ( increased heat  load) and 4 

economical (increased reductant  consumption) reasons, d i r e c t  reduc t ion  f 
o f  off-gases conta in ing  more than 5% oxygen i s  normal ly n o t  a t t rac t i ve .1°  

T 

Consequently, o f  the var ious off-gas streams generated dur ing  the 

smel t ing o f  copper, lead o r  z inc  concentrates, on l y  those discharged 

by f l u id -bed  roas ters  (12-14% s u l f u r  d iox ide / l -3% oxygen) and f l a s h  

smel t ing furnaces (10-14% s u l f u r  d iox ide / l -3% oxygen) are su i tab le  

f o r  the d i r e c t  app l i ca t i on  o f  s u l f u r  d iox ide  reduc t ion  t e ~ h n o l o g y . ~  

y 

Although there are economic cons t ra in t s  t o  the  d i r e c t  reduc t ion  
I 

of off-gases conta in ing  low concentrat ions o f  s u l f u r  d iox ide,  there 

are no cons t ra in t s  t o  the d i r e c t  reduc t ion  o f  off-gases conta in ing high 

concentrat ions o f  s u l f u r  d iox ide.  

reduc t ion  processes are q u i t e  v e r s a t i l e  and can be appl ied d i r e c t l y  

t o  off-gases o f  even 100% su l fu r  d i ~ x i d e , ~ ~ ~  Thus,in those 

cases where the  oxygen content  o f  an o f f -gas  strearlt i s  too  

h igh o r  the s u l f u r  d iox ide  content t oo  low f o r  d i r e c t  reduct ion,  

3 

I n  t h i s  respect  s u l f u r  d iox ide . 



ei ther  the Allied Chemical o r  ASARCO/PD reduction process could be 

combined with a regenerative off-gas desulfurization process (see 

Section 4.3). 

or sodium su l f i te -b isu l f i te  as the sulfur dioxide absorbent, could 

reduction t o  elemental ~ u l f u r . ~ . ~  In this manner, elemental sulfur 

plants could be ut i l ized t o  control the emissions o f  sulfur  dioxide 

be used t o  recover the sulfur dioxide as  a process gas for  d i rec t  

contained i n  each of the various off-gas streams generated d u r i n g  

the smelting of copper, lead or zinc concentrates. 

As with ‘sulfuric acid plants, elemental sulfur  plants should,’ 

Such a process, ut i l iz ing dimethylaniline (DMA) 

. /  . :1-.-, 

operate on off-gas streams of uniform flow ra te  and sulfur dioxide and 

oxygen concentration. 

which elemental sulfur plants are direct ly  applicable, such as fluid- 

bed roasters and fl.ash smelting furnaces, are  “steady-state’’ operations ..- . .. 
and discharge off-gas streams with these character is t ics .  

However, those individual process units t o  

Other off-  

gas streams suchr:as those discharged by s inter ing machines or copper 

converters require pretreatment in a regenerative off-gas desulfurization, 

process due to  the i r  high oxygen content. In each of these cases, I ,,n 

the. off-gas desulfurization process could be designed t o  include 

suff ic ient  surge capacity for  the sulfur dioxide recovered, to  eliminate 

fluctuations i n  the process gas stream to  the elemental sulfur  plant. 

’ 

Also, as w i t h  sulfur ic  acid plants, the presence of high levels o f  solid 

or gaseous contaminants i n  smelter off-gases could present d i f f i cu l t j e s  . 

to  the production of elemental sulfur .  

contaminants can be removed from the gas stream prior to  sulfur dioxide 

reduction. Their removal and reclamation presents some economic recovery, 

while preventing damage t o  the elemental sulfur  plant or contamination,,of.-the 

In most cases, however, these 
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s u l f u r  product.  

conta in  vary ing amounts o f  ent ra ined dusts  as we l l  as fumes formed by  

vapor iza t ion  and subsequent condensation o f  v o l a t i l e  components, such 

as arsenic,  antimony, cadmium, mercury, e tc . ,  i n  add i t i on  t o  copper, 

lead and z inc .  

Generally, the  of f -gases from smelt ing operat ions 

Cur ren t ly ,  most o f  the  dust  and fume i s  normal ly recovered i n  dry-  

type c o l l e c t o r s ,  such as cyclones, e l e c t r o s t a t i c  p r e c i p i t a t o r s  and 

baghouses, f o r  i t s  economic value.’’ Add i t iona l  c leaning and 

pu r i f>ca t i on  i s  required, however, t o  remove res idua l  quan t i t i es  

t o  p r o t e c t  t h e  elemental s u l f u r  p l a n t .  

these res idua l  q u a n t i t i e s  inc lude p lugg ing  o f  the c a t a l y s t  beds, 

deac t i va t i on  o f  the c a t a l y s t  and contaminat ion o f  the product s u l f u r .  

A n t i c i p a t i o n  o f  t h e  p o t e n t i a l  magnitude o f  these problems, fo l lowed 

by i n s t a l l a t i o n  o f  adequate gas c leaning and p u r i f i c a t i o n  systems, 

w i l l  l i m i t  the problems t o  to le rab le  l e v e l s  i n  most cases. 

I n  general, t h e  same degree o f  o f f -gas  c leaning and p u r i f i c a t i o n  

i s  requ i red  f o r  A l l i e d  Chemical’s elemental  s u l f u r  process as i s  requ i red  

fo r  s u l f u r i c  ac id  p lants .6 The same i s  l i k e l y  t o  be t r u e  f o r  the  ASARCO/PD 

process under development. As a r e s u l t ,  Table 4-1 presented i n  

Sect ion 4.1 - S u l f u r i c  Ac id Plants, which presents est imates o f  maximum 

l e v e l s  of impur i t i es  contained i n  smel ter  off-gases t h a t  can be 

t o l e r a t e d  by s u l f u r i c  ac id  plants,13 cou ld  a lso  be appl ied t o  elemental 

su l fu r  p lan ts .  

\ 

The major problems presented by 

- 

Table 4-1 a l so  presents the  est imated upper l e v e l  o f  impur i t i es  

t h a t  can be removed by  t y p i c a l  gas p u r i f i c a t i o n  systems w i t h  p r i o r  coarse 

dust  removal. Although complete removal o f  contaminants i s  not  p r a c t i c a l ,  
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99.5 t o  99.9% overa l l  removal i s  considered t o  be attainable.12 For 

severe cases o f  off-gas contamination, more elaborate cleaning systems 

must be designed s p e c i f i c a l l y  f o r  the problem contaminants. 

vary w i t h  the contaminants, bu t  the general so lu t i on  includes the use 

o f  more e f f i c i e n t  dust co l l ec to rs  and scrubbing o f  the gases w i t h  

l i q u i d s  which absorb the contaminants. 

The d e t a i l s  

I ' .  
. .  . 

It should be noted,'.however, t h a t  the problems presented by o f f -  7 5.' , 
gas contaminants w i l l  l i k e l y  be more severe where the Outokumpu 

process i s  u t i l i z e d  f o r  the production o f  s u l f u r  ra ther  than the A l l i e d  _ . . . : - . I  

Chemical o r  ASARCO/PD processes. 

no precleaning o r  p u r i f i c a t i o n  o f  the f l a s h  smelt ing furnace off-gases 

before reduction. 

t a t o r  fo l lowing reduction. 

may be completely removed, some f i n e  dust and pa r t i cu la tes  w i l l  pass 

through the p r e c i p i t a t o r  and deposi t  on the c a t a l y s t  i n  the f i r s t  Claus 

reactor stage o r  in .  t$e s u l f u r  condensed fo l lowing t h i s  reactor stage. 

I n  the Outokumpu process. there i s  

Dust and fumes are removed i n  an e lec t ros ta t i c  prec ip i -  

Although coarse dust and fume pa r t i cu la tes  

The A l l i e d  Chemical process,on the other hand. incorporates off-gas 
I 

precleaning before the reduct ion reactor. This permits the use o f  

special off-gas p u r i f i c a t i o n  equipment f o r  spec i f i c  contaminants, if 

necessary, t o  minimize both c a t a l y s t  and product s u l f u r  contamina'tion. 

The same i s  t r u e  w i t h  the ASARCO/PD process. 

problems o f  ca ta l ys t  f o u l i n g  and deact ivat ion o r  product sulfur contami- 

nation. w i l l  undoubtedly be greater i n  the Outokumpu process than i n  the 

A l l i e d  Chemical o r  ASARCO/PD process. 

. r  
d 

Consequently, 

It should a l s o  be noted, however, t h a t  the problems presented by 

off-gas contaminants t o  the production o f  elemental s u l f u r  w i l l  be o f  

concern on ly  i n  those cases where s u l f u r  d ioxide reduction technology 

i s  u t i l i z e d  d i r e c t l y  on off-gas streams from f lu id-bed roasters and f l a s h  smelting 
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furnaces. 

discharged by sintering machines and copper converters will require 

As discussed ear l ie r ,  the product ion of sulfur from off-gases 

prior concentration of the sulfur dioxide i n  a regenerative off-gas 

desulfurization process. 

t o  eliminate the contaminants from the sulfur dioxide process gases 

subsequently reduced t o  elemental sulfur. 

var ious off-gas streams generated during the smelting of copper, lead 

or z inc concentrates, the presence of contaminants in these off-gases 

i s  l ikely t o  present fewer problems t o  the production of elemental sulfur 

than t o  the production of sulfuric acid. 

The desulfurization process will also serve 

Thus ,  considering a l l  the 

i 
- *  

r 

Although i t  i s  widely accepted that  smelter off-gas contaminants 

can lead t o  p lugging  of catalyst  beds o r  partial  deactivation of catalysts,  

there ex is t  no data from which a quantitative conclusion can be drawn 

regarding the increase i n  sulfur dioxide emissions from elemental sulfur 

plants due t o  normal catalyst  deterioration. 

‘During a recent two-year operation of an Allied Chemicalt.’elenn!!ntdl 

sulfur plant on a fluid-bed roaster, however, Allied reports no loss of 

catalyst  act ivi ty  in the catalytic reduction reactor.” A11 ied replaced 

the original bauxite Claus catalyst following the reduction reactor with 

a high-alumina Claus catalyst  during this ~ p e r a t i o n . ~  As a result, 

similar data on Claus catalyst  deterioration i s  not available, although 

Allied indicates that deterioration of th i s  catalyst  should be no greater 

t h a n  t h a t  experienced i n  Claus sulfur plants operated i n  the petroleum 

3, 

10 industry. 

There i s  not  a great deal of d a t a  available concerning noma1 

catalyst  deterioration experienced i n  Claus sulfur plants operated 

i n  the petroleum industry; however, the l i t e ra ture  indicates t h a t  a decrease 

in conversion efficiency of 0.5% i s  not uncomon between annual Claus plant 
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I 13 turnarounds. 

Based on th i s  information, assuming no increase i n  emissions as a 
,-l . 

resul t  of catalyst  deterioration i n  the ca ta ly t ic  reduction reactor and 

assuming a decrease i n  sulfur conversion efficiency of 0.5% in the Claus 

reactor system, an elemental sulfur plant operating a t  a nominal 90% 

sulfur dioxide reduction efficiency would experience only a 5%'increase 

in sulfur dioxide emissions between annual turnarounds due to  catalyst  

deterioration. 

dioxide reduction efficiency would experience a 10% increase i n  sulfur 

dioxide emissions. 

~r in,bf,, ! t  

7 i . t J J J i - .  0 

. I .. 
An elemental sulfur plant operating a t  a nominal 95% sulfur 

I r ? x ; r  * .  

(I: ,  I , .  

During the reduction of sulfur dioxide i n  the reduction reactor, 

small amounts of carbonyl sulfide (COS) and carbon disulfide (CS2) are 

formed. The actual quantit ies formed depend on a number of factors 

such as  temperature, type of reductant used and select ivi ty  of the catalyst  

toward promoting, . .  - the m a i n  reduction reactions, if  a ca ta lys t  is uti l ized. 

Thus, the formation of carbonyl sulfide and carbon disulfide will vary . 
depending on thersulfur dioxide reduction technology: Allied Chemical ;'- 

ASARCO/PD or  Outokumpu. 

Although carbonyl sulfide and carbon disulfide normally pass  ' .I 

through the Claus reactors w i t h  only a small portion converted to  carbon 

dioxide and elemental sulfur, they are oxidized t o  sulfur dioxide i n  the 

t a i l  gas incinerator before release t o  the atmosphere. As a result:'dt ' 
t he i r  formation lowers the overall sulfur  dioxide reduction efficiency 

and jncreas6sGhe sulfur dioxide emission concentrations released to  'the 

atmosphere. 
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Minimiz ing  the contribution of  carbonyl sulfide and carbon disulfide 

t o  sulfur dioxide emissions normally en ta i l s  ut i l izat ion of the newer 

Claus catalysts which have been developed, such as the cobaltwolybdate 

on alumina catalysts ,  

sulfide and carbon disulfide to hydrogen sulfide or elemental sulfur 

and carbon dioxide. 

which ‘are normally ut i l ized,  promote this conversion in i t i a l iy ,  b u t  

their ac t iv i ty  declines with catalyst  ageing. 

alumina catalysts ,  however, maintain their ac t iv i ty  for a year or more.14 

These catalysts promote the conversion of carbonyl 

Both  the bauxite or activated alumina catalysts,  

The cobalt-molybdate on 

T h i s  catalyst  should be placed i n  the middle or lower portion of the f i r s t  

Claus reactor catalyst  bed. This inhibits surface deactivation of the 

catalyst ,  while achieving the early conversion of carbonyl sulfide and 

carbon disulfide. 

for  the conversion of carbonyl sulfide and carbon d i su l f ide  and  t h i s  

adversely affects  the equilibrium conversions of the Claus reaction. 

The loss of conversion efficiency i n  the f irst  Claus reactor.can.norma1ly 

be compensated for, however, in the second Claus reactor.’? A 

Higher Claus reactor temperatures are necessary 

Although sulfuric acid plant vendors normally report either or 

b o t h  maximum sulfur d ioxide  emission concentration and minimum sulfur 

dioxide conversion efficiency t o  indicate the a i r  pollution control 

performance of their  technology, elemental sulfur p l a n t  vendors normally 

report only minimum sulfur d iox ide  reduction efficiency. Sulfuric 

acid plants are designed t o  operate on gas streams containing 

from 3-1/2% t o  9% sulfur dioxide, while elemental sulfur p lan ts  

can be designed t o  operate on gas streams containing from 
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less than 5% up t o  100% sulfur  dioxide. 

efficiency and t h u s  the emission concentrations released t o  the 

atmosphere by a sulfuric acid plant remain relat ively constant due 

t o  the narrow range of i n l e t  gas sulfur dioxide concentrations tha t  

are  processed. 

reduction efficiency remains re la t ive ly  constant over the wide 

range of i n l e t  gas sulfur dioxide concentrations tha t  can be processed,.,. . . L .  . ,  , 

As a r e su l t ,  the emission concentrations released t o  the atyosphere - # : .  . 

depend on the i n l e t  gas concentration and can vary substantially.. L , , , . , , i , ,  . 

Consequently, the conyersion 

In an elemental sulfur  plant ,  the sulfur  dioxide Ihf ", , 

Each of the three sulfur dioxide reduction technologies discussed 

normally achieve sulfur dioxide reduction eff ic iencies  of about 90% , 

i n  practice, 2 y 3 y 4  95 a1 though theoretical reduction eff ic iencies  

approaching 95% under optimum conditions can be c a l c ~ l a t e d . ~ ~ ~ ~  

Reduction efficiencies are  a limited function of i n l e t  sulfur di-oxide 

concentration. This factor  i s  not significant i n  most cases, . ,  

however, since the increase i n  reduction efficiency as a resu l t  of.ol 

reducing gases of 100% sulfur dioxide over reducing gases of 10-1.5% :; 

sulfur  dioxide is only about l % . 4 3 1 0  c. ::;:., 

Assuming a 90% reduction efficiency, the sulfur  dioxide 

emission concentrations released t o  the atmosphere from elemental 

sulfur plants ut i l ized t o  control emissions from copper, lead or 

zinc smelters can be e s t imted .  As discussed e a r l i e r ,  elemental . . . +  

sulfur plants are d i rec t ly  applicable t o  fluid-bed roasters o r .  . ' ' O  h , :  

f lash smelting fur'naces. 

as s inter ing machines and copper converters, requires a regenerative 

The control o f  other smelting operations', such 
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off-gas desu l fu r i za t i on  process t o  concentrate the s u l f u r  d iox ide  p r i o r  

t o  reduct ion.  

on of f -gases o f  10-15% o r  80-100% s u l f u r  d iox ide .  

Thus, elemental s u l f u r  p lan ts  w i l l  most l i k e l y  operate 

On t h i s  basis,  i f  the  A l l i e d  Chemical process were u t i l i z e d  

fo r  d i r e c t  reduc t ion  of the  off-gases from a f l u id -bed  roas ter  o r  

f lash  smel t ing furnace, the concentrat ion o f  s u l f u r  d iox ide  emissions i n  

the t a i l  gases fo l low ing  i n c i n e r a t i o n  would be i n  the range o f  0.7-1.0%. 

I f t h i s  process were u t i l i z e d  f o r  reduc t ion  o f  a concentrated s u l f u r  

d iox ide  process gas produced by a regnera t ive  of f -gas desu l fu r i za t i on  

process, the concentrat ion o f  su l fu r  d iox ide  emissions i n  the t a i l  

gases f o l l o w i n g  i n c i n e r a t i o n  would be i n  the  range o f  4.5-5.0%.15 

3,15 

I f  the ASARCO/PD process were u t i  1 i zed r a t h e r  than the A1 1 i e d  

Chemical process, the concentrat ion o f  s u l f u r  d iox ide  emissions 

i n  the t a i l  gases f o l l o w i n g  i n c i n e r a t i o n  would be i n  the range o f  

0.7% and 2.0%, respect ive ly .16 The lower emission concentrat ions 

released t o  the  atmosphere by  the  ASARCO/PD process i s  due t o  the 

use o f  reformed natura l  gas as the reductant  r a t h e r  than na tura l  

gas. 

the same i n  both processes; however, f o r  each volume o f  na tura l  gas 

requ i red  i n  the  A l l i e d  process, about s i x  and a h a l f  volumes o f  

reformed na tu ra l  gas are requ i red  i n  the ASARCO/PD process. 

emission concentrat ions are lower. 

The o v e r a l l  s u l f u r  d iox ide  reduc t ion  e f f i c i e n c y  i s  e s s e n t i a l l y  

Thus, the  

If the Outokumpu process were u t i l i z e d  f o r  d i r e c t  reduct ion o f  the  

off-gases discharged by a f l a s h  smelt ing furnace, r a t h e r  than the A l l i e d  

Chemical o r  ASARCO/PD processes, the concentrat ion o f  s u l f u r  d iox ide 

emissions i n  the t a i l  gases fo l l ow ing  i n c i n e r a t i o n  would be i n  the range 
8 

O f  0.8-1.0%. 
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In comparison w i t h  sulfur ic  acid plants,  therefore, elemental 

sulfur  plants,  as they are conventionally designed and operated, 

conversion of sulfur  dioxide t o  elemental sulfur .  
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Tab le  4-2 .  ELEMENTAL SULFUR PLANT TAIL GAS 
"CLEAN-UP" 
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Wellman Power 0 s  
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The t a i l  gases from the final Claus reactor stage in  an elemental 

sulfur  plant following su l fur  condensation are fed d i rec t ly  t o  the 

IFP reactor,  w h i c h  i s  a packed column. 

bottom of the column and,as they r i s e  th rough  the column, are 

contacted countercurrently by a l iquid stream containing a Claus 

catalyst  dissolved in a solvent. 

between 250-300°F, and theoretical conversions of sulfur  dioxide 

and hydrogen sulf ide t o  elemental sulfur  approach 100% due t o  

ront inuous elimination of the reaction products, water and su l fur ,  

from the l iquid.  

and the catalyst  solvent has a limited so lubi l i ty  for  s u l f ~ r . ~ ~ 1 1 9  

The gases enter near the 

The temperature i s  maintained 

The water i s  vaporized and enters the gas stream, 

The sulfur  tormed in the IFP reactor separates from the solvent 

and descends th rough  the column,collecting in a sump a t  the bot tom 

of the column as a separate l iquid phase. The sulfur  i s  continually 

withdrawn from the sump and i s  of high quali ty canparable t o  tha t  
ob ta ined  from the elemental su l fur  plant. 18,19 

The IFP process i s  capable of reducing sulfur dioxide emission 

concentrations t o  the range of 1000-2000 ppm. 1 7 9 1 8 9 1 9  T h i s  would 

increase the overall su l fur  dioxide reduction efficiency of an 

elemental sulfur  p l a n t  operating on the off-gases from a fluid-bed 

roaster or a flash smelting furnace t o  about 98%. 

elemental sulfur  plant operating on a concentrated sulfur  dioxide process 

gas stream produced by a regenerative off-gas desulfurization process, the 

overall su l fur  dioxide reduction efficiency would be increased t o  a b o u t  99.5f. 

If applied t o  an 

T h u s ,  the application of the IFP process t o  an elemental sulfur  
2 

plant would reduce su l fur  dioxide emission concentrations t o  the level 
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normally associated with single-stage sulfuric acid plants. 

the overall emission control efficiency would be increased to a 

level somewhat above that normally associated with a single-stage 

In addition, 

sulfuric acid plant, i f  the elemental sulfur plant reduced off-gas 

from a fluid-bed roaster or a flash smelting furnace. 

sulfur plant reduced a concentrated sulfur dioxide process gas stream, 

then the overall emission control efficiency would be increased to 

a level somewhat below that normally associated with a double-stage 

sulfuric acid plant. 

If the elemental 

The Wellman process is discussed in Section 4.3 - Scrubbing 
Systems. This process is a regenerative off-gas desulfurization 

process utilizing a sodium sulfite-bisulfite solution as the sulfur dioxide 

absorbing medium. 

elemental sulfur plant following incineration, the sulfur dioxide emission 

concentrations could be reduced to less than 500 ppm (see Section 4.3). 

This would increase the overall sulfur dioxide reduction efficiency of 

an elemental sulfur plant operating on the off-gases from a fluid-bed 

roaster or flash smelting furnace to about 99.5%. 

elemental sulfur plant operating on a concentrated sulfur dioxide 

process gas stream, the overall sulfur dioxide reduction efficiency 

would increase to about 99.8-99.9%. 

If the process were applied to the tail gases from an 

If applied to an 

Thus, the application of the Wellman process to an elemental 

sulfur plant would reduce sulfur dioxide emission concentrations 

to the level normally associated with double-stage sulfuric acid 

plants. 

be increaqed to a level approaching or exceeding that normally 

In addition, the overall emission control efficiency would 
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associated w i t h  double-stage s u l f u r i c  a c i d  p lants .  

It should be noted, however, t h a t  the app l i ca t i on  o f  an o f f -gas  

regenerat ive desu l fu r i za t i on  process, such as the Wellman process, 

t o  the t a i l  gases discharged by an elemental s u l f u r  p l a n t  would invo lve  

a "grass-roots" i n s t a l l a t i o n  o f  such a process on ly  where the elemental 

su l fu r  p l a n t  operated d i r e c t l y  on off-gases from a f lu id -bed roas te r  

o r  f l a s h  smelt ing furnace. X The reduc t ion  o f  s u l f u r  d iox ide  emissions 

contalned i n  other  smelter off-gases t o  elemental s u l f u r  would requ i re  

concentrat ion o f  the  s u l f u r  d iox ide  p r i o r  t o  reduct ion.  I n  these cases 

the t a i l  gas discharged by the elemental s u l f u r  p lan t  could be recyc led 

t o  the  of f -gas desu l fu r iza t ion  process i n s t a l l e d  upstream o f  the  elemental 

s u l f u r  p lan t ,  r a t h e r  than r e q u i r i n g  the i n s t a l l a t i o n  of separate 

f a c i l i t i e s  t o  "clean-up" the t a i l  gas. 

The use of 'e lemental  s u l f u r  p lan ts  t o  cont ro l  s u l f u r  d iox ide  

emissions from copper, lead o r  z inc  smelters i s  comnerc ia l ly  

ava i l ab le  technology. 

development, both the A l l i e d  Chemical and Outokumpu processes 

have been comnerc ia l ly  demonstrated. 

Although the ASARCO/PD process i s  s t i l l  under 

The A l l i e d  Chemical process was success fu l l y  operated over a two- 

year per iod  from l a t e  1970 through 1972, a t  the n i c k e l - i r o n  reduc t ion  

p l a n t  o f  Falconbridge N icke l  Mines, ltd, i n  Sudbury, Ontario, Canada. 

This prototype p l a n t  reduced the  s u l f u r  d iox ide  emissions contained i n  

the off-gases discharged b y  a f l u id -bed  roas te r  t o  elemental su-lfur. 

The f l u id -bed  roas te r  was designed t o  r o a s t  Some 500,000 tons 

per year o f  a n i c k e l  con ta in ing  p y r r h o t i t e  concentrate. The o f f -  
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gases contained 12-13% s u l f u r  d iox ide and 1-1.5% oxygen and the 

elemental s u l f u r  p l a n t  achieved a 90% reduc t ion  o f  the s u l f u r  d iox ide 

i n  the off-gases t o  elemental s u l f u r .  

elemental s u l f u r  was produced when the p l a n t  was operated a t  f u l l  ~ a p a c i t y . ~ , ~ * ~  

Some 500 long tons per  day o f  

Although the elemental s u l f u r  p l a n t  was shut down i n  January 1973, 

t n i s  was n o t  the r e s u l t  o f  any process o r  mechanical operat ing problems 

w i t h i n  the elemental s u l f u r  p lan t .  The Falconbridge n i cke l - i r on  reduct ion 

p l a n t  cons is ted b a s i c a l l y  o f  roas t ing  n i c k e l  p y r r h o t i t e  concentrates t o  

produce an i r o n  oxide ca lc ine ,  p e l l e t i z i n g  o f  the  ca lc ine ,  hardening 

of the p e l l e t s  and reduc t ion  o f  the hardened p e l l e t s  i n  a k i l n  t o  

produce m e t a l l i c  i r on -n i cke l  p e l l e t s .  

t o  achieve operat ion o f  the reduct ion k i l n  a t  more than two- th i rds 

of the  design throughput ra te ,  nor t o  ma in ta in  steady operat ion f o r  

any s i g n i f i c a n t  pe r iod  o f  t i m e .  

economics f o r  the venture, leading t o  the  shut-down o f  the  p l a n t  i n  

January 1973. Consequently, the s u l f u r  p l a n t  was shut down because 

i t  was no longer  needed. 

However, i t  was never poss ib le  

As a r e s u l t ,  t h i s  created unfavorable 

7,20 

The a d a p t a b i l i t y  o f  the  A l l i e d  Chemical process t o  a concentrated 

s u l f u r  d iox ide  process gas w i l l  be comnerc ia l ly  demonstrated a t  the 

D.H. M i t c h e l l  S ta t i on  o f  t h e  Northern Ind iana Pub l ic  Service Co. 

i n  Gary, Indiana. The elemental s u l f u r  p l a n t  w i l l  be combined 

w i t h  the  Wellman s u l f u r  d iox ide  recovery process. The Wellman 

process w i l l  produce some 500 cfm o f  process gas conta in ing  

85% su l fu r  d iox ide,  which w i l l  be reduced t o  elemental s u l f u r  i n  the 

A l l i e d  Process. According t o  EPA in fo rmat ion  as of mid-1973 t h i s  f a c i l i t y  

i s  scheduled f o r  s ta r t -up  i n  J u l y  1974.*l 
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The Outokumpu process has been i n  commercial operation on an 

Outokumpu flash smelting furnace located in  Kokkola, Finland, since 

1962.5 Although th i s  furnace processes a pyrite concentrate, the 

characterist ics of the off-gases generated in the furnace a re  

essent ia l ly  the same as those generated in a copper flash smelting 

furnace. 

shaf t  prior t o  reduction i s  in the range of 12-15%.8 T h u s ,  th is  

prototype instal  l a t ion ,  which recovers a b o u t  300 tonslday of elemental 

sulfur ,  represents comnercial demonstration of the Outokumpu sulfur  

dioxide reduction technology. 

The concentration of sulfur  dioxide in the furnace uptake 

8 

Although the Kokkola ins ta l la t ion  has been i n  operation for  ten years, 

as of mid-1973 this remained the only ins ta l la t ion  u t i l i z ing  t h i s  tech- 

nology, which was in operation. Two ins ta l la t ions ,  however, were under 

construction with plans to  incorporate O u t o k u m p u ' s  elemental sulfur 

technology. 

Metals Climax (AMX), was t o  start up  a nickel flash smelting furnace i n  

Botswana, Africa, in October 1973. 

t o  be reduced by the Outokumpu process t o  recover elemental sulfur.  

Also, the  Phelps Dodge Corp. currently has under construction a "grass- 

roots" copper smelter a t  Tyrone, New Mexico, which will incorporate 

Outokumpu f lash smelting technology and sulfur  reduction technology. 

This ins ta l la t ion  i s  scheduled t o  s t a r t  up i n  1974. 

Bfmangwato Concessions, L t d . ,  which i s  25% owned by American 

The off-gases from th i s  furnace were 
8 

22 
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4 3 SCRUBBING SYSTEMS 

H i s t o r i c a l l y ,  there  has been l i t t l e  economic incent ive  t o  

desul fur ize process off-gases conta in ing s u l f u r  d iox ide  i n  concentrat ions 

ranging from 0.05 t o  3.5 percent. 

f ue l - f i r ed  power p lan ts ,  r e f i n e r y  s u l f u r  recovery p lan ts ,  

s u l f u r i c  a c i d  p lan ts ,  and c e r t a i n  smelter process equipment such 

as reverberatory  furnaces and s i n t e r i n g  machines are inc luded 

i n  t h i s  category. U n t i l  recent ly ,  there  has been l i t t l e  demonstrated 

con t ro l  o f  s u l f u r  d iox ide  from these sources, except i n  areas 

a f f e c t e d  by severe a i r  p o l l u t i o n  problems. 

t o  con t ro l  s u l f u r  d iox ide  i n  most instances has been t o  employ 

scrubbing systems t o  chemical ly r e a c t  t h e  SO2 w i t h  l i q u i d  phase 

absorbents t o  y i e l d  su l fu r  compounds t h a t  can be e i t h e r  discarded, 

reprocessed, o r  so ld  d i r e c t l y  as obtained f o r  use i n  o ther  i ndus t r i es .  

The term "Scrubbing systems" has come i n t o  comnon usage when 

descr ib ing  such chemical processes s ince each o f  the  systems 

requ i res  the use of process equipment, i .e . ,  a scrubber, t o  promote 

Process off-gases from f o s s i l -  

The approach u t i l i z e d  

gas phase mass t r a n s f e r  and/or chemical reac t i on  ra te .  

There are  three major va r ia t i ons  o f  scrubbing systems where 

the reac tan t  i s  added t o  the scrubbing media as i nd i ca ted  below: 

Non-cvcl ic system - This open-loop type o f  system has a 

throwaway product.  The l i q u o r  stream has on ly  one pass 

through the scrubber. 

1. 

2-  Cyc l i c  non-regenerative sysrern - This closed-loop type 

Of system has a l a r g e  percentage o f  the removed s u l f u r  contained 

i n  a throwaway o r  sa lab le  product .  

l i q u o r  stream i s  recyc led through the  scrubber. 

As much as poss ib le  o f  the 

Depending on 
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the process, SO2 may or  may not berecovered. 

Cyclic-regenerative system - This closed-loop type of 

system recovers SO2 and has a re la t ive ly  small waste product 

fo r  disposal. 

stream recycled through the scrubber. 

3. 

The absorbent i s  regenerated and the liquor 

The nature of metallurgical process off-gases is somewhat unique 

i n  tha t  a wide variety of contaminants are included i n  the eff luent  

stream along w i t h  sulfur  dioxide. 

of oxygen (relat ive t o  fossil-fuel-fired power generating p lan ts ) ,  particulates,  

acid gases, metallic fumes, and h i g h  gas temperatures could cause 

chemical or  mechanical problems w i t h  cyclic absorption systems. 

In most cyclic systems, pretreatment of the process off-gases would 

be required pr ior  t o  absorption of the sulfur  dioxide in the 

scrubbing media. 

The presence of high concentrations 

During the past for ty  years, over f i f t y  process schemes u t i l i z ing  

various types of absorbents as scrubbing media have been investigated 

on a bench-scale, pilot-plant, or prototype basis i n  an e f fo r t  t o  

perfect the optimum control for low concentrations of sulfur dioxide 

in process off-gases. As a resu l t  of these e f fo r t s ,  a t  l ea s t  two 

processes have emerged as worthy of comercial  application i n  the 

control of low concentrations of sulfur  dioxide i n  process off-gases 

from primary copper, lead, and zinc smelters. 

absorption process and the ASARCO DMA process. Two other processes 

that  have had comnercial application i n  the control of SO2 from e i ther  

fossil-fuel-fired power plants,  sulfur recovery plants or sulfur ic  

acid plants and are considered t o  have high potential i n  the control 

of low concentrations of SO2 from smelter processes are calcium-based 

These are the Cominco amnonia 
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absorption systems and sodium s u l f i t e - b i s u l f i t e  absorption systems. 

B r i e f  discussions o f  t h e  four above-noted su l fur  dioxide 

absorption systems and t h e i r  a p p l i c a b i l i t y  t o  meta l lu rg ica l  

processes fo l low.  
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4.3.1 Calcium-Based Scrubbing Systems 

Sumnary-- 

There are no known instal la t ions of calcium based scrubbing systems 

installed t o  control sulfur  dioxide emissions from ei ther  domestic or  

foreign primary copper, lead or zinc smelters. 

have been installed to control sulfur dioxide emissions from fossil-fuel-  

f ired power plants, as well as a molybdenum ore roaster,  a secondary 

lead smelter, and an iron ore s inter ing plant. 

control process off-gases t h a t  have sulfur  dioxide concentrations of 

less  than 0.6 percent (6000 ppm). 

However, f a c i l i t i e s  

All of these applications 

I t  has been demonstrated that  calcium-based scrubbing systems are 

viable control methods for  low concentrations (500 to 5000 ppm) of sulfur  

dioxide, and although i t  has not been commercially demonstrated that  

calcium-based scrubbing systems could be uti l ized t o  control "weak" streams 

(5000 t o  30,000 ppm),  i t  appears t h a t  the technology could be transferred 

for the control of weak streams from primary copper, lead and zinc smelters. 

General Discussion-- 

Calcium-based scrubbing systems may be of the non-cyclic type or 

of the cyclic-nonregenerative type. 

absorbent passes th rough  the scrubber on a once-through basis. Early 

work on this type of system was conducted by the London Power Company 

in the 1 9 3 0 ' ~ ; ' ~ ~  alkaline Thames River water provided the absorbent. 

This type of system has inherent water pollution problems in some 

situations that  would preclude i t s  usage on a wide scale.  

In the non-cyclic system, the 

Also i n  the 1930's, technology was developed on cyclic-nonregenerative 

scrubbing systems. Lime-1 imestone (calcium based) Drocesses were used 

on a commercial scale a t  the Fulham Power S t a t i o n  i n  England to  control 
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so2 emissions from power p l a n t  off-gases. 1,2,3 

A l a rge  number o f  process var iants  have been developed f o r  calcium- 

based scrubbing systems. 

t h a t  employ e i t h e r  (1)  calc ium carbonate o r  l imestone, o r  ( 2 )  calc ium 

hydroxide o r  s laked l ime.  

s l u r r y  scrubbing system i s  depicted i n  Figure 4-4. 

The two most popular  var ian ts  are the ones 

A s i m p l i f i e d  f l ow  diagram f o r  a l imestone 

The process desc r ip t i on  i s  e s s e n t i a l l y  as fo l lows.  The S02-laden 

process off-gases vent t o  a scrubber where they are scrubbed counter- 

c u r r e n t l y  w i t h  a l imestone s l u r r y .  

t h e  atmosphere. 

p o r t i o n  going t o  the pump tank and a p o r t i o n  going t o  t h e  s e t t l e r .  

Calcium carbonate i s  added t o  the  pump tank as make-up, and e f f l u e n t  

from both  the  pump tank and the  s e t t l e r  are recyc led t o  the scrubber. 

Sol ids i n  the  loaded absorbent (Ca SO3 + Ca SO4) are removed i n  the  

s e t t l e r  and pass t o  d isposal .  

Off-gases from the scrubber vent t o  

The S02-laden s l u r r y  from the  scrubber i s  s p l i t  w i t h  a 

The l ime slurry scrubbing system i s  a l so  depicted i n  Figure 4-4. 

T h i s  system i s  e s s e n t i a l l y  the same as the l imestone scrubbing system 

except t h a t  l imestone i s  ca lc ined t o  calc ium oxide p r i o r  t o  i n t roduc t i on  

i n t o  the  scrubber s l u r r y  feed system. 

The use o f  pu lver ized  l imestone as a reac tan t  i s  the  s implest  

approach i n  SO2 scrubbing; however, t h e  main problem w i t h  t h i s  system 

i s  t h a t  l imestone i s  n o t  as reac t i ve  as l ime,  and consequently more 

l imestone i s  necessary (on a s to ich iomet r ic  bas i s ) ,  a l a r g e r  scrubber 

i s  requ i red  and more s l u r r y  must be rec i r cu la ted .  For f i x e d  scrubber 

parameters, l ime scrubbing, though increas ing  scrubbing e f f i c iency ,  

necessi tates c a l c i n i n g  o f  t h e  l imestone w i t h  r e s u l t i n g  increased costs.  
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GAS TO STACK 

GAS 

I I- . .  - ~ 

SCRUBBER. - 

TI I I 

1 
CaSO?+CaMd 

TO-WASTE 

.Scrubbe[. addition of I i ~ n e s t o n e . ~ '  

L 
3 Scrubber addition of lime. 

Figure 4-4 Limestone/lime scrubbing processes. 
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A b r i e f  summary o f  scrubber parameters t h q t  could a f f e c t  the operat ion 

o r  the su l fu r  d iox ide removal e f f i c i e n c y  o f  l imestone scrubbing systems 

i s  as fo l lows:  

1 .  Scrubber design. The design of the scrubber i s  c r i t i c a l  i n  

l imestone scrubbing systems. 

problem must be considered. 

requirements: (1)  l a r g e  holdup, ( 2 )  h igh  r e l a t i v e  v e l o c i t y  between the  

gas and l i q u i d  phase, (3) maximum l i q u i d  surface, (4)  a minimum o f  

i n t e r n a l  par ts ;  and ( 5 )  minimum pressure drop. 

Mass t r a n s f e r  re la t ionsh ips  and the  sca l i ng  

Optimum design would opt imize the fo l l ow ing  

1 

2. Type o f  limestone. 

s u l f u r  d iox ide  var ies g rea t l y .  

quarr ies i n  Ontario, Canada,indicated t h a t  ca l c i t e - t ype  stones mainta in  a 

The a b i l i t y  o f  carbonate stones t o  chemisorb 

An eva lua t ion  o f  ten d i f f e r e n t  stones from 

h igh e f f i c iency  f o r  s u l f u r  d iox ide  removal u n t i l  near ly  exhausted, and 

dolomite stones cons is ten t l y  gave poor performance compared t o  the 

c a l c i t e s .  4 

3. Limestone p a r t i c u l a t e  s ize.  The e f f i c i e n c y  o f  s u l f u r  d iox ide  

removal and the e f f e c t i v e  u t i l i z a t i o n  o f  the stone are both a f fec ted  

by the  degree t o  which l imestone i s  ground. An evaluat ion o f  a c a l c i t e  

sample ground t o  f i v e  d i f f e r e n t  s izes showed a sharp decrease i n  s u l f u r  

d iox ide  absorpt ion capaci ty  f o r  mater ia l  coarser than an 80 x 100 s i z e  

f rac t ion .  The absorpt ion capaci ty  d i d  n o t  change appreciably when the  

p a r t i c l e  s i z e  was less  than 100 mesh.4 

t h a t  i n  us ing l ime,  t h e  p a r t i c l e  s ize  does not  appear t o  be c r i t i c a l ,  

poss ib ly  because most s laked l imes have small p a r t i c l e  s ize.  

It i s  reported i n  the  l i t e r a t u r e  

5 

4 

t- 

‘t 
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4.  L i q u i d  t o  gas f l ow  r a t i o .  The r a t i o  o f  l i q u i d  t o  gas f low (L/G) 

i s  important presumably because o f  i t s  e f f e c t  on decreasing gas phase 

res is tance t o  s u l f u r  d iox ide mass t r a n s f e r 2  and f o r  sca le con t ro l  i 

A f a i r l y  h igh r a t i o ,  about 50 ga1/1000 scf, has been necessary i n  most 

cases t o  get a h igh degree o f  s u l f u r  d iox ide  removal (>80%) ,  when limestone 

was used. 

sca le cont ro l  a t  2000 ppm SO2 may no t  be e f f e c t i v e  a t  10,000 ppm S02. 

5 

2 
I t  i s  po inted out,  however, t h a t  a given L/G t h a t  permits 

5 

5. S lu r r y  pH. An impor tant  cons iderat ion i n  the scrubber operat ion 

i s  the  s l u r r y  pH, espec ia l l y  i n  regard t o  changes i n  pH t h a t  may occur 

i n  the scrubber c i r c u i t .  

corrosion, and b l i n d i n g  o f  r e a c t i v e  surfaces. 

The main concern w i t h  pH i s  i t s  e f f e c t  on scal ing,  

2 

The e f f e c t  o f  pH on s o l u b i l i t y  o f  Cas03 . 5H20 and Cas04 - 2H20 a t  5OoC 
1 (122°F) i s  shown below: 

Parts Per M i l l i o n  

Ca s02* SO3** - - - PH - 
7 .O 675 23 1,320 

6 .O 680 51 1,314 

5.0 731 30 2 1,260 

4.5 841 785 1,179 

4.0 1,120 1,873 1,072 

3.5 1 $763 4,198 980 

3.0 3,135 9.375 91 8 

2.5 5,873 21 ,999 a73 

S u l f i t e  * 
'** - 

Su l fa te  
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Tests i n  Ontar io,  Canada,indicated t h a t  the  pH o f  a f r e s h l y  prepared 

l imestone s l u r r y  i s  usua l l y  between 8 and 9. The e f f i c i e n c y  o f  s u l f u r  

d iox ide  removal i s  n o t  appreciably a f f e c t e d  u n t i l  the pH drops t o  

about 4.8,after which the  e f f i c i e n c y  f a l l s  o f f  r a p i d l y r 4  

cannot be used a t  pH less  than 6.2 w i thout  r i s k i n g  severe cor ros ion  problems. 

Rapid decrease i n  pH caused by absorption o f  SO2 fo l lowed by  r a p i d  increase 

i n  pH caused by the  a d d i t i o n  o f  l imestone can cause s u l f i t e  ,p rec ip i t a t i on  

on t h e  l imestone s l u r r y  p a r t i c l e s ,  thus b l i n d i n g  them and making the calc ium 

carbonate i n s i d e  unavai lab le f o r  f u r t h e r  reac t ion .  

M i l d  s t e e l  
5 

5 

6. I n l e t  gas temperature. A s i g n i f i c a n t  va r iab le  i n  calcium-based 

Test data scrubbing systems i s  the temperature o f  t h e  i n l e t  gas stream. 

i n d i c a t e  t h a t  t h e  s u l f u r  d iox ide  removal e f f i c i e n c y  decreases l i n e a r l y  as 

the  temperature o f  the  gas increases.’ 

diqx,i,!lE,increases by 18 percent f o r  a 10°F temperature r i s e ,  which ind ica tes  

the l i k e l i h o o d  t h a t  warm incoming gas cou ld  s t r i p  s u l f u r  d iox ide from the 

absorbent s l u r r y .  Humid i f i ca t ion  coo l ing  i s  probably a l l  t h a t  i s  requi red 

t o  prevent  tripping.^ 
by evaporat ion of water from the s o l u t i o n  o r  s l u r r y  may a lso  r e s u l t  from 

The p a r t i a l  pressure o f  s u l f u r  

.,,?. , 

. .  
e l ;  F 

Scal ing problems a t  the  wet-dry i n t e r f a c e  caused 

h igh  i n l e t  gas temperature. 1 

7. S l u r r y  s o l i d s  loading. High s l u r r y  s o l i d s  loadings provide improved 

ra tes  o f  s o l u b i l i t y  f o r  calcium, thus prov id ing  more e f f e c t i v e  replenishment 

of t h e  calcium ion.  I n  add i t ion ,  there i s  a b e n e f i c i a l  e f f e c t  o f  min imiz ing 

s c a l i n g  and plugging by inc reas ing  the  r a t e  o f  desupersaturat ion - p a r t t c u l a r l y  

w i t h  respect t o  su l fa te  - thus he lp ing  t o  conf ine p r e c i p i t a t i o n  t o  the 

ho ld ing  tanks and avoid ing excessive scale deposi ts i n  the  process equipment 

and Process l i n e s .  The most e f f i c i e n t  s u l f u r  d iox ide  removal has cons is ten t l y  been 

obtained w i t h  s l u r r y  s o l i d s  loadings of 12 t o  15 percent. Higher loadings cause 

1 
i 

I 

I 
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1 

s i l t i n g  out  problems. It i s  po inted ou t  t h a t  h igh s o l i d s  loadings 
5 are extremely abrasive and may cause increased operat ing problems. 

Survey o f  Operating Experience -- 
A p a r t i a l  l i s t  o f  comnercial app l i ca t ions  o f  calcium-based s u l f u r  ' .  

' ,  , ,*.' d iox ide  absorpt ion systems i s  shown i n  Table 4-3. .. . .* . 

The Commonwealth Edison Company " W i l l  County No.1" u n i t  s t a r t e d  up 
, , .  -. Kq ; .  i n  February 1972. 

1 imestone scru'bbi'ng systems ;'each cons is t i ng  o f  a ventur i  ' f o r  par t ' i cu l  ate. 
:->VI,), ' i', 

removal, fo l lowed i n  ser ies by a tu rbu len t  contact  absorber (TCA) f o r  S02: 

absorpt ion.  

The system consis ts  o f  two i d e n t i c a l  p a r a l l e l  wet 
r : . - .  ,.. 

3 

The s u l f u r  d iox ide  cont ro l  system i s  guaranteed t o  achieve 80 t o  
.1 , ,. - .. 

85 percent SO2 removal. 

var ious operat ing problems have prevented continuous operat ion.  Since ' 

s ta r t -up  i n  1972, the  system has been plagued by a v a r i e t y  o f  mechanical ' 

problems such 'as plugging o f  the demister, cons t ruc t ion  debr is plugging 

nozzles , power 1 oss t o  pond rec la im  pumps, v i  b ra t ion ,  1 oosened s c r e h s  

i n  the  pump and i n ' t h e  r e c i r c u l a t i o n  tank, reheater pluggage, f a i l u r e  

o f  expansion joints,and breakage o f ' t h e  paddle on the s l u r r y  tank 

mixer. 

Th is  removal e f f i c i e n c y  has been achieved b u t  

.. F ., 
i .,,'..f ;ai. :i.~c.r,Jr 

'.I L ! I !  (. ' 
.ncr..? 5 

Only the demister pluggage problem has been chronic and the s o l u t i o n  

t o  the problem does no t  appear t o  i nvo l ve  more than redesigning the 

demister washers. 
, - I *  . 

Scal ing has n o t  been a ser ious problem w i t h  the  
r .1  , I ' . 3, ' sys tem . . . .,. 

The M i t su i  Aluminum Company has i n s t a l l e d  a l ime  scrubbing system 
. - : , ; c ,  9 I 

on the Mike Power Stat ion,  loca ted  near Omuta, Japan. 

up March 29'; 1972. 

scrubbing system. 

The u n i t  s ta r ted  

The f a c i l i t y  cons is ts  o f  a two-stage ven tu r i  
' 3  : 
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I 

The s u l f u r  d iox ide  con t ro l  system i s  guaranteed t o  achieve 90 percent 

$02 removal. 

system i s  adjusted f o r  BO percent e f f i c i e n c y  which i s  j u s t  adequate t o  

meet cur ren t  Japanese SOX standards. 

o r  mechanical problems have been detected i n  the scrubbing system. 

u n i t  i s  s i g n i f i c a n t  s ince t h e  system design i s  based on U. S. technology 

This removal e f f i c i e n c y  has been achieved b u t  c u r r e n t l y  the 

.- 

Since s ta r t -up  no ser ious chemical 
3 

This 

, , (4 
(Chemi co) . 

The Sodersjukhuset Hospi ta l  i n  Stockholm, Sweden has i n s t a l l e d  

three A.B.Bahco, 

reactant.  The scrubbers serve three o i l - f i r e d  steam generators. 

The f i r s t  o f  the  three scrubbers was i n s t a l l e d  i n  1969 and based on 

s a t i s f a c t o r y  experience w i t h  the u n i t ,  the o ther  two u n i t s  were i n s t a l l e d .  

The u n i t s  have been r o u t i n e l y  operated a t  95 t o  98 percent s u l f u r  d iox ide  

removal e f f i ~ i e n c i e s . ~  

C o t t r e l l  f o r  sa le  i n  the Uni ted States, although no u n i t s  have been 

so ld i n  the  Uni ted States as ye t .  

two-stage i n s p i r a t i n g  scrubbers w i t h  l ime as the 
4 

The system has been l i censed t o  Research- 

6 

The Ouval Corporation, located near Tucson,,Arizona, has i n s t a l l e d  

two 4-stage model 500 tu rbu len t  contact  absorbers (TCA) t o  remove 

SO2 from the  of f -gas o f  i t s  molybdenum s u l f i d e  roasters.  

designed by UOP, use l ime s l u r r y  as the absorbent and are ra ted  a t  

50,000 scfm each. 

The system has operated s ince Ju l y  1971; however, repor ted ly  there have 

been extensive problems w i t h  sca l ing  and plugging. 

The u n i t s  were 

The guaranteed e f f i c i e n c y  o f  the system i s  96 percent. 

5 

The General Bat te ry  Corporation, located a t  Reading , Pa. , has i n s t a l  l e d  
* 

a custom-made l ime scrubbing system t o  con t ro l  SO2 emissions from i t s  

secondary lead smelter.  

reverberatory  furnace are vented t o  the  system. 

Process off-gases from two b l a s t  furnaces and a 

The process gas i s  vented 

4-bl 



a t  a r a t e  of 66.000 cfm and the s u l f u r  d iox ide  concentrat ion var ies over  

a range o f  approximately 2000 t o  6000 ppm. i 

The scrubbing system was pu t  on stream i n  August 1971 and a f t e r  over 

a year  o f  operation, there was no evidence o f  sca le  formation. 

d i d  create problems o r i g i n a l l y .  bu t  the use o f  proper mater ia ls  o f  

Erosion 

I cons t ruc t ion  as we l l  as p ip ing  redesign has solved the problem. 

E f f i c i e n c i e s  i n  excess o f  90 percent have been obtained. - 

The Yahagi I r o n  Works located i n  Nagoya, Japan,has i n s t a l l e d  

a calc4um-based A.B.Bahco scrubbing system t o  con t ro l  SO2 emissions 

from a s i n t e r i n g  p lan t .6  

off-gases with a SO2 concentrat ion ranging from 2500 t o  4000 ppm. 
e f f i c i e n c y  o f  the system i s  90-95 percent. 6 

The system handles 48,300 scfm o f  process 

The 

There are no known calcium-based scrubbing systems used by e i t h e r  

domestfc o r  f o re ign  pr imary copper, lead o r  z inc  smelters-. to-control  

s u l f u r  d iox ide  emissions from process of f -gases. 

30 pr&umed t o  be economics s ince a throw-away product is ’obtained 

from the  scrubbing system. 

The reason f o r  t h i s  

Technica l ly ,  there are no known problems t h a t  would be insurmountable 

i n  the  app l i ca t i on  of a calcium-based scrubbing system t o  cont ro l  s u l f u r  

d iox ide  from smelter e f f l u e n t s ;  however, i t  would appear t h a t  i t s  usage 

would be p r i m a r i l y  app l i cab le  t o  weak streams from smelter processes, 

again because o f  economics. 

Calcium-based scrubbing systems have been used t o  cont ro l  s u l f u r  

The operat ing d iox ide  emissions from f o s s i l - f u e l - f i r e d  steam generators. 

problems t h a t  i ndus t r y  has had t o  cope w i t h  a r e  s i m i l a r  t o  those t h a t  

would apply t o  smelter e f f l uen ts .  

* 

I n  both cases, the operat ing problems 

4 

. 
1 

4-62 



can be divided in to  categories related t o  e i t h e r  chemical o r  mechanical 

operating problems. 

The chemical problems re la te  t o  SO2 absorption, scaling and corrosion. 

The following techniques should be equally applicable to  smelter effluent 

and f lue gas scrubbers although the de ta i l s  of implementation may be'. 

different. 

. . 

1. Solids recycle. Solids recycle has generally been proven t o  be 
J r  good in preventing scale f ~ r m a t i o n . ~  

2. High L/G. High L / G ' s  are good i n  preventing scale  formation. In ' 

f ac t ,  one can say the higher the better within economic limits.' 

3 .  pH control. pH control is  an important factor  in controlling 

scale deposit.9 A t  pH above 6, the potential f o r  s u l f i t e  scaling is  

very great. A t  low pH, corrosion can be a problem. 

4 .  Use of mul,tis$age scrubbers. Multistaged scrubbers must be us,ed,,,,]. 

. , fo r  smelter effluent.* The scrubbers can be designed t o  minimize s c a l e . ,  

The use of multistage scrubbers i s  primarily a function of the amount o f d r  

SO2 removal required. The more removal desired,  the more contact area '1, 1 

requi red .6 

5 .  Temperature control. The r a t e  of scale  deposition appears t o  

increase w i t h  increasing temperature.' 

temperature would be fixed, as a practical consideration, a t  the wet 

In actual plant operation the scrubbing 

bulb temperature.' . .  

The mechanical 'problems related t o  calcium-based scrubbing systems 

are similar t o  those inherent w i t h  any chemical process t h a t  involves 

4- 63 



pumping Of s l u r r i e s  and abrasive and corrosive mixtures. 

industry has successfully hand led  these problems for  many years. 

The chemical 

Mechanical problems i n  many instances may re la te  t o  (1) poor 

p ip ing  design result ing i n  plugging or erosion o f  l ines ,  ( 2 )  the 

improper design, use and operation o f  fans, pumps, and motors, (3) the use 

of improper materials of construction t h a t  can resu l t  i n  corrosion of equipment 

handling basic or  acidic solutions,  (4)  improper scrubber or  demister design 

tha t  can cause plugging problems i n  the demister. and (5) lack o f  spare pumps, 

motors and scrubbers t ha t  may necessitate shutdown or by-passing Of control 

faci  1 i ties. 

l i  

. 

I- 

C 
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4.3.2 

Sumnary-- 

Dimethyl ani 1 ine (DMA) Scrubbing 

The American Smelting and Refining Company dimethylaniline (DMA) 

process has been used to  recover su l fur  dioxide from smelter gases 

containing 4 t o  10 percent sulfur dioxide. 

ut i l ized t o  recover su l fur  dioxide included in process off-gases 

emanating fr’om Wight-Lloyd lead s inter ing machines, and blended - 1 r l h  

effluents from copper smelter roasters ,  reverberatory furnaces and 

converters. ) c+*<:.,1 

A new DMA system was p u t  i n t o  service in November 1972 by Phelps-2 

Dodge Corporation a t  Ajo, Arizona, t o  recover su l fur  dioxide from copber 

smelter reverberatory furnace and converter process off-gases., 4 e  

system is reportedly designed t o  process reverberatory furnace off-gases 

with sulfur  dioxide concentrations ranging from 1-1/2 t o  2 percent 

although proportional valving i s  instal led so tha t  converter gas can 

also be fed t o  the system. Although insuff ic ient  data are presently 

available to  evaluate the Ajo f a c i l i t y  when operated on copper smelter 

reverberatory furnace off-gases alone, i t  has been demonstrated in  other 

applications tha t  mixtures o r  blends of process off-gases from roasters ,  

reverberatory furnaces and converters can upgrade the su l fur  dioxide 

concentration of the feed stream t o  the DMA process so tha t  the system 

can be operated in an acceptable manner. 

The process has been.:<ic 4 

, J’ 
/ 

I t  i s  concluded tha t  the DMA absorption system is a viable process 

tha t  can be ut i l ized to  control sulfur dioxide emissions from properly 

cleaned and conditioned smelter process off-gases tha t  have (or  can be 

upgraded t o  have) sulfur  dioxide concentrations in the range of 4 t o  10 

percent. 
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I t  i s  an t ic ipa ted  t h a t  the  DMA system w i l  

i n  the near f u t u r e  f o r  use on weak SO2 streams 

operations. 

General Discussion-- 

be comnerci a l l y  demonstrated 

from copoer smel t ing 

The e a r l y  development work on organic scrubbing systems designed 

t o  recover and concentrate the  s u l f u r  d iox ide  contained i n  the o f f -  

gases from non-ferrous smelters was done i n  Europe. 

work was centered around d imethy lan i l ine  (DMA) and s i m i l a r  compounds 

such as x y l i d i n e  and t o l u i d i n e .  

processes ( v i z .  Sulphidine and DM4) t h a t  found l i m i t e d  comnercial 

app l i ca t i on  i n  Europe. 

x y l i d i n e  scrubbing media and i s  p r i m a r i l y  app l i cab le  t o  lower SO2 

concentrat ion i n l e t  streams than i s  DMA. Although one DMA u n i t  has been 

i n s t a l l e d  i n  Mexico and another has been i n s t a l l e d  i n  Spain; most o f  i t s  

app l i ca t i on  has been i n  the Uni ted States. l l  

Much o f  t h i s  

Out o f  t h i s  work came two separate 

The Sulphidine process” u t i l i z e s  an aqueous 

The American Smelting and Ref in ing Company (ASARCO) i s  the 

domestic developer o f  a DMA process, as we l l  as t h e  f i r s t  commercial 

customer f o r  the process. 10 

The DMA absorpt ion system i s  a cyc l i c - regenera t ive  process. The 

system incorporates an absorpt ion tower w i t h  numerous t r a y s  t h a t  

a l l ow  fo r  much grea ter  gas phase mass t r a n s f e r  and reac tan t  

surface area than other  scrubbers such as ven tu r i  o r  single-bed 

type, 

i s  regenerated and recyc led through the system. 

stream i s  requ i red  t o  e l im ina te  sodium s u l f a t e  ( i n  so lu t i on )  from the 

regenerator sect ion.  A small amount of d ime thy lan i l i ne  i s  a l s o  

included i n  the  purge stream. 

L i q u i d  su l fu r  d iox ide  i s  recovered as a product, and the  absorbent 

A small purge 
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4) 

9 
I 

A simplified flow diagram f o r  the dimethylanilirle scrubbing 

system is depicted in Figure 4-5. A br ie f  descviption of the process,.,, 

is essent ia l ly  as follows. Pretreated SO2-laden process off-  ., 

~. 
gases vent t o  the bottom of a bubble plate  scrubbing tower where 

most of theso2 is absorbed in  a counter-current stream of 

anhydrous dimethylaniline. 

and enriched in dimethylaniline vapors,then pass t o  a second sec,ti,on: 

of the tower where they a re  scrubbed w i t h  a weak sodium carbonate 

solution. 

t o  sodium s u l f i t e  or  sodium b i su l f i t e .  The carbon dioxide i s  .. . 

l iberated in the gas stream. 

t h i r d  sect ion of the scrubbing tower where they are scrubbed with a 

weak sulfur ic  acid solution and entrained vaporlzed dimethylaniline 

i s  recoveredtias dimethylaniline su l fa te .  

t o  the atmosphere. 

- , j i  

The gases,impoverished i n  sulfur dioyide,, 

The residual SO2 in the gases converts the sodium carbonate 

The eff luent  gases then pass t o  a ,  

The eff luent  then verxts ~37:. 
I". ' _ I  ~ 

Pregnant dimethylanil ine i s  heated by exchange and then p q s e s  

t o  the center .section of a bubble plate stripping tower. 

liquid flows downward countercurrent t o  a r is ing column of 

The ,,,-.?4:,.. . ,  

steam and-sulfur dioxide vapors. The sulfur dioxide is stripped 

from the dimethylaniline and escapes upward through the tower. The 

recovered dimethylaniline i s  cooled and then passes t o  a ser ies ,of-  

separators where the absorbent f loa ts  on the water and can be 

physically separated and sent t o  the DMA surge tank for  recycle. 

. 

9 ~ 5 7 3  

The-aqueous eff luent  from the soda scrubbing and acid scrubbing 

sections of the absorption tower passes t o  a collection tank where 

dimethylaniline i s  liberated as a result of the reaction between 

1 ,&?, 
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Figure 4-5 DMA Scrubbing Process. 

. 4-68 



dimethylaniline sulfate  from the acid scrubber and the sodium 

su l f i te -b isu l f i te  from the soda scrubber. 

remains dissolved in the water as dimethylaniline su l f i t e .  

dimethylaniline sulfite/sodium su l fa te  solution empties t o  a s t r ipper  

water tank. 

of the stripping tower where the dimethylaniline s u l f i t e  i s  thennally 

decomposed and S02, DMA, and water are vaporized and vented i n t o  the , 

st r ipper  section of the tower. 

regenerator t o  remove sodium su l fa te .  

Part of the dimethylaniline 

The water/ 

This solution then passes t o  the bottom section (regenerator) 

A small purge stream i s  drawn off the 

'. ' 
The stripped SO2 and residual DMA vapors pass from the stripping 

section in to  the t o p  section ( r e c t i f i e r )  of the stripping tower 

where they are bubbled th rough  the water. 

in the presence of water, i s  recovered as dimethylaniline s u l f i t e  and 

passes back t o t t h e  s t r ipper  section. 

The DMA, by reacting with SO2 

The sulfur  dioxide eff luent  stream from the r e c t i f i e r  i s  cooled t o  

condense water, then scrubbed w i t h  cold water, and dried in a tower I 

with 98 percent su l fur ic  acid. 

l iquefied,  and run t o  storage. 

I - 
The gas i s  then compressed, cooled, . L. - 

A partial  l i s t  of commercial applications of ASARCO DMA sulfur  

dioxide absorption systems is  shown i n  Table 4-4. 

The f i r s t  domestic comnercial application of  the DMA absorption 

system was made by ASARCO in  19471° t o  recover sulfur  dioxide from Might- 

Lloyd lead sintering machine off-gases. 

California,is no longer in 0peration;ll however, the DMA absorption system 

i s  leased t o  a chemical company.12 The DMA p l a n t  was nominally rated a t  

The lead smelter located a t  Selby, 
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20 tons o f  l i q u i d  SO2 per  day. 

u s u a l l y  ranged from 4 t o  6 percent and averaged approximately 5 percent. 

s u l f u r  d iox ide  concentrat ion i n  the process off-gases ranged from a low o f  

approximately 500 ppm i n  t h e  w in te r  months t o  as h igh as 3000 ppm i n  the  

sumner months, depending p r i m a r i l y  on coo l i ng  water temperature. l1 Problems 

associated w i t h  ma te r ia l s  o f  cons t ruc t i on  were encountered; however, these 

problems, i n  general, were s a t i s f a c t o r i l y  resolved!’ Lead, as a ma te r ia l  

o f  const ruct ion,  was ex tens ive ly  employed t o  e l im ina te  corrosion. 

I n  1949, the OW process was f i r s t  u t i l i z e d  by t h e  Tennessee 

Copper Company (now C i t i e s  Service Company) a t  t h e i r  smelter operat ions 

a t  Copperhi l l ,  Tennessee. 

r a t e d  a t  30 tons o f  l i q u i d  SO2 per  day. Subsequently, the capaci ty  o f  the  

o r i g i n a l  p l a n t  was increased and a second DMA p lan t  added. 

p lan ts  a re  c u r r e n t l y  r a t e d  a t  40 and 55 tons o f  l i q u i d  SO2 per  day, 

respect ive ly . ”  The feed stream f o r  the  OMA p l a n t  i s  2 6 percent SO2, 

and i s  a mix tu re  o f  process off-gases from i r o n  and copper roasters,  copper 

reverberatory  furnace and copper ~ 0 n v e r t e r s . l ~  ’The i n l e t  gas t o  the OM 

The s u l f u r  d iox ide  content o f  the i n l e t  gases 

The 

10, l l  

The capac i ty  o f  the  p l a n t  was nominal ly 

The two DMA 

scrubber i s  precleaned i n  the  same system as a c i d  p lan t  gas, then b led  o f f  

before the ac id  p l a n t  absorber. The s u l f u r  d iox ide concentrat ion o f  t h e  o f f -  

gases from t h e  DMA absorpt ion tower approximates 3000-5000 ppm, b u t  

repo r ted l y  the  absorpt ion tower could be operated as low as 1500 ppm 

wi thout  requ i r i ng  major mod i f i ca t ions .  l3 The OMA p lan ts  were p r i m a r i l y  

designed t o  produce l i q u i d  SO2 f o r  market and were no t  b u i l t  as 

a i r  p o l l u t i o n  con t ro l  devices. The o n l y  operat ing d i f f i c u l t y  

associated w i t h  the  OM p lan ts  i s  t h a t  of regu la t i ng  the pH o f  the  
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system. 

za t i on  i n  the  pumps. 

If pH c o n t r o l  i s  l o s t ,  carbonat ion occurs,causing vapor i -  
f 3  

I n  November 1972, operat ion o f  a DMA process was i n i t i a t e d  by 

the  Phelps Dodge Copper smelter located i n  Ajo, Arizona. The 

system i s  used t o  con t ro l  ( e i t h e r  separate ly  o r  i n  combination) 

emissions from a copper reverberatory  furnace and copper converters. 

The Dk4 p l a n t  i s  nominal ly  ra ted  a t  150 tons o f  l i q u i d  SO2 p W  day!' 

The feed stream f o r  the  DMA p l a n t  can vary w ide ly  depending on 

the source o f  the process off-gas. Reverberatory furnace o f f -  

gases may conta in  1-1/2 t o  2 percent SO2 w h i l e  the  conver ter  o f f -  

gases may conta in  7 t o  14 percent S02. l 4  The i n l e t  gas t o  the EMA 

scrubber i s  precleaned i n  a system e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  

serv ing  t h e  a c i d  p lan t .  l4 the s u l f u r  d iox ide  concentrat ion o f  the 

off-gases from the  DMA absorber are expected t o  be approximately 

500 ppm!'l 

316 s t a i n l e s s  s t e e l  and a l l o y  20 throughout. 

Mater ia ls  o f  cons t ruc t ion  f o r  the absorpt ion system are  

The Mo DMA system has on ly  had l i m i t e d  usage s ince i t s  completion 

i n  November 1972. The reason f o r  t h i s  has r e p o r t e d l y  been due t o  

mechanical problems w i t h  t h e  system,i.e., the SO2 compressor down f o r  

r e p a i r .  Thus f a r  there have been no chemical problems such as sca l i ng  

o r  cor ros ion  problems. l4 The system, howeyer, w i l l  be down f g r  the 

remainder o f  1974 due t o  the  numerous mechanical problems. 

ASARCO i s  c u r r e n t l y  cons t ruc t ing  a DMA u n i t ,  ra ted  a t  about 200 tons of 

l i q u i d  SO2 per  day and scheduled f o r  s ta r t -up  i n  September, 1974, a t  t h e i r  

Tacoma, Washington, copper smelter. 

t h a t  average about 5 percent S02. 

The u n i t  w i l l  t r e a t  copper conver ter  gases 

An unusual aspect o f  t h i s  f a c i l i t y  i s  t h a t  the 
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purge stream of sodium sulfate  will be ut i l ized to  condition a gas 

stream i n  preparation f o r  e lec t ros ta t ic  precipitation of particulates.  

The collected Cottrell d u s t  with the included sodium sulfate  will be 
1. 

I 1  shipped to  a lead smelter for  fur ther  processing. 

Reportedly, this type of su l fu r  dioxide absorption system has 

few significant operating problems i f  the process off-gases are 

properly cleaned and conditioned. 

and gas reheat are not major problems w i t h  existing units.14 

can cause problems; however, recent instal la t ions constructed of 316 

s ta inless  steel  and alloy 20 reportedly cause no major problems.ll 

Only one s h i f t  foreman and one general u t i l i t y  man on day s h i f t  as well 

as one t o  two operators (depending on local conditions) are  required 

for  normal plant operation.11 

Scaling, erosion, mist elimination, 

Corrosion 

A brief summary o f  operating problems that could a f fec t  the 

operation or the sulfur  dioxide removal efficiency of DMA scrubbing 

systems i s  as follows: 

1. Precleaning o f  Process Off-Gases. 

ASARCO considers t ha t  par t iculate  removal equivalent t o  tha t  

required for a contact sulfur ic  acid plant treating metallurgical 

gas streams i s  required f o r  successful application of the DM 

process. 

has never experienced any problem associated w i t h  the carryover 

into the DM4 plant of par t iculate  matter containing Hg, As, Pb ,  Cd, 

Z n ,  Mn, V ,  Be, C u ,  Sb, Co, Se, N i  or  Cr. 

With t h i s  degree of par t iculate  removal, ASARCO 

11 
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2. Waste Sodium Sulfate 

The waste sodium sulfate  formed in the ASARCO DMA process depends 

primarily on the amount of sulfuric acid used for recovery of DW 

vapor in the.absorption tower. 12 

The absorption reaction between SO2 and dimethylaniline i s  

exothermic; hence, intercoolers are required between each of the 

absorption tower t rays  to  cool the absorbent. 

absorbent not only increases the capacity of a u n i t  of dimethylaniline 

to  transfer S02, b u t  i t  a lso reduces the vapor pressure o f  the 

dimethylanilinB1' t h u s  decreasing DMA vapor losses. As a resul t  o f  

decreasing absorption temperatures, reagents are  saved and sodium 

sulfate  formation i s  less .  '0'12 With the absorbent being to ta l ly  

organic, oxidation plays a re la t ively minor role  in waste sodium 

sulfate  generation. '2 

Cooling o f  the 

. .  . . . . .  
' A.decrease i n  the SO2 concentration of the process off-gases 

requires an  increase i n  the use of reagents and, consequently, an 

increase i n  the formation of sodium sulfate .  For example, when 

treating a gas stream having an SO2 concentration o f  5 percent, 

assuming an absorption tower operating temperature of 3OoC, 

approximately 40 pounds of sodium sulfate  ( i n  solution) is  formed per 

ton of SO2 recovered. All other factors being equal, approximately 

400 pounds of sodium sulfate  ( i n  solution) would be expected when 

t reat ing a gas stream having an SO2 concentration of 0.5 percent. 11 
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4.3.3 Ammonia Scrubbing Systems 

Summary-- 

The Cominco absorpt ion process has been used t o  t r e a t  process o f f -  

gases w i t h  s u l f u r  d iox ide concentrat ions as low as 0.5 percent, w i t h  very 

good recovery. 

d ioxide. 

T a i l  gases conta in  as l i t t l e  as 0.03 percent s u l f u r  

The process has been u t i l i z e d  t o  recover s u l f u r  d iox ide  included i n  

process off-gases from Dwight-Lloyd l ead  s i n t e r i n g  machines, z inc roasters ,  

and s u l f u r i c  ac id  p l a n t  t a i l  gases. 

It i s  concluded t h a t  the Cominco process i s  a v i a b l e  process t h a t  

can be u t i l i z e d  t o  con t ro l  s u l f u r  d iox ide  emissions from proper ly  cleaned 

and condi t ioned smel ter  process of f -gases t h a t  have s u l f u r  d iox ide  

concentrations i n  the range o f  0.5 t o  6.0 percent. 

General Discussion-- 

Ammonia scrubbing systems have received considerable a t t e n t i o n  i n  

the h i s t o r y  o f  SO2 removal from process off-gases. 

inc lude r e l a t i v e l y  high a f f i n i t y  o f  ammonia so lu t ions  f o r  SO2 and the 

a b i l i t y  t o  keep a l l  the compounds invo lved  i n  so lu t ion ,  thereby avoid ing 

sca l i ng  and s i l t i n g  problems i n  scrubbers. 

The Cominco ammonia absorpt ion process was developed by  the 

The reasons f o r  t h i s  

1 

Consolidated Mining and Smelting Company o f  Canada, Ed., (Cominco) i n  

1936. The U. S .  l i c e n s o r  f o r  the  process i s  Olin-Mathieson Chemical 

Corporation. 

t o  t r e a t  gases from lead and z inc smel t ing operations. 

Corporation has i n s t a l l e d  p lan ts  t o  t r e a t  the  t a i l  gases from s u l f u r i c  ac id  

P lan t  u n i t s  have been b u i l t  by Cominco i n  T r a i l ,  B. C., Canada, 

The Olin-Mathieson 

15 p l  dfl Cs . 
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A s i m p l i f i e d  desc r ip t i on  o f  the  Cominco process i s  as fo l lows 

(see Figure 4-6). 

p r i o r  t o  i n t r o d u c t i o n  i n t o  the  f i r s t  scrubbing tower. 

Hot smel ter  o f f -gas i s  t r e a t e d  and condi t ioned 

The gases 

are cooled, f i n e  s o l i d s  a re  washed out, and s u l f u r  t r i o x i d e  i s  absorbed 

t o  form weak s u l f u r i c  acid.15y1%he cooled of f -gases then pass t o  the 

bottom o f  a scrubbing tower where they are contacted w i t h  a counter- 

cu r ren t  f l o w  o f  amnonium s u l f i t e - b i s u l f i t e  s o l u t i o n .  The s o l u t i o n  i n  

t h e  f i r s t  scrubber i s  maintained a t  l o w  pH (approximately 4.6)'17'and 

h igh  s a l t  concentrat ion.  

amnonium b i s u l f i t e .  

t h e  tower, and a p o r t i o n  o f  the s o l u t i o n  from t h e  tower i s  sent  t o  

t h e  s t r i p p e r .  

S u l f u r  d iox ide  i s  absorbed t o  form add i t iona l  

A p o r t i o n  o f  the  s o l u t i o n  i s  recyc led back through 

The p a r t i a l l y  cleaned gases then pass t o  a second scrubber where 

add i t i ona l  s u l f u r  d iox ide  i s  removed by contac t  w i t h  an amnonium s u l f i t e -  

b i s u l f i t e  s o l u t i o n  t h a t  i s  a t  a h igh pH (approximately 5.4)(17:and has 

a low s a l t  concentrat ion.  

through the scrubber, and a p o r t i o n  o f  the  s o l u t i o n  f r b m  the  tower i s  

sent  t o  the scrubber. 

atmosphere. 

A po r t i on  o f  the  scrubbing s o l u t i o n  i s  recyc led 

The of f -gas from the scrubber passes t o  the 

The b i s u l f i t e  s o l u t i o n  d i ve r ted  t o  the  s t r i p p e r  i s  a c i d i f i e d  w i t h  

s u l f u r i c  ac id  and s t r i pped  w i t h  a i r  t o  produce about a 25 percent s u l f u r  

d iox ide  gas stream, and a s o l u t i o n  o f  ammonium s u l f a t e  conta in ing about 

10 percent o f  the feed sul fur !6 The ammonium s u l f a t e  i s  then c r y s t a l l i z e d  

o u t  and u t i l i z e d  as a f e r t i l i z e r .  

16 

I f  the consumption o f  s u l f u r i c  ac id  and ammonia and the product ion 

of ammonium s u l f a t e  are n o t  economically favorab le ,  the  s u l f u r  d iox ide  
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can be removed from the  ammonium b i s u l f i t e  s o l u t i o n  by s t r i p p i n g  w i t h  

steam. 

system was used b y  Cominco du r ing  the  years 1940 t o  1943 pe rm i t t i ng  

the recyc le  of 30 percent o f  the  requi red ammonia.20 

considered by Cominco t o  be a feas ib le  process f o r  use under appropr iate 

Under the name o f  the  "Exorption-Process, L '18y19 t h i s  type o f  

I t  i s  s t i l l  

economic condi t ions . 19 

A p a r t i a l  l i s t  o f  commercial app l i ca t ions  o f  Cominco-type ammonia 

scrubber systems i s  shown i n  Table 4-5. 

Smelting Company o f  Canada, Ltd.,has operated ammonium s u l f i t e - b i s u l f i t e  

scrubbing systems a t  t h e i r  smelter loca ted  a t  T r a i l ,  B. C., Canada,since 

the 1 9 3 0 ' ~ . ~ ~  The ammonia scrubbing systems serve Dwight-Lloyd lead 

The Consolidated Mining and 

s i n t e r i n g  machines, z inc  roas ters  and s u l f u r i c  ac id  p l a n t  t a i l  gases. 20,21 

Chemical t reatment o f  the absorbent w i t h  s u l f u r i c  ac id  releases concentrated 

s u l f u r  d iox ide  and produces an ammonium s u l f a t e  so lu t i on .  

i s  e i t h e r  l i q u e f i e d  or u t i l i z e d  as feed f o r  a s u l f u r i c  ac id  p lan t .  

ammonia s u l f a t e  i s  c r y s t a l l i z e d  out and u t i l i z e d  as f e r t i l i z e r .  

The s u l f u r  d iox ide  

The 

The s u l f u r  d i o x i d e  concentrat ion o f  the i n l e t  gases t o  the  Dwight- 

L loyd lead s i n t e r i n g  machine absorpt ion system ranges from 0.3 t o  2.5 percent 

SO2. 

under noma1 operat ion i s  approximately 0.1 percent.17 This concentrat ion 

of SO2 can be reduced t o  0.05 percent SO2 o r  lower.20 However, fumes 

cause major v i s i b l e  emission problems a t  t h i s  i n s t a l l a t i o n  under these condi t ions.  17 

The s u l f u r  d iox ide concentrat ion i n  the  o u t l e t  gases from the absorber 

The z inc  r o a s t e r  off-gases have a s u l f u r  d iox ide  concentrat ion ranging from 

0.5 t o  7.0 percent.20 The concentrat ion o f  SO2 i n  t h e  absorpt ion tower o f f -  

L 

F 

+. 
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gas under normal opera t i  on i s  approximately 0.1 percent. 

The e x i s t i n g  absorpt ion towers a t  T r a i l  a r e  constructed o f  wood 

and lead. 

would be constructed o f  p l a s t i c s  o r  PVC.17 Ammonium b i s u l f i t e  so lu t ions  

are no t  very  cor ros ive  t o  i r o n  and s t e e l  ( f o r  p i p i n g  and pumps) i f  no 

vapor phase i s  allowed t o  form.20 The e f f l u e n t  from the second absorber 

New i n s t a l l a t i o n s  would be considerably more compact and 

i s  reheated t o  approximately 45°C p r i o r  t o  vent ing  from the  s tack i l ’  u 

The A l l i e d  Chemical Corporation s u l f u r i c  ac id  product ion f a c i l i t y ,  

located a t  Newell, Pennsylvania, i s  equipped w i t h  a s i n g l e  ammonia t a i l  

gas scrubbing system. The p l a n t  cons is ts  o f  three s u l f u r i c  ac id  

manufacturing systems. 

from a p y r i t e s  roas ter .  

elemental s u l f u r .  

ac id  t o  l i b e r a t e  some SO2 t h a t  i s  recyc led t o  the  process. 

s o l u t i o n  of ammonium s u l f a t e  i s  sent t o  t h e  weak ac id  c l a r i f i e r  a long 

w i t h  “ d r i p s ”  from the  gas cooler  and the  m i s t  e l im ina to r .  

c l a r i f i e d  a c i d  i s  burned i n  a f lu id ized-bed preburner o r  dryer-  

roas ter  system; n i t rogen,  water vapor, and s u l f u r  d iox ide  r e s u l t .  23 

L\ 

Two o f  the ac id  systems receive t h e i r  feed stream 

The t h i r d  receives i t s  feed from burn ing 

The scrubbing s o l u t i o n  i s  t rea ted  w i t h  s u l f u r i c  

The r e s u l t i n g  

The weak 

O l i n  Chemical Corporation, the U. S .  l i censee o f  the  Cominco 

process, has i n s t a l l e d  ammonia scrubbing systems on some o f  i t s  domestic 

s u l f u r  recovery and s u l f u r i c  ac id  p lants .24 

of from 75 t o  90 percent are repor ted as be ing  t yp i ca l .24  

The i n l e t  gas streams t o  * 

these scrubbers conta in  from 0.3 t o  2 percent S02, and removal e f f i c i e n c i e s  

L 

This type of s u l f u r  d iox ide  absorpt ion system has few s i g n i f i c a n t  

operat ing problems. The Cominco smelter a t  T r a i l ,  B. C., precleans and 

condi t ions the process of f -gas p r i o r  t o  SO2 a b ~ o r p t i o n . ’ ~  Scal ing and 
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erosion a re  not problems. Corrosion does not cause problems i f  proper 

materials of construction are u t i l i zed .  Older units ut i l ized wood and 

lead as construction materials; however, newer units would u t i l i z e  

plast ics  and  PVC?' 

one operator per shif t ,  i .e. ,3 per day, and 2 maintenance men per day. 

A brief summary of operating problems that  could a f fec t  the 

Labor required fo r  normal plant operation i s  
20 

operation or  the sulfur  dioxide removal efficiency of Cominco scrubbing 

systems i s  as follows: 

1 . 
I f  smelter process off-gases were not precleaned p r i o r  t o  

Precl eani ng of process off-gases . 

introduction into the scrubber, Cominco considers tha t  problems could 

a r i se  from fouling o f  cooler l ines ,  etc., b u t  tha t  there would be no 

e f f e c t  on absorption rates.  

by set t l ing and f i l t e r i n g  the b i s u l f i t e  scrubbing solutions prior t o  

acid treatment, as they would in te r fe re  w i t h  the springing of the SO2 

from solution. 2a Cominco precleans and  conditions the process cff-gases 

The particulates would have to  be removed 

from their hight-Lloyd lead s inter ing machines prior t o  SO2 absorption. 17 

2. Visible emissions. 

A disadvantage of the ammonia sulfur  dioxide absorption system is 

the formation of a fume from the absorber out le t .  Cominco has indicated 

tha t  pH I 7 a n d  temperaturg'' of the absorbent can a f f ec t  plume formation. 

Reducing the SO2 concentrations of the absorber ou t le t  reportedly 

intensif ies  the v is ib le  emission problem.l7 

p i lo t  plant t e s t s  u t i l i z ing  an e lec t r ica l  precipitator w i t h  good resul ts  

t o  suppress emissions!' Allied Chemical Company has ut i l ized high- 

efficiency mist eliminators t o  minimize the pr0blem.2~ 

Cominco has conducted 
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4.3.4 Sodium S u l f i t e - B i s u l f i t e  Scrubbing 

Sumnary-- 
c 

! 
There are no known comnercial sodium s u l f i t e - b i s u l f i t e  scrubbing 

systems i n s t a l l e d  t o  minimize s u l f u r  d iox ide  emissions from e i t h e r  domestic 

o r  fo re ign  pr imary copper. lead  o r  z inc  smelters; however, a number o f  

domestic and fo re ign  sodium s u l f i t e / b i s u l f i  t e  scrubbing systems con t ro l  

t a i l  gas emissions from s u l f u r  recovery p lan ts ,  s u l f u r i c  ac id  p lan ts  

I 

n . 
and o i l - f i r e d  steam generators. The s u l f u r  d iox ide  concentrat ion i n  the  l 

process off-gases ranged from 2100 ppm t o  13,000 ppm. The s u l f u r  d iox ide 

concentrat ion i n  the Wellman-Lord absorber off-gases was 500 ppm o r  less.  

I t  i s  concluded t h a t  sodium s u l f i  t e - b i s u l f i  t e  absorpt ion systems 

appear t o  be t e c h n i c a l l y  f eas ib le  t o  minimize s u l f u r  d iox ide emissions 

from pr imary .copper, lead  and z inc smelters; however, i t  has n o t  been 

demonstrated t h a t  the absorpt ion process can be operated t o  con t ro l  smelter 

off-gases w i thou t  excessive ox ida t ion  o f  the absorbent r e s u l t i n g  i n  a 

requi red l a r g e  purge stream and, consequently, h igh  costs.  

Gas and Japanese organizat ions are working hard t o  improve t h i s  disadvantage. 

General Discussion-- 

Both Davy Power 

Most o f  the development work on a sodium s u l f i t e - b i s u l f i t e  scrubbing 

system i n  t h i s  country has been conducted by Davy Power Gas ( former ly  

Wellman-Lord). Davy began t h i s  development about the mid-1960's us ing 

the potassium r a t h e r  than the  sodium s a l t .  One o f  the pr imary reasons 

given f o r  d iscont inu ing  the  use o f  potasslum was t h a t  numerous p i l o t - p l a n t  

i nves t i ga t i ons  had determined t h a t  regenerat ion costs were unduly high. 25 

A ser ies  of p i l o t - p l a n t  t e s t s  were run p r i o r  t o  the f i r s t  commercial 

i n s t a l l a t i o n  of t h i s  process. These p i l o t  p lan ts  ranged i n  s i z e  from 

about 600 t o  50,000 scfm and were i n s t a l l e d  on a v a r i e t y  o f  sources wNch 
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i nc luded coal and o i l - f i r e d  steam generators and smelter processes such 

as converters and reverberatory  furnaces.26 

The Davy Power Gas scrubbing process i s  o f  the  cyc l i c - regenera t ive  

type. 

and the sodium s u l f i t e - b i s u l f i t e  absorbent i s  thermal ly  regenerated and 

recyc led through the system. 

Concentrated s u l f u r  d iox ide  i s  recovered as a valuable product 

A s i m p l i f i e d  f l ow  diagram f o r  the  Davy Power Gas scrubbing system 

i s  depicted i n  F igure 4-7. 

As w i t h  most cyc l i c - regenera t ive  absorpt ion systems, pretreatment 

o f  the process of f -gases i s  requ i red  i f  i t  i s  necessary t o  cool  the  

process off-gases and t o  remove p a r t i c u l a t e s  and a c i d  gaseZ5 t h a t  

may i n t e r f e r e  w i t h  the  absorpt ion process o r  cause problems.such as.  

cor ros ion  and plugging o r  f ou l i ng  o f  the system. 

step must be s tud ied on a case-by-case basis t o  insure the se lec t i on  

o f  the optimum design i n  r e l a t i o n  t o  the  ove ra l l  f a c i l i t y .  

This pretreatment . 

27 

The process desc r ip t i on  i s  e s s e n t i a l l y  as fo l lows.  Pret reated 

S02-laden process of f -gases are  in t roduced i n t o  a scrubber where they 

are absorbed i n  a counter-current  f l ow  o f  a s o l u t i o n  o f  sodium 

s u l f i t e - b i s u l f i t e .  The r i c h  absorbent from the bottom o f  the scrubber 

i s  pumped t o  an evaporator c r y s t a l l i z e r  system where it i s  heated by  

i n d i r e c t  heat exchange w i t h  low-pressure steam. As a r e s u l t  o f  the 

regenerat ion step, steam and SO2 are d r i ven  off; and sodium s u l f i t e  

c r y s t a l s  a re  formed i n  the  l i q u i d .  

run  through a condenser where the  bu lk  o f  the  steam i s  removed. 

The wet s u l f u r  d iox ide  gases are  

4-a3 
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The concentrated SO2 stream can be u t i l i z e d  i n  a s u l f u r i c  ac id  p lan t ,  

a s u l f u r  recovery p lan t ,  o r  some o ther  appropr ia te s u l f u r  d iox ide  

process scheme. 

The l i q u i d  phase from the evaporator c r y s t a l l i z e r  i s  sent t o  a 

c e n t r i f u g a l  separator where the c r y s t a l s  o f  sodium s u l f i t e  a re  removed. 

These c r y s t a l s  are added t o  the water t h a t  was condensed from the SO2 

stream,and the s o l u t i o n  thus formed i s  recyc led t o  the scrubber. The 

c l a r i f i e d  l i q u o r  from the c e n t r i f u g a l  separator i s  r e c i r c u l a t e d  t o  t h e  

evaporator. 

i n  order t o  prevent a bu i ld -up  o f  sodium s u l f a t e  i n  the system. 

amount o f  sodium s u l f a t e  i n  the  feed t o  the  scrubber i s  c o n t r o l l e d  a t  

about 5 percent by weight. 

A p o r t i o n  o f  the  c l a r i f i e d  l i q u o r  i s  purged from the system 

The 

27 

A p a r t i a l  l i s t  o f  commercial app l i ca t i ons  o f  the  Davy Power Gas s u l f u r  

d iox ide  absorpt ion system i s  shown i n  Table 4-6 . 
Oavy Power Gas SO2 absorpt ion system was i n s t a l l e d  a t  the O l i n  Corporat ion 

regenerat ion s u l f u r i c  ac id  p l a n t  i n  Paulsboro, New Jersey,to t r e a t  45,000 

SCFM o f  the a c i d  p l a n t  t a i l  gas. The concentrat ion o f  the  of f -gas 

conta ins up t o  0.6 percent SO2. 
t o  exceed 0.05 percent SO2. 27,28,29 

I n  1970, a f u l l - s c a l e  

The absorber o f f -gas i s  guaranteed n o t  

I n  1971, another Oavy Power Gas absorpt ion system was i n s t a l l e d  a t  

the  Ich ihara  City Plant  o f  the Japan Synthet ic Rubber Company i n  Japan 

t'o t r e a t  200,000 N M3/Hr o f  stack gas from an o i l - f i r e d  b o i l e r .  

concentrat ion o f  SO2 i n  the  stack gases averages 0.2 percent SO2. 

absorber of f -gases are  guaranteed not  t o  exceed 0.02 percent SO2. 

The 

The 
27,28,29 

Also i n  1971, a Davy Power Gas absorpt ion system was i n s t a l l e d  a t  the  

TOA Nenryo r e f i n e r y  i n  Kawasaki, Japan,to t r e a t  the off-gases from a s u l f u r  

recovery p l a n t  t a i l  gas i nc ine ra to r .  

off-gases ranges from 0.65 percent t o  1.5 percent S02. The off- 

The concentrat ion o f  SO2 i n  tbe  
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27,2a,29 
gases from the absorber a re  guaranteed not t o  exceed 0.02 percent S02. 

In 1972, another u n i t  was instal led a t  the Standard Oil Company of 

California a t  El Segundo, California, t o  control off-gases from three 

sulfur recovery plants. 

not t o  exceed 0.05 percent SO2 (500 ppm): 

The off-gases from the absorber are guaranteed 
27 

Other units designed t o  minimize the sulfur dioxide emissions from 

sulfuric acid plant and sulfur  recovery plant t a i l  gases are being I 

'' installed.  27 

The advantage of the Davy Power Gas scrubbing system is the simplicity 

3)  of i t s  u n i t  operations and the avoidance of steam stripping o f  the absorbent, 

thus substantially reducing steam requirements.25 

I t  i s  recommended tha t  the process off-gas be as f ree  as possible 

from d u s t ,  fume,  and vapor o r  gaseous contaminants such as arsenic 

tr ioxide,  hydrogen chloride, hydrogen fluoride and sulfur  tr ioxide.  

S o l i d  par t ic les  i n  the absorbent solution m y  produce mechanical problems 

such as plugging or erosion while acidic  gases and vapors will consume 

absorbent 250r cause chemical problems such as corrosion. 

Smelter eff luents  i n  many cases could also cause problems w i t h  the 

system due to  the presence of h i g h  concentrations of oxygen i n  the 

process off-gas and the possibi l i ty  of introducing potential oxidation 

catalysts  into the absorbent. 25 In both cases a bui ld-up  of an 

excessive sodium su l fa te  concentration in the absorbent c o d 6  result. 
t l " l  

In the required purging of sodium sulfate  from the absorption 

system, a portion of the sulfur d ioxide  i s  l o s t  because of p u r g i n g  

of associated sodium s u l f i t e  and sodium b i su l f i t e .  Total sodium 

sulfate formation d i rec t ly  affects the quantity Of sodium hydroxide 
29 required. 4-87 
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4.4 PARTICULATE REMOVAL SYSTEMS 

The design o f  gas c leaning equipment i s  p r i m a r i l y  based on 

p a r t i c l e  and c a r r i e r  gas cha rac te r i s t i cs ,  and process and operat ing 

factors .  Important p a r t i c l e  c h a r a c t e r i s t i c s  are s i ze  d i s t r i b u t i o n ,  

shape, densi ty ,  and such physio-chemical p roper t ies  as hygroscopic i ty,  

agglomerating tendency, corrosiveness, "st ickiness,"  f lowabi 1 i ty ,  

e l e c t r i c a l  conduct iv i t y ,  f lammabi l i t y ,  and t 0 x i c i t y . l  

maintenance and the need f o r  c o n t i n u i t y  o f  operat ion are operat ing 

fac to rs  which should be considered. 

inc lude ava i l ab le  f l o o r  space and headroom and cons t ruc t ion  mater ia l  

l i m i t a t i o n s  imposed by the temperature, pressure, and/or corrosiveness 

o f  the  exhaust gas stream. 

Ease o f  

Important cons t ruc t ion  fac to rs  

In format ion on the p a r t i c l e r s i z e  gradat ion i n  the  i n l e t  gas stream 

i s  very important i n  t h e  proper design o f  gas c leaning equipment. 

P a r t i c l e s  l a rge r  than 50 microns can be removed i n  i n e r t i a l  and 

cyclone separators o r  simple, low-energy wet scrubbers. P a r t i c l e s  

smal ler  than 50 microns r e q u i r e  e i t h e r  h igh -e f f i c i ency  (high-energy) 

wet scrubbers, f a b r i c  f i l t e r s ,  o r  e l e c t r o s t a t i c  p rec ip i t a to rs .2  

Wet scrubbers operate a t  v a r i a b l e  e f f i c i e n c i e s  d i r e c t l y  p ropor t iona l  

t o  the  energy expended and can handle changing e f f l u e n t  f l ow  ra tes  and 

cha rac te r i s t i cs .  

l i q u o r  may requ i re  treatment, ( 2 )  t h e  power requirements are high, 

and ( 3 )  a v i s i b l e  plume may be emit ted.  

permi t  reuse of the  c o l l e c t e d  ma te r ia l  and can c o l l e c t  combustible 

and explos ive dusts. 

and are sens i t i ve  t o ,  process condi.tions ... . ~ E I e c t ~ o s t a t i c  p rec ip i t a to rs -  

Disadvantages o f  wet scrubbers a re  (1) the scrubber 

Fabr ic f i l t e r s  more r e a d i l y  

They do, however, have temperature l i m i t a t i o n s  
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can operate a t  r e l a t i v e l y  high temperatures, have low pressure drop, 

low power requirements, and few moving pa r t s .  

s e n s i t i v e  t o  v a r i a b l e  dus t  loadings o r  f l o w  r a t e s  and, i n  some cases, 

r e q u i r e  specia l  s a f e t y  precautions. 

They are, however, 

-. 
The performance o f  var ious gas c leaning devices d i f f e r s  w ide ly  

depending upon the p a r t i c u l a r  app l i ca t ion .  

se lected gas c lean ing  devices are shown i n  F igure 4-8.394 Though 

Figure 4-8 i s  based on s i l i c a  dust emissions, i t  i s  important t o  

no te  t h e  c o l l e c t i o n  e f f i c i e n c i e s  o f  the  var ious systems i n  the lower 

micron reg ions ( < l o  microns). 

energy scrubbers and d r y  e l e c t r o s t a t i c  p r e c i p i t a t o r s  a re  the most 

e f f i c i e n t .  Various analyses of p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  the  

p a r t i c u l a t e  mat te r  ent ra ined i n  the of f -gas streams from lead b l a s t  

furnaces and z inc  s i n t e r i n g  machines i n d i c a t e  t h a t  most o f  the  p a r t i -  

cu la te  mat ter  i s  l ess  than 10 microns i n  d imeter .5 ,6 This small 

p a r t i c l e  s i ze  o f  p a r t i c u l a t e  emissions from smelter i n s t a l l a t i o n s ,  

which would r e s u l t  i n  h igh  energy requirements f o r  a h igh -e f f i c i ency  

scrubbing system t o  l i m i t  p a r t i c u l a t e  emissions, i s  probably one 

of the major reasons why scrubbing systems have no t  found widespread 

a p p l i c a t i o n  i n  the  smel t ing i ndus t r y .  

i n  Sect ion 5 ,  f a b r i c  f i l t e r s  and e l e c t r o s t a t i c  p r e c i p i t a t o r s  are 

the  most w ide ly  employed p a r t i c l e  emission c o n t r o l  systems w i t h i n  

the  smel t ing indus t ry .  The f o l l o w i n g  d iscuss ions w i l l  there fore  

concentrate on those systems. 

Grade e f f i c i e n c y  curves f o r  

I n  t h i s  reg ion  f a b r i c  f i l t e r s ,  high- 

Consequently, as discussed 
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BAG FILTERHOUSE 
VENTURI SCRUBBER W I N C H  THROAT, SO-INCH WATER GAUGE1 
SPRAY TOWER 122.FOOT DIAMETER1 
DRY ELECTROSTATIC PRECIPITATOR 13-SECOND CONTACT TIME1 
M U L T I P L E  CYCLONES (12-INCH DIAMETER TUBES) 

INERTIAL COLLECTOR 

701 , 

P A R T I C L E  SIZE, microns 

. I  

.Fi.gure 4-8. 
silica dust. 

Composite grade (fractional) efficiency curves based on test 

3 
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Fabr ic  f i l t r a t i o n  i s  one o f  the o l d e s t  and most p o s i t i v e  methods 

used f o r  the  c o l l e c t i o n  o f  p a r t i c l e s  from gases. 

t y p i c a l l y  used f o r  h igh -e f f i c i ency  (99+%) p a r t i c l e  removal. 

p r i n c i p a l  l i m i t a t i o n  i s  temperature w i t h  a maximum o f  about EIOOOF.~ 

Current ly,  baghouses conta in ing  i n d u s t r i a l  f a b r i c  f i l t e r s  are used 

for p a r t i c u l a t e  con t ro l  on a l l  of the b l a s t  furnaces and f i v e  o f  the 

s i x  s i n t e r i n g  machines o f  the domestic pr imary lead smel t ing indust ry ,  

and on three of the f o u r  z inc  s u l f i d e  s i n t e r i n g  machines w i t h i n  the 

domestic pr imary z inc  smel t i n g  indust ry .  

Fabr ic f i l t e r s  are 

Thei r  

Fabr ic  f i l t e r s  f o r  c leaning smelter gases are o f  both the bag and 

envelope types. 

o r  f e l t e d  f a b r i c  and na tu ra l  o r  syn the t ic  ma te r ia l s  i s  u t i l i z e d .  

A wide range o f  f i l t e r i n g  ma te r ia l s  i nc lud ing  woven 

The p a r t i c u l a t e  mat te r  i s  removed from the  gas stream by 

impinging on o r  adhering t o  the f i b e r s .  

normally woven w i t h  r e l a t i v e l y  la rge  open spaces, sometimes 100 microns 

o r  la rger .  

f a b r i c  s iev ing,  as evidenced by t h e  f a c t  t h a t  h igh c o l l e c t i o n  e f f i c i e n d e s  

fo r  dus t  p a r t i c l e s  o f  1 micron o r  l e s s  have been achieved. Small 

p a r t i c l e s  a re  i n i t i a l l y  captured and re ta ined  on the f i b e r  o f  t h e  

fabr ic  by d i r e c t  i n te rcep t ion ,  i n e r t i a l  impaction, d i f f u s i o n ,  e l e c t r o -  

s t a t i c  a t t r a c t i o n ,  and g r a v i t a t i o n a l  s e t t l i n g .  

of dus t  i s  accumulated, f u r t h e r  c o l l e c t i o n  i s  accomplished by mat 

o r  cake s iev ing  as we l l  as by the above mechanisms. P e r i o d i c a l l y  

the  accumulated dus t  i s  removed, but some res idua l  dust  remains 

and serves as an a i d  t o  f u r t h e r  f i l t e r i n g .  

The f i l t e r  f i b e r s  are - . .  

Consequently, the f i l t e r i n g  process i s  no t  one o f  simple 

Once a mat o r  cake 

* I  

I 

t ;  

i 
I 

I 
? I  

I 
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I Air flow i n  fabric f i l t r a t ion  i s  usually laminar. Direct interception 

occurs whenever the f lu id  strkamline, along which a par t ic le  approaches a 

f i l t e r  element, passes within a distance from the element equal t o  or  less 

than one-half the par t ic le  diameter. I f  the par t ic le  has a very small 

mass, i t  will not deviate from the streamline as the streamline curvis 

around the f i l t e r  element, b u t  because of e lec t ros ta t ic  forces,  i t  will 

be attracted t o  and adhere t o  the f i l t e r  element i f  the streamline 

passes suff ic ient ly  close t o  the element. 

" 

, ..,I ,. 

. . ,  . 
:I 

Iner t ia l  impaction occurs when the mass of the par t ic le  is  so great 

that  i t  i s  unable t o  follow the streamline rapidly curving around the 

f i l t e r  elemenband continues along a path of less  curvature, so tha t  the 

par t ic le  comes closer t o  the f i l t e r  element than i t  would have come i f  

i t  had approached along the streamline. 

this iner t ia  e f fec t  even when flow l ine  interception would not take place.' 

Impaction i s  not a significant factor  in collecting par t ic les  of 1 mittG . 
diameter or  ' l ess .  Impaction becomes a collection factor  only as paF%f2ieYi 

s ize  increases. 

Collision occurs because of 

. . a  
I :. . .  

In smelting operations a baghouse i s  normally chosen as the part%%. 

l a t e  removal device when SO3 concentration and chloride content of the 

effluent gases are low. High SO3 concentrations are known t o  produce ' 

corrosion and deterioration of bo th  the baghouse structure and the f i l t e r  

fabric. ' .  ' ' 

primary copper, zinc and lead smelting indus t r i ev in  attempts to  emplok 

both standard and fiberglass fabrics to  various off-gases. 

+ . , ~ ,  

. 

.i 

These phenomena have been experienced in some cases by the 
' '  

. .  Chlorides 

contained i n  feed materials will produce hygroscopic effects  on fabric 

f i l t e r s .  The chloride compounds, such as copper, zinc, and lead chloride, 
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contained i n  these gas streams ac t  as dessicant mater ia ls  and can 

produce a s t i c k y  ma te r ia l  which tends t o  b l i n d  and eventua l l y  t e a r  

the f i l t e r  fabr ic .  F i l t r a t i o n  temperatures must a l s o  be c a r e f u l l y  

maintained (usua l ly  below 275') i n  o rder  t o  assure t h a t  the f i l t e r  

fabr ics  are no t  damaged. 

the format ion of p o t e n t i a l l y  harmful chemical substances such as s u l f u r i c  

ac id  m i s t  and metal  ch lo r ides  can be minimized t o  acceptable l eve l s .  

An ana lys is  o f  the fume and p a r t i c u l a t e  ma t te r  co l l ec ted  a t  the 

New Jersey Zinc Company's Palmerton, Pennsylvania, Waelz oxide s i n t e r  

p l a n t  revealed a metal c h l o r i d e  content o f  up t o  4.5%. 

o f  s u l f u r  d iox ide  i n  the gas stream was approximately 1000 ppm,899 which 

i s  s i m i l a r  t o  what would be expected from s u l f i d e  c i r c u i t  s i n t e r i n g  

emissions. To minimize the  format ion o f  harmful chemicals i n  the 

gas stream, the Waelz s i n t e r  p l a n t  baghouse i n l e t  temperature i s  c l o s e l y  

c o n t r o l l e d  by the use o f  both a gas preheater and d i l u t i o n  w i t h  outs ide 

coo l ing  a i r .  

With c lose c o n t r o l  o f  i n l e t  gas temperatures, 

The concentrat ion 

E l e c t r o s t a t i c  p r e c i p i t a t i o n  i s  an e f f e c t i v e  technique f o r  removing 

It has the  advantage bo th  s o l i d  and l i q u i d  p a r t i c l e s  from gas streams. 

over most o ther  con t ro l  systems o f  p e r m i t t i n g  e i t h e r  d ry  or wet 

c o l l e c t i o n  o f  small p a r t i c l e s .  

considered the f i r s t  choice f o r  a s o l i d  p a r t i c u l a t e  emission con t ro l  system; 

however, as the process gas stream increases i n  temperature t o  the th resho ld  

of baghouse operat ion,  e l e c t r o s t a t i c  p r e c i p i t a t o r s  ga in  more acceptance. 

~Ut ' rent ly ,  e l e c t r o s t a t i c  p r e c i p i t a t o r s  a re  used on a l l  the  roasters ,  

reverberatory  furnaces, and converters o f  the  pr imary domestic copper 

smelt ing indus t ry .  Three o f  the f i v e  domestic pr imary z inc  smelters 

which p r a c t i c e  s i n t e r i n g  use e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  and one o f  

Fabr ic  f i l t e r  baghouses might be 

, l  
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six currently operating primary lead sintering operations employs an 

e lec t ros ta t ic  precipitator fo r  par t iculate  control. 

Electrostatic precipitators are normally used when the larger 

portion of the par t iculate  matter t o  he collected i s  smaller than 20 microns 

in mean diameter. When par t ic les  are large,  centrifugal collectors a re  

sometimes employed as precleaners. 

i n  the range o f  '50,000 to 2,000,000 cubic feet per minute. 

pressures range from s l igh t ly  below atmospheric pressure t o  150 pounds 

per square inch gauge and operating temperatures normally range from ,I' 

ambient a i r  temperatures t o  750°F. 

Gas volumes handled are normally 

Operating : 

Separation of suspended par t iculate  matter from a gas stream by 

high-voltage e lec t ros ta t ic  precipitation requires three basic steps: 

1 1. 

2. 

Electrical charging of the suspended matter. 

COlleCtdOnJOf the charged particulate matter on a grounded surface,. 

3. Removal of the par t iculate  matter t o  an external receptacle. . /, 
/ 

A charge may be imparted t o  particulate matter pr ior  t o  the 

e lec t ros ta t ic  precipi ta tor  by flame i on i za t i  on or  f r ic t ion  ; however, . 

the b u l k  of the charge i s  applied by passing the suspended par t ic les ,  . 
through a high-voltage, direct-current corona. The corona i s  established 

between an .electrode maintained a t  h i g h  voltage and a grounded collecting 

surface. 

t o  an intense bombardment of negative ions tha t  flow from the h igh-  

voltage electrode t o  the grounded collecting surface. The par t ic les  : 

thereby become highly charged within a fraction of a second and migrate 

toward the grounded collecting surfaces. 

by iner t ia l  and f r i c t ion  forces. 

,,> 'pr,i 

Particulate matter passing through the corona is  subjected 

This a t t ract ion i s  opposed 

t h .  
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A f ter  the p a r t i c u l a t e  mat te r  deposi ts on t h e  grounded c o l l e c t i n g  

surface, adhesive, cohesive, and pr imary e l e c t r i c a l  forces must 

be suf f ic tent  t o  r e s i s t  any a c t i o n  o r  coun te r -e lec t r i ca l  forces t h a t  

would cause reentrainment o f  the p a r t i c u l a t e  matter.  Free f low ing  

l i q u i d s  are removed from t h e  c o l l e c t i n g  sur face by na tu ra l  g r a v i t y  

forces. 

surfaces by  mechanical means such as by v i b r a t i n g  w i t h  rappers or 

by f l u s h i n g  w i t h  l i q u i d s .  

from which they are removed. 

The p a r t i c u l a t e  mat ter  i s  d is lodged from the  c o l l e c t i n g  

The co l l ec ted  ma te r ia l s  f a l l  t o  a hopper 

Although EPA has found i n  many indus t r i es  t h a t  well-designed, 

high-ef f ic iency e l e c t r o s t a t i c  p r e c i p i t a t o r s  are e f f e c t i v e  i n  l i m i t i n g  

emissions o f  p a r t i c u l a t e  matter,  i n  most cases the e l e c t r o s t a t i c  

p r e c i p i t a t o r s  t h a t  have been i n s t a l l e d  w i t h i n  t h e  domestic pr imary 

copper, , z i n c  and lead smelt ing i ndus t r i es  have been o f  r e l a t i v e l y  

low ef . f ic iency (80-90 percent o r  less) .  

n o t  con’ducted an emissions t e s t  on an e l e c t r o s t a t i c  p r e c i p i t a t o r s  

operat ing w i t h i n  the  domestic copper, z inc  and lead smel t ing 

i ndus t r y  s ince no p r e c i p i t a t o r  c u r r e n t l y  i n  operat ion was found t o  

e x h i b i t  the  best ava i l ab le  technology. 

Consequently, EPA has 

I n  July 1972, EPA c a r r i e d  ou t  an emission t e s t  on a f a b r i c  f i l t e r  

baghouse operat ing on the lead b l a s t  furnace a t  the  ASARCO lead 

smelter i n  Glover, Missour i .  

concentrat ion (probe washings and f i l t e r  catches only)  was determined 

t o  be about 32 mi l l ig rams per dry normal cubic  meter (0.014 gr/dscf) . ”  

The average p a r t i c u l a t e  emission 
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I n  February 1974. EPA c a r r f e d  ou t  an emlssion t e s t  on a f a b r i c  

i n v a l i d ,  however, due t o  a mal func t ion  w i t h i n  the  con t ro l  system. 

A de fec t ive  valve w i t h i n  the  baghouse system permi t ted a s i g n i f i c a n t  

p o r t i o n  o f  the  emission stream t o  bypass the  f i l t e r i n g  area and ..? - ' ' 

proceed untreated t o  the  sampling l oca t i on .  

h 

The secondary lead and brass and bronze indus t r i es  have a lso I' 

Y , 
been tes ted  by EPA f o r  p a r t i c u l a t e  emissions. 

from a brass o r  bronze furnace cons is ts  o f  n o t  on ly  combustion 

products from f u e l s  bu t  a lso  p a r t i c u l a t e  mat ter  i n  the form o f  dust  

and m e t a l l i c  fumes.13 The fume r e s u l t s  from the  condensation and 

o x i d a t i o n ' - o f j u o l a t i l e  elements i n c l u d i n g  lead and z inc.  

s i t u a t i o n  e x i s t s  i n  secondary l ead  r e f i n i n g  where the m e t a l l i c  fume 

emi t ted i s  p r i n c i p a l l y  lead oxide. I n  both cases the  partic1e:lsS'ze 

o f  the  metal oxides range between 0.03 and 0.3 micron.13 This p a r t i c l e  

s i z e  range i s  s i m i l a r  t o  t h a t  o f  pr imary smelt ing operat ions.  

P a r t i c u l a t e  mat te r  

A simi:lar, -u.:. 

I 

' '. 

Averaqe emissions from t y p i c a l  secondary lead and brass and bronze 

f a c i l i t y  t e s t s  a t  those s i t e s  u t i l i z i n g  baghouses f o r  p a r t i c u l a t e  

con t ro l  are 0.01 and 0.008 gr /dscf ,  respect ive ly .12 Table 4-7 

gives a tabu la t i on  o f  app l i cab le  secondary i ndus t r y  baghouse 

t e s t  r e s u l t s  conducted by  €PA. 

7; 

,4l, 

4-99 
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f i l t e r  baghouse operat ing on a Waelz z inc  oxide s i n t e r i n g  machine 

a t  the  New Jersey Zinc Company's pr imary z inc  smelter i n  Palmerton, 

Pennsylvania. 
. 

The p a r t i c u l a t e  emission r e s u l t s  were considered 
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5. SURVEY OF DOMESTIC AND FOREIGN PRIMARY COPPER, Z INC AN0 LEAD SMELTERS 

Current ly ,  the Uni ted States annual Consumption r a t e  of . 
1 near l y  5.1 m i l l i o n  shor t  tons o f  copper, zinc, and lead 

p a r t l y  s a t i s f i e d  by the product ion of  these metals a t  29 pr imary 

f a c i l i t i e s .  

d iscuss ing the cu r ren t  processing and emission cont ro l  equipment 

used, the atmospheric emissions o f  SO2 and p a r t i c u l a t e  produced, 

and some p e r t i n e n t  process parameters ca lcu la ted  fo r  each pr imary 

f a c i l i t y .  

for  a i r  p o l l u t i o n  abatement are a l s o  presented. Some o f  the  plans 

c i t e d  have been completed and others have been a l t e r e d  as o f  mid-1974, 

b u t  no attempt has been made t o  update the in fo rmat ion  o f  t h i s  

chapter t o  r e f l e c t  changes a f t e r  mid-1973. 

e x i s t i n g  smelter emission cont ro l  regulat ions.  

5.1 PRIMARY COPPER SMELTERS 

5.1.1 Domestic Copper Smelters 

i s  

This sect ion inves t iga tes  these e x i s t i n g  operations by 

Future-plans, as envis ioned by these f a c i l i t i e s  as o f  mid-1973, 

Reference i s  made t o  

A? shown by Figure 5-1, the f i f t e e n  e x i s t i n g  domestic pr imary 

copper smelters are main ly  concentrated i n  the southwestern sect ion 

of the United States.  Michigan, Montana, Nevada, New Mexico, 

Tennessee, Texas. Utah, and Washington conta in  one copper smelter 

each, wh i le  seven smelters are loca ted  i n  Arizona. The h igh dens i ty  

Of copper e x t r a c t i o n  f a c i l i t i e s  Sn Arizona i s  p r i m a r i l y  due t o  the 

l o c a l  a v a i l a b i l i t y  o f  copper ore. 

A compi la t ion  o f  data, i nc lud ing  p l a n t  aye and most recent  major 

modi f icat ion,  mater ia ls  processed and produced, process and emission 

con t ro l  equipment, stack parameters, and emission data, i s  presented 

in Table 5-1 for each af t4e f i f teen exist-ing pppitRbl"y c w  m e t t e r s .  
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I 

i 
The remainder o f  the  d iscuss ion contained i n  Sect ion 5:1 i s  e i t h e r  taken 

d i r e c t l y  from o r  ca l cu la ted  f r o m  t h i s  tab le.  
I 

As described i n  Sect ion 3.1 .l, two conventional copper e x t r a c t i v e  

processes are u t i l i z e d  by these e x i s t i n g  smelters. 

process occurs i n  three steps: 

The f i r s t  

roas t ing ,  smelting, and 

convert ing.  

copper concentrates conta in ing  var ious amounts o f  cons t i tuents  employ 

t h i s  p rac t ice .  

are i n  t h i s  f i r s t  category. 

f ou r  smelters by means o f  mu l t i p le -hear th  roasters ,  whereas the 

remaining three f a c i l i t i e s  employ f l u id -bed  roasters .  

copper roas t i ng  app l i ca t i ons  e x i s t i n g  i n  the Uni ted States, one mu l t i p le -  

hear th  roas te r  i s  used t o  r o a s t  approximately 190 tons per  day of 

copper concentrate, and about 1150 tons per  day are processed by  

each f l u id -bed  roaster .  

Generally, pr imary f a c i l i t i e s  t h a t  process numerous 

Current ly ,  seven o f  the  e x i s t i n g  f i f t e e n  copper smelters 

The roas t i ng  step i s  performed a t  

Averaging t h e  

The second process, used by  the  remaining e i g h t  operat ing 

f a c i l i t i e s ,  occurs i n  two steps: smel t ing and conver t ing.  Uniform 

consistency o f  concentrate cons t i tuents  i s  the pr imary reason f o r  

smel t ing the  copper concentrates d i r e c t l y  w i thout  the p r i o r  

roas t i ng  step. 

For e i t h e r  process, the reverbera tory  furnace performs the  

smel t ing step a t  four teen o f  the  f i f t e e n  smelters. The one re -  

maining smelter employs an e l e c t r i c  furnace. An average o f  640 

tons per  day o f  copper c a l c i n e  and concentrate are smelted i n  each o f  

a t o t a l  o f  26 operat ional  reverbera tory  furnaces. The one e x i s t i n g  
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e l e c t r i c  furnace processes approximately 250 tons per  day o f  copper 

ca lc ine.  

A l l  f i f t e e n  domestic copper smelters employ the Pierce-Smith 

conver ter  f o r  the conversion of furnace matte t o  conver ter  s lag  and 

b l i s t e r  copper. 

an average o f  approximately 300 d a i l y  tons o f  furnace matte. An 

average o f  3.6 opera t ing  converters,  w i t h  a range o f  from one t o  

e i g h t  converters, i s  used a t  each pr imary smelter.  

Each o f  a t o t a l  o f  54 conver ters  i s  used t o  process 

Figure 5-2 presents the  above process equipment s t a t i s t i c s  

f o r  the  f i f t e e n  e x i s t i n g  copper smelters. 

P a r t i c u l a t e  mat ter  i s  emi t ted from the  roas ter ,  furnace, and 

conver ter  process operat ions.  

p rac t ices  inc lude the usage o f  mul t ic lones,  ba l loon f lues,  and 

e l e c t r o s t a t i c  p r e c i p i t a t o r s .  

estimated 30 t o  99 percent.  

p a r t i c u l a t e  removal devices w i t h  h igh -e f f i c i ency  e l e c t r o s t a t i c  

p r e c i p i t a t o r s  i s  underway a t  many o f  the  e x i s t i n g  smelters. 

Current p a r t i c u l a t e  c o n t r o l  

Control e f f i c i e n c i e s  vary. f rom an 

Replacement o f  o l d ,  l ow-e f f i c i ency  

Contro l  o f  s u l f u r  oxide emissions from t h i s  i ndus t r y  has p r i m a r i l y  

been through the a p p l i c a t i o n  o f  s ing le-contact  s u l f u r i c  ac id  p lan ts .  

O f  the fou r  smelters t h a t  employ mu l t i p le -hear th  roasters ,  a l l  o f  the  

r o a s t e r  process e f f l u e n t s  a r e  emi t ted t o  the atmosphere w i thout  SO2 

con t ro l .  Each o f  the  th ree  smelters u t i l i z i n a  f l u id -bed  roas te rs  

l i m i t s  the SO2 emission from t h i s  e f f l u e n t  by means o f  a s u l f u r i c  
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Copper Concentrates 

Feed 
nts) 

- 
Fluid-Bed Mu1 tiple-Hearth 
Roaster Roasters Green 

(8 P1 
3 Each 33 Each 

( 3  Plants) ( 4  Plants) 

I J 

Electric Furnace Reverberatory 
Furnace 

( 1  Plant) 26 Each 
(14 Plants) 

1 Each 

- - 

Converters 

54 Each 
( 1 5  Plants) 

Blister Copper 

Figure 5-2. Process equipment used by existing 
domestic primary copper smelters. 
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acid plant. 

reverberatory furnaces are a t  present discharged t o  the atmosphere 

w i t h o u t  recovery of SO2. The one smelter tha t  employs an e l ec t r i c  

furnace combines this process effluent with copper roaster 

and converter gases, as well as pyrite process gases, and t rea ts  

the en t i re  effluent in a dimethylaniline scrubbing system, a liquid 

SO2 plant and several sulfur ic  acid plants. 

primary copper smelters l imit  the emissions of SO2 from copper converters. 

A t  these smelters, sulfur  i s  recovered by the production of sulfur ic  

acid by means of single-contact sulfur ic  acid plants. 

All of the weak-stream eff luents  from the industry's 

Currently, only f ive  U.S. 

I l lustrated i n  Figure 5-3 i s  the current s ta tus  of SO2 control a t  

the existing primary copper smelters as of mid-1973. 

possible 37 process effluents generated by the domestic industry are 

subjected. e i ther  wholly or  in p a r t ,  to  SO2 emission control. 

In summary, only nine of the 

Fugitive emissions of sulfur dioxide are discharged to  the 

atmosphere from numerous sources within the smelter complex. l8 

discharge sources include hot roaster calcine t ransfer  points; 

reverberatory furnace feed and discharge areas; converter roll-out;  

leaky f lues ,  ducts, and stacks; and low-level stacks,  such as some 

acid plant tail-gas stacks. The magnitude of the fugitive 

emissions has been reported t o  range from 0 t o  12 percent of the 

total  amount of SO2 generated by the smelter. 

methods for  quantification of fugitive SO2 emissions are  not known. 

Several of the existing smelters are presently instal l ing hooding over 

troublesome areas where fugitive emissions occur. This hooding will 

allow some of the fugitive emissions t o  be emitted t o  the atmosphere 

from a higher release point, which should, in turn, reduce ground-level 

SO2 concentrations. 

Such 

Currently, exact 

I 

1 
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Processing Equipment Type S@ Control 

Eff 1 uents 
No SO2 Control 

Mu 1 ti pl e -Hearth 
Roasters 

33 Each, 4 Effluents 

Fluid-Bed Roasters Si ngl  e-Contac t 

Plants 
3 Each, 3 Effluents Sulfuric Acid 

+ r 

Reverbera tory 

26 Each, 14 Effluents 
Furnaces *No SO2 Control 

I 
Single-Contact 

P1 ants,  
Liquid SO2 Plant 

3 Sulfuric Acid 
Electric Furnaces 

1 Eachy.1 Effluent 

c I 

- ~ 

Converters Single-Contact 
14 Each, 5 Effluents * Sulfuric Acid 

Plants ’ 
(Treated in Part or 

An’.=-! 

Converters c No SO2 Control ’ 40 Each, 10 Effluents 

* 

Figure 5-3. Current s ta tus  of SO control a t  
existing primary cop6er smelters. 
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Tabulated i n  Table 5-1 are estimates o f  p a r t i c u l a t e  and SO2 

mass emission ra tes  f o r  each o f  the f i f t e e n  e x i s t i n g  copper smelters. 

These balances have been obtained from i n d u s t r i a l  responses t o  EPA 

quest ionnaires and from o ther  referenced connnunications w i t h  i n d u s t r i a l  

representat ives.  

e s s e n t i a l l y  zero t o  approximately 22 tons/day, and averages 5.8 

tonslday. 

o f  p a r t i c u l a t e  c o n t r o l  e x i s t i n g  a t  the f a c i l i t y .  

The mass p a r t i c u l a t e  emission r a t e  va r '  !S from 

The broad range ind ica ted  depends d i r e c t l y  on the degree 

The mass emission r a t e  o f  SO2 var ies  from a very small amount, 

which has n o t  y e t  been determined ( t a i l  gas from ac id  p lan ts  and 

d ime thy lan i l i ne  u n i t  a t  C i t i e s  Service, Copperh i l l ,  Tennessee), to a 

high o f  approximately 1400 tonslday. 

magnitude o f  the SO2 atmospheric emissions emanating from each o f  the 

15 e x i s t i n g  smelters: 

Numerous fac to rs  d i c t a t e  the  

1) The tonnage o f  concentrate processed per  day. 

2) The su l fur  content o f  the concentrate. 

3) The type o f  pyrometa l lurg ica l  process employed ( i .e . ,  roast ingr  

smel t ing-conver t ing  o r  smelt ing-convert ing).  

4) The degree o f  s u l f u r  removal f o r  each pyrometa l lu rg ica l  

process step. 

5) The amount o f  s u l f u r  en ter ing  the e x t r a c t i o n  process which i s  

re ta ined as a s o l i d  cons t i t uen t  o f  d iscarded slag. 

The degree o f  SO2 emission con t ro l  employed. 6) 

The amount o f  copper concentrate processed a t  each o f  the  e x i s t i n g  smelters 

var ies  from 300 t o  2260 tonslday, w i t h  an average o f  approximately 1300 

tonslday. The s u l f u r  content  o f  these concentrates averages around 32 

Percent and ranges from a low o f  8 percent t o  a h igh  o f  38 percent. 
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Factor numbers 3 and 4 above are in t r ins ica l ly  associated by the 

type or types of copper concentrate processed a t  each smelter. 

The degree of sulfur removal for  each processing step i s  dependent 

upon the metallurgical goals of t h a t  step and will vary from 

smelter t o  smelter. Of the to ta l  SO2 generated by each existing 

smelter, the allocation of the generated SO2 i s ,  on the average, 

attr ibuted to:  19 

Roasting Furnacinq Converting Fugitive 

32.2% 18.6% 43.1% 6.1% 

Furnacing Converting Fugitive 

31.2% 68.5% 0.3% 

Significant variations of each of the above percentages do occur on 

a plant-by-plant basis. Losses of input sulfur t o  slag vary from one 

t o  three percent of this  input amount. 

99 percent of the input sulfur can ultimately become uncontrolled atmos- 

pheric emissions of S02, unless emission control is  employed. As stated 

previously, only nine of the 37 primary smelter process effluents 

have so2 Control e i ther  i n  p a r t  or  whole. 

control allows an average of approximately 550 tonslday of SO2 t o  

be emitted for  each copper smelter. 

average mass emission ra te  is  equivalent t o  a b o u t  0.425 tons of SO2 

emitted/ton of copper concentrate processed or 1.75 tons  of SO2 

emitted/ton of b l i s t e r  copper produced. In summation, i f  the 

average copper concentrate were assumed t o  contain 32 percent Sulfur 

the current overall degree of SO2 emission control would be equivalent 

T h u s ,  the remaining 97 t o  

This amount of 

On a Process weight basis, th is  
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t o  33 percent. 

Numerous con t ro l  regu la t ions  l i m i t i n g  the atmospheric emission o f  

s u l f u r  d iox ide  from e x i s t i n g  pr imary copper smelters have been o r  are 

being adopted by  s t a t e  and l o c a l  a i r  p o l l u t i o n  con t ro l  agencies. 2o 

As o f  mid-1973, mass emission r a t e  standards r e q u i r e  from 60 t o  90 percent 

con t ro l  o f  s u l f u r  fed  t o  an e x i s t i n g  smelter, and stack concentrat ions of 

from 500 t o  2000 pa r t s  per m i l l i o n  (ppm) SO2 a r e  requ i red  i n  o ther  regulat ions.  

A t h i r d  type o f  regu la t i on ,  r e q u i r i n g  compliance t o  a s e t  o f  ambient 

a i r  q u a l i t y  standards, i s  a l so  used. The Environmental Pro tec t ion  

Agency i s  c u r r e n t l y  developing regu la t ions  t o  c o r r e c t  the  de f i c ienc ies  

contained i n  s i x  s t a t e  implementation p lans f o r  smelters. The s t a t e  

implementation p lans were d e f i c i e n t  i n  t h a t  they  d i d  n o t  prov ide f o r  

the  at ta inment  o f  the  na t iona l  ambient a i r  q u a l i t y  standards. 21 

I n  order t o  comply w i t h  e x i s t i n g  o r  pending SO2 regu la t ions ,  

many o f  the  pr imary copper smelters have i n i t i a t e d  p lans or  are i n  the process 

o f  cons t ruc t ion  and s ta r t -up  o f  SO2 c o n t r o l  devices. 

l o c a l  a i r  p o l l u t i o n  con t ro l  o f f i c i a l s  have ind i ca ted  t h a t  some o f  these 

ac t ions  inc lude the fo l low ing  as of mid-1973: 

Status Ac t ion  

1) Star t -up 

Federal, State,  and 

E l e c t r i c  furnace, siphon converters,  and one 

double-contact s u l f u r i c  a c i d  p l a n t  t o  handle 

a l l  furnace and conver ter  gases. This  system 

w i l l  rep lace o l d  e x i s t i n g  smelter. 22 

Miami, Arizona) 

Water-cooled hoods on conver ters  (which w i l l  a l l ow  

less  a i r  i n f i l t r a t i o n  a t  hood-converter i n t e r f a c e  

and, i n  turn,  increase conver ter  e f f l u e n t  

( I n s p i r a t i o n -  
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3) Star t -up 

4) Under const ruct ion 

5) Under cons t ruc t ion  

6) Under cons t ruc t ion  

7 )  Under cons t ruc t ion  

8 )  Under cons t ruc t ion  

SO2 concentrat ion) ,  d imethy lan i l  i n e  t o  concen- 

t r a t e  SO2 contained i n  reverberatory  furnace 

gases, and one s ing le-contact  s u l f u r i c  ac id  

p l a n t  t o  handle a l l  furnace and conver ter  gases. 
(phelps- Dodge-Ajo, Arizona) 

One double-contact s u l f u r i c  a c i d  p l a n t  t o  

con t ro l  e n t i r e  converter e f f l u e n t .  (ASARCO- 

E l  Paso, Texas) 

One double-contact s u l f u r i c  a c i d  p l a n t  t o  t r e a t  

a po r t i on ,  o f  t h e  conver ter  e f f l u e n t .  

Anaconda, Montana) 

Dimethylani l  i n e  t o  concentrate SO2 i n  remainder 

o f  conver ter  e f f l u e n t  ( p o r t i o n  o f  converter 

e f f l u e n t  c u r r e n t l y  t rea ted  by s ing le-contact  

s u l f u r i c  a c i d  p l a n t ) .  

sent t o  l i q u i d  SO2 p l a n t .  

Single-contact  s u l f u r i c  a c i d  p l a n t  t o  recover SO2 

from e n t i r e  conver ter  e f f l u e n t .  (Kennecott-Hurley, 

New Mexico) 

New duc t ing  and water-cooled hoods on converters,  

e n t i r e  conver ter  e f f l u e n t  t o  s ing le-contact  

s u l f u r i c  a c i d  p l a n t .  22 

Water-cooled hoods on converters and expansion 

of e x i s t i n g  s ing le-contact  s u l f u r i c  a c i d  p l a n t  

t o  t r e a t  e n t i r e  r o a s t e r  and converter e f f l u e n t s  

( a c i d  p l a n t  c u r r e n t l y  t r e a t s  e n t i r e  roas te r  

e f f l u e n t  and p o r t i o n  o f  converter e f f l u e n t ) .  

(Kemecott-Hayden, Arizona) 

22 

(Anaconda- 

Concentrated SO2 stream 

(ASARCO-Tacoma, Washington) 

(Magma-San Manuel, Arizona) 

22 
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9) Under cons t ruc t ion  Single-contact  s u l f u r i c  ac id  p l a n t  t o  t r e a t  

e n t i r e  conver ter  e f f l u e n t .  A lso adding one 

new converter and one new reverberatory  furnace 

t o  e x i s t i n g  process. 22 

Morenci, Arizona) 

Water-cooled hoods on converters, s ing le -  

contact  s u l f u r i c  a c i d  p l a n t  t o  t r e a t  e n t i r e  

converter e f f l uen t ,  and t a l l e r  stack. 

McGi 11 , Nevada) 

1000 f o o t  stack f o r  a l l  unt reated (SO2) roas ter  

and reverberatory  furnace e f f l uen ts .  New stack 

w i l l  rep lace e x i s t i n g  300-foot stack. 22 

Hayden, Arizona) 

Water-cooled hoods on a l l  converters, b lend 50 

percent o f  reverberatory  furnace e f f l u e n t  w i t h  

e n t i r e  conver ter  e f f l u e n t  and t r e a t  a l l  w i t h  

(Phelps Dodge- 

10) Under cons t ruc t ion  

(Kennecott- 

11) Under cons t ruc t ion  

(ASARCO- 

12) Planning 

13) Planning 

14) No plans 

e x i s t i n g  s ing le -contac t  s u l f u r i c  ac id  plants.  

(Kennecott-Garfield, Utah) 

Usage o f  double-contact  s u l f u r i c  a c i d  p lants ,  

sodium s u l f i t e - b i s u l f i t e  scrubbing, o r  molecular 

s ieve t o  reduce t a i l  gas concentrat ion from 

e x i s t i n g  s u l f u r i c  a c i d  p lan ts  t o  below 500 ppn. 

( C i t i e s  Service-Copper H i l l ,  Tennessee) 

Two e x i s t i n g  copper smelters have not,  as ye t ,  

i n i t i a t e d  any s u l f u r  recovery programs. 

(White Pine-White Pine, flichigail, an?! Ftielps w4e- 
Douglas, Arizona) 

22 
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O f  importance are  the  f a c t s  t h a t  two e x i s t i n g  copper smelters a re  s t a r t i n g  up 

or  i n s t a l l i n g  double-contact s u l f u r i c  a c i d  p lan ts ,  one e x i s t i n g  smelter i s  

c u r r e n t l y  l i n i n g  ou t  a d ime thy lan i l i nesys tem appl ied t o  a reverberatory  

furnace weak gas stream, and an e l e c t r i c  furnace and syphon conver ter  

systen i s  under s ta r t -up  a t  one o the r  e x i s t i n g  smelter. 

I f  a l l  o f  the  above plans were t o  become r e a l i t y  a t  the  e x i s t i n g  

copper smelters, twenty process e f f l u e n t s  o u t  o f  a t o t a l  o f  37 would be 

e i t h e r  who l ly  o r  i n  p a r t  subjected t o  SO2 emission con t ro l .  

The cons t ruc t ion  o f  f o u r  new pr imary copper ex t rac t i on  f a c i l i t i e s  i s  

planned f o r  t h e  near fu tu re .  

copper smelter a t  Tyrone, New Mexico. This  smelter w i l l  incorporate 

Outokumpu Oy f l a s h  smelt ing technology and w i l l  produce 100,000 tons 

per year o f  copper.23 The smelter i s  scheduled t o  s t a r t  up i n  mid-1974. 

Phelps Dodge has under cons t ruc t ion  a new 

Off-gases from the f l a s h  furnace and copper converters w i l l  be c o n t r o l l e d  

by an elemental s u l f u r  p l a n t  and.a s u l f u r i c  a c i d  p lant ,  respec t ive ly .  

. .._.., ..,..,I 

Both Anaconda and Duval Copper have announced the  cons t ruc t ion  o f  

hyd rm 'e ta l l u rg i ca l  copper e x t r a c t i o n  f a c i l i t i e s .  

w i l l  be located a t  Anaconda's Anaconda, Montana, smelter and i s  scheduled 

f o r  s ta r t -up  i n  late.1974. The f a c i l i t y  w i l l  have the capaci ty  t o  

produce 36,000 tons per year  o f  copper. The Duval copper i n s t a l l a t i o n  

w i l l  be loca ted  a t  Duval 's Esperanza mine, j u s t  south o f  Tucson, Arizona. 

The f a c i l i t y  i s  scheduled f o r  s t a r t - u p , i n  e a r l y  1975 and w i l l  have t h e  

capaci ty  t o  produce 32,500 tons per  yea r  o f  copper. 

w i l l  be the  f i r s t  o f  t h e i r  type t o  operate on a comnerical basis. 

Hecla-El Paso Natural  Gas i s  a l so  cons t ruc t ing  'a new co'pper.-smel-ter;- 

The Anaconda i n s t a l l a t i o n  

i, 

These two i n s t a l l a t i o n s  

c - i  

This  smelter w i l l  use t h e  roast - leach-e lect rowin technology developed by 
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Bagdad copper i n  the 1950's. 

sulf ide concentrates followed by a sulfur ic  acid leach and then 

electrolysis  of the leach solution to  recover copper. The smelter will 

be located just south of Casa Grande, Arizona,and will have the capacity 

to  produce 30,000-35,000 tons per year of copper. 

roaster will be controlled by a sulfur ic  acid plant and the smelter is  

scheduled t o  s t a r t  u p  in ear ly  1975. 

5.1.2 Foreign Copper Smelters 

The process involves the roasting of copper 

Off-gases from the 

Table 5.2 contains data pertaining t o  process and pollution control 

equipment ut i l ized by several foreign primary copper smelters which 

were visited by EPA i n  August and September of 1972. 

operations u t i l i z e  the flash smelting technique. 

technique a re  processed fo r  SO2 control by double-contact sulfur ic  acid 

plants and a l iquid SO2 plant. 

reverberatory furnace eff luent  by means of a single-contact sulfur ic  

acid plant a t  the time of the EPA v i s i t .  Hooding, used to  prevent the 

release of fug i t i ve  SO2 miss ions ,  and scrubbing of acid plant t a i l  gas, 

a s  well as other weak SO2 gas streams, a re  discussed in th i s  table.  

Three of these 

Off-gases from this 

One smelter recovered SO2 from i t s  
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5.2 PRIMARY Z I N C  SMELTERS 

5.2.1 Domestic Zinc Smelters 

The phys ica l  l oca t i ons  o f  the e i g h t  e x i s t i n g  domestic pr imary z inc 

smelters as o f  mid-1973 Each o f  the e i g h t  

domestic smelters i s  o f  the custom type; t h a t  i s ,  the z inc  concentrates 

processed a r e  genera l l y  purchased from numerous sources. 

bas ic  types o f  z inc  product ion methods descr ibed i n  Section 3.1.2, 

three smelters employ t h e  hor izon ta l  r e t o r t  process, two smelters use 

the  v e r t i c a l  r e t o r t  process, and the e l e c t r o l y t i c  technique i s  

performed a t  two z inc  operat ions.  The e i g h t h  smelter produces 

z inc  ca l c ine  f o r  the  product ion o f  z inc oxide. 

t a b l e  f o r  the  e x i s t i n g  z inc  

copper indust ry ,  i s  used as a basis f o r  the remaining discussion i n  

t h i s  sect ion.  This data i s  presented i n  Table 5.3. 

Seven of the e i g h t  e x i s t i n g  z inc  p l a n t s  u t i l i z e  one o r  a 

a re  portrayed i n  f i igure 5-4. 

O f  the three 

A data compi la t ion 

smelters, as was presented f o r  the pr imary 

combination of several types o f  roas ters ,  which inc lude Ropp roasters ,  

mu l t ip le -hear th  roasters ,  o r  the modern f l a s h  and f lu id -bed roasters .  

The Ropp roas ter ,  used by o n l y  one domestic smelter,  i s  the on ly  type 

roas te r  which does not  produce a gas stream t h a t  i s  amenable t o  

convent ional  SO2 c o n t r o l .  

concentrate are processed ?n a t o t a l  o f  25 roas ters ,  w i t h  an average 

feed r a t e  of 120 tons per  day per roas ter .  

Approximately 2900 tons per day o f  z inc 

Four smelters employ a t o t a l  o f  15 downdraft s i n t e r  machines t o  

produce a hard porous ma te r ia l  which i s  s u i t a b l e  f o r  reduc t ion  i n  a 

ho r i zon ta l  o r  v e r t i c a l  r e t o r t .  One opera t ion  employs a r o t a r y  k i l n  

t o  remove impur i t i es  f rom i t s  z inc ca lc ine .  Another smelter uses 

one la rge  downdraft s i n t e r i n g  machine t o  s imultaneously r o a s t  and 

5-18 



0 
E 

N 
.- 

I 
Y) 

5-19 



? ,-- - 
9 
P 

9 

8 
Y 

c 1 - 

4 

g: 

! 
h 

2 R 
5 



s i n t e r  approximately 500 tons per  day o f  z inc concentrate. The remaining 

two z inc p lan ts  employ t h e  e l e c t r o l y t i c  technique, wherein the z inc 

concentrate, i s  roasted and the r e s u l t i n g  ca l c ine  i s  subjected t o  

leaching and e l e c t r o l y s i s  r a t h e r  than Sinter ing.  

Reduction o f  t h e  z inc  s i n t e r  i s  performed a t  th ree  smelters by a 

t o t a l  of about 22,000 ho r i zon ta l  r e t o r t s .  

v e r t i c a l  r e t o r t s ,  wh i l e  one o ther  smelter uses 17 e lec t ro thermic  

furnaces, which are mod i f i ca t ions  -of  v e r t i c a l  r e t o r t - t y p e  furnaces. 

O f  approximately 2100 tons per  day o f  z inc produced by the  pr imary 

domestic indus t ry ,  29 percent i s  produced by the e l e c t r o l y t i c  

technique, 26 percent by the ho r i zon ta l  r e t o r t  method, and 45 percent 
4 by the  a p p l i c a t i o n  o f  v e r t i c a l  r e t o r t s  and e lect rothermic furnaces. .. 

Figure 5-5 presents the above process equipment s t a t i s t i c s  

One smelter u t i l i z e s  43 

.. 
' 

, . 

f o r  the e igh t  -.( e x i s t i n g  ;u z inc smelters. - 7  1 , . I  

P a r t i c u l a t e  mat ter  i s  emi t ted from roasters  t h a t  do not  have . . 
_ I  

s u l f u r i c  a;j_d-pJ-ants and from a l l  s i n t e r i n g  and reduc t ion  equipm6nt: zc ' i  " 

Eff luents  from t h e  roas ters  o f  s i x  smelters pass through e1ect rostat i .c  

p r e c i p i t a t o r s  and then t o  s ing le -contac t  s u l f u r i c  a c i d  p lan ts  f o r  SO2 ' 

recovery. One smelter which employs Ropp roas ters .  re leases i t s  . 

roas ter  e f f l u e n t  t o  the  atmosphere w i thout  any p a r t i c u l a t e  con t ro l  .+ ' 
P a r t i c u l a t e  mat ter  contained i n  s i n t e r  machine off-gases i s  c o n t r o l l e d  

by a combination o f  both e l e c t r o s t a t i c  p r e c i p i t a t o r s  and baghouses. 

The p a r t i c u l a t e  con t ro l  e f f i c i e n c y  o f  these devices genera l l y  ranges: 

from 90 t o  99 percent. 

. .  

, .. 

I 

- I  
Current ly ,  there  are  no known p a r t i c u l a t e  con t ro l  
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ROASTER-6 ROPP 
-FLUID BED & 5 FLUID-BED, 

3 FLASH, 19 
(2  PLANTS) EACH (4 PLANTS) 

ROASTER/ 
SINTER 
1 EACH 
( 1  PLANT) 

ZINC CONCENTRATES 

ROASTER 
-FLUID-BED 

1 EACH 
(1 PLANT) - 

ELECTROTHERMIC 
FURNACES . 

HORIZONTAL 
RETORTS 

‘“23,000 EACH 
( 3  PLANTS) 

J 

VERT I CAL 
RETORTS 
4 3  EACH h fl PLANT) 

Figure 5-5 Process equipment used by e x i s t i n g  domestic 
pvimary zinc smel ters  
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methods ava-i lable for  horizontal r e t o r t  operations. Magnitudes of 

particulate emissions from horizontal re tor t s  are unknown. W i t h  good 

rom housekeeping and _ .  operating practices,  particulate emissions 

vertical re tor t s  and electrottiermic furnaces can be minimal. 

of zinc metal from zinc calcine by the e lec t ro ly t ic  process 

"air-pollution free," since this i s  a "wet" operation. 

Production 

s essentialljy 
- i  

The production of zinc calcine by roasting zinc concentrates is 

the major SO2 producing step. ,Thirteen single-contact sulfur ic  acid .. 
plants are used t o  recover the SO2 generated by nineteen roasters.  I ,  ': ,; ~ 

These acid plants currently provide the only SO2 control i n  the primary 

zinc industry. I f  an assumption i s  made tha t  a l l  zinc concentrates 

contain an average of 30 percent sulfur  and that 95 percent of t h i s  

sulfur i s  converted t o  sulfur dioxide, a total  uncontrolled mass emission 
\ 

ra te  o f  1900 {oris per day of SO2 could occur. 

ra te  of approximately 600 tons per day of SO2 has been reported by the 

existing indugtry. 

for  the primary zinc industry is 68 percent. 

employ single-contact sulfuric acid p l a n t s ,  the percentage control of SO2 

is estimated to  be 91 percent. 

An estimated mass emission 

Thus,  an estimate of the current overall SO2 control 

O f  the six smelters which 

With'the SO2 control currently being 

practiced by th i s  indus t ry ,  approximately 0.18 tons and 0.28 tons of SO2 

are emitted for  each ton of  zinc concentrate processed and each ton o f  

zinc produced, respectively. 
Sinter machine off-gases generally contain from 400 t o  3000 parts 

per million SO2, by volume. Since most of the sulfur has been rqoved 

d u r i n g  roasting and sintering, the reduction off-gases normally contain 

only about 50 parts per millton SO2 by volume. Fugitive SO2 emissions occur 
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from roasters  and from improper ly maintained r o a s t e r  f lues .  

o f  these f u g i t i v e  emissions i s  unknown. 

The magnitude 
18 

I l l u s t r a t e d  i n  F igure  5-6 i s  the  cu r ren t  s ta tus  o f  SO2 con t ro l  

a t  the  e x i s t i n g  pr imary z inc  smelters as o f  mid-1973. 

Several con t ro l  regu la t ions  1 i m i t i n g  the  atmospheric re lease o f  

s u l f u r  d iox ide  from e x i s t i n g  primary z inc  smelters have been o r  a re  

being adopted by s t a t e  and l o c a l  a i r  p o l l u t i o n  con t ro l  agencies. 2o 

o f  mid-1973, mass emission standards r e q u i r e  a minimum o f  80 percent 

con t ro l  o f  s u l f u r  f e d  t o  the  smelter. A stack concentrat ion o f  500 

ppm SO2 i s  requ i red  by one s t a t e  regu la t ion .  

be app l ied  t o  separate operat ion e f f l uen ts ,  such as the roas ter  e f f l u e n t  

and’ the s i n t e r  machine off-gases. 

a l so  used as a measurement o f  compliance. 

plan, cover ing a combined lead/zinc operat ion,  was d e f i c i e n t  i n  t h a t  

i t  d i d  not  prov ide f o r  the  at ta inment o f  the na t iona l  ambient a i r  

q u a l i t y  standards. The Environmental P ro tec t i on  Agency i s  c u r r e n t l y  

developing a regu la t i on  t o  co r rec t  t h i s  de f ic iency .  

As 

This  concentrat ion must 

Ambient a i r  q u a l i t y  standards are 

One s t a t e  implementation 

1 . -  

21 

Some rev is ions ,  as h d i c a t e d  by Federal and s t a t e  a i r  p o l l u t i o n  

agencies, t o  e x i s t i n g  z inc  smelters a re  i n  the  planning stages as o f  

mid-1 973: 

Status Ac t ion  

1)  Current Usage o f  a l l  e x i s t i n g  s u l f u r i c  ac id  producing 

capaci ty.  Previously,  o n l y  ac id  which could be 

marketed was produced. (Bunker H i l l -Ke l logg,  

Idaho) 
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Processing Equipment Type SO2 Contro l  

Mu1 t i p l  e-Hearth 

5 ea, 1 E f f l u e n t  

Ef f luents  
Roasters - 
\ 

Single-Contact 
S u l f u r i c  Acid 

Plants  

No SO2 Control  
Ropp Roasters 

6 ea, 1 E f f l u e n t  

- 

'...,_, , 
Roas te r /S i  n t e r  

1 ea, !,Effluent 

2. 

' c I - ,L. 
Figure 5-6. Current s ta tus  o f  SO2 con t ro l  a t  

e x i s t i n g  pr imary z inc  smelters. 

FluidrBed Roasters 
7 ea, 4 E f f l u e n t s  

-5-25- 

Single-Contact L " ~ ~ : ~  
S u l f u r i c  Acid 

Plants  .. ' f  

A -  

Flash Roasters 
8 ea, 3 E f f l uen ts  

Sing1 e-Contact 
S u l f u r i c  Acid 

Plants  , 
+ 



~ _ _  

Status Action 

2 )  Planning Two existing zinc smelters ,investigating double- \ 

contact sulfur ic  acid plants and weak SO2 gas 

scrubbing techniques t o  reduce existing roaster- 

acid plant t a i l  gas and s in t e r  machine off-gas t o  i 
I 

I 
500 ppm, by volume. 20131 ( S t .  Joe-Monaca, I 

, 
4 . . * '  Pennsylvania,and N.J. Zinc-Palmerton, Pennsylvania) 

Two existing zinc smelters t o  shut down operation 

by December 1973. 32'33 (ASARCO-Amarillo, Texas, 

and AMAX-Blackwell, Oklahoma) 

4) Planning Increase stack height. (National Zinc-Bartlesville, 

3) Planning 

I 
I C  

Oklahoma) 

Two existing zinc smelters e i ther  already meet locat 

and s t a t e  SO2 regulations or have,noPyet in i t ia ted  

any sulfur recovery programs. 

and ASARCO - Corpus Christi. Texas)-," 

5) No plans 

-.A . 

( ASARCO-Columbus , Ohio, 

The primary domestic zinc smelting industry has announced the 

construction, expansion, and remodeling of new and existing .zinc f a c i l i t i e s  

within the United States.  Since the ASARCO Amarillo and AMAX Blackwell 

horizontal r e to r t  smelters will be cqosing shortly,  both companies have 

indicated tha t  replacement capacity i s  forthcoming. 32933 

exercised i t s  o p t i o n  to  purchase the East St .  Louis, I l l i no i s ,  e lec t ro ly t ic  

zinc plant owned by the Americah Zinc Company. 32 Expenditures for the 

refurbishing of th i s  plant have been stated t o  be $16.4 million. 

of zinc should cotmnence during 1973, with f u l l  capacity of 84,000 tons 

Per Year o f  electrolyt ic  zinc reached by 1975. ASARCO may expand i t s  

Corpus Christi e lectrolyt ic  zinc operation by as much as  20 percent. 

- AMAX has 

*. 
Shipment 

33 
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ASARCO i s  also considering the construction of a new 150-ton-per-day 

electrolyt ic  zinc f a c i l i t y  near Stephensport, Ky. 34 

i s  undertaken; plant start-up would occur in 1976. 

5.2.2 Foreign Zinc Smelters 

I f  this  project 

The e lectrolyt ic  zinc plant R u h r - Z i n k  GMBH, Datteln, West Germany, 

was visited by EPA in August/September of 1972. 

produces 80,000 metric tons per year of e lectrolyt ic  (high-grade) zinc. 

A Lurgi 180-ton-per-day fluid-bed roaster  i s  t h e  onpy SO2 emitting source 

a t  t h i s  f ac i l i t y .  

SO?. 

electrostat ic  precipitators in para l le l .  

culate loading i s  reduced by subjecting i t  t o  cyclones and three 

double-contact sulfur ic  acid plant is  employed for  SO2 recovery 

The SO2 conversion efficiency o f  t h i s  acid plant was reported to  be 

99.5 percent. I ,The Berzeltus and Penarroya smelters were a l so  vis i ted.  

Since these two: primary foreign smelters are  combined lead/zinc 

operations, a%discussion o f . t h e i r  process and  control technology - 1 ,  

will be presented i n  Section 5.3. 

This operation 

Off-gases from this roaster contain 10 t o  12 percent 

This effluent i s  cooled by a waste heat boiler and i t s  par t i -  

A 645-metric-ton-per-day /' i 

2 

t 
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5.3 PRIMARY LEAD SMELTERS 

5.3.1 Domestic Lead Smelters 

As shown by Figure 5-7, the  s i x  e x i s t i n g  domestic pr imary lead 

smelters a re  b a s i c a l l y  located w i t h i n  the  Missour i  lead b e l t  and 

the  Coeur D'Alene lead area. 

own lead concentrates, b u t  the m a j o r i t y  o f  t h e  processed concentrates 

are purchased from both domestic and fo re ign  sources. 

A few o f  these smelters process t h e i r  

A compi la t ion o f  data, i nc lud ing  p l a n t  age and most recent  

major mod i f i ca t ion ,  mater ia ls  processed and produced, process and 

emission c o n t r o l  equipment, stack parameters, and emission data, 

i s  presented i n  Table 5-4 f o r  each o f  the  s i x  e x i s t i n g  pr imary 

lead s r p l t e r s .  

Sect ion 5.4 i s  e i t h e r  taken d i r e c t l y  o r  ca l cu la ted  from t h i s  tab le .  

The remainder o f  the d iscuss ion  contained i n  

As, described prev ious ly ,  two pyrometa l lu rg ica l  process steps 

are  employed by  each o f  the  s i x  e x i s t i n g  lead smelters f o r  the 

product lon o f  lead b u l l i o n ,  s i n t e r i n g  and furnacing. Figure 5-8 
r e  

i l l u s t r a t t i s  the cur ren t  process equipment used by t h e  e x i s t i n g  

indus t ry .  F ive smelters employ the updra f t  t ype  s i n t e r i n g  machine, 

wh i l e  the remaining one smelter uses the downdraft type. Because 

of t h e i r  much greater  capaci ty,  on ly  one updra f t  s i n t e r i n g  machine 

i s  used a t  each o f  the  f i v e  smelters, whereas s i x  o f  the smal ler  

downdraft type machines are used a t  the s i x t h  f a c i l i t y .  A t o t a l  o f  

e i g h t  b l a s t  furnaces are  used t o  reduce the  l ead  s i n t e r  t o  lead 

b u l l  ion.  
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Updraft Sintering 
Machines 

5 each 
( 5  Plants) 

Downdraft Sintering 
Mach 1 nes 

I 6 each' 
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t 
Lead Bullian 

Figure 5-8. Process equipment used by existing domestic 
primary lead smelters. 
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P a r t i c u l a t e  mat ter  i s  emi t ted from a l l  operat ing s i n t e r  machines 

and b l a s t  furnaces. 

e f f i c i e n t  baghouses on a l l  bu t  one e f f l u e n t ,  which i s  c o n t r o l l e d  

by  an e l e c t r o s t a t i c  p r e c i p i t a t o r .  

This p a r t i c u l a t e  mat te r  i s  con t ro l l ed  by h i g h l y  

Three o f  the  s i x  smelters c u r r e n t l y  recover s u l f u r  d iox ide from 

p a r t  of t h e i r  s i n t e r  machine off-gases. 

d i v i d e  the s i n t e r  machine e f f l u e n t  i n t o  a s t rong  SO2 compon&nt; from 

the  f r o n t  p o r t i o n  o f  the  machine, and a weak SO2 component, from the 

rea r  sec t ion  o f  t h e  machine. 

subjected t o  s u l f u r  recovery by means o f  a s ing le-contact  s u l f u r i c  

a c i d  p l a n t  a t  each o f  t h e  three smelters. 

subjected t o  p a r t i c u l a t e  con t ro l  and are then released t o  the atmosphere 

w i thout  s u l f u r  recovery. 

e f f l u e n t  f rom each operat ing s i n t e r  machine and pass t h i s  e f f l u e n t  t o  

the  atmosphere wi th  p a r t i c u l a t e  con t ro l  only.  The gases from a l l  

e i g h t  operat ing b l a s t  furnaces are re leased t o  the  atmosphere w i thout  

s u l f u r  recovery.  

These three operat ions 

The s t rong SO2 gas stream i s  then 

The weak gas &reams are  

The other  th ree  smelters e x t r a c t  one 

J . ,', r 

The mass emission r a t e  values f o r  SO2 l i s t e d  i n  Table 5.3 a re  

b a s i c a l l y  those values which would be emi t ted  when the s i n t e r i n g  

machines and b l a s t  furnaces are  both opera t ing  a t  the e x i s t i n g  f a c i l i t y .  

A lead s i n t e r i n g  machine i s  genera l l y  operated 20 days per month (o r  

240 days per  year) ,  whereas b l a s t  furnaces are  near ly  cont inuously  

In operat ion.  l8 

of s u l f u r  en te r  the  s i x  e x i s t i n g  lead smelters and t h a t  nea r l y  150,OuO 

tons of s u l f u r i c  a c i d  were produced dur ing  1971, the t o t a l  recovery 

Assuming t h a t  approximately 200,000 tons per year  

5-32 
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of So;! for  this industry is currently about 27. percent. This Value 

is  equivalent t o  an emission r a t io  of 0.2 tons of SO2 per ton of lead 

\ bulllon produced. The magnitude of fugitive SO2 emissions i s  

considered t o  be nearly insignificant a t  most of the s ix  existing 

f a c i l i t i e s .  

and from tapping and charging areas. 

These emissions evolve from hot .s inter  transfer points, ,  
18. 

Figure 5-9 presents the current s ta tus  of SO2 control for  the 91,iui,. 

existing primary lead industry as of mid-1973. I .  

20 

for  SO2 control' include a required mass emission ra te  which must not 

exceed a maximum of 10 percent of the input sulfur to the smelter, a 

stack concentration o f  2000 ppm SO2, by volume, and a se t  of ambient 

a i r  quali ty standards. 

developing regulations to  correct the deficiencies contained i n  two s ta te  

implementation plans for  lead smelters. 

. 

place in the primary lead industry include,as of mid-1973: 

Status Action 

Current Usage of a l l  existing sulfuric acid producing 

Current or  pending s t a t e  and local regulations as of mid-1973 
,a- .:._ 

. .  

The Environmental Protection Agency is currently 

' t f l ? t ,  i 3' 21 
, .  . .  ' L b ,  , , 31'' 

Changes i n  process and control technolnqy which are currently taking 

T '4 1 1 1  

a.iq :;+; 

VI ,?  r 
, .. '. ... I 

capacity. 

marketed was produced. 2o 

Previously, only acid which could b e  

(Bunker Hi 11 -Kel 1 ogg , 
Idaho) 

Three smelters awaiting EPA policy decision a; 

Intermittent Curtailment Systems. (Missouri Lead- 

Boss, Missouri ; St .  Joe-Herculaneum, Missouri; and 

ASARCO-E1 Paso, Texas) 

Current 
re, - 

\o .  

No action Two smelters have n o t  made commitments , to  date. 

(ASARCO-Glover, Missouri, and ASARCO-East Helena, 

Montana) 5-33 
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Figure 5-9. Current s ta tus  o f  SO2 control a t  
existing primary lead smelters. 
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Currently, there are no known new primary lead smelters under \ 
construction in the United States. 

5.3.2 Foreign Primary Lead Smelters 
\ 

Several foreign lead smelters were visited by EPA i n  Augus t  and September 

One of these, Hoboken Metallurgie, Hoboken, Belgium, employs of 1972. 

multihearth roasters to  remove volat i le  impurities, as  well a s  

excess sulfur from the lead concentrates. 

multihearth operation, containing 6 percent SO2, are passed th rough  

an e lectrostat ic  precipitator,  a venturi scrubber, and are then 

combined with other plant effluents and treated in e i ther  a 

Petersen o r  a Mechim single-contact sulfur ic  acid p l a n t .  The 

lead calcine, containing a maximum of 42 percent lead, i s  fed t o  a 

downdraft s in te r  machine, which employs gas recirculation. 

s inter  machine off-gases, Containing 4 .5  t o  6 percent SO2, pass through 

a venturi scrubber and then j o i n  t he  roaster gases. 

furnaces, the off-gases from which are  control led for  particulate 

only, reduce the s in te r  to lead bullion and copper matte. 

Off-gases from the 

The 

Two blast  

Both the Berzelius GMBH smelter i n  Duisburg. West Germany, and 

Noyelle Godault, France, smelter employ the Imperial the Penorroya 

Smelting Furnace technique. 

sintered in an uRdraft s in te r  machine. 

i s  practiced a t  both smelters with off-gases generally containing 5 t o  

6 percent S02. 

double-contact sulfuric acid plant. 

from a conventional s in te r  machine-blast furnace operation. 

th i s  operation, two effluents are taken from one u p d r a f t  s in te r  

machine. 

Lead and zinc concentrates are mixed and 

Sinter machine gas-recirculation 

Berzelius employs one double-contact and one modified 

Penorroya a1 so produces- lead 

For 

The strong SO2 effluent,  taken from the f ron t  half of  the 
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machine. contains 75 percent of the SO2 generated dur ing  sintering. 

The gas stream i s  sent t o  a single-contact sulfur ic  acid plant. 

The remaining 25 percent of the generated SO2 is  passed to  the 

atmosphere wlthout SO2 recovery. 

The Boliden Lead Smelter, located i n  Skelleftehamn, Sweden, 

uti l izes,  an e lec t r ic  furnace and a Pierce-Smith type converter t o  

produce lead bullion. 

concentrate, containing 75 percent lead, are fed t o  this e lec t r ic  

furnace. Furnace off-gases containing 90 percent of the i n p u t  

sulfur t o  the smelter, are passed through a waste heat boiler. 

an e lec t ros ta t ic  precipitator,  and a single-contact sulfuric 

p l a n t .  

Approximately 235 tons per day of lead 

i 

. .  
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6. ECONOMIC ANALYSIS 

6.1 COPPER 'EXTRACTION 

6.1 . 1 Copper Indust ry  Economic P ro f  i 1 e 

The pr imary copper e x t r a c t i o n  i ndus t r y  i s  composed o f  companies 
p r i m a r i l y  engaged i n  the  mining, bene f i c ia t i on .  smelting, and r e f i n i n g  
o f  copper metal and f a b r i c a t i o n  o f  copper metal products. 
the  i ndus t r y  produces other  marketable metals and minerals from by- 
product mater ia ls  processed i n  the  winning o f  copper from ores. 
inc lude lead, zinc, s i l v e r ,  molybdenum, te l lu r ium,  gold, selenium, 
arsenic,  cadmium, and t i tan ium. 

smelting, re f i n ing ,  and marketing o f  r e f i n e d  copper metal. 

I n  add i t ion ,  

These 

Table 6-1 

The leading marketers o f  domestic r e f i n e d  copper, according t o  Table 

i s  an analys is  o f  each company's con t r i bu t i on  i n  mining, 

6-1, a re  Kennecott, American Smelting and Ref in ing (ASARCO), and 
Phelps Dodge, i n  order o f  sales. 
o f  the  pr imary copper i ndus t r y  output.  With the add i t i on  o f  American 
Metal Climax and Anaconda, f i v e  f i r m s  market approximately 85 percent 
o f  the na t ion 's  r e t i n e r y  product ion.  

i n  Table 6-2. 
located alose t o  a smelter. The except ions t o  t h i s  r u l e  are the  ASARCO 

smelters i n  the  Southwest, Phelps uodge's Douglas smelter, and Kennecott's 
McGi 11 and Hayden smel te rs .  

O f  the  f i v e  e a r l i e r  mentioned l a r g e  f i r m s ,  Kennecott i s  completely 
in tegra ted  from the  mine through t h e  re f i ne ry ;  t h a t  i s ,  i t  cont ro ls  a l l  
stages o f  product ion f o r  i t s  output.  
extens ive ly  in tegra ted  i n  t h a t  whol ly  owned mine output  cons is ts  o f  a 
l a r g e  propor t ion  o f  i t s  output.  
domestic ref in ing,al thouqh i n  1972 t h i s  changed as Newmont Minlng 
s t a r t e d  i t s  new r e f i n e r y  i n  San Manuel, Arizona. ASARCO p lays the r o l e  o f  

custom smelter and r e f i n e r  as i t  mines domest ical ly on ly  some 18 percent 
o f  i t s  f i n a l  production. ASARCO, American Metal Climax, and Cerro process 
copper scrap i n t o  r e f i n e d  copper. 

These th ree  f i rms account f o r  61 percent 

A t abu la t i on  o f  i nd i v idua l  smelters and r e f i n e r y  p lan ts  i s  presented 
Generally, the in tegra ted  companiez have a r e f i n e r v  

Phelps Dodge and Anaconda are 

Phelps Dodge has had a l a rge  share i n  
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FOOTNOTES - Table 6-2 

(l )Three r e f i n e r i e s  process fo re ign  b l i s t e r  reclaimed scrap and domestic 
overflows (Western U.S. B l i s te r ) - -Laure l ,  N. Y. (Phelps Dodge); 
74,000 TPY; Carteret ,  N. J. (U.S. Metals Ref in ing, Amax); 
175,000 TPY E l e c t r o l y t i c ;  85,000 TPY Fire-Refined; S t .  Louis, Mo. 
(Cerro); 44,000 TPY E l e c t r o l y t i c .  

(2)ASARCD has 2 r e f i n e r i e s  on A t l a n t i c  Coast--Perth Amboy, N. J.; 
168,000 TPY and Baltimore, Md.; 318,000 TPY. 

(3)Smel t e r  overf low goes t o  In te rna t i ona l  Smelting & Refining, 
Raritan, N. J.; 150,000 TPY. 

( 4 ) E l e c t r o l y t i c  capaci ty;  Phelps Dodge a l so  has a 23,000 TPY f i r e -  
r e f i n e d  r e f i n e r y  a t  E l  Paso, Texas f o r  t r e a t i n g  Morenci output.  

(5 )A t h i r d  reverb. furnace (385,000 TPY) completed i n  1971. 
t o  be on-stream i n  1972. 

(6)Measured as copper product. 

(7)Lake ref ined.  

SOURCE: 

Ref inery 

American Bureau o f  Metal S t a t i s t i c s ,  Arthur D. L i t t l e ,  EPA, 
Indust ry  representat ives.  

. . I  
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For some firms the degree of vertical  integration of production 
ac t iv i t ies  extends beyond refining into the fabricatjon of metal products. 
Phelps Dodge, Anaconda, Cerro, and Kennecott are important in  the fabrica- 
tion of wire, plate, rod, and sheet products. 
arcount for  over 50 percent of sales by wire mills and brass mills.  

e lectrolyt ic ,  fire-i-efined, and Lake. 
e lectrolyt ic  deposition, remelted, and cast  into commercial shapes. Fire- 
refined copper i s  refined by oxidation i n  a furnace,forming a slag 
containing most of the impurities which i s  removed, followed by reduc- 
t i o n  t o  eliminate most of the oxygen l i n k e d  with copper as oxide. 
copper i s  copper native only in the upper Michigan peninsula. Refined 
copper i s  produced from both ores and recovered copper scrap. 

bronzes. Old scrap i s  melted down and cast  as various types of alloys. 
Brass and bronze foundries and brass mills are  the producers of alloyed 
copper. 

for the years of 1962 through 1971 i s  presented in Table 6-3. 
of domestic mine o u t p u t  and foreign material (ores and b l i s t e r )  . is  
categorized into electrolyt ic ,  f ire-refined, and Lake refined. Refined 
\ copper from copper scrap i s  shown separately for  primary refineries and  

I secondary smelters. Lastly,alloy production i s  shown under the heading 
of non-refined secondary recovery. 

A balance sheet for flow of refined copper production i s  presented 

These four firms collectively 

Finished, unalloyed copper (refined) i s  produeed in three grades-- 
I 

Electrolytic copper i s  refined by 

' .  .* 

Lake 

Alloyed copper i s  produced in the form of many types of brasses and a. 

An analysis of production of the types of refined and alloyed copper 
Refining 

\ 

b\, 
in Table 6-4 ... 
of the producing companies for  domestic refinery production from domestic 
and foreign sources, refined imports, .capper refined from scrap, and producers' 
inventories a t  beginning and, end of year. Total supply derived from 
these sources, exports of refined copper, and domestic consumption estimates 
based on deductions from total  supply for  exports and closing inventories 
are also presented. Sales of copper t o  GSA are  included in the "apparent 
withdrawal domestic consumption" category. 

This table shows data developed from survey reporting 

6 
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In terms of U.S. trade balance, t h i s  country i s  a net importer of 
refined and semi-refined copper, as shown by the "additions t o  domestic 
supoly" column in Table6 -5. 

have normally ranged from 6 t o  10 percent of total  refined supply. 
the period of shortages i n  1967 and 1968, imports accounted for  20 per- 
cent of refined supply. 

The domestic t a r i f f s  on primary copper products have generally been 
low. 
w i t h  a t a r i f f  of $0.008 per pound. Ores, b l i s t e r ,  anode, and scrap are 
essent ia l ly  duty-free. However, there are quota limitations on exports. 
In 1969, exports of refined copper from domestic sources and scrap were 
limited t o  50,000 and 60,000 short tons,  respectively. 

Many countries, such as Scandinavia, Austria, Swi teerland, and those 
of the European Economic Comnuni ty, admi t ted unwrought  copper duty-free. 
I n  Britain, t a r i f f  has ranged from zero t o  10 percent ad valorem. 

ores,  estimation of smelter capacity and productionlcapacity ratios i s  
complex. Based on the abailable data i n  l i t e r a tu re  and on assumptions 
concerning concentrate analysis for  each smelter, estimates have been de- 
rived for smelter capacity i n  terms of copper production. These data 
are shown in Table 6-6 fo r  1970 and 1975, along with s t a t i s t i c s  on 197l 
smelter production and related m i n i n g  capacity data. During the recession 
year of 1971, smelters operated a t  82 percent capacity which compares w i t h  
90 percent Cor the prosperous year of 1970. 

Based on recent announcements in the l i t e r a tu re ,  capacity additions a t  
Magma and the new Tyrone, N . M . ,  smelters will o f fse t  the potential 

closure a t  Douglas, Arizona. Assuming t h a t  this smelter will s h u t  
down, overall industry capacity will increase from 1,855,000 tons 
Per year t o  2,045,000 tons per year. Meanwhile, mine expansions 
from 1,820,000 ton per year t o  2,017,000 tons per year suggest t h a t  
possible smelting capacity might be ample i n  1975. 

The net imports, for the most recent ten vears 

During 

Currently, refined copper imported in the United States i s  assessed 

Foreign t a r i f f s  on primary copper products a re  a l s o  generally low. 

In consideration of the nature of operations of copper extraction from 

'31 I'J 

4 

.:+ 
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TABLE 6-5 TRADE BALANCE FOR THE UNITED STATES (THOUSANDS OF 
SHORT TONS) 

Year 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

Exports (2) 

351 

326 

365 

372 

293 

237 

36 1 

212 , 

307 

242 

Imports ( 1 )  

479 

539 

584 

51 8 

574 

637 

71 7 

41 0 

39 1 

355 

Additions to  
Domestic Supply 

128 

21 3 

21 9 

146 

281 - _  

400 

356 

198 

84 

113 

- 

(l)Concentrates; Regulus; Blister; Refined i n  Cathodes, Ingots, Bars 
(2)koncentrates; Refined i n  Ingots, Bars, Cathodes; Old Scrap 

SOURCE: Bureau o f  the Census 
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TABLE 6-6 PRODUCTION/CAPACITY DATA FOR COPPER SMELTERS 
(1000 Tons o f  Copper) 

Company 

ASARCO 

Anaconda 

I n s p i  c a t i  on 

Ken ne co tt 

Magma 

Phelps Dodge 

White Pine 

C i t i e s  Service 

Total  Smelters 

Estimated U.S. 
M in in  Capa- 
c i t y (  8 1 

1971 
Estimated 

Smelter 
Production 

300 

138 

96 

470 

102 

345 

58 

18 

1527 

1970 
Estimated 
Smelter 

Capaci t . y ( l )  

390 

21 0 

140 

540 

190(3) 

370 

90 

15 

1945 -- 

1820 

( l ) A r t h u r  D. L i t t l e  est imates. 
(2)American M e t a l  Market. 
(3)Correspondence w i t h  Magma Copper Co., October 25, 1973. 
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1975 
On-Stream 

Smelter Capacity 

390 

21 0 

140 

540 

300(3) 

360 

90 

15 

2045 

201 7 



In l igh t  of recent discussions among industry, government agencies, 
c i t i zens ,  and court magistrates, i t  appears t h a t  implementation of 
regulations t o  meet a i r  quality standards may create a shortfall  
betwken smelter capacity and mine capacity or  between smelter produc- 
t i o n  and demand. 
production a t  some existing s i t e s  in conjunction with the application 
of acid plant technology on the richer gas streams from smelting 
operations t o  meet primary ambient a i r  quali ty standards. 

and brass mills t o  produce copper wire, cable, plates,  sheets,  s t r i p s ,  
bars,  and rods. 
tions industries; brass mil ls ,  for  the machinery, construction, and 
consumer-oriented industries.  In addition, a very smell portion of 
copper i s  consumed in chemicals production. S t a t i s t i c s  on consumption 
by fabricators are shown in Table 6-7. 
by fabricators are shown i n  Table 6-8 for :  building construction, 
transportation, consumer and general products, industrial  machinery, 
and electrical-electronic products. 

The largest  volume of consumption has been in e lectr ical  and 
electronics category. Demand for  products in th i s  category grew a t  
a rate of 9.5 percent from 1961 until  the labor s t r ike  i n  1967. The 
decline i n  consumption for  1967 and 1968 i s  related t o  permanent 
substi tution of aluminum, particularly fo r  power transmission 1 ines. 
Electrical products manufactured include motors, generators, tes t  
equipment, e lectr ical  wire for  universal application, industrial  controls,  
printed c i r cu i t s ,  power dis t r ibut ion equipment, and electronic naviga- 
t ion and communication equipment. 

8.5 percent for  the ten years,  has been the consumer and general products 
category. 

Under some proposed plans, smelters may curtai l  

Refined copper and copper-based scrap are materials used by wire 

Wire mills produce goods for  e lectr ical  and communica- 

End-uses of products sold 

An important area tha t  has enjoyed a h i g h ,  steady growth a t  a r a t e  o f  

In spite.of the shortages due t o  s t r ikes  and of high prices i n  the 
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l a t e  s i x t i e s ,  demand f o r  products i n  t h i s  category seemed unabated. Pro- 
ducts i n  t h i s  category inc lude jewelry,  cookware and coo l ing  u tens i l s ,  
clocks, watches, coinage, decorat ive app l i ca t ions ,  and var ious and sundry 
types of  gages and instruments.  

i n  both r e f i n e d  and unref ined forms has been 3.2 percent, based on simple 
l i n e a r  regress ion o f  data f o r  the years o f  1961 through 1970. 
r a t e  over a c y c l i c a l  pe r iod  takes i n t o  account two business recessions, one 
a m d  c o n f l i c t ,  and one major. labor s t r i k e ,  a l l  o f  which caused upsets i n  
supply-demand balances and p r i c e  d is toFt ions.  

Based on the performance o f  the U . S .  economy i n  general f o r  the  l a s t  ten 

Overa l l ,  the annual growth ra te  (compounded) f o r  consumption o f  copper 

This  growth 

years, an assumption o f  a 3 percent growth r a t e  seems reasonable i n  l i g h t  
o f  the expected annual 4 percent r a t e  of increase i n  r e a l  growth through 
1980 by the Department o f  Commerce. 

experience of the 1960's. 

p e t i t i v e  forces between ever- increasing demands by consumers, p a r t i c u l a r l y  
i n  a f f l u e n t  economies, and r a t h e r  r i g i d ,  of tent imes unre l iab le ,  sources o f  
mater ia ls .  Hence, p r i c e  d i s t o r t i o n s  are  expected a t  timek dur ing p o l i t i c a l  
upheavals i n  underdeveloped countr ies and labo r  s t r i kes ,  which c o n s t r i c t  
suppl ies,  o r  wars  and armed co t f l i c ts ,  which requ i re  copper f o r  ordnance. 

and.analysts are t h e  London Metal Exchange (LME) p r i c e  for e l e c t r o l y t i c  wi re-  
bara and the U.S. producers' p r i c e  as s e t  by the major domestic producers. 
Copper scrap pr ices  are a l so  c lose ly  watched, as they r e f l e c t  the supply 
of secondary sources o f  copper. The LME, t h e  producers', and No. 2 scrap 
pr ices  are shown i n  Figure 6-1. 

i S  a cash ( o r  spot)  p r i c e  determinant based on merchants ' inventor ies i n  
London warehouses. 
4 weeks of ava i l ab le  supply f o r  a consumer o f  the magnitude o f  the  U.S. 
econow. 
thus a shor t - term ind i ca to r .  Other p r i c e  ind ica tors ,  such as the No. 2 

This r a t e  o f  increase has been the  

Copper i s  an i n t e r n a t i o n a l  comnodity and i t s  p r i c e  i s  s e e s i t i v e  t o  com- 

Key p r i ces  t h a t  are o f ten  watched by merchants, speculators,  economists, 

An explanat ion o f  these d i f f e r e n t  p r i c e  i nd i ca to rs  fo l lows.  The LME 

I n  volume, these stocks c o n s t i t u t e  no more than 3 o r  

By I t s  nature, then, the LME represents a marginal p r i c e  transaction, 
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scrap price (one of several price quotations published by American Metal 
Market for various grades of copper, brass, and  bronze scrap) and the New 
York Commodity Exchange price (COMEX, quoted daily i n  the Wall S t ree t  
Journal) for  the merchants' auction market i n  the U.S., move harmoniously 
w i t h  the LME indicator. 

The domestic producers' price i s  a firm price for  contracts with large- 
volume consumers of refined metal tha t  i s  set  by the major producers, such 
as Phelps Dodge o r  Kennecott. This price takes i n t o  account the long-term 
price level ,  reflecting producers' supply capabi l i t ies ,  costs, and pro- 
f i t a b i l i t y ,  tha t  will assure copper consumers adequate supplies a t  a f a i r  
cost ( t o  the consumer) without i r revers ible  subst i tut ion t o  another metal 
during any prolongec shortage. The major producers will watch inven- 
tory s t a t i s t i c s  and price indicators, l i ke  the LME or the COMEX, f o r  any 
noticeable change i n  available inventories i n  the  hands of merchants, scraD 
dealers,  etc., and will accordingly a d j u s t  their p i c e s .  This i s  i l lus t ra tea  
by the long-term r i se  indicated by the 3 movements in Figure 6-2 fo r  the period 
of September 3,  1968,through October 1 ,  1970. and the resul tant  re-adjustment. 

Under the assumption t h a t  demand pressures were strong world-wide, a 
minimum price difference of  approximately 2 cents between the COMEX and LME 
tends t o  s u p p o r t  the supposition of 2 cents per pound for s h i p p i n g  
copper batween transocean points.  
disequilibrium phenomenon as merchants and producers were trying t o  deplete 
heavy - inventories.) 
the U.S. producers' price s tabl l tzed a t  approximately 3 cents above the 
LME, a difference which takes into account t a r i f f  and shipping. 

In the cost s t ructure  of copper production, a division between m i n i n g  
and extraction seems the most s implis t ic  way fo r  understanding mechanisms 
of transferring increased costs of pollution control. 
t i on  of the operacion tnar  consists o f  breaking up ores and produces c x -  
centrates f o r  smelting. Extraction, fo r  purposes of discussion, includes 
the smelting and refining of copper. Extrusion, rol l ing,  and general fabri 
tion i s  another operation beyond the scope of this work. 

(The f a l l  of price during 1970 i s  a 

Late in 1972, a f t e r  market equilibrium was restored, 

Minina i s  t h a t  por- 

D 
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Figure 6-2 Price movements for refined wirebars on a monthly basis for 
two major-action markets and U.S.  producers, September 1968- 
September 1970. 
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In the copper indus t ry ,  mining costs are generally in inverse proportion 
to  the copper content of an ore body. 
higher are the quantit ies of earth material t h a t  have t o  be crushed, hauled, 
and separated t o  produce a u n i t  of copper. U.S. mineable ores average about 
0.54 percent copper. 
copper. These 
include the by-product values, such as the recoverable quantities of gold, 
platinum, s i lver ,  tellurium, molybdenum, and many others. 
product factors are sometimes present, 

materials are limiteu t o  potential smelter markets because of the diff icul ty  
i n  handling arsenic, e tc .  Transportation i s  important. Beneficiation mills,  
which are located a t  mine s i t e s ,  are important in production of concentrates 
t ha t  will  a s s i s t  i n  transporting copper values t o  smelter markets a t  minimum 
costs. 

The smaller the content of copper, the 

In Africa, ores may be as h i g h  a s  2 to  3 percent i n  
Other factors are also important besides the copper content. 

Negative by- 
such as  arsenic. 

These Tactors are  negative in the sense that ores containing these .) 

L 

Mining costs are not uniform i n  the United States.  For the major com- 
panies' mines, m i n i n g  costs range from 23 t o  40 cents per pound mehal, 
according t o  Arthur D. L i t t l e .  

T u r n i n g  aside t o  the smelting and refinery of  copper, some semblance of 
an income statement must be developed t o  assess the impact of a i r  pollution 
control. 
smelters and refiners provide background information on the cost of materials, 
wages, capital expenditures, overhead and prof i t .  This information, coupled 
w i t h  data from corporate annual reports, can be used t o  develop a model i n -  
come statement for a smelter. The income statement simulated for  a model 
smelter-refiner complex i s  shown as follows: 

S ta t i s t i c s  presented in Table 6-9 for an eight-year period for  

Model Income Statement ($lOOO:$) 
Total Amount U n i t  Cost, Q p e r  lb  

+ Sales ( a) 104,000 52.0 
Cost of Concentrates 84,000 42.0 
Payroll, fuels ,  parts, repairs 10,400 5.2 
Selling, general, administ. 3,000 1.5 

Operating Profi t  3,600 1.8 
P1 ant Depreciation 3,000 1.5 L 

Taxes t ,800 0.9 
Net Earnings a f t e r  Taxes 1,800 0.9 
Cash Flow 4,800 2.4 

(a)Based on 100,000 tons of copper per year 

_- 
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This statement, developed for a custom smelter-refiner, would be 
equivalent t o  operations in a vertical integrated company. The most impor- 
cant point reflected in the above s4atement is tha t  the value added a t  the 
smelter-retiner complex (about lo t  per l b  ) is constant regardless of 
f luctuating copper prices. Furthermore, t h i s  increment seems f a i r l y  u n i -  
form from location to  location in the United States.  

annually, based on previous performance and expected 4 percent growth in 
Gross-National Product (GNP) .  
and secondary sources will not change from the present patterns, smelter 
production will have t o  increase from the 1,500,000-ton ra te  in 1971 t o  
approximately 2,000,000 tons i n  1980. 

Likely on-stream capacity available in 1975 will be approximahely 
2,045,000 tons per annum. 
total  capacity t o  supply 1980 needs i s  estimated a t  2,200,000 to  2,500,000 
tons per annum. The conclusion i s  that  an additional 150,000 t o  450,000 
tons of capacity will have t o  be supplied in  the form of smelter expansions, 
new domestic, or foreign smelters. 

Consumption i s  expected to  grow through 1980 a t  3 . 2  percent compounded 

Assuming tha t  the contribution from primary 

Assuming an operating r a t io  o f  0.80 to  0.90, 

i 

LJ 

Phe lps  Dodge recently announced plans to  construct a new grass-roots 
smelter a t  Tyrone, New Mexico, and i t  is very probable t h a t  an additional 
grass-roots smelter will be bu i l t  t o  handle the outputs o f  Southwest U.S. 
mines. 
developed. Many of these mines which se l l  concentrates t o  a custom smelter 
are owned by firms too small 
capital  resources or  pursuits i n  o i l  production o r  manufacturing. Only 
recently Bagdad and Cyprus Mines (whose Pima Mining  Company operates i n  
Arizona) consummated a merger. Similar corporate combines might 
eventually evolve i n  a consortium with suf f ic ien t  capital  
build a new town-site smelter. Cyprus Bagdad has recently expressed 
intentions of building a smelter. 

has been provided a t  San Manuel, Arizona, and Anaconda, Montana. Magma 
has b u i l t  an e lec t ro ly t ic  refinery capable o f  producing 200,000 tons per year. 
Capacity for  1975 a t  San Manuel i s  scheduled a t  300,000 tons per year. 
AnaLonda nas announced plans to  t e s t  a hydrometallurgical u n i t  in Montana. 
Their intentions indicate expansion of f a c i l i t i e s  i n  that  s ta te .  

In recent years, this i s  the area where new mines have been 

in mining ac t iv i t i e s  as a resu l t  of limited 

resources to  4 

With regard t o  existing smelters, expansion i n  added capacity $0 
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In the  l a t e  1960's, new mines were opened in Canada and the South 

Pacific (v i z . ,  Bougainville and West Ir.arr. Based on da ta  available, 

95,000 tons of Bougainville's projected 180,000 t o n s  annual o u t p u t  

i s  contracted for Japan th rough  1975. 

tuni t ies  fo r  capital  investment (provided by u. S . ,  Japanese, or other 

foreign firms) in new smelting f a c i l i t i e s  overseas f o r  purposes of shipping 

metal t o  the U:S. . American companies from time t o  time have been invespi-. 

gating overseas mining prospects in Australia and Iran. 

.?, 
This one sample indicates oppor- 

, . _ .  - .  
In order t o  supply projected 1980 demand for refined copper,-an . , 

additional 150,000 t o  450,000 tons will have t o  be supplied annually from 

foreign imports, increased scrap recovery and domestic mines expansion. 

However, i n  terms of industry growth beyond 1975, i t  i s  d i f f i c u l t  j 

t o  project the mix among the various sources of supply t o  sa t i s fy  the ' ,' 

increased demand. The potential increased ut i l izat ion of hydrometallurgy 

adds another factor  of complexity into the forecast. A general 
consensus within-the domestic industry, however, appears t o  , .  ,' 

. .  
, ,  

indicate the possible construction o f  one or two new pyrometallurgical 

smelters t o  provide an additional 200,000 tons of copper annually 

by 1980. I t  i s  expected t h a t  new mine development and corporate . - . 

arrangements, such a s  the Cyprus Bagdad s i tuat ion,  will provide 

the impetus for construction o f  new grass-roots smelters. 

As fo r  expanding developments a t  existing mines, i t  i s  

~' 

- "  
- 

' J  35:. expected t h a t  incremental expansions a t  existing smelters will 

handle incremental mine o u t p u t  over the next few years. 

the e l ec t r i c  furnace instal la t ion a t  Inspiration, possibly another 

Aside from ' '. ,*.. . . 
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e l e c t r i c  furnace a t  Anaconda, Montana, and a possible new Noranda 

type  o f  continuous smel te r  a t  the  Kennecott Utah smel te r ,  no company 

i s  expected i n  t h e  n e x t  few years t o  b u i l d  a grass r o o t s m n e l t e r  a t  

e x i s t i n g  mine smel te r  complexes. 
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6.1.2 Cost Analysis of Alternative Control Strategies 

The financial expenditures necessary t o  control sulfur dioxide 
emissions are developed in th i s  section f o r  four basic types of pyrometal- 
lurgical smelters. 
based on the construction of new town-site smelters. Additionally, 
various control alternatives achieving sulfur dioxide control efficiencies 
from 70 to  99' percent (assuming to ta l  capture by exhaust hoods, no 
fugit ive emissions, and no downtime i n  control equipment) are costed for  
these four basic smelter types. 

metal-bearing material of the following analysis: 

Cost estimates are developed for capital expenditures 

The model smelter i s  based on processing 1000 tons per day of new 

1 .  Copper ( C u )  - 27% 
2. Iron (Fe) - 28% 

3. Sulfur ( S )  - 32% 
4. Si l ica  - 8% 

5 .  Alumina - 2% 

6. Other - 3% 
7 .  Precious Metal Values - minute quantities 

Based on discussions with consultant engineers, i t  appears that  a smelter 
of t h i s  capacity is  representative o f  the smallest viable operation that 

T h u s ,  in t h i s  respect,  t h i s  development i s  could be bui l t  today. 
biased somewhat toward identifying h i g h  costs w i t h  various levels of 
sulfur dioxide control, since larger instal la t ions would be able to  
take advantage of the inherent "economies-of-scale" associated with 
building large sulfur dioxide control systems. 
may be considered "typical" of concentrates available in the southwestern 
United States. 
ra t io  of copper t o  sulfur, for example, significantly influence the control 
costs associated with various levels of sulfur dioxide control, these 
variations are  not taken into account. 

2 

The concentrate analysis, however, 

Although variations in concentrate analysis, such as the 

Rather t h a n  enamine the extremes, 

6-23 



or biasing the  resul ts  toward one extreme or the other as in the case 
of smelter capacity, the development i s  based on an  "average" o r  "typical" 
concentrate which should lead t o  "average" o r  "typical" control costs. 
Consequently, the control costs developed are considered 40 represent, for  
the most p a r t ,  "average" or "typical" order-of-magnitude costs. 

T h e  model smelter produces approximately 86,000 tons of copper per 
year (260 tons per day) and generates 620 tons  per day of sulfur dioxide. 
This assumes a 2 percent loss of copper and 3 percent loss of sulfur i n  
slag products. I 

Order-of-magnitude estimates o f  capital investment have been developed 
based on the available l i t e ra ture  and contact with construction firms, 
consultants, industry representatives, and the American Mining Congress. 
Tabulated costs of various elements in the construction of the basic 
four types of smelters are presented in Table 6-10 

are assembled t o  show the total  capital 
for  a grass roots smelter, added capital for pollution control ( a l l  off-  
gases), and town-site investment requirements. 
complete town-site smelters for t h e  four basic techno1ogies;are as follows: 

i n  1973,dollars. 
The data i n  Table 6-10 

Cost d a t a  for new, 

Technology Capital ( 8  millions) 
1 .  Flash Smelting 99-108, 
2.  Hot Calcine Reverberatory Smelting 100-1 1 2  

4. Electric Furnace Smelting 90-98 
3. Green Charge Reverberatory Smelting 98-1 10 

These d a t a  show t h a t  f lash smelting and e l ec t r i c  smelting have a s l igh t  
advantage in lower capital requirements t h a n  the conventional reverberatory 
smelting methods. 
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Order-of-magnitude estimates are  presented here for  the direct  
operating costs of flash smelting vs conventional green charge reverberatory 
smelting: 

Item - Flash Smelter 
($1 000's) 

Supervision 132 

Fuel 235 
Power 366 
F1 ux 456 
Maintenance Labor 443 
Supplies 455 
Copper Losses (Slag) 688 
Steam Credit (105) 

Total (Actual) 3671 
(Unit Basis) 2.1 $11 b 
SOURCE: Lummus International 

Operating Labor 1001 

- 

Green Charge Smelter 
($1 000's) 

168 
889 
91 5 

1630 
375 
465 

1380 

5822 
3.4$/lb 

Unit Cost 

$1 2,000/yr 
$3.75/hr 

4OdIMCF 
1 dl kwh 
$1 5/ton 

$3.75/hr 

50411 b 
lb/kwh 

--- 

These data suggest a cost advantage of 1.3 cents credited t o  f lash smelt- 
ing, a l t h o u g h  discussions with the Magma Copper Company indicate t h a t  cost 
advantages narrow to 0.4-0.5 cents. 
account pollution control, p l a n t  overhead, plant amortization, nor 
refining and s h i p p i n g .  
are included for  flash smelting. 

smelters has many facets in an economic sense. The d i f f icu l ty  of pollu- 
t a n t  capture i s  one of those facets.  Pollutant removal from the gas 
stream and i t s  ultimate disposal const i tute  another facet t o  the overall 
problem of controlling smelter g a s .  To provide an  overview of these 
facets,  the economics associated with several control alternatives for 
each of the four basic types of pyrometallurgical smelters were developed. 
Sulfuric acid plants, sulfur plants and dimethylaniline (OM) scrubbing 
units comprise the basic process modules used t o  construct the various 
control alternatives.  

Due to  the potential oversupply problems inhert , , i  i n  sulfuric acid 
manufacture a t  the western copper smelters, neutralization requirements 
were analyzed in those control a l ternat ives  incorporating acid plants. 

i 

However, th i s  does n o t  take into 

Slag treatment costs (direct  operating expenses) 

The problem of controlling emissions OT sulfur oxides from copper 
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The cap i ta l  and operat ing Cost requirements f o r  1 imestone neutra- 
l i z a t i o n  were developed from indus t ry  data and inc lude the costs 
associated w i t h  the mining o f  l imestone i n  a d d i t i o n  t o  those associated 
w i t h  the  n e u t r a l i z a t i o n  o f  s u l f u r i c  acid.8 The operat ing cost requ i re -  
ments, however, assume t h a t  the l imestone depos i t  i s  i n  c lose prox imi ty  
t o  t h e  smelter and thus r e f l e c t  l o w  t ranspor ta t i on  costs. Although l ime-  
stone may be i n  p l e n t i f u l  supply,as ind ica ted  i n  discussions w i t h  the 
Bureau o f  Mines,’ it i s  poss ib le  t h a t  t ranspor ta t i on  costs could increase 
the costs associated w i t h  limestone n e u t r a l i z a t i o n  above those used i n  
t h i s  analys is  t o  some extent .  
smelters might be faced w i t h  h igh t ranspor ta t i on  costs f o r  limestone, i t  

i s  expected t h a t  the ove ra l l  emission con t ro l  costs, inc lud ing  s u l f u r i c  
ac id  neu t ra l i za t i on ,  would s t i l l  be o f  the same order o f  magnitude as 
those developed f o r  the  var ious model smelters. 

However, even i n  those cases where spec i f i c  

Sul fur  p lants  were inc luded i n  several o f  the cont ro l  a l t e rna t i ves  
as an a l t e r n a t i v e  t o  the  product ion o f  s u l f u r i c  acid. 

are based on su l fu r  p l a n t  technology s i m i l a r  t o  t h a t  commercialized by  
A l l i e d  Chemical a t  the Falconbridge Nickel  smel ter  i n  Canada. 

was considered i n  t h i s  analys is .  
w i t h  DMA scrubbing are s i m i l a r  t o  those associated w i t h  other  scrubbing 
systems such as sodium s u l f i t e / b i s u l f i t e  and ammonia. 
system produces a concentrated s u l f u r  d iox ide  stream (% 100%) which can 
be used as feed t o  a s u l f u r i c  ac id  p l a n t  o r  s u l f u r  p lant .  

The f i r s t  step toward determining cost  requirements o f  var ious 
con t ro l  a l t e rna t i ves  i s  t o  examine the  bas ic  process modules mentioned 
above, which are used t o  const ruct  t h e  var ious cont ro l  a l te rna t ives .  
Cap i ta l  estimates fo r  turn-key pro jec ts  der ived  f o r  t y p i c a l  f lowra tes  

Of e i t h e r  t o t a l  gas o r  s u l f u r  a re  presented i n  Table6-11 w i t h  t h e i r  
respec t ive  scale exponents f o r  ext rapolat ion.  The data have been 
scaled t o  1973 d o l l a r s  by us ing an annual i n f l a t i o n  r a t e  o f  6.7 percent 
i n  cons t ruc t ion  costs.  The in fo rmat ion  source f o r  basis o f  the  est imate 
i s  c i t ed .  
a r e  inc luded i n  the  estimates. 

The economics 

I n  order t o  l i m i t  the number o f  models developed, only DMA scrubbing 
It i s  expected t h a t  the costs associated 

This scrubbing 

S i t e  clearance and hook-up of a v a i l a b l e  o f f - s i t e  f a c i l t t i e s  
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! Operating costs are also presented i n  Table 6-11. The 1 i terature  
basis for  u t i l i t y  requirements i s  referenced. 
labor have been taken as assumed in the F luor  study, l o  which developed 
the ea r l i e r  mentioned u t i l i t y  requirements. 
based on current quotations in the Oil ,  Paint, and Drug Reporter (October 
1972). 

Various combinations of emission control processes were assembled 
for the four basic smelter type  configurations and are presented i n  Figures 
6-3 th rough  6-6. Based on physical process parameters developed 

from material balance d a t a ,  cost  estimates were derived for these conttol 
combinations. Total capital and operat ing costs a re  presented i n  
Table 6-12. In addition, the overall control of sulfur dioxide 
emissions, expressed as a percent, achieved w i t h  each control 
a l ternat ive i s  summarized. I t  i s  t o  be noted, however, t h a t  these 
percentages a re  theoretical  in nature and are based on the assumptions 
of total  capture by exhaust hoods w i t h  no fugi t ive emissions and no 
downtime of the control system. As a r e su l t ,  these overall control 
efficiencies a re  not representative of what could be achieved in 
actual practice,  b u t  are for  discussion or  comparative purposes only. 
For  example, aw EPA survey revealed fugi t ive emissions varying 
between 0% t o  15% a t  existing domestic smelters. 

cents per pound of copper produced and in terms of cents per pound of 
sulfur dioxide controlled. Finally, this  tab le  a lso presents various 
incremental control costs in terms of incremental cents per pound of 
copper produced and in terms of incremental cents per incremental 
pound of sulfur dioxide recovered. The basis for these incremental 
Costs i s  explained in the footnotes t o  the table .  

The costs presented represent incremental costs associated only 
with the treatment of pollutants.  The cost  o f  t igh t - f i t t ing ,  water- 
cooled hoods have been included a l t h o u g h  o ther  pieces of gas collection 
devices, such as headers, balloon f lues ,  and ducts,have not. Cost 
differences relevant t o  the various modes of furnace and converter 
operations have n o t  been taken into account. 

Prices of u t i l i t i e s  and 

Prices o f  commodities are 

Table 6-12 also presents control costs expressed i n  terms of 
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Footnotes f o r  Table 6-12: 

(l)Overall control eff ic iencies  calculated assuming no fugi t ive  emissions. 
no down-time o f  control equipment and t a i l  gases from single-stage 
acid plants containing 2000 ppm S02, from dual-stage acid plants con- 
t a i l i n g  500 ppm S02,and from DMA scrubbing systems containing 
500 ppm SO2. 
fugi t ive emissions varying between 0% and 15% of to ta l  SO2 emissions 
vented t o  atmosphere. 

EPA survey of exis t ing copper smelters ident i f ied 

(2)Acid sold a t  zero netback t o  smelter. 

(3)Incremental control costs reflecting use of dual-stage plant over 

(4)Sulfur  sold a t  zero netback t o  smelter. 

(5)Liquid SO2 sold a t  zero netback t o  smelter. 

(C)Incremental control costs ref lect ing use o f  DMA scrubbing on 

single-stage acid plant. 

reverberatory furnace off-gases over vent ing  furnace off-gases 
d i r ec t ly  t o  atmosphere. 

. . . .  " . 
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The d e r i v a t i o n  of t h e  cap i ta l - re la ted  charges i s  based on the  fol1owing 

assumptions: (1) deprec ia t i on  o f  15 years (25 years f o r  n e u t r a l i z a t i o n  
f a c i l i t y )  f o r  a l l  equipment, (2 )  i n t e r e s t ,  insurance, and taxes a t  10 
percent  of t o t a l  inves ted  c a p i t a l ,  and (3 )  maintenance costs,  est imated 

as a percentage o f  t o t a l  invested c a p i t a l  (see Table 6-11 f o r  ac tua l  

percentages). 
costs and u t i l i t i e s .  The u n i t  costs  are based on Product ion of 

86,000 tons o f  copper per  annum. 

For a l l  c o n t r o l  a l t e rna t i ves ,  each smel ter  cons is ts  o f  one furnace 
t o  smelt  1000 tons per  day o f  concentrate and 3 Pierce-Smith conver ters .  
Wet c lean ing  u n i t s  cons i s t i ng  o f  scrubbers, m i s t  p r e c i p i t a t o r s ,  etc., 

a re  mandatory f o r  t r e a t i n g  a l l  smelter source emissions. M e t a l l u r g i c a l  
a c i d  p lan ts  s o l d  as turnkey u n i t s  i nco rpo ra te  t h i s  fea ture .  Therefore, 
wet c leaning requirements f o r  ac id  p lan ts  a r e  inc luded i n  a c i d  p l a n t  

costs  wherever such a p l a n t  i s  s ized and costed. A b r i e f  d iscuss ion 
of each c o n t r o l  a l t e r n a t i v e  fo l lows.  

a r e  combined w i t h  of f -gases from t h e  copper conver ters  a t  7 t o  10-1/2% 
s u l f u r  d iox ide ,  forming the feed t o  a s ing le-s tage s u l f u r i c  ac id  p l a n t  
and ranging i n  concent ra t ion  f r o m  6 t o  8-1/2% s u l f u r  d iox ide .  

f l o w  r a t e  from the  e l e c t r i c  furnace i s  24,000 SCFM, w h i l e  t h a t  from t h e  
conver ters  ranges from 31,000-63,000 SCFM. Thus, the  a c i d  p l a n t  i s  
s i zed  t o  process peak o f f -gas  f lowra tes  o f  87,000 SCFM, t o  produce 927 
TPD of 100% s u l f u r i c  ac id .  

Case I b  - E s s e n t i a l l y  t h e  same as  Case I a  except t h i s  a l t e r n a t i v e  
incorpora tes  a dual-stage s u l f u r i c  a c i d  p l a n t  r a t h e r  than a s ing le-s tage 
P lan t ,  r e s u l t i n g  i n  t h e  product ion o f  944 TPD o f  100% s u l f u r i c  ac id .  

Case IC - Off-gases from the e l e c t r i c  furnace are combined w i t h  
off-gases from the  copper conver ters ,  forming t h e  feed t o  a DMA 
scrubbing u n i t .  The DMA u n i t  produces a concentrated s u l f u r  d iox ide  
gas (% 100%) which i s  processed by a s u l f u r  p l a n t .  The of f -gases from. 
t h e  w l f u r  p l a n t  cnn ta in ing  5-1/22 sul-fui d i o x i d e  are recyc led  t c  the 
DMA u n i t  f o r  t reatment with t h e  combined e l e c t r i c  furnace and conver te r  

Operat ing costs are t h e  d i r e c t  opera t ing  expendi tures f o r  

Case I a  - Off-gases from the e l e c t r i c  fu rnace a t  6% s u l f u r  d iox ide  

The of f -gas 
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off-gases. 
u n i t  i s  s i zed  t o  process peak o f f -gas  f l owra tes  o f  101,000 SCFM. 
s u l f u r  p l a n t  i s  s ized  t o  process peak s u l f u r  d iox ide  f lowra tes  o f  
7700 SCFM, t o  produce 308 TPD o f  elemental  s u l f u r .  

o f f -gases from t h e  copper converters,  forming t h e  feed t o  a DMA u n i t .  
The DMA u n i t  produces l i q u e f i e d  s u l f u r  d iox ide .  

u n i t  i s  s i zed  t o  process peak of f -gas f l owra tes  o f  87,000 SCFM. 

Due t o  t h e  r e c y c l e  o f  t h e  s u l f u r  p l a n t  t a i l  gases, the  DMA 
The 

Case I d  - Off-gases from the  e l e c t r i c  furnace a r e  combined w i t h  

I n  t h i s  case, t h e  DMA 

Case I I a  - Off-gases from t h e  f l a s h  furnace a t  10% s u l f u r  d i o x i d e  
a r e  combined w i t h  of f -gases from t h e  copper conver ters  a t  7 t o  10-1/2% 
s u l f u r  d iox ide ,  forming the  feed t o  a s ing le-s tage a c i d  p l a n t  and ran-gg; 
i n g  from 7-8% s u l f u r  d iox ide .  

furnace i s  28,000 SCFM, w h i l e  t h a t  f rom t h e  copper conver ters  ranges 
from 16,000-32,500 SCFM. 
peak o f f -gas  f lowrates of 73,000 SCFM. 

concentrat ions,  a i r  i s  blended w i t h  t h e  feed t o  the  a c i d  p l a n t  t o  
p rov ide  s u f f i c i e n t  oxygen t o  conver t  s u l f u r  d iox ide  t o  s u l f u r  
t r i o x i d e .  The a c i d  p l a n t  produces 929 TPD o f  100% s u l f u r i c  ac id .  

incorpora tes  a dual-stage aL id  p l a n t  r a t h e r  than a s ing le-s tage p lan t ,  
r e s u l t i n g  i n  t h e  product ion o f  945 TPD o f  100% s u l f u r i c  ac id .  

Case I I c  - Off-gases from the  f l a s h  furnace are  combined w i t h  
of f -gases from t h e  copper converters,  forming the  feed t o  a DMA 

scrubbing u n i t .  
gas (% 100%) which i s  processed by a s u l f u r  p lan t .  
t h e  s u l f u r  p l a n t  con ta in ing  5-1/2% s u l f u r  d iox ide  are  recyc led t o  t h e  
DMA u n i t  f o r  t reatment  w i t h  t h e  combined f l a s h  furnace and conver ter  
off-gases. Due t o  t h e  recyc le  o f  the  s u l f u r  p l a n t  ta i l -gases ,  the  
DMA u n i t  i s  s i zed  t o  process peak of f -gas f l owra tes  o f  72,000 SCFM. 
The s u l f u r  p l a n t  i s  s i zed  t o  process peak s u l f u r  d i o x i d e  f lowra tes  o f  

6300 SCFM, t o  produce 309 TPD o f  elemental s u l f u r .  

The o f f -gas  f l o w r a t e  f rom t h e  f l a s h  

Thus, t h e  a c i d  p l a n t  i s  s ized  t o  process 
Due t o  t h e  h igh  s u l f u r  d i o x i d e  

Case I I b  - E s s e n t i a l l y  the  same as Case I I a  except t h i s  a l t e r n a t i v e  

The DMA u n i t  produces a concentrated s u l f u r  d iox ide  

The of f -gases from 
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Case I I d  - Off-gases from the  f l a s h  furnace a r e  combined w i t h  o f f -  
gases from t h e  copper converters,  forming t h e  feed t o  a DMA u n i t .  

DMA u n i t  produces l i q u e f i e d  s u l f u r  d iox ide .  
u n i t  i s  s ized  t o  process peak of f -gas f l owra tes  o f  60,500 SCFM. 

The 
I n  t h i s  case, t h e  DMA 

,Case I I I a  - Off-gases from a f l u i d - b e d  r o a s t e r  a t  10% s u l f u r  
d i o x i d e  a r e  combined w i t h  of f -gases from t h e  copper conver ters  a t  
7 to 10-1/2% s u l f u r  d iox ide,  forming t h e  feed t o  a s ing le-s tage a c i d  

reverbera tory  smel t ing furnace a t  2-1/4% a r e  vented d i r e c t l y  t o  t h e  
atmosphere. 
t h a t  from t h e  reverbera tory  furnace 41,900 SCFM,while t h a t  from t h e  
copper conver ters  ranges from 18,500-37,700 SCFM. 
p l a n t ’ i s  s i zed  t o  process peak o f f -gas  f l owra tes  o f  63,000 SCFM. 

t o  the  h igh  s u l f u r  d i o x i d e  concentrat ions,air  i s  blended w i t h  t h e  feed 
t o  the  a c i d  p l a n t  t o  p rov ide  s u f f i c i e n t  oxygen t o  conver t  s u l f u r  d i o x i d e  
t o  s u l f u r  t r i o x i d e ;  
ac id .  ’ 

p l a n t  and ranging from 7-8% s u l f u r  d iox ide .  Off-gases from t h e  1 ,  

The of f -gas f l o w r a t e  from t h e  r o a s t e r  i s  17,000 SCFM, 

Thus, t h e  a c i d  
Due 

The a c i d  p l a n t  produces 748 TPD of 100% s u l f u r i c  

Case I I I b  - E s s e n t i a l l y  the  same as Case I I I a  except t h i s  a l t e r n a t i v e  
incorpora tes  a dual-stage a c i d  p l a n t  r a t h e r  than a s ing le-s tage a c i d  
p lan t ,  r e s u l t i n g  i n  the  product ion of 760 TPD o f  100% s u l f u r i c  ac id .  

w i t h  the  of f -gases from the  copper conver ters ,  forming t h e  feed t o  a 

dual-stage ac id  p l a n t .  

furnace a r e  fed  t o  a DMA scrubbing u n i t .  The DMA u n i t  produces a 
concentrated s u l f u r  d iox ide  gas (% 100%) which i s  a l so  fed  t o  the  dual- 
stage a c i d  p l a n t  i n  a d d i t i o n  t o  t h e  r o a s t e r  and conver ter  of f -gases. 
The DMA u n i t  i s  s i zed  t o  process 41,900 SCFM o f  o f f -gases and t h e  a c i d  

p l a n t  i s  s ized  t o  process peak of f -gas f l owra tes  o f  69,500 SCFM. The 
a c i d  p l a n t  produces 946 TPD o f  100% s u l f u r i c  ac id .  

Case I I I c  - Off-gases from the f l u id -bed  r o a s t e r  a r e  combined 

The of f -gases from t h e  reverbera tory  smel t ing 



Case IVa - The off-gases from t h e  reverbera tory  smel t ing furnace a t  
1-3/4% s u l f u r  d iox ide  are vented d i r e c t l y  t o  t h e  atmos.phere. The of f -gases 
from the  copper conver ters  a t  7 t o  10-1/2% s u l f u r  d iox ide  form t h e  feed t o  d 
s ing le-s tage su l fuc. ic  a c i d  p lan t .  
reverbera tory  furnace i s  82,500 SCFM, w h i l e  t h a t  from the  copper conver ters  
ranges from 31,000-63,000 SCFM: Thus the  a c i d  p l a n t  i s  s i zed  t o  process 
peak o f f -gas  f l owra tes  o f  65,500 SCFM. Due t o  the  h igh  concent ra t ion  o f  
s u l f u r  d iox ide,  a i r  i s  blended w i t h  t h e  feed t o  the  a c i d  p l a n t  t o  
p rov ide  s u f f i c i e n t  oxygen t o  conver t  s u l f u r  d iox ide  t o  s u l f u r  t r i o x i d e . . '  
The a c i d  p l a n t  produces 651 TPO o f  100% s u l f u r i c  ac id .  

incorporates a dual-stage a c i d  p l a n t  r a t h e r  than a s ing le-s tage a c i d  
p lan t ,  r e s u l t i n g  i n  t h e  produc t ion  o f  660 TPD o f  100% s u l f u r i c  ac id .  -' 

form the  feed t o  a OMA scrubbing u n i t .  
concentrated s u l f u r  d i o x i d e  gas (Q loo%), which i s  combined w i t h  t h e  
of f -gases from t h e  copper conver ters  and fed  t o  a dual-stage a c i d  
p l a n t .  The OMA u n i t  i s  s ized  t o  process 82,600 SCFM,. w h i l e  t h e  a c i d  
p l a n t  i s  s ized  t o  process peak o f f -gas  f l owra tes  o f  75,500 SCFM. 

The o f f -gas  f l o w r a t e  from t h e  

' 

Case IVb - E s s e n t i a l l y  t h e  same as Case IVa except t h i s  a l t e r n a t i v e 8 . ,  

,. 
Case IVc - The of f -gases from t h e  reverbera tory  smel t ing furnace 

The OMA u n i t  produces a 

- 
The 

a c i d  p l a n t  produces 937 TPD o f  100% s u l f u r i c  ac id .  . .  
. l ~  . -.., .) I '  

. 
' . :  
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6.1.3 Economic Impact of the New Source Performance Standard 

Summa rx- - 
The economic impact of the National Ambient Air Qual i ty  Standards 

(NAAQS) will be t o  increase production costs  on the average of about 

3 cents per pound of copper f o r  the industry. 

reduce prof i t s  a t  

T h i s  will r e s t r i c t  output and create  pressures for  price increases. 

However, price increases will  depend ultimately on the e l a s t i c i t y  

of demand on the par t  of  the consumer. 

Increased costs will 

a l l  mines,forcing marginal mines t o  close. 

, \  

The major economic impact of the proposed New Source Performance 

Standard (NSPS) will be on potential new smelters located i n  areas i n  

which no s t a t e  new source standard analogous t o  the proposed NSra exis t s  

and i n  which the nature of t h e  Air Quality Control Regton (AQCR) i s  such 

tha t  70-80% or  less  of potential sulfur dioxide emissions need t o  be 

controlled t o  comply w i t h  the NAAQS. 

of emission control for  new reverberatory smelters ranges from 

3-5 cents per pound o f  copper, while t h a t  for  new e l e c t r i c  or 

flash smelters ranges from 1.5-3 cents per pound of copper. 

The average cost  of emission control,  however, currently being 

experienced within the domestic industry i s  about 3 cents per pound 

of copper. Thus ,  the proposed NSPS will e f fec t ive ly  preclude the 

construction of new conventional smelters u t i l i z i n g  reverberatory 

smelting technology i n  favor of the construction of new smelters 

u t i l i z ing  e l ec t r i c  smelting o r  f lash smelting technology, which 

a re  competitive w i t h  the domestic industry i n  terms o f  emission 

control costs .  

In these locations, the cost 

- 
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I n  those areas i n  which a s t a t e  new source standard analogous t o  the  

proposed NSPS e x i s t s  (Arizona, Montana, New Mexico, Nevada. Tennessee, and 

Washington), o r  i n  which t h e  nature o t  t h e  AQCR i s  such t h a t  a new 

smelter would have t o  con t ro l  70-80% o r  more o f  the  p o t e n t i a l  s u l f u r  

d iox ide  emissions t o  comply with t h e  NAAQS, the impact o f  the  

proposed NSPS beyond t h a t  o f  t h e  NAAQS i s  minimal. 

the  incremental  economic impact o f  t h e  proposed NSPS i s  l i k e l y  t o  

be due t o  the  requirement t o  i n s t a l l  double-absorption a c i d  p lan ts  

( o r  equ iva len t  technology), r a t h e r  than s ing le-absorpt ion a c i d  p lan ts .  

The incremental  economic impact o f  t h i s  requirement i s  est imated t o  

be aboutcD.2. cen t  per  pound o f  copper. 

I n  these cases, 

The economfc impact o f  Federal regulat lons,  recently prarnulgarad 

o r  c u r r e n t l y  under development as a r e s u l t  o f  the  Occupational Safety  

and Hea l th  Ac t  (OSHA) and the  Water P o l l u t i o n  Contro l  Act, appears 

n e g l i g i b l e  i n  comparison w i t h  t h e  impact assoc iated w i t h  the  NAAQS 

o r  t h e  proposed NSPS. Although a general l ack  of q u a n t i t a t i v e  

data e x i s t s  concerning the  economic impact o f  OSHA, i n d i c a t i o n s  are - 
t h a t  a d d i t i o n a l  expendi tures over and above those normal ly  incur red  

by  t h e  indust ry”  a re  l i k e l y  t o  be smal l .  

abatement, based on s e t t l  i ng o f  suspended so l  i d s  t o  remove heavy 

metal  hydroxides and subsequent l i m i n g  t o  n e u t r a l i z e  process water, 

have been est imated a t  0.3 cent  p e r  pound o f  copper by A r thu r  D. L i t t l e .  

The cos ts  o f  water p o l l u t i o n  

The promulgat ion of t h e  proposed NSPS i s  n o t  l i k e l y  t o  f u r t h e r  

impa i r  our balance o f  t rade. 

b a r r i e r  o f  about 1-3 cents per  pound. 

the  present  t a r i f f  on copper imports o f  about 1 cen t  per  pound and 

associated sh ipp ing cos ts  o f  up t o  2 cents  per  pound. 

Fore ign impor ts  o f  copper face  a 

This  b a r r i e r  r e s u l t s  f rom 

Since new 
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smelters can be b u i l t  which w i l l  i n c u r  emission c o n t r o l  costs  i n  

the range o f  1.5-3 cents  p e r  pound o f  copper, new smelters i n  

the  Uni ted States w i l l  remain compet i t i ve  w i t h  f o r e i g n  smelters i n  

Afr ica,  A u s t r a l i a  o r  s i m i l a r  l oca t i ons .  

General Discussion-- 

Smelters a f f e c t e d  by t h e  New Source Performance Standards (NSPS) 

w i l l  be competing i n  a domestic i n d u s t r y  which i s  curre-nt ly  i n c u r r i n g  

h igher  smel t ing costs  as a r e s u l t  o f  complying w i t h  t h e  Nat ional  

Ambient A i r  Q u a l i t y  Standards (NAAQS). 

Federal regu la t ions ,  which have r e c e n t l y  been promulgated o r  a re  

c u r r e n t l y  under development as a r e s u l t  o f  t h e  Occupational Safe ty  

and Hea l th  Act (OSHA) and the  Water P o l l u t i o n  Control  Act,for example, 

w i l l  a l s o  c o n t r i b u t e  t o  h igher  smel t ing cos ts  f o r  the  domestic i ndus t r y .  

Furthermore, the domestic i n d u s t r y  w i l l  be competing w i th ’ sme l te rs  

l oca ted  i n  var ious  f o r e i g n  coun t r i es  ope ra t i ng  under l e s s  s t r i n g e n t  

regu la t ions .  

o f  the  proposed NSPS, i t  i s  p e r t i n e n t  t o  b r i e f l y  rev iew the  economic 

impact of NAAQS, OSHA, Water P o l l u t i o n  Contro l  Ac t  and t h e  e f f e c t  o f  

fo re ign  compet i t ion  on the d o m s t l c  indus t ry .  

Compliance w i t h  o the r  

Consequently, be fore  examining the  economic impact  

A study by A.D. L i t t l e  f o r  EPA l7 and a review o f  data i n  EPA f i l e s  

i n d i c a t e s  t h a t  e x i s t i n g  copper smelters i n  t h e  Uni ted States w i l l  

exper ience an increase i n  p roduc t ion  costs  ranging f rom about 1-1/2 

t o  5 cents per  pound o f  copper t o  meet the  s u l f u r  d iox ide  NAAQS. A 

comparison o f  ADL’s c a p i t a l  est imates and a n t i c i p a t e d  corporate expendi tures 

fo r  p o l l u t i o n  con t ro l  costs  necessary t o  meet S ta te  Implementation Plans 

as o f  mid-1972 i s  presented i n  Table 6-13. General ly,  t h e  
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c a p i t a l  requirements planned by corporate managements are i n  c lose  

agreement w i t h  the ADL estimates. 

the  industry-wide average f o r  smelt ing p o l l u t i o n  cont ro l  costs i s  

about 2.8 cents per pound o f  copper. 

smelt ing and r e f i n i n g  costs o f  about 10 cents per pound i s  the  

product ion cost (12.8 cents) w i t h i n  the  domestic primary copper 

Based on t h e  data i n  t h i s  tab le,  

This est imate added t o  the 

indust ry .  I ,  

Income statements represent ing the  var ious types o f  f i rms 

operat ing w i t h i n  the domestic smelt ing i ndus t r y  are presented i n  

Table 6 -14. This t a b l e  i l l u s t r a t e s  the f i nana ia l  impact on 

e x i s t i n g  smelters as a r e s u l t  o f  compliance w i t h  NAAQS. 

s i g n i f i c a n t  impact i s  on the  custom sme l te r / re f i ne r  operator. 

costs exceed both p r o f i t s  a f t e r  tax and cash f low.  

the  custom smel te r / re f iner  w i l l  have t o  r a i s e  h i s  smelting charges 

( the  d i f f e rence  between value o f  smelter output  and cost  o f  

concentrates) by the corresponding amount o f  t h e  abatement costs t o  

s tay i n  business over the long term, assuming operat ing savings are 

unavai lab1 e. 

The mst 

Control  

As a r e s u l t ,  

Table 6-14 

f i rm assuming a f u l l  pass-back o f  the  2.8 cent  abatement cost. Under 

these condi t ions,  the high-cost mine su f fe rs  a 35 percent loss  i n  i t s  

operat ing p r o f i t  compared t o  a 13 percent l oss  f o r  the low-cost mine. 

The h igh  deprec iat ion charge f o r  the  high-cost mine softens the 

impact of a pass-back on i t s  cash f low. 

high-cost mine would probably stay i n  business, accepting a c u t  i n  

i t s  sales pr ice.  However, over  the long term, the high-cost mine 

would l i k e l y  d iscont inue operations under t h i s  condi t ion.  

a lso  i l l u s t r a t e s  the  impact o f  NAAQS on a mining 

Over the  shor t  term, the  

I 



0 
N 
ln 

? v i  
h -  e 

m m  . .  
- 7  

I 0' 
0 

m 
0 

b 

N 

).. 

m w  
N F -  

.+-  
4" 

.. . 

m m  - -  

m c  m - A  
c ,  

6-51 

W m 
m 
,a 
m 
E 
.r 

2 
c 
c 
0 
Lc 

E 
0 

VI at 
V 
S 
0) 
L w 
IC 
0) e 

.. 
w 
I- 
0 z 



h 
c, 
.r - 
.r 
n 
m o  

z c, 

0 
0 
L 

;; 
L a a 

m 

c, m 

n 

E E 

c, 

E I L  
W 

0 

.r .r 

.- 
0 a 
z 
0 
c 

m 
W 
L 
% 
c 
V 

r 
3 
.r 

VI 
E 
0 

c, 

TI 
E 
0 
V 

.r 

.C 

:: 
E 
W 
VI 
0) 
L 

i? 
6L 
N 
LD 

c, 
V 
3 
-u 
0 
L n 
TI 
W 
E 

Y- 
.r 

5 

Y- 
O 

bp 
0 
LD 
U 
W 
W 
V 
X 
W 

0 
c, 
c, 
0 
E 

W 
3 

.I - 
m 
> 

.r 
E 

m. 
0 
u. 
Lc 
0 

V 
c, 
W 
.I 

m 
E 

c, 
.r 

c 

VI 

m 
E 

E 
E 

W 
c, 
VI 

U 

" 

.r 

.r 

n 

VI 

h 
TI 
0 
0 
E 
TI 
E 

- 

m - 
c 
0 

c, 

L 
0 
Y- 
E 

TI 
W r 
VI 

.r 

2 

.r 

.r - n 
n 
a 

3 

E 
v 

W 

c, 
c, 
A 

0 

7 

.r 

=i 
.. 
VI 
w 
V 

0 
VI 

55 

6-52 



The economic impact of NAAQS on the integrated .high-cost producer 

is  approximately as severe i n  terms of cash flow losses as for  the I 
I 
I 

high-cost independent mine. In each case, the cash flow loss is  

2.1 cents as shown below a f t e r  absorbing the cost penalty: 

High-Cost Mine 
(costs,  cents per lb )  

Operating Prof i t  8.0 9.8 

Hi h-Cost Integrated Finn 
costs ,  cents per lb)  

2 1 7?; --. Less Control Costs 2.8 2.8 

Depletion 2.6 3.5 ; 

Taxes 1.3 

Net Earnings After Taxes 1.3 

Cash Flow Loss 2.1 

. .  
1.7 

1.8 
2.1 

I t  should be noted, however, t ha t  the financial capabili ty t o  

r a i se  money for  continuation of operations of the integrated firm 

versus tha t  of the independent (and more l ike ly ,  smaller) firm depends 

upon factors besides prof i tab i l i ty  of specif ic  operations. 

t o  the integrated producer and to  the suppliers of financial capital 

i s  extent of diversification into areas unrelated t o  abatement- 

affected operations, such as fabricating, scrap reclaiming, production 

of other metals, etc.  

prof i tabi l i ty  and credit rating of the overall company, 

the impact i n  terms of cash flow on the particular production l ine 

remains the same as tha t  for  the independent high-cost mine. 

Important 

Diversification may soften the impact on the 

However, 

1 Ji$ e\ 

The lhpaCtS on the 1ow-cOst mine and the  fntegrated producer 

a re  the leas t  severe. 

t o  accept a decrease i n  the price offered fo r  i t s  concentrates 

Over the long run .  

The low-cost mine probably would be willing 

Ultimately, the low-cost mine would expect t o  
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benefit by any price increase in terms of prof i tabi l i ty .  

options available t o  the low-cost mine, other than accept a lower 

price from the custom smelter, would be to  ship concentrates t o  

another smelter (possibly outside the U.S.) or  engage in jo in t  

The only 

ventures with other similar producers t o  explore a1 ternative methods 

of smelting arrangements. 

the wake of the recent Cyprus Mines-Bagdad merger. 

This l a t t e r  course appears l ikely i n  

The low-cost integrated producer suffers the least  severe impact. 

A1 though both the low-cost integrated producer and the low-cost 

independent mine have to  absorb 2.8 cents, the prof i tabi l i ty  a t  the 

mine could carry them over t o  better times (increased revenues and 

prof i ts)  . 
In conclusion, the smelting/refining segment o f  the industry 

will be faced w i t h  increased production costs that  will have to be 

passed on to  the mine and/or consumer. 

current balance between mining capacity and smelting capacity, 1975 

basis (Table 6-61, are that absorption o f  a portion of emission 

control costs will have t o  be shared by the mines. 

in closing some marginal mines and delay new mine development. 

The implications of the 

This may resul t  

A limitation in smelting capacity, o r  “bottleneck” as i t  i s  

referred t o  by analysts, i s  believed to extend world-wide.” This 

res t r ic t ion in primary copper output, along with increased costs o f  

pollution control, will p u t  upward pressure on prices t o  the consumer. 

Increased scrap recovery, processing of leachable low-grade ores, and 

imports of b l i s t e r  and refined copper will supply raw material for  the 
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ref iner  and fabricator 

intermediate tern. 

pone mine expansion and subsequently delay construction of new smelters 

in the U.S. 

t o  meet any increased demand in the short t o  

T h u s ,  exploitation of secondary sources will post- 

Estimating the economic impact of OSHA i s  extremely d i f f i cu l t .  

Contacts w i t h  both the Bureau of Mines and the Department of Labor 

reveal tha t  l i t t l e  data re la t ing t o  the additional expenditures .'' 

anticipated by the domestic industry t o  comply with OSHA regulations 

is  available. 

reveal a general lack of quantitative data. 

point a ful l  assessment of the economic impact of OSHA on the domestic' 

industry is  not possible. In general, however, quali tative information 

provided by these contacts indicates limited economic impact due 

' t o  OSHA, since additional expenditures over and above those normally 

incurred by the domestic industry a re  l ikely t o  be small. 

. .  

Furthermore, contacts d i rec t ly  with the domestic i d u s t r y  

Consequently, a t  t h i s  

In an Arthur  D. L i t t l e  (ADL)  report t o  EPAi7 ADL estimated the- 

costs of water pollution abatement based on se t t l ing  of suspended solids 

to  remove heavy metal hydroxides and subsequent liming t o  neutralize 

process water. 

copper-producing companies i s  $30 million. 

$5 million per year; additional charges for  amortization, debt service, 

maintenance, taxes, and insurance are $6 million. 

are estimated a t  $11 million per year, or  roughly 0.3 cent per pound 0; 

copper. 

average cost of 3 cents per pound associated with a i r  pollution'abatement 

as a resu l t  of compliance with t i ls  , , d q S .  

The estimated magnitude of investment ,required for  eight 

Direct operating costs are 

Total annualized costs 

This seems insignificant when compared t o  the industry-wide 

6-55 



The ADL repo r t  i nd i ca tes  t h a t  most mines, b e n e f i c i a t i o n  p lants ,  

and smelters are located i n  a r i d  areas where water reclamat ion i s  of 

utmost importance t o  product ion o f  nonferrous metals. 

water treatment and re-use i s  a necessary p rac t ice .  

water resources are abundant, p a r t i c u l a r l y  i n  the eastern Uni ted States 

where copper r e f i n e r i e s  a re  located, water usage i s  o f  minor concern, 

w i t h  r e s u l t a n t  minor emphasis on water treatment. 

expenditures b a s i c a l l y  represent requirements o f  water p o l l u t i o n  

abatement f o r  copper r e f i n e r i e s  

A t  these locat ions,  

I n  areas where 

Hence,;the'projected 

It should be noted, however, t h a t  the ADL r e p o r t  q u a l i f i e s  the 

estimated water p o l l u t i o n  con t ro l  costs  somewhat. 

based on water treatment technology o f  the same l e v e l  p rac t i ced  

i n  i ndus t r y ' s  exemplary f a c i l i t i e s .  

be s u f f i c i e n t  t o  comply w i t h  Federal and State agency guide l ines i n  

the  more s t r i c t  s i t ua t i ons .  I f  the eventual water standards 

requ i re  lower l e v e l s  o f  heavy metals values t h a t  a re  n o t  achievable 

by p r e c i p i t a t i o n  methods o f  treatment as employed i n  ADL's  analysis,  

then the cos t  estimates MY be se r ious l y  understated. 

These costs  are 

This l e v e l  o f  technology may no t  

The one d i sce rn ib le  advantage o f  the  domestic i ndus t r y  over 

fore ign producers i s  the  0.8 cent per  pound t a r i f f  p resent ly  charged 

on fo re ign  imports o f  copper metal i n t o  the U.S.19 Transpor tat ion 

charges f o r  import ing copper f r o m  fo re ign  smelters may cost  up t o  

2 cents per pound. 

i ndus t r y  and fo re ign  producers, the b a r r i e r  against  t h e  fo re ign  pro- 

ducer i s  from 0.8 t o  2.8 cents per pound o f  copper. 

Thus, i n  terms o f  compet i t ion between the  domestic 
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The t ranspor ta t ion  costs between a South A f r i can  smelter and 

the New York market would probably be comparable t o  shipping costs 

between an Arizona smelter and the same market. Smelters located 

i n  eastern Canada o r  northern Mexico would probably f i n d  s i m i l a r  

costs  f o r  sh ipp ing t o  New York. Since these fo re ign  loca t ions  . . .  .- . . ' 

c u r r e n t l y  appear t o  have a i r  p o l l u t i o n  regulat ions less s t r i ngen t  

than the NAAQS's. (o ther  product ion cos t  f ac to rs  assumed equal) ,  ,23-, p', 

there  e x i s t s  an incent ive  t o  se lec t  s i t e s  o ther  than the  Southwest : 

Uni ted States f o r  a new smelter, unless con t ro l  costs  t o  meet theqLqi3.,,,: 

NAAQS could be maintained a t  the lower end o f  the 0.8-to-2.8-cent 

range. 

smelter would f i nd  s i m i l a r  compet i t ion from western Canada o r  

Aus t ra l ia .  

For t h e  P a c i f i c  coast ( C a l i f o r n i a )  markets, an Arizona 

I 

As discussed above, prospect ive new U.S. smelters w i l l  be competing 

i n  an i ndus t r y  c u r r e n t l y  experiencing increased product ion costs of. , . 

about 3 cents .per pound o f  copper as a r e s u l t  o f  complying w i t h  NAAQS,'s.. 

Increased product ion costs associated' with OSHA and water .pulYution t . .  

abatement regu la t ions  appear small i n  comparison and, f o r  purposes . I 

o f  analyzing the economic impact of t h e  proposed NSPS, can be neglected. 

Domestic importers of copper face a b a r r i e r  o f  about 1 t o  3 cents 

per pound of copper. 

emergence of new o r  modif ied smelters w i t h i n  the domestic industry..: 

w i l l  be l i m i t e d  t o  i n s t a l l a t i o n s  f o r  which p o l l u t i o n  cont ro l  costs .  

do not  exceed 3 cents per pound o f  copper. 

framework t h a t  the impact o f  the  proposed NSPS w i l l  be examined. 

I n  t h i s  s i t u a t i o n ,  i t  appears t h a t  the  

, 

- 
I t  i s  i n  t h i s  general 
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The economic impact o f  the proposed NSPS r e l a t i v e  t o  t h a t  o f  the 

NAAQs i s  extremely d i f f i c u l t  t o  assess f o r  a new o r  modif ied smelter, 

The degree o f  emission c o n t r o l  necessary and the p o l l u t i o n  cont ro l  

costs  associated w i t h  a copper smelter i n  order  t o  comply w i t h  the 

NAAQS depends on a number o f  factors .  Smelter processing capaci ty,  

stack height ,  type o f  t e r r a i n ,  p r e v a i l i n g  meteorological  condi t ions 

and type o f  smelt ing operat ion are o f  major importance. 

a complete assessment o f  the economic impact o f  the proposed NSPS 

compared t o  t h a t  o f  the NAAQS would requ i re  an evaluat ion o f  each 

A i r  Q u a l i t y  Control Region (AQCR) t o  determine both the degree o f  

emission con t ro l  and the associated p o l l u t i o n  cont ro l  costs necessary 

t o  comply w i t h  the NAAQS. Such an analys is  i s  outs ide the scope o f  

t h i s  repor t .  

Consequently, 

Furthermore, a t  t h i s  p o i n t  i n  t i m e ,  a study o f  t h i s  nature would 

be o f  questionable value s ince EPA i s  eva lua t ing  the use o f  supplementary 

con t ro l  s t ra teg ies  (SCS) t o  meet the NAAQS. If such s t ra teg ies  are 

determined t o  be both ef fect ive and acceptable, the economic impact 

of NAAQS could be reduced subs tan t ia l l y ,  i n  some cases, according 

t o  var ious indust ry  sources. 

One aspect o f  the  r e l a t i v e  impact o f  t h e  proposed NSPS t o  the NAAQS 

concerns the area o f  smelt ing technology. Cur ren t ly  w i t h i n  the domestic 

indust ry ,  reverberatory  smelt ing i s  the predominant technology u t i l i z e d  

t o  p,roduce copper. 

p rac t i ce  reverberatory  smel t ing and one prac t ices  e l e c t r i c  smelting. 

However, one smelter i s  i n  the midst  o f  changing from reverberatory  

smelt ing t o  e l e c t r i c  smelting,and the  new smelter announced f o r  T w e ,  PC, W ,  

by Phelps Dodge w i l l  u t i l i z e  f l a s h  smelt ing.  

Of the  f i f t e e n  smel t ing ins ta l la t ions , four teen c u r r e n t l y  

I 
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Some State Implementation Plans t o  meet the NAAQS (Arizona, Montana, 

New Mexico, Nevada, Tennessee and Washington) include State new source 

standards analogous t o  the propos6d NSPS. 

New Mexico appear t o  be the most l ike ly  location for new domestic 

However, the States o f  Arizona and 

copper smelters due t o  the rapid development of new mining capacity 

i n  these s ta tes .  In these States,  the State  new source standard requires 

that  any new smelter must capture 90% o f  the smelter i n p u t  sulfur.  This 

degree of control can be achieved i n  pyrometallurgical processes only 

by controlling bo th  copper converters and the smelting furnace. 

The only model smelters of Table 6 -12 w h i c h  meet a 90 percent 

control s t anda rd  and incur control costs of not more t h a n  approximately 

3 cents per pound are:  

Acid or  Liquid SO2 Acid 
- Case Process Control Break-Even3 Neutralization 

Ia Electric furnace SA1 acid plant 1.68 2.79 
smelting 

Ib Electric furnace DA2 acid p l a n t  1 .a7 3.03 
smelting 

IIa Flash furnace SA1 acid plant 1.45 
smel t i n g  

2.56 

IIb Flash furnace DA2 acid plant 1.61 
smelting 

2.77 

IId Flash furnace DMA scrubbing 2.74 
smelting 

Notes : - 
1 .  Single-absorptfon 

2. Double-absorptlon 

3. Sale price--equafs- shipping costs 
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These costs do no t  incorporate savings i n  operat ing e f f i c i e n c i e s  

for f lash furnaces versus reverberatory smel t ing furnaces. Table 6-12 

also shows t h a t  the two conventional model smelters (Cases I11 and I V )  

t h a t  would meet a 90 percent cont ro l  standard have cont ro l  costs, even 

when s e l l i n g  s u l f u r i c  a c i d  a t  break-even, t h a t  exceeds 3 cents per  

pound of copper. This ind ica tes  t h a t  i n  few, i f  any, cases would 

i t  be economically v iab le  t o  const ruct  a new conventional smelter 

t o  comply w i t h  S ta te  NSPS. 

Table 6-12 ind ica tes  t h a t  new f l a s h  o r  e l e c t r i c  smelters producing 

s u l f u r i c  ac id  o r  l i q u i d  SO2 have cont ro l  costs o f  less than 3 cents per  

pound o f  copper, i nc lud ing  the  costs o f  n e u t r a l i z i n g  the  a c i d  t o  

produce a s o l i d  mater ia l .  Any product ion savings (0.5 t o  1.3 cents 

per  pound copper as presented e a r l i e r )  f o r  f l a s h  smelt ing and lower 

abatement costs t o  achieve 90 percent con t ro l  e f fect iveness would 

enhance the  prospects f o r  a f l a s h  furnace smelter over a conventional 

smelter. I n  those few s i t u a t i o n s  i n  which the f l a s h  smel t ing process 

i s  n o t  appl icable,  as discussed i n  Sect ion 3.1.1.2, the e l e c t r i c  

smel t ing process i s  an a l te rna t i ve .  

than 3 cents per  pound o f  copper can be achieved,including the costs 

O f  n e u t r a l i z i n g  s u l f u r i c  acid.  

Again, a cont ro l  cost  o f  less  

I t should be noted t h a t  the proposed NSPS w i l l  have an economic 

impact s l i g h t l y  greater  than the State NSPS c i t e d  above. 

i s  e s s e n t i a l l y  based upon con t ro l  by double-absorption s u l f u r i c  ac id  p lants ,  

o r  an equiva lent  degree o f  con t ro l ,  which r e s u l t s  i n  a con t ro l  

e f f i c iency  (an increased cos t )  i n  excess of the  State 90 percent NSPS. 

The proposed NSPS 
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However, the penal ty  f o r  double-absorption a c i d  p lan ts  ranges from 0.16 

cents t o  0.24 cents per pound copper and incremental costs o f  t h i s  

order o f  magnitude should no t  create any problems f o r  new smelters. 

I n  those s tates which have not  inc luded Sta te  NSPS's analogous t o  the 

proposed NSPS, the impact on smelt ing technology o f  the  NAAQS var ies from 

AQCR t o  AQCR depending on many fac to rs  as mentioned e a r l i e r .  I n  those AQCR's 

which,due t o  the nature o f  the AQCR, requ i re  a smelter t o  con t ro l  from 70-804: 

o r  more o f  the po ten t i a l  s u l f u r  d iox ide  emissions t o  comply w i t h  the 

NAAQs, the impact o f  the NAAQS on smel t ing technology i s  the  same as 

tha t  o f  the proposed NSPS. 

a smelter t o  con t ro l  l ess  than 70-80% o f  the p o t e n t i a l  s u l f u r  

d iox ide emissions, the impact o f  the proposed NSPS on smelt ing 

technology i s  more severe than t h a t  of the  NAAQS. 

the NAAQS would permi t - the  cons t ruc t ion  o f  a new conventional smelter 

based on reverberatory  smel t ing technology w i t h  a p o l l u t i o n  cont ro l  

cost  pena l ty  o f  l ess  than 3 cents per  pound o f  copper, as shown i n  

Table 6 -12. 

However, i n  those AQCR's which requ i re  

I n  these cases, 

[ne conclusfon i s  t h a t  the new source performance standard i n  a l l  

l i k e l i h o o d  w i l l  economically p r o h i b i t  the  const ruct ion o f  new conventional 

smelters, although t h i s  i s  l i k e l y  t o  be t h e  impact o f  the NAAQS f o r  

some cases also.  Whether t h i s  causes any technologica l  problems 

i s  being inves t iga ted  i n  a separate study under EPA cont rac t  w i t h  

Ar thur  0. L i t t l e ,  Inc.  ( r e f e r  t o  Sectfon 7), which i s  f u r t h e r  i nves t i ga t i ng  

the matter o f  processing d i r t y  feedstocks i n  f l a s h  and e l e c t r i c  furnaces. 

Exports o f  copper are expected t o  cont inue t o  dec l ine i n  the United 

States. 

have been dec l i n ing  s t e a d i l y  since 1962. 

d i rec ted  t o  the subject  of imports. 

As shown i n  Table 6-4, domestic exports o f  r e f i n e d  copper 

This discussion i s  then 
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During 1971 and 1972, foreign prices,  as measured by the LME 

quotations, were approximately 2-3 cents below the U.S. producers' 

price. 

sustained for  any length of time, an increase i n  copper imports could 

be expected t o  occur. 

and the domestic market (Pacif ic  or Atlant ic  coast)  i n  terms o f  ocean 

f re ight  costs (0-2 cents)  plus t a r i f f  (0.8 cents) would be comparable 

to  the LME4.S. producer quotation difference. This effect ively 

precludes any increase i n  prices by U.S. producers w i t h o u t  a corres- 

ponding increase i n  foreign price and/or imports. 

If a spread of 3 cents or more between the two quotations is 

The distance between the source of imports 

Short-term d i f fe ren t ia l s  between U.S. producer and the London 

market quotations do not necessar i ly  provide a notable increase i n  

copper imports. 

imports increased by only 30,000 tons over 1970 i n  s p i t e  of the 

undercutting of U.S. prices by foreign quotations, a t  times by as  

much as 3 cents per pound of copper. One explanation for  t h i s  

behavior i s  the pol i t i ca l  and economic in s t ab i l i t y  of many copper- 

producing countries such as Chile, Peru, Zambia, and Zaire. 

distutbances i n  these countries have of ten CataPulated foreign Prices 

upward t o  the extent tha t  favorable import price d i f fe ren t ia l s  have 

been quickly erased. 

For example, during the recessionary 1971, foreign 

Historically,  

The e f fec t  of the uni la teral  devaluation of the dol lar  against 

gold and i t s  subsequent realignment against  foreign currencies was 

intended t o  correct the imbalance i n  U.S. foreign t rade ( i . e . ,  imports 

exceeding exports). Two devaluations announced by President Nixon in 

August 1971 and i n  February 1973 should benefi t  domestic producers over 
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(5 . 
t h e  s h o r t  t o  in te rmed ia te  term by p r i c i n g  f o r e i g n  impor ts  a t  a h igher  

l e v e l .  (A 10 percent  d o l l a r  deva lua t ion  would inc rease f o r e i g n  copper 

p r i c e  from 48 cents t o  approximately 53 cents w h i l e  a domestic p r i c e  

o f  50 t o  51 cents would remain unchanged.) 

e f f e c t s  o f  deva lua t ion  on t h e  American economy and t h e  copper indust ry ,  

i n  p a r t i c u l a r ,  appear negative. Inc reas ing  p r i ces  o f  imports essent ia l  

t o  t h e  Un i ted  States may u l t i m a t e l y  lead t o  reduced U.S. purchasing 

However, t h e  long-term 

power, which a f f e c t s  such sectors  o f  t h e  economy as l uxu ry  goods, 

durable goods (automobiles and household appl iances),  and r e s i d e n t i a l  

cons t ruc t ion ,  a l l  consumers o f  copper goods. 

o f  deva lua t ion  f o r  t h e  copper i n d u s t r y  a r e  unc lear .  

Overa l l ,  t h e  imp l i ca t i ons  

The foregotng d iscuss ion has been d i r e c t e d  toward the  Impact 01 

the  proposed standard upon new grass-roots  smelters.  

copper i n d u s t r y  has h i s t o r i c a l l y  been accomplished by  incremental  

expansion a t ' e x i s t i n g  smelters, as w e l l  as by t h e  a d d i t i o n  o f  new 

smelters. Dur ing the course o f  the  background study i n  t h e  develop- 

ment o f  the  proposed standard, i t  was recognized t h a t  the  quest ion 

o f  the  impact of the  new source performance standard upon mod i f i ca t i ons  

o f  e x i s t i n g  smelters would r e q u i r e  considerat ion.  

Growth i n  the  

EPA's  ana lys i s  i nd i ca tes  t h a t  c o n t r o l l i n g  reverbera tory  furnace 

gases by scrubbing would be eeonm1calJy p r o h i b i t i u e .  Therefore, any 

m o d i f i c a t i o n  approach t h a t  would i n c l u d e  t h e  reverbera tory  furnace as 

an a f f e c t e d  f a c i l i t y  appears t o  be r e s t r i c t i v e  on the  f u t u r e  growth 
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of the industry. 

calcine charging by adding a fluid-bed roaster  w i t h  an acid plant 

to  control the l a t t e r ' s  strong sulfur-laden streams. This would 

allow s igni f icant  expansion f o r  this type of operation. 

exis t ing smelters t h a t  calcine concentrates could possibly be 

res t r ic ted  from expansion, par t icular ly  i f  t h i s  type of smelter 

has gone as f a r  as i t  can i n  controlling SO2 emissions from a l l  

strong streams. An exemption from the standard of certain 

modifications t o  the reverberatory furnace, provided t h a t  emissions 

from the to ta l  smelter do not  increase, should allow additional 

f l e x i b i l i t y  fo r  expansion. The recommended approach t o  moditication 

includes th i s  exemption fo r  the reverberatory furnace as long  as 

the resul tant  changes will  n o t  increase the  overall smelter 

emissions. 

as affected f a c i l i t i e s ,  subject to  the l imitat ion of 650 ppm 

SO2 i n  t h e i r  off-gases. 

Existing green charge smelters could change t o  

However, 

Individual roasters and converters will be designated 

Arthur D. L i t t l e ,  Inc. is carrying o u t  a contract study f o r  

EPA which  will determine the economic impact of a l te rna t ive  in te r -  

pretations of modifications under section 111 of the Act. ADL i s  

investigating in more detai l  the e f fec ts  t h a t  EPA's reconmended approach 

on modifications might have on individual oompanies. 

smelters will be evaluated on the basis of SIP  requirements, present 

calcining pract ices ,  and present acid production capabi l i t i es  (capacity 

rat ing fo r  producing acid,  as well as the percentage o t  bU2 conversion 

t o  su l fur ic  ac id) .  

Individual 

ADL will estimate capi ta l  and annualized costs 

p 

,* I 

'* 
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for  smelting concentrates, including costs for control o f  emissions 

i n  compliance w i t h  the assumed interpretat ions of modifications. 

Control of emissions will  be assumed t o  be consistent with the 

requirements f o r  achieving the NAAQS. Some f ive  options of 

interpreting modifications will be considered, ranging i n  scope 

from the most lenient  interpretat ion of specifying the en t i r e  

smelter as  the affected f a c i l i t y ,  thereby g i v i n g  the smelter the 

freedom of upgrading emission control f o r  each added expansion 

(without increasing overall smelter emissions), t o  the most s t r i c t  

interpretation of designating each modified f a c i l i t y  subject t o  

the proposed new source standard of 650 ppm. 

Representative expansions investigated will include adding 

a converter t o  a smelter, changing reverberatory furnace fir ing 

conditions by switching to  preheated or  oxygen-enriched a i r ,  

widening reverberatory furnace walls,  and switching from green charge 

smelting t o  calcine smelting via addition of a fluid-bed roaster.  

Production costs  for  each type of modification on a model smelter 

will be compared w i t h :  

a foreign t o l l  smelter and return of copper values i n  the form of 

b l i s t e r ,  and (2 )  the costs of a new grass roots smelter. 

modification where production costs s ignif icant ly  exceed production 

costs via a foreign smelter o r  new smelter will be considered 

def in i te ly  unattractive.  

approximate production costs via foreign smelting will  be rated 

an uncertain a l te rna t ive  t o  expansion. 

(1 )  the costs  of exporting concentrates t o  

Each 

Each modification where production costs  
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In sumnary, new copper smelters can be constructed t o  comply 

with the proposed standard without incurring undue economic 

hardship. 

expand and comply w i t h  the standard without incurring unreasonable 

costs. 

expansion because they view the added cost  as being uneconomical; 

nevertheless, in EPA’s  judgment the proposed standard will not unduly 

r e s t r i c t  growth in the smelting industry. 

I n  addition, some existing smelters will be able t o  

EPA recognizes tha t  certain smelters may refrail1 from 
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6.2 ZINC EXTRACTION 

6.2.1 Zinc Industry Economic Profile 

The domestic zinc industry has changed dramatically over the pas t  
The productive capacity of the industry has  declined con- few years. 

siderably due t o  the closing of seven zinc smelters since 1968. 
capacity in 1968 totalled approximately 1,300,000 short tons per year o f  
s l a b  zinc produced a t  a total  of fourteen smelters. 
industry capacity that  accompanted the closing of the seven smelters 
amounted t o  564,000 tons per year, or  42% of the 1968 capacity. 
end of 1972, therefore, industry capacity stood a t  approximately 766,000 
tons per year of s lab zinc. Future smelter closings have been announced 
which would further lower industry capacity t o  s l ight ly  over 700,000 tons 
per year of s lab zinc. 
and 1972, please refer t o  Table 6-15. 

The rash of smelter closings has been due t o  a number of factors.  
quote from the proceedings of a meeting o f  the Lead Industries Association 
and the Zinc Inst i tute .  Inc., "All ( o f  the smelters that  closed) were old, 
ineff ic ient  high labor and maintenance operations which were being 
severely squeezed by the pressures of rising wages, and high costs of 
materials and transportation. 
t o  meet future environmental standards."l A l s o ,  the industry was facing 
a period of time where prices were relat ively static,which was par t ia l ly  
caused by a condition of overcapacity in the industry. In October 1969, 
the quoted price for  prime western s l a b  zinc stood a t  15-1/24 per pound, 
After remaining a t  this level for  nine months, the price then declined t o  
154 per pound where i t  remained for  another seven months.  
May 1971 t h a t  prices rose above the 15-1/24 per pound level established 

Domestic 

The reduction i n  

A t  the 

For a summary of the industry structure i n  1968 

To 

In addition, they faced unknown expenses 

It was not  until 

i n  October 1969. (* 

Future conditions in the i n d u s t r y  look quite promising, however. 
Quoted slab zinc prices are now a t  their  highest level in twenty years 

every indication tha t  the price for prime western s lab zinc will n o t  recede 
from its current domestic level of approximately 354 per pound of prime western 
zinc b u t  will e i ther  remain firm or advance t o  s t i l l  higher levels in the  

(Refer t o  Figure 6-7 for  recent s lab zinc price mcvements.) There i s  J 



Table 6-15 

DOMESTIC SLAB ZINC CAPACITY 
1968-1972 

Company/Smel ter  Location 
ASARCO/Amari 1 1 0 ,  Texas 
ASARCO/Corpus Christi , Texas 
Blackwell Zinc/Blackwell, Oklahoma 
National Zinc/Bartlesvi 1 l e ,  Oklahoma 
New Jersey Zinc/Palmerton, Pennsylvania 
St.  Joe MineralsjMonaca, Pennsylvania 
Bunker Hill /Kellogg, Idaho 
American Zinc/Dumas, Texas 
American Zinc/Sauget, I l l i no i s  
Eag 1 e- P i  c her/Hen rye t t a  , Ok 1 a homa 
New Jersey Zinc/Depue, I l l i no i s  
Matthiessen & Hegler/Meadowbrook, w. Va. 
Anaconda/Great Falls,  Montana 
Anaconda/Anaconda, Montana 

TOTAL 

Estimated Capacity (Short Tons) 
1968 
55,000 55,000 

108,000 108,000 
88,000 88,000 
63,000 63,000 

118,000 118,000 
225,000 225,000 
109,000 109,000 
58,000 --- 
84,000 --- 
55,000 ..__ 
70,000 --- 

’ 45,000 --- 
162,000 --- 
90,000 --- 

1,330,000 766,000 

1972 - - 

SOURCES: 1 )  Yearbook of the American Society of Metal S t a t i s t i c s  fo r  1971. 
Issued June 1972. 

2) U.S. Bureau of Mines. 
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near future. 
factors.  The f i r s t  i s  that  slab zinc demand must continue t o  increase 
over the years a t  a relatively steady r a t e  without any serious or pro- 
longed downturns. 
as will be discussed shortly.  The second factor  required for  firm o r  
r ising slab zinc prices i s  tha t  a s i tuat ion of severe overcapacity in 
the industry does not occur again as i t  did during the 1968-1970 period 
t h a t  led t o  the closing of almost 50% o f  the domestic zinc productive 
capacity, Indications are such t h a t  the industry realizes that  such an  
oversupply condition would n o t  be good f o r  the industry as a whole. I f  
these two factors of continuing demand and balanced capacity are realized, 
then firm or rising domestic slab zinc prices are a very good possibi l i ty .  

different ia l  between domestic zinc prices,  as measured by the East S t .  
Louis price, and  foreign zinc prices,  as measured by the price for slab 
zinc quoted on the London Metal Exchange, has maintained a re la t ively 
constant spread of 1-2g per pound. 
resu l t  of transportation costs and import duties on foreign zinc. 
the domestic price that  tends t o  move s l i gh t ly  a f t e r  the price on the 
London Metal Exchange. 
t h a t  the spread between domestic zinc and foreign zinc i s  greater than the 
tradit ional spread of 1-2g per pound,  t h e n  the resul t  will be t o  encourage 
foreign imports. Foreign slab zinc would then be substi tuted for  domestic 
z i n c  and domestic ‘producers would be forced t o  e i ther  reduce prices o r  
suffer  erosion of t he i r  market position. 
firmness depends upon s t a b i l i t y  in the foreign markets as well as s t a b i l i t y  
in the domestic sector. 

Firm or  rising zinc prices are contingent upon two main 

There i s  every indicatidn that  t h i s  will be the case, 

Referring t o  the quoted prices shown in Figure 6-7, i t  i s  seen t h a t  the 

This different ia l  i s  basically a 
I t  i s  

I f  domestic producers attempt t o  ra ise  prices so 

I t  follows that  domestic price 

As mentioned previously, price s t a b i l i t y  depends upon a rising level 
of demand for  s l a b  zinc, n o t  only in t he  United States b u t  world-wide. 
I t  seems as i f  this  condition will be f u l f i l l e d ,  a t  least  in the near 
future. 
3.5% per year between 1971 and 1975 for domestic consumption and by 4.5% 
per year for  the free  world overall.  ’ This means t h a t  domestic demand 

Slab zinc demand i s  expected t o  increase a t  an  average rate  of 
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I 

1 excess of current domestic production capacity. This si tuation will tend I 

1 maining in the domstic  zinc industry. In order t o  a t ta in  a growth ra te  

would amount t o  1,400,000 - 1,500,000 tons of slab zinc in 1975, up from I 

1,254,000 tons in  1971. 
domestic s lab zinc consumption.) 

t o  foster  higher prices and bet ter  prof i ts  for  the firms tha t  are now re- 

of 4.5% per year for the f ree  world overall while the United States s lab 
zinc demand i s  growing a t  3.5% per year, the non-U.S. portton of the 
free world demand must Increase by almost 5% per year. 
re la t ively high level o f  demand will help t o  ReeD ortces f f m o n  the 
London Metal Exchange. This in turn will reinforce domestic zinc prices. 

(Please r e f e r  t o  Table 6-16 for  a summary of 
This- amount will be sonsiderably in 

! 

1 
I 

,?b ~ 

i 

/I imports. Referring t o  Table 6-17, i t  can be seen tha t  production of slab r i l  I 

Thts 

The United States has been heavily dependent in the past on foreign 

zinc from domestic ores accounted for  only 34% of the total  s lab zinc supplied 
in the United States in 1971. 
concentrates and imports of slab zinc to t a l l ed  59% of the slab zinc supplied 
i n  1971. 
centrates and slab zinc for  1971. 
reliance on imports fo r  zinc concentrates will  continue i n  the future. 
i s  due t o  the relat ively limited amount of zinc reserves that  ex is t  i n  the 
United States.  Unless more economical means of mining lower, grade domestic 
ores are found, or more domestic sources of supply a re  discovered, then the 
forecasted increase in domestic consumption of slab zinc will ,be met t o  a 
larger and larger degree by foreign sources of  concentrates and  slab zinc. 

Even t h o u g h  steady increases i n  imported slab zinc a re  expected, there 
s t i l l  appears to be a need for  a substantial increase in domestic slab zinc 
capacity. Assuming t h a t  to ta l  domestic demand grows to 1,450,000 tons in 
1975 (Table 6-16) and tha t  slab zinc imports amount t o  25% of th i s  t o t a l ,  
then 1,087,500 tons of slab zinc must be supplied by domestic smelters in 
1975. 
th i s  means t h a t  over 300,000 tons of domestic slab zinc capacity must be 
added prior t o  1975. This would mean a t  l e a s t  one new smelter, and possibly 
two, i n  addition to normal capacity increases a t  existing smelters. 
announcements of tentat ive plans for  two new e lec t ro ly t ic  zinc smelters have 
been made. 
new smelters 1s a;proximately 310,000 tons per year. 

Production of slab zinc from foreign zinc 

Table 6-18 summarizes the various foreign sources of ore and  con- 
I t  i s  expected tha t  the trend of heavy 

This 

Given a current domestic capacity of 766,000 tons (Table 6-15), 

Recent 

The to ta l  increase in domestic zinc capacity a t t r ibutable  t o  these 
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Table 6-16 

DOMESTIC SLAB ZINC CONSUMPTION 
(SHORT TONS) 

Est. 
1975 - 1971 - 1970 Consumption 1969 - 

Galvanizing 493,000 474,000 475,000 550,000 

Brass 179,000 128,000 150,000 175,000 

Other Alloys 576.000 464,000 51 6,000 595,000 

Other Uses 137,000 121,000 113,000 130,000 

Total Slab Zinc 1,385,000 1,187,000 1,254,000 1,450,000 

SOURCES: 1) Consumption f o r  1969; 1970,' and 1971 from Minerals Yearbook, U.S. 

2) 1975 estimate based upon growth rate of 3.5%/yr for  each category. 
Bureau o f  Mines. 
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Table 6-1.7 

SUPPLY OF SLAB Z I N C  BY SOURCE 
(SHORT TONS) 

SOURCE 1969 1970 1971 

Oomes ti c Ores 463,000 447,000 408,000 34% 

Foreign Concentrates 582,000 474,000 375,000 32% 

Scrap 71,000 77,000 77,000 7% 

Sub-Total Domestic Product ion 1,116,000 998,000 860,000 73% 

Slab Imports 328,000 260,000 324,000 27% 

Tota l  Slab Zinc Suppl ied f o r  
Domestic Consumption, Exports, 
and Stocks 1,444,000 1,258,000 1,184,000 100% 

- 

- 

SOURCE: Yearbook o f  the  American Bureau o f  Metal S t a t i s t i c s  for 1971. Issued 
June 1972. 

I 
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6.2.2 Cost Analysis o f  A l te rna t i ve  Contro l  S t ra teg ies  

The cos t  o f  c o n t r o l l i n g  s u l f u r  d iox ide  and p a r t i c u l a t e  emissions a t  
a new Source z inc  smelter i s  dependent upon both the  p a r t i c u l a r  smelting/ 
r e f i n i n g  process t h a t  i s  u t i l i z e d  i n  t h e  new source smelter and t h e  con- 
t r o l  l e v e l  chosen f o r  t h e  process. The smel t ing / re f in ing  processes t h a t  
have been considered f o r  a new source z inc  smelter a re  as fo l lows:  

The f i r s L  process a l t e r n a t i v e  shown below, the  e l e c t r o i y t i c  process, 
i s  used f o r  t h e  product ion o f  special  high-grade z inc  (a r e l a t i v e l y  pure 
form of z inc  t h a t  i s  so ld  a t  aooroximately a l d l l b  premium over furnace- 
grade z inc) .  The o ther  two process: a l t e r n a t i v e s  shown belaw are used 

f o r  the  product ion o f  prime western o r  intermediate-grade z inc  by t h e  
pyrometa l lu rg ica l  process. 

A. E l e c t r o l y t i c  Process (Roasting and Leachtng) 

f o r  p a r t i a l  s u l f u r  removal. A f t e r  s u l f u r  e1,imination i n  a roaster, 
t h e  charge then goes t o  a leaching s o l u t i o n  p r i o r  t o  e l e c t r o l y t i c  
ex t rac t i on .  
B. Conventional Roasting and S i n t e r i n g  

. I n  t h i s  a l t e r n a t i v e  the z inc concentrate i s  f i r s t  roasted i n  a 
conventional roas ter  i n  order t o  e l im ina te  most o f  the s u l f u r  contained 
i n  the concentrate. Additi.ona1 s u l f u r  e l im ina t i on  i s  then accomplished 
I n  a downdraft s i n t e r i n g  machine. 
C. Robson Process (Combined Roast/Sinter)  

machine w i t h  gas r e c i r c u l a t i o n  i s  used f o r  s u l f u r  e l im ina t ton .  

and p a r t i c u l a t e s  from new source z inc  smelters. The c o n t r o l  a l t e rna t i ves  
shown below are designed p r i m a r i l y  f o r  s u l f u r  d iox ide  control, b u t  con t ro l  
of p a r t i c u l a t e s  i s  a l so  accomplished s ince  these techniques a lso  requ i re  
the' removal o f  p a r t i c u l a t e s  .before t h e  gas stream enters  the  con t ro l  
device. Costs fo r  p a r t i c u l a t e  cont ro l  o f  s t rong s u l f u r  d iox ide  streams a r e  
inc luded i n  the f o l l o w i n g  ca l cu la t i ons  o f  incremental p o l l u t i o n  con t ro l  
costs s ince a c lean stream i s  essent ia l  f o r  the operat ion o f  the s u l f u r  

This process a1 te rna t i ve  does no t  tncorporate a s i n t e r t n g  machlne 

' 2  

. J : <  

I n  t h i s  a l t e r n a t i v e  a roas ter  i s  no t  used; Instead, a s i n t e r i n g  

There are  var ious means o f  c o n t r o l l i n g  emissions o f  s u l f u r  d iox ide  
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d iox ide  con t ro l  devices. 
p r e c i p i t a t o r s  on s i n t e r  p l a n t  streams are n o t  inc luded as incremental 
p o l l u t i o n  con t ro l  costs, s ince  they are  used both f o r  by-product 
recovery and f o r  emission cont ro l .  
con t ro l  opt ions evaluated i n  the  f o l l o w i n g  discussions: 

Costs f o r  baghouses o r  e lec t ros ta t . i c  

The f o l l o w i n g  i s  a l i s t  o f  the  

_, :I 
A. Single-Stage S u l f u r i c  Ac id Plants.  
B. Dual-Stage S u l f u r i c  Acid Plants.  
C. 
D. 
E. DMA Uni ts  on ly .  

Elemental S u l f u r  P lants  coupled w i t h  Wellman Scrubbing Un i ts .  
Elemental S u l f u r  Plants coupled w i t h  DMA Units.  , ~ ~ ' , ,  . , 

~. 
Options A-C a re  used on ly  on s t rong s u l f u r  d iox ide  streams. 
D and E a re  used on ly  on weak s u l f u r  d iox ide  streams. 

w i t h  the  th ree  smel t ing techniques considered t o  develop model smelters. 

These models a re  presented i n  F igure 6-8 through Figure 6-10. Based 
on physical  process parameters developed from mater ia l  balance data, cos t  
estimates were der ived f o r  thes,e cont ro l  combinations and t o t a l  c a p i t a l  
and operat ing cos t  f o r  each case i s  summarized i n  Table 6-19. 

The costs associated w i t h  l imestone n e u t r a l i z a t i o n  o f  s u l f u r i c  a c i d  
were developed f o r  those con t ro l  a l t e r n a t i v e s  incorpora t ing  a c i d  p lan ts .  
The c a p i t a l  and operat ing cos t  requirements f o r  l imestone n e u t r a l i z a t i o n  . .- 
are  based on i ndus t r y  data and inc lude the costs associated w i t h  the  
mining o f  l imestone i n  add i t i on  t o  those associated w i t h  the  n e u t r a l i z a t i o n  
o f  acid.* The operat ing cos t  requirements, however, assume t h a t  the  l ime- 
stone deposi t  i s  i n  c lose  prox imi ty  t o  the  smelter and thus r e f l e c t  low 
t ranspor ta t ion  costs. Although l imestone may be i n  p l e n t i f u l  supply, as 
ind ica ted  i n  discussions w i t h  the  Bureau o f  Mines,3 i t  i s  poss ib le  t h a t  
t ranspor ta t i on  costs could increase t h e  costs associated w i t h  l imestone 
n e u t r a l i z a t i o n  above those used i n  t h i s  ana lys is  t o  some extent .  
even i n  those cases where s p e c i f i c  smelters might  be faced w i t h  h igh 
t ranspor ta t i on  costs f o r  limestone, it i s  expected t h a t  the o v e r a l l  emission 
cont ro l  cos ts ' i nc lud ing  s u l f u r i c  a c i d  n e u t r a l i z a t i o n  would s t i l l  be o f  the 
same order  o f  magnitude a's those developed f o r  t h e  var ious model smelters. 

Options 

Various combinations o f  emission con t ro l  processes were coupled 

. .....- 

Z r .  t , 

. ,  . , .  

., . . 

However, . .  I .  

. 

':I 1 1 , .  
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As a point of reference w i t h  regard t o  the  costs in Table 6-19, 
the capi ta l  requirements f o r  a 100,000 ton/yr new source zinc smelter 
u t i l i z ing  e i the r  conventional roasting and s inter ing o r  the Robson 
process are on the order of $45MM-$50MM. 
100,000 tonlyr  new smelter u t i l i z ing  the e l ec t ro ly t i c  process, however, 
a r e  on the order of $80MM-$85MM. In each case, operating costs a r e  i n  
the range of 8Q-l06/lb, with a prof i t  margin typical ly  on the order o f  
0 . 5 W  b. 

The overall control o f  su l fur  dioxide emissions achieved with 
each control a l t e rna t ive  i s  a l so  summarized i n  Table 6-19. However, 
i t  should be noted t h a t  these percentages a re  theoretical  and a re  based 
on the assumptions of t o t a l  capture of a l l  emissions with no fugi t ive  
emissions and no downtime of the control system. 
a re  not en t i re ly  representative of what can be achieved i n  actual 
practice,  b u t  a r e  fo r  discussion and comparative purposes only. 
Table 6-19 a l so  presents control costs expressed i n  terms of cents 
per pound of zinc produced and i n  terms o f  cents per pound of su l fur  
dioxide control led. Incremental control costs  expressed in  terms o f  
incremental cents per pound of zinc produced and i n  terms of incremental 
cents per incremental pound of su l fur  dioxide recovered a re-a l so  
sumr ized .  
footnotes t o  the tables .  

Capital requirements fo r  a 

Thus these values 

The basis fo r  these incremental costs  i s  explained i n  the 

k.. 

i-? 

li. 

'* 
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The basis  f o r  t h e  c a p i t a l  costs  o f  t h e  var ious  c o n t r o l  components 
a re  shown i n  Table 6-20. 
f o r  each model smel ter  by use of t h e  sca le  f a c t o r s  i n  Table 6-20. Below 

i s  an example of how t h e  c a p i t a l  requirement o f  $8,442,000 f o r  con t ro l  Of 

t h e  e l e c t r o l y t i c  process by means of  a s ing le -s tage a c i d  p l a n t  w i th  a c i d  

Costs were scaled t o  the  appropr ia te  capaci ty  

n e u t r a l i z a t i o n  [Table .6-19, case I r ( a ] ]  was der ived: .- - 

Table 6-19 Table 6-20 Case I I ( a )  Bases 
To ta l  gas volume: 42,500 SCFM 37,500 SCFM ..i 

495 TPD , Acid production': 500 TPO 

Ca lcu la t ions  

- 

... . , .  
%SO * : 6% 7% 

.I 

Gas Cleaning: $1,875,000 x , [ m  3 7 9 5 0 0 )  '63 = $1,740,000 

Other: 20% o f  above = 815,000 

Neu t ra l i za t i on :  $3,575,000 x (495 .63 = 3,552,000 

Tota l  Capital ', '  ' I f  '. $8,442,000 , + ! O !  c:. 

The c a p i t a l  requirements f o r  t h e  o the r  c o n t r o l  a l t e r n a t i v e s  and o the r  

The opera t ing  cos t  requirements f o r  t h e  var ious  con t ro l  components . -  

process a l te rna t i 4es lwere  der ived  i n  a s i m i l a r  fashion. . ' iYq  .J, I 

a r e  shown i n  Table 6-21. 
c a l c u l a t i o n s  o f  annua'l c o n t r o l  costs .  The opera t ing  cos t  requirements 
f o r  the  c o n t r o l  processes were ad jus ted  i n  a manner s i m i l a r  t o  t h e  
adjustment of t h e  c a p i t a l  costs  shown i n  t h e  above example. 

Several f a c t o r s  should be kept  i n  mind when analyz ing t h e  r e s u l t s  
presented i n  Table 6-19. The f i r s t  i s  t h a t  t h e  c o n t r o l  costs  have 
been ca l cu la ted  on the bas is  t h a t  t h e  smel te r  I s  a grass-roots . .z lnc.  
smelter.  
i n  a mod i f ied  e x i s t i n g  smel ter  would be g rea te r  than i n  a grass-roots  
smelter.  
same c o n t r o l  equipment cou ld  be t w i c e  as much i n  a ,modif ied smel ter  as 
they would be  i n  a grass-roots  smelter.  

These cos t  parameters a re  t h e  bas i s  f o r  the..:;n?c~ 

The cos t  t o  i n s t a l l  and operate comparable c o n t r o l  equipment 

I't i s  conceivable that t h e  i n s t a l l e d  c a p i t a l  cos ts  f o r  t h e  

Operat ing cos ts  would n o t  
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increase as much, but depreciation and other capital-related charges 
would increase proportionally with the increased capital requirements. 

Another factor to consider is that the control costs shown in 
Table 6-19 will vary with the amount of sulfur contained in the 
concentrate. All control cases shown in Table 6-19 are based upon 
a model smelter that processes 100,000 tons per year of zinc metal 
contained in a concentrate with an analysis of 55% zinc and 30% sulfur. 
The 100,000 ton per year capacity is typical of most existing domestic 
zinc smelters and is in approximate agreement with industry announcement 
of proposed new smelter construction. The concentrate analysis was , 

assumed to be representative of the concentrate processed at a new 
source zinc smelter, but it is probable'that variations in this 
analysis will occur. 
sulfur content relative to the contained zinc than the ores processed 
by the model smelter will have control costs greater than what is shown 
for the model smelter. 
process smelter that processes concentrates containing 55% zinc and 30% . 
sulfur and uses a single-stage acid plant without . .  neutralization for con- 
trol o f  the roaster will incur capital costs o f  approximately $4.9Mr( and 
annualized costs of 0.71t/lb o f  zinc (refer to Table 6-19, Case II(al). 
If the sulfur content were to increase t o  35% sulfur in the concentrate 
and the zinc analysis remains at 55% zinc, then the capital costs increase 
from,$4,9MM to $5.4MM and the annualizeA control costs increase from 
0.71Ulb to 0.80Q/lb of zinc. 
realized if the sulfur content were to decrease relative to the zinc 
analysis. 
content will approximate the model smelter analysis, but the possibility 
.does remain that a new source smelter could have greater (or less) control 
costs than are shown in the attached tables. 

A smelter that processes ores that are higher in 

For example, a 100,000 ton per year electrolytic 

. .  

Of course, comparable savings would be 

It is expected that,on the average, the variations in sulfur 
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Another factor  t o  keep in mind  when examining t h e  attached tables 
is  the assumptions regarding the treatment or' sale  of the by-products 
produced by the various pollution Control a l ternat ives .  In Table 6-19 
there are shown two basic alternatives dealing with disposition of the 
su l fur ic  acid tha t  is  produced by e i the r  a single-stage or a dual-s tage 
acid plant. The f i rs t  a l ternat ive i s  t h a t  of se l l ing  the acid a t  zero 
netback t o  the production plant. 
paid t o  the producer fo r  the acid i s  equal t o  the producer's costs of 
shipping the acid t o  the purchaser. 
i s  equal t o  the production cost of the acid. 
dealing with disposition of the acid i s  t h a t  of neutralization. 
a l ternat ive the acid i s  f i r s t  neutralized and then disposed of in lined 
ponds so t h a t  no water pollution problems are  presented. 
native the control cost i s  equal t o  t h i s  production cost of the  acid p l u s  
the cost of neutralization and disposal. With regard t o  the production 
of sulfur ,  the only al ternat ive presented i s  t ha t  of sale  of the sulfur  
a t  zero netback. In t h i s  case the cost of control i s  equal t o  the pro- 
duction cost of the sulfur .  There are ,  of course, other alternatives 
besides the ones just described for by-product d i spos i t i on .  In order t o  

estimate the economic impact of various disposal schemes, Table 6-22 
has been prepared. The options shown have been calculated for  a new source 
Slnelter tha t  u t i l i z e s  the electrolyt ic  process and is  controlled ei ther  

by a dual-stage acid plant or an elemental sulfur  plant. The results fo r  
other smelter processes besides the e lec t ro ly t ic  process would be comparable. 

As can be seen, the method of d i s p o s i t i o n  o f  the by-products makes 
a considerable difference i n  the f inal  control cost. The smelter 
operator who i s  able t o  s e l l  his  acid,  even a t  zero netback or a 
s l igh t  loss, i s  in a much bet ter  position t h a n  the  producer who must 
neutralize his acid. 
approximately $9/ton, net t o  the p l a n t ,  then the producer could 
recover his control costs.  

sulfur ic  acid unless he was f a i r ly  certain t h a t  he would have t o  
neutralize his acid production. 
f o r  sulfur production approximately 50% more t h a n  fo r  acid product ion 

This a l ternat ive assumes that  the price 

With this al ternat ive the  control cost 
The second basic a l ternat ive 

In th i s  

In this a l te r -  

I f ,  however, i t  i s  possible t o  sell acid a t  

A smelter operator would probably n o t  produce sulfur instead of 

Not only are the capital requirements 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

Table 6-22. Economic impact o f  by-product d i spos i t i on  

Option 
Produce ac id  and s e l l  a t  $5/tOn 
ne t  t o  p l a n t  
Produce ac id  and s e l l  a t  zero 
-.- netback - t o  p l a n t  (Table 6-19, 
case II(b)) 
Produce ac id  and n e u t r a l i z e  
(Table 6-19, Case.I I (b))  
Produce ac id  and s e l l  a t  loss  
o f  $5/ton 
Produce s u l f u r  and s e l l  a t  
$15/ton net  t o  p lan t  
Produce s u l f u r  and s e l l  a t  
zero netback (Table 6-19, 
Case I I ( c ) )  
Produce s u l f u r  and s e l l  a t  n e t  
loss  of $15/ton 

Capi ta l  
Requirement 

($MM) 

$5.6MM 

85.6MM 

$9.2MM 

$5.6MM 

88.4MM 

$8.4MM 

sa. 4 m  

Annualized 
Control Cost 

( Q / l b  o f  Zinc) 

0.34tfl b 

0.81 t/l b 

1.38$/1 b 

1 .18 t / lb  

0.99t/ lb 

1.39&/.1 b 

1.79Q/lb 



without neutralization, but the annualized control costs are generally 
less for acid production than for sulfur production. If a smelter 
operator is faced with no markets for his acid production and thus 
required to neutralize the acid that he produces, then if 'he can sell 
sulfur at even a zero netback he will probably c h m t h a t  option since 
the operating costs are almost identical (1.38$/lb versus .1.39$/lb), 
but the acid production and neutralization capital costs are higher 
than the sulfur production capital costs ($9.2MM versus 88.4MM). 

Table 6-19 
through 6-10 follows: 

A brief discussion of each control alternative summarized in 
and represented schematically in. Figures 6-8 

Case I ( a )  
Off-gases from the roaster are ducted to a single-stage acid 

Thus the acid plant i s  sized to process a gas stream of plant. 
36,500 SCFM and 7 percent SO2. 
H2S04. 

Acid production is 487 TPD of 100% 

. _  Case I(b) 
Essentially the same as case II(a) with the exception of the 

incorporation of a dual-stage acid plant rather than a single-stage 
acid plant. Acid production is 497 TPD of 100% H2S04. 

Case I(c) 
Off-gas from the roaster is combined with concentrated SO2 gas 

from a DMA unit. The qas stream to the dual-stage acid plant is 
37,000. SCFM at 
72,000 SCFM at 
unit are sized 
of 100 percent 

Case I(d) 
Off-gases 

from a Wellman 

7 percent SOz. 
0.1 percent SO2. Thus the acid plant and 'tbe DMA 
to accommodate their respective gas streams; 320 TPD 
SO2 is produced. 

Gas flowrate to the LIMA unit i s  

from the roaster are combined with concentrated SO2 
scrubbing unit and ducted to an elemental sulfur plant. 

Flowrate to the sulfur plant i s  g ,OOO SCFM at 14 percent SO2 and 
flowrate to the Wellman scrubbing unit is 29,000 SCFM at 1 percent 
SO2. Elemental sulfur production is 165 TPD. 
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Lase I I - ( a l  
Off-gas from t h e  roas ter  i s  ducted t o  a s ing le-s tage ac id  p lan t .  

Thus the  ac id  p l a n t  i s  s ized t o  process 37,500 SCFM of f -gas a t  7 
percent SO2. Acid product ion i s  495 TPD o f  100% H2S04. 

Case I I ( b )  
Essen t ia l l y  the  same as case I ( a )  w i t h  the exception o f  t h e  

incorpora t ion  o f  a dual-stage ac id  p l a n t  ra the r  than a s ingle-stage 
ac id  p lan t .  505 TPD o f  100% H2S04 i s  produced. 

Case I I ( c )  
Off-gas from the  roas ter  i s  ducted t o  an elemental s u l f u r  p l a n t  

a t  a maximum f l owra te  o f  22,000 SCFM and 13 percent SO2. 
from t h e  s u l f u r  p l a n t  are ducted t o  a Wellman scrubbing system a t  a 
f l owra te  o f  29,000 SCFM and 1% SO2; 165 TPO o f  elemental s u l f u r  i s  
produced. 

The emissions 

Case I I I ( a )  
I n te rna l  gas r e c i r c u l a t i o n  i s  u t i l i z e d  t o  concentrate off-gases 

which are  ducted t o  a s ingle-stage a c i d  p lan t .  
p l a n t  i s  72,500 SCFM a t  5 percent SO2. Ac id product ion i s  673 TPO o f  
100 percent H2S04. 

Flowrate t o  the  ac id  

Case I I I ( b )  
Essen t ia l l y  the same as case I I I ( a )  w i t h  the  exception o f  the  

incorpora t ion  o f  a dual-stage ac id  p l a n t  r a t h e r  than a s ingle-stage 
a c i d  p lan t .  Ac id product ion i s  703 TPD o f  100 percent H,SO,. 

Case I I I ( c )  
Off-gas from the  s i n t e r i n g  machine i s  combined w i t h  the  t a i l  

The 
gas from an elemental s u l f u r  p l a n t  producing a gas stream o f  79,500 
SCFM a t  5 percent SO2 which i s  then processed i n  a DMA u n i t .  
concentrated SO2 stream i s  ducted t o  the  elemental s u i f u r  p l a n t  where 
elemental s u l f u r  product ion i s  229 TPD. 



6.2.3 Impact of New Source Performance Standards 

Sumnary-- 
The economic impact o f  the proposed new source per tonance standards 

(NSPS) depends on the standards developed by  various States as p a r t  o f  t h e i r  

implementation plans t o  meet the  National Ambient A i r  Q u d i i t y  Standards. I n  

Pennsylvania, the standards l i m i t  emissions o f  s u l f u r  d iox ide  t o  no more 

than 500 ppm. 

I n  other  States such as Texas, where the standards are dependent on stack 

parameters, i t  appears t h a t  the proposed NSPS w i l l  have s i g n i f i c a n t  impact. 

Thus, there i s  no impact associated w i t h  the proposed NSPS. 

The add i t iona l  c a p i t a l  costs incur red  by  a new e l e c t r o l y t i c  o r  

conventional roas t i ng  and s i n t e r i n g  process z inc  smelter t o  comply w i t h  

the  proposed standards are about85.5 MM. 

7% and ll%, respect ive ly ,  i n  overa l l  c a p i t a l  investment f o r  the smelter. 

magnitudes o f  these increases do no t  appear s i g n i f i c a n t  i n  determining 

whether o r  n o t  a new smelter would be b u i l t .  

This represents an increase o f  about 

The 

The increased annualized costs incur red  f o r  ac id  manufacture wi thout  

n e u t r a l i z a t i o n  are about 0.81 and 0.78 t / l b  o f  z inc f o r  new e l e c t r o l y t i c  and 

conventional smelters, respec t ive ly .  

t o  be i n s u f f i c i e n t  t o  absorb these costs.  

t h a t  these costs could be passed forward t o  the market i n  a l l  cases. 

However, i t  appears t h a t  most o f  these costs  could be passed back t o  the  

mines by reducing the  p r i c e  paid t o  mines f o r  z inc  concentrates. Thus, 

the major impact o f  the proposed standards w i l l  be t o  decrease the usefu l  l i f e  

of h igh-cost  mines and t o  reduce mine reserves i n  the  Uni ted States. 

Smelter p r o f i t  margins are estimated 

Furthermore, i t  does no t  appear 

The annualized cost  f o r  the  i ndus t r y  t o  comply w i th  water p o l l u t i o n  

standards has been estimated a t  0.20 & / l b  o f  z inc.  

the costs f o r  a i r  and water p o l l u t i o n  con t ro l  w i l l  preclude en t r y  t o  the 

domestic z inc  indus t ry .  

A c t  are expected t o  b e  minimal 

It i s  not  expected t h a t  

Costs associated w i t h  OSHA and the Mine Safety 
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General Discussion-- 

Future growth i n  the domestic z inc i n d u s t r y  could come about e i t h e r  

by re-opening smelters t h a t  have been c losed but  not scrapped; by 

modify ing ex i s t i ng ,  on-going smelters: o r  by cons t ruc t ing  new, 

grass-roots smelters. However, s ince smelters t h a t  have been closed 

but  not  scrapped would no t  be c l a s s i f i e d  as new sources i f  they were 

t o  reopen, then on ly  modi f ied e x i s t i n g  smelters o r  new smelters need 

be considered f o r  purposes o f  impact ana lys is .  

The impact o f  new source standards on modi f ied smelters would vary 

depending upon the s ta te  standard t h a t  app l ies  t o  the p a r t i c u l a r  

modi f icat ion.  

might be expected are Pennsylvania, Idaho, and Texas. 

o r  expansions have been announced f o r  smelters i n  these states,  and 

none are  an t i c ipa ted  i n  the immediate fu tu re ,  bu t  mod i f i ca t ions  

are possible.  

The s tates where mod i f i ca t ions  t o  ex i s t i : i g  smelters 

No mod i f i ca t ions  

I n  Pennyslvania the l i m i t a t i o n  on s u l f u r  d iox ide emissions i s  

500 PPR. 
standard t h a t  was equiva lent  t o  an emission l e v e l  o f  500 PPM o r  more. 

I n  Idaho the l i m i t  on s u l f u r  d iox ide  emissions from the e x i s t i n g  

Therefore, there would be no impact f o r  a new source performance 

zinc smelter has been proposed by EPA a t  96% ove ra l l  con t ro l .  

appears t o  be roughly equiva lent  t o  the  degree o f  con t ro l  achievable through 

the i n s t a l l a t i o n  o f  a s ingle-stage s u l f u r i c  ac id  p lan t  on the  e l e c t r o l y t i c  

smelter t h a t  i s  c u r r e n t l y  operat iug i n  Idaho. I f  t h i s  con t ro l  l eve l  i s  

promulgated f o r  the Idaho smelter, a Federal new source standard equiva- 

l e n t  t o  a double-stage s u l f u r i c  a c i d  p l a n t  would mean that i f  t h i s  smelter 

i n  Idaho modified i t s  f a c i l i t y ,  i t  would i n c u r  add i t iona l  c a p i t a l  costs  o f  

This 
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_ _ _ ~  

_ .  

$8~0,000 and add i t i ona l  operat ing costs  o f  approximately $200,00O/year 

(O.lOQ/lb o f  z inc)  i n  order  t o  b r i ng  i t s  present f a c i l i t y  i n  l i n e  

w i t h  t h e  Federal new source standard. However, i n s t a l l e d  c a p i t a l  

costs  for  p o l l u t i o n  c o n t r o l  equipment cou ld  be as much as twice as 

h igh  for  a modified f a c i l i t y  as f o r  a grass-roots f a c i l i t y :  thus t h i s  

smelter might a c t u a l l y  i n c u r  add i t i ona l  c a p i t a l  costs o f  the order  

of magnitude o f  $1,600,000 r a t h e r  than t h e  $800,000 quoted above. 

The add i t i ona l  costs  above those incur red  by a grass-roots f a c i l i t y .  

a re  a func t i on  o f  the space ava i lab le  f o r  add i t i ona l  p o l l u t i o n  con t ro l  

equipment and the amount o f  re-duct ing and re -p ip ing  required. 

cos t  est imates do n o t  inc lude p o l l u t i o n  c o n t r o l  costs t h a t  would be 

incur red  i f  add i t i ona l  capac i ty  was i n s t a l l e d .  Also, the c o s t  

o f  ac id  n e u t r a l i z a t i o n  was not  included i n  the  above c o s t  

estimates. 

increase appreciably. 

These 

If a c i d  n e u t r a l i z a t i o n  was requi red,  then costs  would 

A t  t h i s  t ime i t  i s  no t  poss ib le  t o  evaluate the incremental 

impact o f  Federal new source performance standards over the Texas 

standards. The Texas standards are dependent on stack parameters 

and thus are  appl icable t o  each f a c i l i t y  on a case-speci f ic  basis. .  

It appears, however, t h a t  even a standard o f  2000 PPM o r  i t s  

equiva lent  would have a s i g n i f i c a n t  impact when compared t o  the Texas 

standards f o r  s u l f u r  d iox ide  emissions. 

It i s  i n  the apea.of new, qrass-roots smelters where growth 

i s  most l i k e l y  t o  occur i n  the domestic z i n c  indus t ry .  

very  good p o s s i b i l i t y  t h a t  a t  l e a s t  two new z inc smelters w i l l  be 

constructed i n  the Uni ted States between now and 1975. 

the incremental impact o f  Federal new source performance standards 

There i s  a 

Again, 
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depends on the p a r t i c u l a r  s t a t e  standard t h a t  i s  i n  e f f e c t  a t  the time 

the new smelter i s  constructed. The r e s u l t s  presented i n  Table 6-19 

represent the cost  impact on l y  i f  there  were no s t a t e  standards. 

However, siqce i t  i s  the t o t a l  cost  impact t h a t  i s  o f  pr imary 

importance t o  the operator o f  a new source smelter, the fo l l ow ing  

ana lys is  w i l l  be presented on t h i s  basis.  

It i s  most l i k e l y  t h a t  a new grass-roots z inc  smelter would 

u t i l i z e  e i t h e r  the e l e c t r o l y t i c  process o r  the  convent ional  roas t i ng  .,&] 

1 and s i n t e r i n g  process. 

would use the  Robson process (combined roas t i ng  and s i n t e r i n g  by means 

o f  a s i n t e r i n g  machine on ly )  f o r  the product ion o f  furnace-grade zinc,  

as p o l l u t i o n  con t ro l  costs  a re  p a r t i c u l a r l y  h igh  f o r  a Robson 

process smelter due t o  the  r e l a t i v e l y  d i l u t e  streams t h a t  must be 

treated. 

It i s  extremely doubt fu l  t h a t  a new smelter 

. - _ _  
A new source zinc smelter would probably have a capaci ty  o f  a t  

l e a s t  100,000 tons/year o f  s lab  z inc.  

a c i d  i s  requi red and t h a t  the  ac id  can be so ld  a t  zero netback 

t o  the smelter, then a new source e l e c t r o l y t i c  smelter w i t h  a 

capac i ty  o f  100,000 tons lyear  would i n c u r  add i t i ona l  c a p i t a l  costs  

o f  85.6MM f o r  p o l l u t i o n  con t ro l  equipment ( r e f e r  t o  Table 6-19). 

Assuming no n e u t r a l i z a t i o n  o f  

This i s  equiva lent  t o  approximately $56/ton o f  i n s t a l l e d  capaci ty.  

Since the  cast  o f  an e l e c t r o l y t i c  process smelter i s  est imated a t  

$800-$850/ton o f  i n s t a l l e d  capaci ty,  t h i s  means t h a t  add i t i ona l  

c a p i t a l  costs  on the order  o f  7% would be requi red.  The magnitude 

o f  the increase does no t  appear t o  be s i g n i f i c a n t  i n  determining 

whether o r  no t  a new smelter would be constructed. 
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Although the a d d i t i o n a l  c a p i t a l  costs  f o r  p o l l u t i o n  c o n t r o l  equipment 

a t  a new source e l e c t r o l y t i c  smel ter  cou ld  probably  be absorbed by the  

smel ter  w i thou t  much d i f f i c u l t y ,  t h e  increased opera t ing  costs  a re  another 

mat ter .  The a d d i t i o n a l  annual ized cos ts  f o r  a c i d  manufacture, w i thou t  

n e u t r a l i z a t i o n ,  amount t o  0.81$/lb o f  z inc  (Table 6-19). 

margins have been est imated t o  be i n s u f f i c i e n t  t o  a l l o w  absorpt ion o f  costs  

of t h i s  magnitude w i t h o u t  a severe reduc t i on  i n  the  r a t e  o f  r e t u r n  on 

c a p i t a l .  

market o r  backward t o  t h e  mines. 

dual smel ter  t o  u n i l a t e r a l l y  increase i t s  p r i c e  f o r  s l a b  z inc .  Zinc i s  a 

commodity whose p r i c e  i s  determined by the  market as a whole,and an i n d i v i d u a l  

producer would n o t  be ab le  t o  r a i s e  p r i c e s  unless the o the r  producers d i d  

t h e  same. 

c o s t  advantage i n  r e l a t i o n  t o  h i s  compet i tors ,  then t h e  on ly  t ime t h a t  

he would be ab le  t o  recover  h is  a d d i t i o n a l  p o l l u t i o n  c o n t r o l  costs  would 

be if pr ices  had been d r i v e n  up by a genera l l y  s t rong  demand coupled t o  

somewhat r e s t r i c t e d  supp l ies  o f  s lab  z inc.  This s i t u a t i o n  would mean t h a t  

smel ter  p r o f i t s  would be g rea te r  than what are normal ly  experienced. 

t h i s  case,som o f  the  c o s t  increase due t o  the  a d d i t i o n  o f  p o l l u t i o n  c o n t r o l  

equipment cou ld  be absorbed by the smel ter .  This p o s s i b i l i t y ,  however, does 

n o t  appear t o  be v i a b l e  i n  t h e  long run .  Therefore, absorpt ion by t h e  smel ter  

of P o l l u t i o n  c o n t r o l  costs,  a long w i t h  passing the  c o s t  increase forward t o  

t h e  market, does n o t  appear t o  be f e a s i b l e  i n  the domestic z inc  i ndus t r y .  

Smelter p r o f i t  

Th is  means t h a t  these costs  must e i t h e r  be passed forward t o  the  

However, i t  i s  n o t  poss ib le  f o r  an i n d i v i -  

If the  owner o f  the  new source smel ter  d i d  n o t  have an opera t i ng  

I n  

1 
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'i 
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One poss ib i l i ty  remains for long-term recovery of incremental 

pollution control cos ts .  

cost  increases by the mines. 

f o r  concentrates, the smelter operator can reduce his operating costs  

and s t i l l  make the same p ro f i t  a t  the exis t ing market price tha t  

he would have made prior t o  incurring the incremental pollution control 

costs .  

I f  the mine i s  not captive,  then the mine owner will s e l l  his 

concentrates t o  other smelters t h a t  do not  have t o  comply w i t h  new 

source performance standards, e i the r  domestic or foreign. 

reason, i t  i s  necessary that  the operator of a new smelter must 

have an assured, low-cost source of supply. 

avai lable ,  then pollution control costs can be absorbed by the mines 

instead of .e i ther  the smelter or  the market place. This i s  not t o  

imPl$  that  there would be no impact upon the mines. The e f fec t ive  

l i fe  of the mines would be decreased i f  mining net-backs decreased 

because i t  would mean t h a t  only low-cost, high-grade ore bodies 

could be mined. While annual p r o f i t a b i l i t y  would probably remain 

'pretty much unchanged, the-useful ,  l i f e  of the mine would tend t o  

decrease. 

the integrated smelter would lose some of his source of supply 

unless the mines he owned were a l l  re la t ive ly  low-cost. 

the specif ic  case of a new source e l ec t ro ly t i c  process smelter, 

i t  appears t h a t  a cost  increase of 0.81dllb of zinc could be 

absorbed by the mines while the additional capital  costs  of $5.6MM 

could be raised by the smelter owner. 

This poss ib i l i ty  i s  the absorption of the 

By reducing the amount p a i d  to  the mines 

In order t o  do t h i s ,  however, a captive mine i s  essent la l .  

For this 

If  such supplies are 

.~ - - ,  

High-cost mines would be forced out  of business so even 

Thus for 
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A new source smel ter  u t i l i z i n g  t h e  convent ional  r o a s t i n g  and 

s i n t e r i n g  process cou ld  a l s o  probably  comply w i t h  a new source 

performance standard. 

a dual-stage a c i d  p l a n t  amounts t o  an increase o f  11% a t  a c a p i t a l  

l e v e l  o f  approx imate ly  $50MM f o r  a new source convent ional  smelter.  

Th is  e x t r a  amount o f  c a p i t a l  cou ld  p robab ly  be ra i sed  by  t h e  smel ter  

owner w i t h o u t  a g r e a t  deal  o f  d i f f i c u l t y .  The a d d i t i o n a l  opera t ing  

cos ts  of 0.78@/1b would probably  be passed back t o  the  mine i n  a 

manner s i m i l a r  t o  the  pass-back descr ibed above f o r  e l e c t r o l y t i c  

process smelters. 

was requ i red  and t h e  o n l y  process s u i t a b l e  f o r  t h i s  was DMA scrubbing, 

i t  appears t h a t  d i f f i c u l t i e s  w i l l  s t a r t  t o  a r i s e  i n  absorbing t h e  

a d d i t i o n a l  costs .  A c a p i t a l  increase o f  $21.7MM i n  a d d i t i o n  t o  the  c a p i t a l  

requirements o f  $4.8MM noted above would be r e q u i r e d  f o r  scrubbing 

o f  t h e  s i n t e r  p l a n t  gas. 

scrubbing opera t ion  t o  a t o t a l  o f  3.12&-3.20$/1b o f  z inc.  

a c e r t a i n t y  t h a t  a smel ter  would no t  choose t o  absorb c a p i t a l  cos ts  o f  

t h e  magnitude shown above. Also, t h e r e  appears l i t t l e  chance t h a t  

t h e  a d d i t i o n a l  ope ra t i ng  cos ts  could be passed back t o  the  mines. 

It i s  more l i k e l y  t h a t  a new smelter would u t i l i z e  the  e l e c t r o l y t i c  

Process which does no t  r e q u i r e  scrubbing o f  the  s i n t e r  p l a n t  gases. 

The a d d i t i o n a l  c a p i t a l  costs  o f  $5.4MM f o r  

However, i f  scrubbing o f  t h e  s i n t e r  p l a n t  gases 

Operat ing cos ts  would r i s e  b y  2.424/1b f o r  the  

It i s  almost 

The preceding d iscuss ion  o f  cos t , impact  has been p r i m a r i l y  concerned 

w i t h  t h e  use o f  a c i d  p l a n t s  w i thou t  n e u t r a l i z a t i o n  o f  the  ac id .  Table 

6-19 

feas ib le  if t h e  o n l y  a l t e r n a t i v e  i s  n e u t r a l i z a t i o n  o f  s u l f u r i c  ac id .  

However, a grass-roots  smel te r  faced w i t h  a choice o f  e i t h e r  a c i d  

n e u t r a l i z a t i o n  o r  s u l f u r  manufacture would probably  n o t  be b u i l t .  

shows t h a t  the  manufacture of e lemental  s u l f u r  o n l y  becomes 
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The additional capi ta l  and operating costs would probably deter  the 

construction of a new source smelter. 

impossible for the addi t iona l  capi ta l  costs to  be absorbed by the 

smelter and f o r  the additional operati'ng costs t o  be absorbed by 

the mines, i t  i s  highly unlikely t h a t  a smelter operator would choose 

this al ternat ive.  He would most l i k e l y  b u i l d  his smelter outside 

the United States where pollution control requirements are n o t  as 

s t r ingent .  

t o  e x i s t  i n  a l l  cases, thereby requiring acid neutralization. 

Whereas i t  i s  n o t  t o t a l ly  

I t  appears unlikely t h a t  future acid markets will cease 

The 

Gulf Coast appears t o  be an area where acid manufacture would be a 

viable possibi l i ty .  A smelter eperator will n o t  voluntarily 

locate his new f a c i l i t y  i n  an area where acid neutralization i s  

a cer ta inty b u t  instead will choose an area where acid manufacture 

i s  possible;-- . 

In summary, i t  appears t ha t  the  major e f fec t  of  the new source 

performance standards will be t o  decrease mine reserves i n  the 

United States and thereby increase the domesttc zinc industry's  

reliance on foreign ores unless additional low-cost ore bodies a re  

found, or a l l  smelters, both domestit and foretgn, are required t o  

comply w i t h  pollution control regulations t h a t  a re  equivalent to  the 

new source performance standards. ' 

Costs fo r  control of a i r  pollutants a re  Rot the only environ- 

mental costs being faced by the domestic zinc industry. 

estimated by Arthur D. L i t t l e ,  InC.!' t h a t  capital  requirements fo r  the 

I t  has  been 
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i ndus t r y  t o  comply w i t h  s t a t e  water p o l l u t i o n  regu la t ions  a t  e x i s t i n g  

mines and smelters would amount t o  $14.0 MM. 

compliance w i t h  these water standards would amount t o  0.20 t / l b  o f  z inc 

produced. 

o r  l ess  uni form w i t h i n  the  i ndus t r y  and would n o t  lead d i r e c t l y  t o  

any p l a n t  c los ings.  It can be i n f e r r e d  t h a t  these costs would n o t  

Preclude e n t r y  t o  the domestic z inc indus t ry ,  e i t h e r .  Ar thur  D. L i t t l e  

notes, however, t k a t  water p o l l u t t o n  con t ro l  costs  could increase 

dramat ica l l y  i f  more s t r i n g e n t  standards are required. 

estimated are costs  associated w i t h  OSHA or the Mine Safety Act. These 

cost  are expected t o  be minlfnal . 

Annual costs f o r  

Ar thur  D. L i t t l e  s ta ted  t h a t  water p o l l u t i o n  costs  were more 

Not s p e c i f i c a l l y  
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6.3 LEAD EXTRACTION 

6.3.1 Lead Industry Economic Profile 

The domestic lead industry experienced a surge of growth in both 
mine production and smelter production between 1968 and 1970. I t  was 
during th i s  time tha t  the development and u t i l i za t ion  of the New Missouri 
Lead Belt was undertaken. This lead bel t  increased lead reserves i n  the 
United States by a considerable amount. Two new lead smelters were'con- 
structed in Missouri in 1968 t o  process the ores of the New.Missouri Lead 
Belt. %is  b rough t  the total  of smelters i n  Missouri t o  three, and the 
national to ta l  t o  s ix .  The current s t ructure  of the domestic lead smelt- 
ing industry i s  as follows: 

Company Smelter Location Refinery Location 
S t .  Joe Minerals Herculaneum, Mo. Herculaneum, Mo. 
Bunker Hill Kellogg, Idaho Kel logg, Idaho 
Missouri Lead Boss. Mo. Boss, Mo. 
ASARCO Glover, Mo. Glover, Mo. 
ASARCO E l  Paso, Texas Omaha, Neb. 
ASARCO E. Helena, Mont. ---- 
Table 6-73 

.- 

shows which firms haveaccounted f o r  me .growth i_n.domesj.i.c: 
pig lead production between 1968 and 1971. Overall production increased 
by almost 40% between 1968 and 1971 from 472,000 tons to 649,000 tons, due 
almost en t i re ly  t o  increases i n  production o f  Missouri lead.' - The lead 
industry as a whole was ut i l ized a t  approximately 85% of capa2ity in 1971 
even though two of the four  primary producers were a t  99% of capacity. 
re la t ively low u t i l i za t ion  rat ios  o f  ASARCO and .Missouri Lead kept the indus- 
t ry  average down a t  the 85% level. 

in Table 6-24. 
New Missouri Lead Belt i s  seen. 
domestic production from foreign ores amounted t o  34% o f  the total  p i g  
lead supplied. 
lead supplied. 
in Pig lead production from domestic ores from 26% t o  40% of the total  
supplies. 

United States, as can be seen in 'Table 6-25. 
ore are Peru and Honduras. 
Australia,  Peru, and Mexico. 

The 

The supply of pig lead in  the United States  from a l l  sources i s  shown 
.Again the recent..utiljzation o f ' t h e  ore reserves .of .the 

In 1968 the sum of pig lead imports and 

I n  1971 th i s  sum had been reduced to  19% o f  the to ta l  pig 
This decrease in foreign supplies was off-set  by an increase 

Canada i s  the major foreign supplier of b o t h  ore and pig lead t o  the 
Other major sources .of- foreign.: 

Other major sources of foreign pig lead are 
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Table 6-26 shows the pr imary uses o f  lead  i n  t h i s  country. 

Lead consumption increased from 1,329,000 tons i n  1968 t o  1,432,000 

tons i n  1971, an ove ra l l  increase o f  8% f o r  the three-year per iod.  

The use o f  lead  i n  ba t te r i es ,  however, increased by 32% between 1968 

and 1971 b u t  was o f f s e t  t o  a l a rge  degree by  a reduct ion o f  lead 

used i n  pigments and a l s o  by a l e v e l l i n g - o f f  o f  the  use o f  lead  i n  

gasol ine add i t i ves .  

pigments and gasol ine add i t i ves  w i l l  cont inue t o  decrease, and t h a t  

the  major area o f  consumption growth w i l l  be f o r  use i n  ba t te r ies .  

The ove ra l l  r a t e  o f  growth i n  lead consumption f o r  the  Uni ted States 

i s  est imated a t  2-3% per  year  between 1971 and 1975. 

poss ib le  t h a t  t h i s  r a t e  w i l l  dec l ine a f t e r  1975 due t o  cur ren t  EPA 

r e s t r i c t i o n s  on the lead content o f  gasol ine.  

I t  i s  expected t h a t  t h e  use o f  lead ( i n  both 

I t i s  a l together  

I t i s  doubt fu l  t h a t  any new smelters w i l l  be constructed i n  the 

United States i n  the near f u t u r e  s ince the domestic consumption of lead 

appears t o  be r e l a t i v e l y  s tab le  f o r  the near-term and could even poss ib ly  

dec l ine  a f t e r  1975. 

imported, i t  i s  doubt fu l  t h a t  the domestic lead indus t r y  would 

add add i t i ona l  capaci ty  i n  order  t o  try t o  capture the market 

share t h a t  i s  c u r r e n t l y  going t o  fo re ign  imports.  

t o  domestic capaci ty  might lead t o  p r i c e  reduct ions and reduced 

p r o f i t a b i l i t y  f o r  a l l  producers, both domestic and fore ign,  

p a r t i c u l a r l y  i f  f u t u r e  demand d i d  dec l ine.  

Whereas i t  i s  t r u e  t h a t  some p i g  lead i s  

An add i t i on  

Recent movements i n  the quoted p r i c e  f o r  p i g  lead are shown 

i n  Figure 6-11. 

o f  1-2$/ lb o f  lead has h i s t o r i c a l l y  been t h e  noma1 d i f fe rence 

between domestic p r i ces  and fo re ign  pr ices .  This d i f f e r e n t i a l  

covers f r e i g h t  and imoor t  du t ies .  

Lead p r i ces  tend t o  move e r r a t i c a l l y  and a spread 

6-1 10 
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6.3.2 Cost Analysis of A l te rna t i ve  Contra1 Stramegfes 

The cos t  o f  c o n t r o l l i n g  s u l f u r  d iox ide  and p a r t i c u l a t e  emissions a t  a 
new source lead smelter i s  dependent upon bo th  the  smel t ing process t h a t  
i s  used as w e l l  as the con t ro l  l e v e l  chosen f o r  the process. Three 

smelti-ng~ techniques were considered f o r  use i n  a new source lead smelter. 
These techniques are as fo l lows:  

A. Rec i r cu la t i ng  S i n t e r i n g  .Machine 

c u l a t i o n  
d iox ide.  
The b l a s t  furnace 
B. Non-Recirculating S in te r i nq  Machine 

r e c i r c u l a t e  the  gases. 
The f i r s t  stream i s  a r e l a t i v e l y  s t rong s u l f u r  d iox ide  stream and 
contains approximately three- four ths o f  the  s u l f u r  d iox ide  l i b e r a t e d  
dur ing  the  s i n t e r i n g  process. 
d iox ide  stream and contains the remaining s u l f u r  di.oxide emi t ted dur ing 
s in te r i ng .  
The b las t - fu rnace  emits a d i l u t e  stream o f  s u l f u r  d iox ide.  

C. € ' l e c t r i c  Furnace and Converters 

the  s i n t e r i n g  machine and b l a s t  furnace. 
a more concentrated stream o f  s u l f u r  d iox ide  than does e i t h e r  the 
r e c i r c u l a t i n g  s i n t e r i n g  machine or the  non- rec i rcu la t ing  s i n t e r i n g  
machine. The converte- 'a l ! io mtts a concentrated stream o f  s u l f u r  
d ioxide. '  
The con t ro l  processes considered f o r  con t ro l  o f  s u l f u r  d iox ide .  and 

p a r t i c u l a t e  emissions from new source lead smelters are reviewed below 
general, s u l f u r i c  a c i d  p lan ts  and'elemental s u l f u r  plancs were used on 
s t rong s u l f u r  d iox ide  streams,whereas d i l u t e  s u l f u r  d iox ide  streams were 
t rea ted  by DM4 un i t s .  The f i v e  con t ro l  systems considered were: 

This process u t i l i z e s  an up-dra f t  s i n t e r i n g  machine w i t h  r e c i r -  
o f  the gases t o  achieve a s i n g l e  concentrated stream o f  s u l f u r  
Reduction i s  ca r r i ed  ou t  i n  a conventi.ona1 b l a s t  furnace. 

emits a . d i l u t e  stream o f  s u l f u r  d iox ide .  

This  process u t i l i z e s  an up -d ra f t  s i n t e r i n g  machine t h a t  does no t  
The r e s u l t  i s  that  two gas streams are emit ted.  

The second gas stream i s  a weak s u l f u r  

Reduction i s  c a r r i e d  o u t  i n  a convent ional  b l a s t  furnace. 
\ 

:\e 1 

This process subs t i t u tes  an e l e c t r i c  furnace and a converter f o r  
The e l e c t r i c  furnace emits 

I n  

A. Single-stage s u l f u r i c  a c i d  p lan ts  
B. Dual-stage s u l f u r i c  ac id  p lan ts  
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C. 
D. Elemental s u l f u r  p lan ts  coupled w i t h  Wellman scrubbing 

E. LIMA u n i t s  on l y  
Various combinations o f  emission con t ro l  processes were 

Elemental s u l f u r  p lan ts  coupled w i t h  DMA u n i t s  

u n i t s  

coupled w i t h  the th ree  smel t ing techniques and are presented i n  
Figures 6-12 through 6114. 
developed from mate r ia l  balance data, cos t  est imates were der ived 
f o r  these con t ro l  combinations and t o t a l  c a p i t a l  and operat ing 
costs fo r  each case are  summarized i n  Table 6-27. The costs 
associated w i t h  l imestone n e u t r a l i z a t i o n  o f  s u l f u r i c  a c i d  were 
developed for  those con t ro l  a l t e r n a t i v e s  incorpora t ing  a c i d  p lants .  
The c a p i t a l  and operat ing cos t  requirements f o r  l imestone neutra- 
l i z a t i o n  a r e  based on i ndus t r y  data and inc lude the  costs associated 
w i t h  the  mining o f  l imestone i n  add i t i on  t o  those associated w i t h  the 
n e u t r a l i z a t i o n  o f  acid.’ The operat ing cos t  requirements, however, 
assume t h a t  the l imestone depos i t  i s  i n  c lose p rox im i t y  t o  the  smelter 
and thus r e f l e c t  low t ranspor ta t ion  costs.  Although l imestone may 
be i n  p l e n t i f u l  supply,as ind ica ted  i n  discussions w i t h  the Bureau 
of Mines,2 i t  i s  poss ib le  t h a t  t ranspor ta t i on  costs  could increase the 
costs  associated w i t h  l imestone n e u t r a l i z a t i o n  above those used i n  
t h i s  analys is  t o  some extent .  However, even i n  those cases where 
spec i f i c  smelters might be faced w i t h  h igh t ranspor ta t i on  costs  f o r  
limestone, i t  i s  expected t h a t  the o v e r a l l  emission cont ro l  costs i n -  
c lud ing  s u l f u r i c  a c i d  n e u t r a l i z a t i o n  would s t i l l  be o f  the  same order  
of magnitude as those developed fo r  the var ious model smelters. 

AS a p o i n t  o f  reference, w i t h  regard to the  costs i n  Table 6-27, 
the  c a p i t a l  requirements f o r  a new source lead smelter w i t h  an annual 
capaci ty  o f  100,000 t o n s l y r  o f  lead are on the  order  o f  $40MM-$50MM 
and the smelter operat ing costs, exc lus ive o f  raw ma te r ia l  costs, a re  

approximately 4-6Q/lb o f  lead. The smelter p r o f i t  margin i s  genera l l y  
quoted a t  0.5d/lb o f  lead. 

Based on phys ica l  process parameters 
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The overall control of sulfur dioxide emissions, expressed as a 
percent. achieved with each control a1,ternative is also SUminarized in 
Table 6-27. It is t o  be noted. however, that these percentages are 
theoretical in nature and are based on the assumptions of total capture 
by exhaust hoods with no fugitive emissions and no downtime of the control 
device. 
be achieved in actual practice, and are for discussion or comparative 
purposes only. 

Table 6-27 also presents control costs expressed in terms of 
cents per pound of lead produced and in terms of cents per pound of 
sulfur dioxide controlled. Incremental control costs expressed in terms 
of incremental cents per pound of lead produced and in terms of 
incremental cents per incremental pound of sulfur dioxide recovered are 
also summarized. Thebasis for these incremental costs is explained in 
the footnotes to the table. 

Efficiencies are only approximate representations of what would 

The capital cost basis Tor the various control components i s  shown 
in Table 6-28. 
each model, smelter by use of the scale factors in Table 6-28. 
an example' of how the capital requirement o f  $7,131,000 tor control o f  a 
recirculating sintering machine by means of a single-stage acid plant 
with acid neutralization (Table 6-27, Case I I ( a ) )  was derived: 

Costs were scaled to the appropriate capacity tor 
Below is 
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- Bases Table.6-27 . Table 6-27, cpse IIa._ 
Total Gas Volume: 42,500 SCFM 33.000 
% so2: 6% 5% 
Acid Production: 500 TPD 306 TPD 
Operating Dayslyear: 330 240 
Calculations 
Gas C1 eani ng: $1,875,000 x [a'63 = $1,600,000 

Acid Plant: $2,515,000 x (33,000).63 = 2,179,000 

750,000 Other: 20% of above - - (42,500) 

Total Process Capital : $6,731,000 
Additional Sintering Machine Capital 400,000 
Total Control Capital $7,131,000 
Note that in the above calculation there is an allowance of $400,000 for 

the additional cost of a recirculating sintering machine over the cost o f  
a non-recirculating sintering machine. 
recirculating sintering machine of a given length has less capacity than 
a non-recirculating sintering machine. 

emissions is utilized on the blast furnace. 
scheme only a baghouse is required for control of the dross furnace. 
cost o€ these baghouses has not been incorporated into the calculations 
of pollution control costs because these baghouses are used for recovery 
of valuable by-products, not solely for pollution control. The baghouse,. 
or its equivalent, is assumed to be incorporated into a new source lead 
smelter even if there were no emission control regulations requiring its 
use. 

The capital requirements for the other cases were derived in a 
similar fashion. 

Operating cost requirements for the various control components are 
shown i n  Table 6-29. 
calculations of annual control costs. The operating cost requirements 
for the control processes were adjusted in a manner similar to the 
adjustment of capital costs. 

This is due to the fact that a 

In some control schemes only a baghouse for control of particulate 
Also, in almost every control 

The 

These cost parameters are the basis for the 

v 

,i 
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Several factors should be kept in mind when analyzing the results 
presented in Table 6-27. 
been calculated on the basis that the smelter is a grass-roots lead 
smelter. 
in a modified existing smelter would be greater than in a grass-roots 
lead smelter. It is conceivable that the installed capital costs for 
the same control equipment could be as much as twice as much in a 
modified smelter as they would be in a grass-roots smelter. 
costs would not increase as much, but depreciation and other capital- 
related charges would increase proportionally with the increased capital 
requirements. 

6-27 
and the capacity of the smelter. 
are based upon a model smelter producing 100,000 tons per year of lead 
metal from a concentrate containing 55% lead and 16% sulfur, and Case I1 1  
is based on a smelter producing 100,000 tons per year of lead metal 
from a concentrate containing 65% lead and 16% sulfur. The 100,000 ton- 
per-year capacity is typical of most existing domestic lead .smelters 
and is in agreement with the recent industry construction. 
concentrate analyses are assumed to be representative of the 
concentrate processed at a new source lead smelter utiliz- 
ing these production techniques. 
in this analysis could occur and a smelter that processes ores higher in 
sulfur content relative to the ores processed by the model smelter will 
have control costs greater than what is shown for the model smelter. 
example, a 100,000 ton-per-year smelter that utilizes a recirculating 
sintering machine to process concentrates containing 55% lead and 16% 
sulfur and uses a single-stage acid plant without neutralization for 
control of the sintering machine strong stream will incur capital costs 
of approximately $4.9MM and annualized costs of 0;664/1b - -. of lead (refer 
to Table 6-27, Case IIa). If the sulfur content of the concentrate 
were to increase to 20% and lead analysis remained unchanged at 55%, 
the capital costs would increase from $4.9M to $5.6MM and the annualized 
control costs would increase from 0.666/lb to 0.756/lb of lead. Of course, 
comparable sabings would be realized if the sulfur content were to 

The first is that the control costs have 

The cost to install and operate comparable control equipment 

Operating 

Another fact to consider is that the control costs shown in Table 
will vary with both the amount of sulfur in the concentrate 

Cases I and I 1  shown in Table 16-27 

The 

However, it is possible that.variations 

For 
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decrease relative to the lead analysis. It is expected that,on the 
average, the variations in sulfur content will approximate the model 
smelter analysis, but the possibility does remain that a new source 
lead smelter could have greater (or less) control costs than are 
shown in the attached Tables. 

Another factor to keep in mind when examining these tables is 
the assumptions regarding the treatment or sale of the by-products 
produced by the various pollution control alternatives. In Table 6-27 
there are shown two basic alternatives dealing with disposition of the 
sulfuric acid that is produced by either a single-stage or a dual-stage 
acid plant. The first alternative is that of selling the acid at zero 
netback to the production plant. 
price paid to the producer for the acid is equal to the producer's cost 
of shipping the acid to the purchaser. The second basic alternative 
dealing with disposition of the acid is that o f  neutralization. 
alternative the acid is first neutralized and then disposed of in lined 
ponds so that no water pollution problems are presented. 
alternative the control cost is equal to the production cost of the acid 
plus the cost of neutralization and disposal. With regard to the produc- 
tion of sulfur, the only alternative presented is that of sale of the 
sulfur at zero netback. In this case the cost of control is equal to 
the production cost of the sulfur. 
by-product disposal, Table 6-30 summarizes the impact of various 
disposal options for a new source smelter that utilizes a recirculating 
sintering machine for sulfur elimination. Control of emissions is 
accomplished by either a dual-stage acid plant or an elemental sulfur 
plant. 
be comparable. 

a considerable difference in the final control cost. The smelter 
operator who is able to sell his acid, even at zero netback or a slight 
loss, is in a better position that the producer who has to neutralize 
his acid. 
the acid in order to fully recover pollution control costs in this 
particular case of a dual-stage acid plant controlling the sintering 
machine strong sulfur dioxide stream. 

This alternative assumes that the 

In this 

With this 

To fully illustrate this factor of 

The result for other smelter processes and control systems would 

As can be seen,the method of disposition of the by-products makes 

It would require a sales price of approximately $15/ton for 
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Table 6-30 Impact o f  Disposal Options 

Option 
1. Produce ac id  and s e l l  a t  

$5/ton net t o  p lan t  

2. Produce ac id  and s e l l  a t  
zero netback t o  p lan t  

3. Produce ac id  and neu t ra l i ze  

4. Produce ac id  and s e l l  a t  
loss o f  $5/ton net t o  p lan t  

5. Produce s u l f u r  and s e l l  a t  
$15/ton net  t o  p lan t  

6. Produce s u l f u r  and s e l l  a t  
zero netback 

7. Produce s u l f u r  and s e l l  a t  
net  loss o f  $15/ton net  t o  
p lan t  

Capi ta l  
Requirement 

($MM) 

5.01 

5.0 

7.2 

5.0 

13.2 

13.2 

13.2 

Annualized 
Control Cost 

(d / l b  o f  lead) 

0.54 

0.72 

1.03 

0.90 

1.70 

1.88, 

2.06 

-. . .. 
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A smelter operator probably would ,not produce s u l f u r  i n l e s s  he was able 
t o  receive a very high p r i ce  fo r  h i s  s u l f u r  production. 
requi re  a s u l f u r  p r i ce  o f  approximate1,y $85/ton i n  order t o  be equivalent 
t o  the annual control  costs o f  1.03$/lbof lead r e s u l t i n g  from the opt ion 
o f  neu t ra l i z i ng  the t o t a l  s u l f u r i c  ac id  production. 
manufacture more c o s t l y  than ac id  neutra l izat ion,  but  the cap i ta l  requirement 
' i s  86.OMM.mow than -the cap i ta l  required f o r  ac id  production and 
neu t ra l i za t i on .  
: A b r i e f  discussion o f  each contro l  a l t e r n a t i v e  summarized i n  

Table, 6-27 land represented schematically i n  Figures 6-12. through 

I t  W O U l O  

Not on ly  i s  su l fu r  

6-14 follows: 
Case I ( a )  
This model i s  t yp i ca l  o f  presen-t smelter processing procedures 

and contro l  techniques. The s in te r i ng  machine i s  operated w i th  a dual- 
stream conf igurat ion w i t h  a strong stream o f  6.5% processed i n  ,a 
conventional single-stage acid plant;  a weak stream o f  0.5% S02-is 
ducted t o  a baghouse for p a r t i c u l a t e  co l l ec t i on .  The off-gas f lowrate 
from the machine i.s 81,000 SCFM i n  the weak stream and 19,000 SCFM i n  
the strong stream. Thus, the ac id  p lan t  was sized t o  process a gas 
stream of 19,000 SCFM and 6.5% SO2. producing 230 TPD o f  100% H2S04. 

Case I ( b )  
This model i s  essen t ia l l y  the same as Case I ( a )  w i th  the exception 

of the incorporat ion o f  a dual-stage acid p l a n t  ra ther  than a s ing le-  
stage a c i d  plant, r e s u l t i n g  i n  the production o f  236 TPD o f  100% H2S04. 

Case I ( c )  
Essen t ia l l y  the same as case I (b); however, weak-stream off-gases 

from the s in te r i ng  machine are processed i n  DMA u n i t  t o  produce 100% 
SO2 which i s  combined w i th  the off-gases o f  the strong stream. The 
dual-stage ac id p lan t  i s  thus sized t o  process a gas o f  19,100 SCFM 
flowrate and 8.5% SO2. .The r e s u l t i n g  ac id  production i s  314 TFO o f  
100% H2S04. 

Case I ( d )  
I n  add i t i on  t o  c o n t r o l l i n g  weak gases from the s in te r i ng  machine, 

the weak gas 
r e s u l t i n g  gas stream t o  the  DMA u n i t  i s  110,000 SCFM.flowrate and..5% 

from the b l a s t  furnace i s  ducted t o  the DM4 u n i t .  The 
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SO2. The SO2 col lected i n  the OMA u n i t  i s  ducted t o  a dual-stage ac id  
p lan t  r e s u l t i n g  i n  a production ra te  o f  343 TPD of 100 percent H2SO4. 

case I i ( a )  
A l l  off-gas from the sinterfng machine i s  ducted i n  a s ing le  

stream t o  a single-stage ac id p lant .  
SCFM a t  
SCFM gas f low r e s u l t i n g  i n  a aapacity o f  306 TPD o f  100 percent H2S04. 

The of f -gas f lowra te  i s  33,000 
5% SO2. Thus the ac id  p l a n t ' i s  s ized to 'process a 33,000 

Case I I ( b )  
This model i s  essent ia l l y  the same as Case I I ( a )  w i t h  the 

exception o f  the incorporat ion o f  a dual-stag;' acid p lan t  ra ther  than 
a single-stage ac id  plant,  resu l t i ng  i n  the production o f  315 TPD o f  
100 percent H2S04. 

Case I I ( c )  

The weak off-gas ,0.5% SO2 f r o m  the b l a s t  furnace i s  scrubbed and 
concentrated i n  a OMA u n i t .  The 100% SO2 stream from the OMA u n i t  i s  
combined w i th  the s i n t e r  machine gases .and processed i n  a dual-stage 
ac id p lan t  r e s u l t i n g  i n  the s iz ing  o f  the acid p lan t  t o  accommodate a 
gas stream of 34,000 SCFM and.g..percent SO2. 
production i s  347 TPO o f  100 percent H2S04. 

The resu l t i na  

Case I I ( d )  
Off-gases from the s in te r i ng  machine are ducted t o  a DMA u n i t  

where the SO2 i s  scrubbed from the gas stream, concentrated and ducted 
t o  an elemental s u l f u r  p lant .  Thus, the DMA u n i t  i s  sized t o  
accommodate a gas stream o f  37,000 SCFM f lowrate a t  5% SO2. The 
s u l f u r  p lan t  i s  sized t o  accommodate a SO2 stream o f  1800 SCFM SO2 

thereby producing 104 TPD o f  elemental su l fu r .  
from the su l fu r  p lan t  are ducted back t o  the OMA u n i t .  

Su l fu r  oxide emissions 

Case I I I ( a )  
Off-gases from the e l e c t r i c  furnace are ducted t o  a single-stage 

I n  addition,during i t s  blowing per iod the lead converter ac id  p lan t .  
gases a r e  combined w i th  the e l e c t r i c  furnace gases t o  produce a gas 

s t r e a m  of 31,000 SCFM and 7% 
process a gas stream w i t h  the above charac ter is t i cs  producfng 219 
TPO o f  100 percent H2S04. 

Thus the ac id  p l a n t  i s  sized t o  
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Case III(b) 

Essent ia l ly  the same as case I I I ( a )  wi th  the exception o f  the 

incorporat ion o f  a dual-stage p l a n t  ra ther  than a single-stage 

a c i d  p lant ,  r e s u l t i n g , i n  the:production of 225 TPD o f  10n percent 

H2SO4. 

Case I I I ( c )  

Off-gases from the e l e c t r i c  furnace and the converter w i th  a 
I ,  

*I maximum f lowrate o f  33,000 SCFM are ducted t o  a t3lA un i t .  The o f f -  

/ 

I 

gases are scrubbed and a maximum SCFM o f  100% SO2 i s  ducted t o  

an elemental s u l f u r  p lant .  Thus the DMA u n i t  i s  sized t o  process a 

33,000 SCFM gas f lowrate and the  elemental s u l f u r  p l a n t  i s  sized t o  

process'a maximum f lowrate o f  2500 SCFM o f  100% S02; 70 TPO o f  

elemental s u l f u r  i s  produced. 
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6.3.3 Impact o f  New Source Performance Standards 

The prospect of f u tu re  growth i n  the domestic primary lead indust ry  by 

the  add i t i on  o f  new smelt ing capaci ty appears remote. 

i s  producing a t  less than capacity rates,  and fu tu re  growth i n  consumption 

appears s l i g h t .  

c i t y  seem improbable i n  the near fu ture.  

expansions could occur a t  ex i s t i ng  plants, thereby increasing indust ry  capacity, 

bu t  major.growth v i a  t h i s  route i s  un l i ke l y .  For the t ime being, a t  least ,  the 

domestic lead indust ry  appears t o  be s t a t i c  wi th  regard t o  major increases 7n 

capacity. 

f o r  lead smelters w i l l  have no short-term impact on the domestic primary 

The indust ry  as a whole 

Due t o  these two factors  any l a rge  addi t ions t o  indust ry  capa- 

A p o s s i b i l i t y  does e x i s t  t h a t  

This l ack  o f  growth means t h a t  t he  new source performance standards 

lead industry.  

The p o s s i b i l i t y  always exists,  o f  course, t h a t  f u t u r e  condi t ions i n  the 

lead indust ry  could change and t h a t  a new lead  smelter would be constructed. 

Given t h i s  assumption,it would then be expected t h a t  the new lead smelter 

would be b u i l t  i n  Missouri, near the New Missour i  Lead Be l t .  

Missouri standard f o r  s u l f u r  d ioxide emissions i s  500 ppm from new sources, 

t h i s  means t h a t  the Federal new source performance standard would have no 

incremental e f f e c t  over the Missouri standard. I f  a new smelter was constructed 

i n  a s t a t e  t h a t  d i d  no t  have any l i m i t a t i o n s  on s u l f u r  d iox ide emissions,then 

the t o t a l  impact upon the industry would be s o l e l y  due t o  the Federal new source 

performance standard. 

domestic lead indust ry  i s  a funct ion o f  t he  e x i s t i n g  standards i n  the s t a t e  i n  

Since the 

* 
14, It can be seen t h a t  t he  incremental impact upon the  

which the smelter would be constructed. The Federal new source performance .* 
4 

standard could have no impact i n  some states and s i g n i f i c a n t  impact i n  other  

states, depending upon the  standards t h a t  apply i n  the  i nd i v idua l  states. 

h 

i 
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In the event that  a new lead smelter was constructed, i t  is  reasonable 

t o  assume tha t  i t  would have a capacity of approximately 100,000 tons of 

p i g  lead per year. Since the proposed new source performance standards would 

preclude the use of a sintering machine without gas recirculation, this means 

t h a t  the new smelter would employ e i ther  recirculating sintering machine 

smelting or e lec t r ic  smelting. 

of sulfur dioxide emissions for  these two processes, assuming tha t  dual-stage 

acid plants without acid neutralization are used as t h e  control equipment, 

would amount to  $5.0-$5.6MM (refer to  Table 6-27). Since a new lead smelter 

of 100,000 ton/year capacity would be expected to cost approximately $40-$50MM, 

this means that  the emission control equipment  adds 10-14% t o  the capital require- 

ments. Annual operating costs are estimated to  be approximately 0.72-0.75Ulb 

of lead, or  2.9 - 3.1% of sales a t  a price level of 24.5 t / l b .  

The additional capital requirements for  control 

I t  i s  fe l t  tha t  the additional capital costs for  emission control equipment 

could be absorbed by the smelter through a larger borrowing a t  the time the 

smelter i s  financed. The additional operating costs,  however, would probably 

not be absorbed a t  the smelter due to the relatively low prof i t  margins (on 

the order of 0.5Q/lb) that  are believed to exist a t  the smelters. I t  is also 

unlikely tha t  a new smelter could pass the additional operating costs forward 

t o  the market i n  the form of higher prices. 

the market price i s  s e t  by the action of the various competitors i n  the market, 

both domestic and foreign, as these competitors respond to the overall demand 

for lead. 

forward of pollution control costs does not appear to  be a viable possibil i ty 

for the new lead smelter. 

Since lead i s  a commodity item, 

A single competitor cannot unilaterally increase his price. Passing 
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A mechanism does e x i s t ,  however, whereby the  annual costs  o f  operat ing 

the  emission con t ro l  equipment can be absorbed. 

passing the con t ro l  costs back t o  the mines. 

backward i n t e g r a t i o n  e x i s t s  i n  the i n d u s t r y  such t h a t  t h i s  mechanism would be 

f a c i l i t a t e d .  

decrease unless h igher  grade o re  bodies were ava i l ab le  t o  t h e  mines. The n e t  

long-term e f f e c t  would be t h a t  mine reserves would be decreased and the c l o s i n g  

of marginal mines would be accelerated. 

p o l l u t i o n  c o n t r o l  cos ts  o f  the magnitude shown above cou ld  be passed back t o  

the  mines w i thout  a severe d i s r u p t i o n  o f  t r a d i t i o n a l  p r o f i t a b i l i t y  requirements 

i n  the  event t h a t  a new lead smelter was constructed. 

This i s  the  mechanism o f  

I t  i s  be l ieved , : t h a t  a l e v e l  o f  

The ne t  e f f e c t  would be t h a t  i n d i v i d u a l  mine p r o f i t a b i l i t y  would 

. .  

I n  sumnary, i t  appears t h a t  annual 

. .  

Costs f o r  con t ro l  o f  a i r  p o l l u t a n t s  a r e  n o t  the on ly  .environmental costs  

being faced by the  domestic lead indus t ry .  I t  has been estimated t h a t  c a p i t a l  

requirements f o r  the i ndus t r y  t o  comply w i t h  s t a t e  water p o l l u t i o n  regu la t ions  

a t  e x i s t i n g  mines and smelters would amount t o  $20MM. Annual costs  f o r  com- 

p l i ance  w i t h  the water standards would amount ' to  0.40Q/lb o f j ' l ead  produced. 

A study by Ar thur  D. L i t t l e  on the economic e f f e c t  o f  p o l l u t i o n  abatement costs  

i n  the  lead indus t r y  s ta ted  t h a t  water p o l l u t i o n  costs  were more o r  l ess  uni form 

w i t h i n  the i ndus t r y  and would n o t  lead  d i r e c t l y  t o  any p l a n t  c los ings? '  It can 

be i n f e r r e d  t h a t  these costs would no t  preclude e n t r y  t o  the domestic lead 

indust ry ,  e i t h e r .  

costs could increase dramat ica l l y  i f  more s t r i n g e n t  standards a r e  required. 

Not s p e c i f i c a l l y  est imated are costs  associated .w i th  OSHA o r  the Mine Safety  

Act. 

. I .  

Ar thur  D. L i t t l e  notes, however, t h a t  water p o l l u t i o n  con t ro l  

These costs are expected t o  be n e g l i g i b l e .  
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7. ' RATIONALE FOR THE PROPOSED STANDARDS 

7.1 SELECTION OF SOURCE CATEGORIES 

Primary copper, zinc, and lead smelters are among t h e . l a r g e s t  

i nd i v idua l  s u l f u r  d iox ide  emission sources. For example, the domestic 

smel t ing i ndus t r i es  had the fo l l ow ing  emission ra tes  as o f  mid-1973 

from p lan ts  o f  average capaci ty  even a f t e r  p a r t i a l l y  c o n t r o l l i n g  s u l f u r  

d iox ide  discharges: 

1. 

2. 

3. 

Copper smelters - 550 tons S02/day, 33% con t ro l .  

Zinc smelters - 75 tons S02/day, 68% con t ro l .  

Lead smelters - 59 tons S02/day, 27% con t ro l .  

Even though the  twenty-nine domestic smelters cons t i t u ted  a r e l a t i v e l y  small 

t o t a l  number o f  sources, they accounted' f o r  approximately 12 percent  o f '  

t o t a l  na t iona l  s u l f u r  d iox ide  emissions. In add i t ion ,  these pr imary 

smel ters  discharged more than 35,000 tons/year o f  p a r t i c u l a t e  matter.  

For many years, smelters have been pub l i c i zed  as being among the  

na t i on ' s  l a r g e s t  sources of a i r  p o l l u t i o n .  This p a r t l y  r e s u l t e d  from 

inc iden ts  such as occurred a t  T r a i l ,  B r i t i s h  Columbia,where smelter s u l f u r  

d iox ide  emissions (600 tons S02/day) were repor ted as t h e  cause o f  p l a n t  

i n j u r i e s  as f a r  as 52 mi les  south o f  t h e  smelter.  Three zones o f  in ju ry .  

were de l ineated  on the  bas is  o f  the  percentage i n j u r y  t o  Ponderosa pine, 

Douglas fir, and fo res t  shrubs: i n  Zone 1 there  was 60 t o  100% i n j u r y ;  

i n  Zone 2, 30 t o  60% i n j u r y ;  i n  Zone 3, 1 t o  30% i n j u r y .  Zone 1, i n  which 

i n j u r y  was, acute, extended about 30 m i les  south o f  t h e  smel ter  i n  a r i v e r  

va l ley ;  Zone 3, a t  h igher  e levat ions,  extended 52 mi les  south o f  the  

smelter and contained t rees  w i t h  r e l a t i v e l y  s l i g h t  markings and t rees  

7-1 



7 

suffering from slow b u t  progressive deterioration. 

have been reported in which sulfur dioxide emissions from smelters have 

deteriorated o r  suppressed the growth of trees, shrubs, crops, or  other 

vegetation. In addition, the development of implementation plans fo r  the 

States which contain smelters has further headlined the smelters a s  being 

very large sources of sulfur dioxide emissions which have not been well 

control 1 ed . 

Other cases 

All smelters will  have to  comply with some sulfur  dioxide emission 

limit, prmulgated by either a S t a t e  or EPA, by 1975-1977 to  provide for  

w 

the attainment of the national ambient a i r  quali ty standard fo r  sulfur  - 
dioxide. Since the control of sulfur dioxide emissions a t  some smelters 

i s  currently minimal, i t  is expected tha t  these smelters will have to  

achieve a substantial  reduction in sulfur  dioxide emissions. Recent 

developments i n  the smelting industry indicate  tha t  the stringency or  

anticipated stringency of the control requirements has led t o  industry 

consideration of newer smelting technologies which have not previously been 

applied i n  the United States  and which a re  more susceptible t o  sulfur dioxide 

control.  

modern smelting processes, existing smelters have made plans t o  employ 

emission control systems t h a t  have not  been widely applied domestically. 

However, s ince the S ta te  standards a re  primarily aimed toward the a t ta in-  

merit of specified ambient a i r  quali ty levels, the result ing smelter modi- 

f icat ions need not necessarily re f lec t  the use of best demonstrated technology 

i n  a l l  cases. On the other hand, a new source performance standard 

I 

In addition t o  modifying and rebu i ld ing  t o  incorporate these more 

. 
r 
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_ _ _ _ _ _ _ ~  

applicable to  smelters would reflect the best emission control capabi l i t i es  

(considering cost)  for new smelters. Since new source performance standards 

are applicable t o  new u sources, they may i n  some cases reflect 

the use o f  new process technologies which a re  more susceptible t o  s u l f u r .  

dioxide control than existing process technology. I . '  33t:,:t; 

I t  i s  expected t h a t  two new grass-roots copper smelters (excluding. 

the Phelps Dodge smelter a t  Tyrone, New Mexico, which has already. . '  S Y J  :CL 

been announced) will be constructed i n  the United States  by 1984. 

I t  is probable t h a t  two new zinc smelters will be p u t  i n to  operation(! 
i n  the period 1975-1977. The domestic lead ' industry i s  producing ~ .- 
a t  less than  capacity rates, and f u t u r e  growth i n  lead consumption T. 

appears s l i g h t .  

addition of new lead smelting capacity appears remote. 

the growth potenti,al of copper, zinc, and lead smelters i s  small 

i n  t e n s  o f  t o t a l  numbers of new sources, each new f a c i l i t y  i s  a 

very large emitter and can contribute s ign i f icant ly  t o  a i r  pollution :-. ' . l , ' ( , '  

which  causes or contributes t o  the endangerment of pub l i c  health 

or we1 fare .  . .  

As a result, the prospect of future growth by the . 

Even though . 

:I ;'.I ,!.', 

-,r I . . -  

, . . _ p -  

, i _  : , y . t .  . -  .. 

. . ir i. i .. 

8,' ;; , 
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7.2 METHODOLOGY FOR DEVELOPING PROPOSED STANDARDS 

EPA i n i t i a t e d  development o f  t h e  proposed staddards by 

contac t ing  domestic smelter operators and rev iewing the techn ica l  

and t rade l i t e r a t u r e .  

s i t e  inspec t ions  o f  processing and emission c o n t r o l  equipment a t  

a l l  domestic pr imary copper, z inc ,  and l e a d  smelters. EPA consul ted 

w i t h  smel ter  operators  du r ing  these v i s i t s  and i n  j o i n t  EPA/American 

Min ing Congress meetings concerning the  development o f  emission standards. 

An eva lua t ion  o f  t h e  i n fo rma t ion  c o l l e c t e d  from t h e  above sources l e d  

t o  t h e  conclus ions Chat: 

Subsequently, EPA engineers c a r r i e d  o u t  on- 

1. 

2. 

3. 

4. 

A l l  major  process gas streams a t  each type o f  smel ter  should 

be considered f o r  standards development, i n  most cases f o r  

s u l f u r  d i o x i d e  emissions and i n  t h e  remaining cases f o r  

p a r t i c u l a t e  emissions. 

The most d i f f i c u l t  c o n t r o l  problem would probably be the  

t reatment  o f  weak s u l f u r  d iox ide  e f f l u e n t s  from some 

smel t ing processes. 

Some smel t ing  processes, which a r e  a v a i l a b l e  and i n  use a t  f o r e i g n  

smelters,  e l i m i n a t e  the  generat ion o f  weak s u l f u r  d iox ide  

streams. 

Some f o r e i g n  smelters were c o n t r o l l i n g  s u l f u r  d iox ide  

emissions w i t h  double-absorpt ion s u l f u r i c  a c i d  p lants ,  

which a r e  more e f f i c i e n t  than t h e  s ing le-absorpt ion p l a n t s  

t h a t  were t h e  o n l y  ones i n  domestic opera t ion  a t . t h a t  t ime. 
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I t  was a l so  concluded t h a t  the emission control performance of single- 

absorption su l fu r i c  acid plants operated a t  d m e s t i c  smelters was not 

well characterized, par t icular ly  w i t h  regard t o  such smelting processes 

as copper converting which discharge widely fluctuating off-gas 

streams. Cli 5 '  

A limited EPA emission testing program a t  domestic smelter sites 

was carr ied out i n  May and June 1972. Tests of single-absorption,, 

su l fur ic  acid plants and fabr ic  f i l t e r s  provided indications of the 

performance capabi l i t i es  of the best  domestic su l fur  dioxide and, 6 8 -  

par t icu la te  emission control technologies. 

visited smelters i n  Europe and Japan t o  determine the f e a s i b i l i t y  

of set t ing standards on the basis o f  double-absorption su l fu r i c  

acid plants f o r  sulfur dioxide control and on the basis of the newer 

smelting technologies which largely eliminate weak su l fur  dioxide 

eff luents  . 

EPA engineers then 

From October through December 1972 a continuous su l fur  dioxide 

monitor recorded emissions from a domestic metallurgical single- 

absorption acid plant.  

the extent of f luctuations i n  su l fu r  dioxide emission concentrations 

and t o  develop methods tha t  would account for these fluctuations 

i n  a sulfur  d ioxide  emission standard. 

These data were analyzed t o  determine 

Following the visits t o  smelters in  Europe-and Japan, EPA 

engineers drafted a technical report  which  evaluated the appl icabi l i ty  

of newer smeltlng process technologies t o  domestic operations. The 

primary purpose of this report  was t o  present the position that I 
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weak sulfur  dioxide streams can be largely eliminated by the 

application of these smelting processes. 

by the National Air Pollution Control Techniques Advisory Comnittee, 

the Federal Liaison Comnittee, and the American Mining Congress 

i n  meetings with EPA i n  November and December 1972. 

the draf t  report  was revised based upon an evaluation of the 

numerous comments expressed d u r i n g  these meetings; i t  i s  incorporated 

into this document as  Sections 3 ,  4 and 6. 

This  report  was reviewed 

Subsequently, 

Emission control systems are  a lso discussed i n  the d ra f t  

report c i ted above. Because no double-absorption sulfur ic  acid 

p lan ts  or  weak-stream sulfur dioxide scrubbing systems were i n  

operation a t  domestic smelters prior t o  l a t e  1972, sui table  quant i ta t ive 

data for  the establishment of regulatory sulfur dioxide emission limits 

representative o f  best  demonstrated technology were not available. 

Consequently, €PA so l ic i ted  written comnents on the expected 

performance capabi l t t i es  of these systems from domestic su l fur ic  

acid plant vendors, scrubbing system vendors, and scrubbing system 

researchers. 

of the continuous sulfur  dioxide, single-absorption acid plant  

emission data noted above. This analysis showed tha t  long-term 

averaging of emission concentrations is  an e f fec t ive  method o f  

maskin'g f luctuations i n  emission concentrations and arriving a t  

an emission limit related t o  acid p l a n t  vendor guarantees. 

In addition, EPA performed a detailed analysis 

A double-absorption sulfuric acid p l a n t  was p u t  i n t o  operation 

a t ' t h e  ASARCO copper smelter i n  E l  Paso, Texas, i n  late 1972. €PA 
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monitored s u l f u r  d iox ide  emissions f rom th is  p l a n t  on a cont inuous 

bas is  du r ing  the  pe r iod  June-December 1973. 

of the  data fromilthis t e s t  demonstrated again t h e  e f fec t i veness  

of long-term averaging i n  masking f l u c t u a t i o n s '  i n  emission 

concentrat ions.  

a c i d  p l a n t  i n l e t  s u l f u r  d iox jde  concent ra t ion  on s u l f u r  d iox ide  

emissions, and,.the p o r t i o n  o f  opera t ing  t ime du r ing  which a l t e r n a t i x e  

s u l f u r  d iox ide  emission concentrat ions are  exceeded. 

A d e t a i l e d  ana lys is  

The ana lys is  a l s o  prov ided data on t h e  e f f e c t  of :?% 

The proposed standards descr ibed i n  t h i s  r e p o r t  were developed 

a f t e r  cons ider ing numerous a l t e r n a t i v e  smel t ing  processes and ranges 

o f  emission c o n t r o l  l e v e l s .  These a l t e r n a t i v e s  are  presented i n  _.I 

Sect ion 6 o f c t h i s  repo r t ,  where model copper, z inc ,  and lead smelters 

have been analyzed, and con t ro l  costs  have been presented f o r  the  

var ious a l te rna t i ves .  

i n  the  proposed. ., . .t standards i s  intended t o  r e q u i r e  the  i n s t a l l a t i o n  o f  

double-absor.q,tion s u l f u r i c  a c i d  p lan ts ,  o r  o the r  c o n t r o l  systems .which 

achieve an equ iva len t  e f f l u e n t  stream concentrat ion.  

va lue o f  650 ppm s u l f u r  d iox ide  has been based upon monitored 

t e s t  data f o r  t h e  m e t a l l u r g i c a l  double-absorpt ion s u l f u r i c  a c i d  , - ,  . 

p l a n t  a t  t h e  ASARCO, E l  Paso, Texas,copper smelter,  mod i f ied  t o  

account f o r  the  maximum expected i n l e t  s u l f u r  d iox ide  concentrat ion 

produced by smel t ing processes and f o r  a c i d  p l a n t  c a t a l y s t  deter iorcat jon.  

I t :  i s  t h e  judgment o f  the  Admin i s t ra to r  t h a t  the emission l i m i t  

can a l so  be met - 4'. by the  use of scrubbing systems on bo th  s t rong and weak 

su l fu r  d iox ide  streams. 

The s u l f u r  d i o x i d e  emission l i m i t a t i o n  contained 

The s p e c i f i c  

This conclus ion i s  p r i m a r i l y  based 
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engineer ing eva lua t ions  o f  several systems, r a t h e r  than upon emission 

data f o r  smelter e f f l u e n t  streams t r e a t e d  by these systems. 

The p o t e n t i a l  environmental e f f e c t s  o f  the  proposed standards 

were inves t iga ted .  

r e s u l t i n g  f rom t h e  n e u t r a l i z a t i o n  o f  s u l f u r i c  a c i d  and the  use o f  

scrubbing systems were determined. 

i d e n t i f y  those d isposal  methods which can minimize secondary 

p o l l u t i o n  problems. The energy requirements of t h e  var ious emission 

c o n t r o l  systems t h a t  can be u t i l i z e d  t o  comply w i t h  t h e  standards 

have been est imated and the  impact o f  the  standards on the  energy 

requirements associated w i th  t h e  produc t ion  o f  copper, z i n c  and 

Q u a n t i t i e s  o f  p o t e n t i a l  s o l i d  and sludge wastes 

A survey was c a r r i e d  out t o  

lead analyzed. The r e s u l t s  a r e  discussed i n  Sect ion 8. 0 

The development o f  t h e  proposed s u l f u r  d i o x i d e  standards on 

t h e  bas is  o f  continuous mon i to r ing  data has made i t  poss ib le  and 

des i rab le  t o  base compliance on measurements by continuous monitors.  

Method 12 for demonstrat ing t h e  performance o f  moni tors  r e 5 u i r e d  

by the  standards t o  be i n s t a l l e d  and operated by a f f e c t e d  sources 

i s  inc luded i n  t h e  proposed standards. 
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7.3 SELECTION OF POLLUTANTS 

I n  assessing t h e  environmental impact o f  each o f  the  processes 

f o r  which standards a r e  now being proposed, t h e  q u a n t i t i e s  of  

p o l l u t a n t s  emi t ted  from e x i s t i n g  smelters were considered. 

t e s t i n g  and m a t e r i a l  balances i n d i c a t e d  t h a t  s i g n i f i c a n t  amounts! of 

s u l f u r  d i o x i d e  o r  p a r t i c u l a t e s  are emi t ted  f rom each o f  the  se lected 

a f f e c t e d  f a c i l i t i e s .  

among the  l a r g e s t  i n d i v i d u a l  s u l f u r  d i o x i d e  emission sources. 

For example, t h e  domestic smel t ing i n d u s t r i e s  have t h e  h i g h  emission 

r a t e s  c i t e d  i n  Sect ion 7.1 f rom p l a n t s  o f  average capac i ty  even 

a f t e r  p a r t i a l l y  c o n t r o l l i n g  s u l f u r  d iox ide  discharges. 

twenty-nine domestic pr imary smel ters  discharge grea ter  than 

35,000 tons/year o f  p a r t i c u l a t e  mat ter .  

documented evidence t h a t  bo th  s u l f u r  d iox ide  and p a r t i c u l a t e  

mat te r  have caused adverse h e a l t h  e f f e c t s  and adverse we l fa re  

ef fects , ’ * *  (2) t h e  l a r g e  q u a n t i t i e s  o f  p o l l u t a n t s  invo lved,  

and (3 )  the  l a r g e  increases I n  p o l l u t a n t  c o n t r o l  t h a t  can be 

e f fec ted ,  standards t o  l i m i t  emissions o f  s u l f u r  d i o x i d e  and 

p a r t i c u l a t e  mat te r  a r e  proposed f o r  copper, z inc ,  and l e a d  

smel t ing  processes. 

Emission 

Primary copper, z inc,  and l e a d  smelters a r e  

In addi t ion,  

Because o f  (1) t h e  

I 

i 

1 
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7.4 SELECTION OF AFFECTED FACILITIES 

The copper, z inc ,  and lead smelt ing i n d u s t r i e s  are dependent 

upon s u l f u r - b e a r i n g  ore concentrates as t h e  major  raw mater ia ls .  

Eleven py rometa l l u rg i ca l  processes are used i n  var ious con f igu ra t i ons  

t o  process: these ore concentrates i n t o  copper, z inc,  and lead. 

The bas ic  p r i n c i p l e  o f  most of these py rometa l l u rg i ca l  smelt ing processes 

i s  t h a t  the  var ious cons t i t uen ts  can be separated by s e l e c t i v e  

high-temperature chemical react ions such as t h e  r e a c t i o n  o f  s u l f u r  

w i t h  oxygen t o  produce gaseous s u l f u r  d i o x i d e  which i s  vented from 

t h e  process. 

t o  the h igh  temperatures o r  en t ra ined i n  the  o u t l e t  gases. Because 

a l l  o f  these py rometa l l u rg i ca l  processes can emi t  s i g n i f i c a n t  

q u a n t i t i e s  o f  s u l f u r  d iox ide  o r  p a r t i c u l a t e  matter, the proposed 

standards apply t o  eleven o f  these processes. Each t ~ e  o f  

processing equipment and i t s  corresponding emission c o n t r o l  

equipment were evaluated I n  o rde r  t o  determine appropr ia te  standards 

f o r  p a r t i c u l a t e ,  s u l f u r  d iox ide  and v i s i b l e  emissions. 

Add i t i ona l  i m p u r i t i e s  may e i t h e r  be evolved due 

The proposed standards do not  apply t o  hydrometa l lurg ica l  

techniques, because hydrometa l lurg ica l  processes do n o t  e m i t  

s i g n i f i c a n t  q u a n t i t i e s  o f  s u l f u r  d iox ide o r  p a r t i c u l a t e  matter.  
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7.5 DETERMINATION OF EMISSION LIMITS 1 

7.5.1 Choice o f  Best Demonstrated Technology 

which increases the  amount o f  any a i r  p o l l u t a n t  emi t ted  by  . *.' 

such source o r  which r e s u l t s  i n  t h e  emission o f  any a i r  p o l l u t a n t  

n o t  p rev ious l y  emi t ted.  

. . . .  I 

Such standards o f  performance are  required, : 

by the Act, t o  . r e f l e c t  the  degree o f  emission l i m i t a t i o n  achievable - 1  

through the  a p p l i c a t i o n  . .  o f  t h e  best  system o f  emission reduction,,. = 

which has. ! 1 _ 1  been. - determined t o  be adequately demonstrated, taking,, . : ,- ; ,  

i n t o  account t h e  cos t  o f  achiev ing such reduct ion.  "Adequately ., , 5 -  : 

demonstrated" does .not mean t h a t  t h e  technology must be i n  ac tua l  

use somewhere, nor  t h a t  any e x i s t i n g  source be ab le  t o  meet the::gi,rl: 

standards based on t h i s  techno1 ogy. 

does imp ly  t h a t  the  con t ro l  technology r e l i e d  upon i n  s e t t i n g  a 

standard o f  performance can be made ava i l ab le ,  and w i l l  be e f f e c t i v e  

t o  enable sources t o  comply w i t h  such standards by t h e i r  e f f e c t i v e  

date. 

,. 

However, "adequately demonstrated" 

6 

' 9. 

I 

I 
I 
I 
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As discussed i n  Sec t ion  7.4, the proposed standards app ly  t o  

a l l  e leven copper, z inc ,  and lead p y r o m e t a l l u w i c a l  processes Because 

of t i e  s i g n i f i c a n t  q u a n t i t i e s  o f  s u l f u r  d i o x i d e  o r  p a r t i c u l a t e  

ma t te r  t h a t  can be emi t ted  f rom these processes. However, the  

proposed standards do n o t  apply  t o  hydrometa l lu rg ica l  processes 

because hydrometa l lu rg ica l  processes do n o t  emi t  s i g n i f i c a n t  

q u a n t i t i e s  o f  s u l f u r  d iox ide  o r  p a r t i c u l a t e  mat ter .  Although 

a l i m i t e d  number o f  smelters may c o n s t r u c t  hydrometa l lu rg ica l  

processes r a t h e r  than py rometa l l u rg i ca l  processes i n  o rder  t o  

take advantage o f  the  smal le r  emission p o t e n t i a l  o f  hydrometa l lu rg ica l  

processes, hydrometa l lu rg ica l  processes f o r  product ion o f  copper, 

z inc ,  o r  l ead  have been app l i ed  commercial ly o n l y  t o  ox ide  ores 

o r  t o  ores cons is t i ng  predominately o f  ox ides w i t h  some s u l f i d e s  

present.  To date, no hydrometa l lu rg ica l  process has been success fu l l y  

comnercial ized f o r  the  t reatment o f  copper, lead, o r  z i n c  s u l f i d e  

ores, a l though processes are c u r r e n t l y  under development and the  

conSt ruc t ion  o f  one hydrometa l lu rg ica l  copper e x t r a c t i o n  f a c f l i t y  

has been announced. 

i t  has n o t  been demonstrated t h a t  hydrometa l lu rg ica l  processes a r e  

o f  s u f f i c i e n t l y  broad a p p l i c a b i l i t y  t o  j u s t i f y  basing the proposed 

standards s o l e l y  on these processes. Accordingly,  the  f o l l o w i n g  

sec t ions  discuss the  r a t i o n a l e  o f  developing standards f o r  p ~ r o -  

m e t a l l u r g i c a l  processes only .  

7.5.1.1 

Thus, i n  the judgment o f  t h e  Admin is t ra tor ,  

S u l f u r  Diox ide Emissions i n  St rong Streams 

For  the  purposes o f  t h i s  discussion, "s t rong s u l f u r  d iox ide  streams" 

r e f e r s  t o  streams which con ta in  more than 3.5-4~0% s u l f u r  d iox ide .  The 
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concentrated than 3.5% and 4.0% su l fur  dioxide, respectively. 
I 

Single-absorption su l fur ic  actd plants have been u t i l i zed  a t  

domestic smelters f o r  a number of years,  b u t  double-absorption plants 

have only recently been applied ( l a t e  1972). Dimethylaniline (DMA) 

scrubbing systems and ammonia scrubbing systems are  a l so  used on 

smelters'  strong sulfur  dioxide streams and t h u s ,  as discussed in 

Section 4 . 3 ,  are  considered to  be adequately demonstrated sulfur  

dioxide control technologies f o r  smelters '  strong sulfur dioxide 

, 
'4, 

<?, 

I 

I streams. Each of these systems i s  capable of high-efficiency 
I 

I 
(greater than 95%) control of su l fur  dioxide emissions. 

su l fur  recovery plants can a l so  be used t o  control su l fur  dioxide 

emissions, b u t  the t a i l  gas stream must be fur ther  processed by a 

scrubbing system, such as DMA or sodium su l f i t e -b i su l f i t e ,  i n  order 

t o  reduce the sulfur dioxide emission concentrations to  the levels 

a t ta inable  by su l fu r i c  acid plants.  

Elemental 
i 

i 
I 

I 

I 
I 

In addition, streams which 
i I 

I contain less  than 10% sulfur dioxide and greater than 5% oxygen 

1 

I t i ,  
cannot be processed d i rec t ly  i n  elemental sulfur  recovery plants;  

rather, the sulfur  dioxide must f i r s t  be concentrated by a scrutbinq 

system, such as  DMA. 

provides high-efficiency par t iculate  control since proper operation 

requires tha t  par t iculate  matter be removed t o  a degree consistent 

w i t h  best available par t iculate  control technology pr ior  t o  sulfi!r 

dioxide removal. 

j 
, 

Each of these sulfur dioxide control systems I .? 

i 

i 

T h u s ,  the choice of best control technology for  \ 
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st rong s u l f u r  d iox ide  streams i s  p r i m a r i l y  a choice o f  the  best  

s u l f u r  d iox ide  removal c a p a b i l i t i e s .  cons ider ing  cos t  o f  such 

removal, f o r  these systems. 

From the  viewpoint  o f  emission c o n t r o l ,  the  pr imary d i s t i n c t i o n  

between s ing le -absorp t ion  a c i d  p lan ts  and the  other  s u l f u r  d iox ide  

c o n t r o l  systems (double-absorption a d d  p l a n t s  and elemental s u l f u r  

p l a n t s  w i t h  t a i l - g a s  scrubbing) i s  t h a t  the l a t t e r  systems are 

capable o f  reducing emission ra tes  by 7 0 4 0 %  o f  those from s ing le -  

absorpt ion s u l f u r i c  a c i d  p l a n t s .  Consequently, these other  c o n t r o l  

systems can be viewed as p rov id ing  a smal l  incremental increase 

i n  s u l f u r  d iox ide  c o n t r o l  e f f i c i e n c y  from approxlmately 97 t o  99.5%. 

The c a p i t a l  investment and u n i t  emission c o n t r o l  costs which 

a r e  ca l cu la ted  f o r  model smelters i n  Sect ion 6 increase i n  the f o l l a r i n g  

order: (1)  s ing le -absorp t ion  s u l f u r i c  a c i d  p lan ts ,  (2) double- 

absorp t ion  s u l f u r i c  a c i d  p lan ts ,  (3)  scrubbing systems, and (4) elemental 

s u l f u r  p l a n t s  w i t h  t a i l - g a s  scrubbing. The c a p i t a l  investment f o r  

double-absorption s u l f u r i c  a c i d  p l a n t s  i s  about 20% g rea te r  than 

t h a t  f o r  s ing le -absorp t ion  s u l f u r i c  a c i d  p lants ,  bu t  the u n i t  

emission c o n t r o l  costs  are considered t o  be acceptable I n  both cases. 

For example, Table 6-12 shows t h a t  t y p i c a l  c o n t r o l  costs f o r  

s ing le -absorp t ion  and double-absorption s u l f u r i c  a c i d  p l a n t  c o n t r o l  

of an e l e c t r i c  furnace/converter copper smelter are, respec t i ve l y ,  

1.68 and 1.87 cents per pound o f  copper produced, assuming a c i d  

i s  so ld  a t  zero netback t o  the  smelter. 

costs  re fe r red  t o  the  q u a n t i t y  o f  s u l f u r  d iox ide  removed, the costs  

I n  t e n s  o f  c o n t r o l  

7-1 4 



a re  0.72 and 0.79 cents per pound, respectively,  of sulfur dioxide 

controlled. As discussed i n  Section 6.1, these costs  a r e  not 

unreasonable compared t o  the average cost  of emission control of 

about 3 cents per pound of copper which will be experienced a t  

existing domestic copper smelters t o  comply w i t h  the sulfur dioxide 

national ambient a i r  quali ty standard. 

Table 6-19 shows tha t  the costs of single-absorption and double- 

absorption su l fur ic  acid plant control of the zinc roaster are  

0.70 and 0.78 cents per pound of zinc, respectively, assuming acid 

i s  sold a t  zero netback t o  the smelter. 

Table 6-27 shows tha t  the costs  of single-absorption and double- 

absorption su l fur ic  acid plant control of strong sulfur  dioxide 

streams from lead s in te r ing  machines a r e  0.66 and 0.75 cents per 

pound of lead, respectively, assuming acid is sold a t  zero netback 

t o  the smelter. As discussed i n  Sections 6.2 and 6.3, the costs 

of double-absorption sulfur ic  acid plant  control of these strong 

stream eff luents  a r e  not unreasonable for  zinc and lead smelters. 

1 

Similarly f o r  zinc smelters, 

Likewise for lead smelters, 

Table 6-12 also shows tha t ,  for  approximately the same overall 

level of sulfur dioxide control ,  the u n i t  emissjon control costs f o r  

DMA scrubbing and DMA scrubbing combined w i t h  elemental sulfur  recovery 

a re  3.6 and 4.8 cents per pound of copper, respectively, f o r  control 

of an e l e c t r i c  furnace/converter copper smelter as  compared t o  1 .9  cents 

per pound of copper f o r  double-absorption acid plant control. 

resu l t s  are  obtained f o r  lead and zinc smelters. 

Similar 

Thus, the choice of 
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best demonstrated technology (considering cos t )  i s  limited t o  single- 

absorption and double-absorption sulfur id  acid plants because the 

other control systems have increased costs  w i t h  no additional 

control of sulfur  dioxide emissions. However, this l imitation 

does not r e s t r i c t  a smelter from applying other  control systems 

where special circumstances warrant. 

The smelting industry considers double-absorption acid plants'  

t o  be the best  demonstrated control systems, and a trend toward 

the use of double-absorption rather  than single-absorption metallurgical 

su l fur ic  acid plants has already been established by the s tar tup 

of the f i rs t  two domestic double-absorption acid plants  w i t h i n  the 

past year and by the in i t i a t ion  of construction o r  the announced 

plans f o r  construction of three other double-absorption acid 

plants.  

use of double-absorption acid p l a n t s .  

trend toward double-absorption acid p l an t s ,  the additional 70-80% 

reduction in sulfur  dioxide emissions discharged from double- 

absorption acid plants over single-absorption acid plants,  and the 

EPA analyses' of emission control costs of double-absorption acid 

Plants which indicate tha t  the costs a r e  reasonable, the Administrator 

has determined that  emission l imits should r e f l e c t  the sulfur dioxide 

control capabi l i t i es  of double-absorption su l fur ic  acid plants. 

In addition, some Sta te  regulations already require the 

T h u s ,  considering the current 
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7.5.1.2 Su l fu r  Diox ide Emissions i n  Weak Streams 

For the  purpose o f  t h i s  d iscuss ion,  "weak s u l f u r  d i o x i d e  streams'' 

r e f e r s  t o  streams which conta in  l e s s  than 3.5 - 4.0% s u l f u r  d iox ide .  

Each category o f  pr imary nonferrous smelters sub jec t  t o  the  proposed 

standards invo lves  a t  l e a s t  one weak s u l f u r  d iox ide  stream. These 

weak streams are  discharged from reverbera tory  smel t ing  furnaces 

a t  copper smelters,  s i n t e r i n g  machines a t  z i n c  smelters,  and 

s i n t e r i n g  machines and b l a s t  furnaces a t  lead smelters.  

one except ion,  a l l  f i f t e e n  domestic copper smelters now operate 

the  reverbera tory  type  o f  furnace. 

z i n c  smelters u t i 1  i z e  s i n t e r i n g  machines which discharge weak 

s u l f u r  d iox ide  streams, and a l l  s i x  domestic lead  smelters operate 

s i n t e r i n g  machines and b l a s t  furnaces which discharge weak s u l f u r  

d iox ide  streams. 

have been comnerc ia l l y  demonstrated on a v a r i e t y  o f  non-smelter 

weak s u l f u r  d iox ide  streams and a l s o  on some smel ter  weak s u l f u r  

d iox ide  streams. 

on a 1.5 t o  2.5% s u l f u r  d iox ide  stream discharged from a lead 

s i n t e r i n g  machine, 1.5% s u l f u r  d i o x i d e  streams from C l a w  

s u l f u r  recovery p lan ts ,  3000-5000 ppm s u l f u r  d iox ide  t a i l  gas streams 

from s u l f u r i c  a c i d  p lan ts ,  2000-6000 ppm s u l f u r  d iox ide  streams 

from b l a s t  furnaces a t  secondary l e a d  smelters,  and var ious  low 

s u l f u r  d iox ide  concent ra t ion  streams f rom power p l a n t  steam generators. 

A1 though no copper reverbera tory  fu rnace o r  z inc  s i n t e r i n g  machine 

Wi th 

Also, t h ree  o f  t h e  s i x  domestic 

Sect ion 4.3 concludes t h a t  scrubbing systems 

For example, scrubbing systems are  opera t ing  

I 

. 
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weak s u l f u r  d iox ide  stream has y e t  been c o n t r o l l e d  on a long-term 

basis ,  a DMA scrubbing u n i t  has been pu t  i n t o  operat ion t o  c o n t r o l  

t h e  weak s u l f u r  d i o x i d e  stream from a reverbera tory  furnace a t  

t h e  Phelps Dodge copper smel ter  a t  Ajo, Arizona. 

The most s i g n i f i c a n t  f a c t o r  l i m i t i n g  t h e  a p p l i c a t i o n  o f  scrubbing 

systems t o  weak s u l f u r  d i o x i d e  streams w i t h i n  the  pr imary copper, 

z inc  and l e a d  smel t ing  i n d u s t r y  i s  the cost .  

of the weak s u l f u r  d iox ide  streams from copper reverbera tory  

furnaces, lead  o r  z i n c  s i n t e r i n g  machines, o r  lead  b l a s t  furnaces 

r e s u l t s  i n  emission c o n t r o l  costs  which are  considered unreasonable 

i n  most cases. 

c o n t r o l l i n g  a weak s u l f u r  d iox ide  stream from a copper reverbera tory  

furnace w i t h  DMA scrubbing, w h i l e  c o n t r o l l i n g  the  s t rong s u l f u r  

d iox ide  stream from t h e  conver ter  w i t h  a double-absorpt ion , 

s u l f u r i c  a c i d  p l a n t ,  would be 4.4 cents per  pound o f  copper. 

Th is  c o s t  i s  s i g n i f i c a n t l y  g rea ter  than t h e  3 cents p e r  pound 

o f  copper cos t  which has been determined t o  be the  maximum 

increase t h a t  would a l l o w  domestic copper smel ters  t o  remain 

compet i t i ve  i n  the  wor ld  market. S i m i l a r l y  f o r  z i n c  smelt ing,  

Table 6-19 shows t h a t  t h e  c o s t  o f  c o n t r o l l i n g  the weak s u l f u r  

d i o x i d e  stream of a z i n c  s i n t e r i n g  machine w i t h  MA scrubbing, 

w h i l e  c o n t r o l l i n g  the  s t rong  s u l f u r  d i o x i d e  stream o f  a z i n c  r o a s t e r  

w i t h  a double-absorpt ion s u l f u r i c  a c i d  p lan t ,  would be 3.2 cents 

per  pound of z inc ,  assuming t h e  ac id  i s  s o l d  a t  z e m  netback t o  

t h e  smelter.  Further, f o r  l ead  smel t ing Table 6-27 shows t h a t  

S u l f u r  d iox ide  c o n t r o l  

For example, Table 6-12 shows t h a t  the  cos t  o f  



the  cos t  o f  c o n t r o l l i n g  t h e  weak s u l f u r  d iox ide  streams o f  a 

l ead  s i n t e r i n g  machine and b l a s t  furnace w i t h  DMA scrubbing, 

wh i l e  c o n t r o l l i n g  t h e  remaining s t rong  s u l f u r  d iox ide  stream f rom 

the s i n t e r i n g  machine b y  ‘a double-absorpt ion ac id  p lan t ,  would 

be 3.6 cents p e r  pound o f  lead, assuming the  a c i d  i s  s o l d  a t  

zero netback t o  the  smelter.  As discussed i n  Sect ions 6.2 and 6.3, 

respec t ive ly ,  these costs  are considered unreasonable i n  most 

cases f o r  z inc  and lead smelters. Accordingly,  EPA i nves t i ga ted  

whether there  are  process changes which can be u t i l i z e d  t o  

e l im ina te  t h e  generat ion o f  weak s u l f u r  d iox ide  streams a t  

newly const ructed smelters. 

A subs tan t i a l  p o r t i o n  o f  the  development program f o r  the  

proposed standards focused on i d e n t i f y i n g  those s i t u a t i o n s  where 

weak s u l f u r  d iox ide  streams can be  e l im ina ted  by process changes. 

It has been determined t h a t  two copper smel t ing processes ( e l e c t r i c  

furnace smel t ing and f lash smel t ing)  which discharge on ly  s t rong 

s u l f u r  d iox ide  streams a r e  demonstrated smel t ing technologies 

and t h a t  together  they  a r e  a p p l i c a b l e  t o  the f u l l  range o f  

domestic copper smel t ing operat ions.  

furnace i s  a l ready i n  use i n  t h e  U.S., and cons t ruc t i on  o f  a 

second e l e c t r i c  furnace has r e c e n t l y  been completed. 

t h e  cons t ruc t i on  o f  a t h i r d  e l e c t r i c  furnace has been announced. 

The cons t ruc t i on  o f  a f l a s h  furnace i s  c u r r e n t l y  underway. The 

proposed standards a r e  based p r i m a r i l y  upon t h e  a p p l i c a t i o n  o f  these 

One e l e c t r i c  copper smel t ing 

I n  add i t ion ,  
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smelting processes. 

t o  allow the use of new conventional reverberatory smelting furnaces 

would essent ia l ly  mean tha t  sulfur  dioxide emissions from smeltiqg 

furnaces should not be control led because of the unreacnnable costs 

of presently available scrubbing  systems f o r  weak su l fur  dioxide 

streams w i t h i n  t h i s  industry. 

achieved would be large.  For example, Table 6-12 shows calculated 

su l fur  dioxide control levels of 99.5 percent f o r  an e l e c t r i c  furnace 

smelter which meets the proposed standard versus 70-80 percent 

fo r  a reverberatory furnace-converter smelter or a roaster- 

reverberatory furnace-converter smelter, wh ich  emits an uncontrolled 

weak su l fur  dioxide stream from the furnace while applying a 

double-absorption sulfuric acid plant t o  the streams of 

the converters or  the roasters  and converters. 

approximate sulfur dioxide emission r a t e s  a re  3 ,  180, and 120 tons 

per day, respective ty. 

The a l te rna t ive  of s t ructur ing the standard 

The difference i n  control levels  

The corresponding 

Although the proposed standard fo r  ccpper smelters i s  based 

primarily upon the use of e l e c t r i c  or f l a sh  ,smelting processes, the 

proposed standard can be achieved using the reverberatory furnace 

Process by blending the reverberatory furnace gases w i t h  converter 

o r  converter and roaster  gases and t r ea t ing  the combined gas stream 

w i t h  a double-absorption sulfur ic  acid plant .  A smelter i n  Yugoslavia 

i s  currently changing i t s  process so t h a t  the gases from the 

reverberatory furnace will be blended w i t h  the gases from roasters  

and converters. The combined gas stream will be a strong su l fur  
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d i o x i d e  stream t h a t  w i l l  be t r e a t e d  w i t h  s u l f u r i c  a c i d  p lan ts .  

The l i m i t a t i o n s  o f  t h i s  technique are  s i m i l a r  t o  those o f  f l a s h  

furnaces bu t  t h e  technique does o f f e r  smel ters  some f l e x i b i l i t y .  

The Admin is t ra to r  recognizes t h a t  copper smelters have t r a d i t i o n a l l y  

increased product ion by incremental  expansions o f  e x i s t i n g  f a c i l i t i e s ,  

i n  a d d i t i o n  t o  cons t ruc t i ng  new grass-roots  smelters. Some incremental  

expansions would be c l a s s i f i e d  as m o d i f i c a t i o n s  under sec t i on  111 

o f  t h e  Act and would be sub jec t  t o  new source pe r fonance  standards. 

Consequently, i n  developing the  proposed standards t h e  impact on 

modif ied smelters has been considered. The pr imary d i f f i c u l t y  

i n  accommodating bo th  grass-roots  copper smelters and mod i f i ed  

e x i s t i n g  copper smelters w i t h i n  a s i n g l e  s u l f u r  d iox ide  emission 

l i m i t a t i o n  i s  t h e  c o n t r o l  o f  increased emissions from modi f ied  

reverbera tory  furnaces. 

weak s u l f u r  d iox ide  streams from reverbera tory  furnaces i s  

considered unreasonable i n  most cases, b u t  grass-roots  smel t e r s  

can adopt a l t e r n a t i v e  copper smel t ing  processes which do n o t  

generate weak s u l f u r  d i o x i d e  streams. 

As s ta ted  above, the  costs  o f  c o n t r o l l i n g  

Future incremental  expansions o f  e x i s t i n g  copper smel ters  

may be r e s t r i c t e d  somewhat, i n  comparison w i t h  past  p rac t i ces ,  

by emission l i m i t a t i o n s  approved o r  promulgated under 40 CFR P a r t  52 

t o  meet na t i ona l  s u l f u r  d iox ide  ambient a i r  q u a l i t y  standards. 

However, some e x i s t i n g  copper smel ters  w i l l  s t i l l  be ab le  t o  expand 

produc t ion  w i t h i n  the  l i m i t s  o f  these requirements. 

requirements permi t  , s i g n i f i c a n t  expansions are t e c h n i c a l l y  f e a s i b l e  

Where these 
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w i t h o u t  increasing reverberatory furnace emissions. 

green-charge reverberatory furnace smelters, which account for  8 

of the exis t ing 15 domestic copper smelters,can be converted t o  

calcine-charge reverberatory furnace smelting to  achieve substant ia l ly  

increased production w i t h o u t  an increase i n  furnace emissions. Existing 

copper smelters can also convert to  smelting processes which  

do no t  employ reverberatory furnaces and can be controlled without 

using weak sulfur  dioxide control devices. 

smelters a re  planning conversions, one exis t ing smelter is 

in s t a l l i ng  additional capacity, and one new grass-roots smelter 

i s  under construction u s i n g  processes of this type. 

i t  appears t h a t  a new source performance standard based on the 

use of copper smelting processes t h a t  generate only strong 

sulfur dioxide streams allows f l e x i b i l i t y  for  expanding some 

exis t ing smelters. 

the widening of a reverberatory furnace t o  accommodate existing 

excess capacity of roa'sters , would increase reverberatory furnace 

emissions. The increased furnace emissions could be compensated 

by a corresponding decrease i n  emissions from other processing 

uni ts  producing strong sulfur  dioxide streams a t  t he  smelter 

provided i t  has not  been necessary t o  control emissions from 

a l l  these units t o  comply w i t h  the emission l imitations approved 

Or promulgated lmkr 40 CFR Part 52. 

increase reverberatory furnace emissions can be accompli shed 

w i t h o u t  increasing to ta l  sulfur  dioxide emissions from an en t i r e  

For example, 

Two exis t ing 

Consequently, 

However, other types of expansions, fo r  example 

That is. some expansions which 

(r 

ic 

s' 

v; 

I 
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copper smelter.  

f o r  e x i s t i n g  reverbera tory  furnaces i s  inc luded i n  the proposed 

standards. S p e c i f i c a l l y ,  any phys ica l  o r  opera t iona l  change 

t o  any e x i s t i n g  reverbera tory  smel t ing  furnace which r e s u l t s  

i n  an increase i n  s u l f u r  d iox ide  emission r a t e  f rom t h e  furnace 

i s  n o t  considered a m o d i f i c a t i o n  t o  the  furnace provided t h e  

combined t o t a l  s u l f u r  d iox ide  emission r a t e  from a l l  e x i s t i n g  

and a f f e c t e d  f a c i l i t i e s  a t  the  copper smelter does n o t  increase. 

The base l ine  s u l f u r  d iox ide  emission r a t e  i s  t h a t  a l lowed under 

implementation p lans approved o r  promulgated under 40 CFR Par t  52. 

To a l l ow  t h i s  t ype  o f  expansion, an exemption 

On t h e  bas is  o f  the above f a c t o r s ,  i t  i s  t h e  judgment 

o f  EPA t h a t  the  proposed standards w i l l  a l l ow  expansion o f  

some e x i s t i n g  copper smelters. 

the  economics { o f  incremental  expansions are case-speci f ic ,  

depending upon t h e  c o n f i g u r a t i o n  o f  t h e  e x i s t i n g  smel t ing 

process, e x i s t i n g  emission c o n t r o l  devices, t h e  l e v e l  o f  con t ro l  

requ i red  t o  comply w i t h  na t i ona l  ambient a i r  q u a l i t y  standards, 

and a number o f  economic fac to rs .  Accordingly,  EPA has funded 

a con t rac t  s tudy t o  Ar thur  D. L i t t l e ,  Inc.,(Cambridge, Massachusetts) 

t o  examine i n  more d e t a i l  several  issues concerning the  proposed 

standard f o r  copper smelters,  i n c l u d i n g  the impact o f  the  proposed 

standard on modified copper smelters.  The r e s u l t s  o f  t h i s  study 

w i l l  be t rea ted  as comments on the  proposed standard, and t h e  

Admin is t ra to r  w i l l  consider the r e s u l t s  i n  determin ing whether the  

EPA recognizes, however, t h a t  
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proposed standard should be rev ised p r i o r  t o  Promulgation. 

r e s u l t s  of t h e  study w i l l  a l s o  be made a v a i l a b l e  f o r  p u b l i c  

cement dur ing  t h e  comment per iod  following ProPosal. 

The 

The smel t ing i n d u s t r y  expressed s t r o n g  object ions,  dur ing  

the  development of the  proposed standards, t h a t  t h e  e l e c t r i c  

and f l a s h  smel t ing processes have s i g n i f i c a n t  l i m i t a t i o n s .  

i n d u s t r y  i n d i c a t e d  t h a t  e l e c t r i c  furnace smelt ing,  even though 

f u l l y  as f l e x i b l e  a product ion method as convent ional  reverberatory  

smel t ing  processes now i n  use, i s  n o t  v i a b l e  i n  some cases because 

of the  n o n - a v a i l a b i l i t y  o f  e l e c t r i c  power. 

t h a t  a s i g n i f i c a n t  p o r t i o n  o f  domest fca l ly  processed copper 

concentrates cannot be handled by f l a s h  furnaces, e i t h e r  because 

of an i n s u f f i c i e n t  amount o f  s u l f u r  o r  excess amounts o f  lead  

and z i n c  i n  the concentrates. However, EPA surveys show, as 

discussed i n  Sect ion 3, t h a t  approximately 95 percent o f  domestic 

ore concentrates have s u f f i c i e n t  s u l f u r  t o  permi t  the  use o f  f l a s h  

smel t ing and t h a t  more than 96 and 99 percent  o f  domestic copper 

concentrates are s u f f i c i e n t l y  l i m i t e d  in,  respec t ive ly ,  l e a d  

and z i n c  content  t o  permi t  t h e  use o f  f l a s h  furnaces w i t h o u t  

encounter ing major problems i n  the heat  recovery f a c i l i t i e s .  

Other v o l a t i l e  metals, such as arsenic,  antimony, bery l l ium,  

cadmium, and t i n ,  which cou ld  cause s i m i l a r  problems, are a l s o  

s u f f i c i e n t l y  l i m i t e d  i n  domestic o r e  concentrates t o  permi t  

t h e  use o f  f l a s h  smelt ing.  

The 

The i n d u s t r y  a l s o  argued 
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The industry a l so  ralsed the point t h a t  smelters incorporating 

f lash  furnaces a re  limited i n  the amounts of secondary copper scrap 

and copper precipi ta tes  (produced by acid leaching operations) which 

they are able t o  process, compared t o  conventional domestic smelters 

incorporating reverberatory furnaces. 

produce high-grade copper mattes containing 45-65 percent copper, 

whereas low-grade mattes of 30-40 percent copper a re  normally 

produced a t  most domestic smelters. 

leads t o  reduced copper converter blowing times and lower converter 

temperatures, thus reducing s igni f icant ly  the amounts o f  secondary 

copper scrap and copper precipi ta tes  which can be processed i n  the 

copper converters. 

Flash furnaces normally 

The increased matte grade.  

The recovery of copper from secondary copper scrap and copper 

precipi ta tes  a t  primary copper smelters i s  s ignif icant  and accounts 

for  about 30 percen6 o f  the copper produced by the domestic primary 

copper smelting industry. However, t h i s  l imitation of the f lash  

smelting process i s  g o t  l ike ly  t o  be as serious as i t  f i r s t  appears. 

Not every primary smdl ter currently operating processes s ignif icant  

amounts of secondary lcopper scrap o r  copper precipi ta tes .  Thus ,  

i t  i s  reasonable t o  zl.ssume tha t  not every new smelter will have t o  

process s ign i f icant  mounts of secondary copper scrap o r  copper 

precipi ta tes .  

would be of l i t t l e  cchcern. Also, there are a l te rna t ives  to  

processing a t  a prim&-y copper smelter by which copper can be 

recovered from secondary copper scrap and copper precipi ta tes .  

I 

In theke cases, ;his l imitation of f lash smelting 
I 

I . . .  . 

\ '  
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For example, the  domestic secondary copper smel t ing  i n d u s t r y  

c u r r e n t l y  recovers about as much copper from secondary copper 

scrap as the pr imary  copper smel t ing i n d u s t r y .  S p e c i f i c a l l y ,  

the  secondary copper smel t ing  indus tky  accounts f o r  45 percent  

of the  copper recovered from secondary scrap and the  pr imary 

copper smel t ing  i n d u s t r y  accounts f o r  t h e  remaining 55 percent.  

It should a l s o  be noted tha t ,  by t h e  i n d u s t r y ' s  own admission, 

smelters employing e l e c t r i c  smel t ing furnaces would n o t  be faced 

w i t h  these l i m i t a t i o n s .  Consequently, i f  a new copper smel ter  

were r e q u i r e d  t o  process s i g n i f i c a n t  amounts o f  secondary copper 

scrap and copper p r e c i p i t a t e s ,  e l e c t r i c  smel t ing r a t h e r  'than f1.as.h 

smel t ing furnaces cou ld  be employed.' 

Wi th  regard t o  copper p r e c i p i t a t e s ,  a number o f  commercial 

i n s t a l l a t i o n s  i n  opera t ion  i n  the  Un i ted  States recover"copper from 

copper leach ing  operat ions by leaching/so lvent  extraction/electrowinning, 

r a t h e r  than l e a c h i n g / p r e c i p i t a t i o n  fo l l owed  by  smel t ing a t  a pr imary 

copper smelter.  

20 percent  o f  t h e  copper recovered f rom copper leach ing  operat ions,  

wh i l e  t h e  pr imary smel t ing  i n d u s t r y  accounts f o r  t h e  o the r  80 percent.  

Consequently, t h i s  l i m i t a t i o n  o f  f l a s h  smel t ing  may r e s u l t  i n  the  

expansion o f  the  secondary copper smel t ing  i n o u s t r y  and the  

use o f  leach ing /so lvent  extraction/electrowinning i n  p lace  o f  

leaching/precipitation/smel t i n g ,  r a t h e r  than l i m i t  t h e  recovery o f  

copper from leaching operat ions w i t h i n  the  Un i ted  States o r  l i m i t  

the  a p p l i c a t i o n  o f  f l a s h  smelt ing.  

C u r r e n t l y  these i n s t a l l a t i o n s  account f o r  about 

, 

c 
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F i n a l l y ,  i n  t h e  l a s t  stages o f  t h e  development of the  proposed 

standards by EPA, the  industry r a i s e d  t h e  p o i n t  t h a t  smelters employing 

f l a s h  smel t ing furnaces and process ing copper concentrates conta in ing  

high l e v e l s  o f  i m p u r i t i e s  such as arsenic ,  antimony, and bismuth 

migh t  produce b l i s t e r  copper con ta in ing  h igher  l e v e l s  o f  these 

i m p u r i t i e s  than if the concentrates were processed i n  convent ional  

domestic reverbera tory  smel t ing furnaces. As mentioned above, the 

increased grade o f  matte produced by  a f l a s h  smel t ing furnace leads 

t o  reduced conver te r  blowing t ime and lower conver te r  temperatures. 

. Th is  . . . . . . was c i t e d  by the  i n d u s t r y  as l ead ing  t o  decreased i m p u r i t y  

e l i m i n a t i o n  by  t h e  copper conver te rs  and thus l ead ing  t o  the  product ion 

o f  b l i s t e r  copper o f  h igher  i m p u r i t y  l e v e l s  than t h a t  produced by 

convent ional  domestic smelters employing reverberatory  smel t ing 

furnaces. However, t h e  i ndus t r y  d i d  n o t  supply EPA data 

o r  in fo rmat ion  showing tha t .  the  . leve ls  of these i m p u r i t i e s  a re  so 

h igh  i n  a' s i g n i f i c a n t  p o r t i o n ' o f  domestic copper concentrates 

and o the r  copper smelter feed m a t e r i a l s  t h a t  t h i s  p o t e n t i a l  

problem would c o n s t i t u t e  a major l i m i t a t i o n  t o  t h e  use o f  t h e  

f lash  smel'ting process. 

Furthermore, a review by EPA o f  t h e  var ious techniques f o r  

the  r e f i n i n g  o f  b l i s t e r  copper, as discussed i n  Sect ion 3 ,  i nd i ca tes  

t h a t  a number o f  these techniques c o u l d  be app l ied  t o  e l i m i n a t e  

some increased l e v e l s  o f  these i m p u r i t i e s .  As a l s o  discussed 

i n  Sect ion 3 ,  blending of h igh - impur i t y  concentrates w i t h  concentrates 

con ta in ing  normal o r  minimal l e v e l s  o f  these i m p u r i t i e s  cou ld  be 
. .  . ~ 
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uti l ized t o  a l lev ia te  these problems t o  some extent .  

i t  should be noted here, as  above, t ha t  by the industry’s own 

admission smelters employing e l ec t r i c  smelting furnaces would not 

be faced w i t h  these problems. 

were required t o  process copper concentrates containing higher levels  

of impurities than could be successfully processed by flash smelting, 

e l ec t r i c  smelting could be employed. 

In addition, 

Consequently, if a new copper smelter 

As mentioned above, these po in t s  concerning the l imitations of 

smelters employing f lash smelting furnaces, w i t h  regard t o  the processing 

of concentrates containing h i g h  levels of various impurities, were 

raised during the f ina l  stages of developing the proposed standards. 

Preliminary investigations in to  this area and into the general 

ava i lab i l i ty  of e l ec t r i ca l  power f o r  smelters incorporating 

e l e c t r i c  smelting furnaces indicated tha t  the f lash  smelting 

process i s  applicable t o  the major portion of domestic copper 

concentrates and tha t  e l ec t r i ca l  power will be available in the 

western United States  f o r  those new copper smelters which m i g h t  

u t i l i z e  e l e c t r i c  smelting furnaces. However, EPA has funded 

a contract study t o  Arthur D. L i t t l e ,  Inc., (Cambridge, Massachusetts) 

t o  independently examine th i s  s i tuat ion i n  greater de ta i l .  The 

study i s  to  assess the ava i lab i l i ty  and cost  of e lec t r ica l  power 

for new copper smelters employing e l e c t r i c  smelting furnaces; 

t o  quantify the l imitations of the f lash smelting process i n  

comparison w i t h  the conventional domestic reverberatory furnace 

smelting process; and t o  examine the associated economic impact 

*/ 1 
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.of t h e  proposed . .  standards, i n c l u d i n g  t h e  impact on mod i f i ed  

copper smelters. 

be t rea ted  as comments on t h e  proposed standards, and the  

Admin is t ra to r  w l l l  cons ider  t h e  r e s u l t s  i n  determin ing whether 

the  proposed standards should be rev i sed  p r i o r  t o  promulgat ion.  

The r e s u l t s  o f  t h e  Ar thur  D. L i t t l e  study w i l l  

On the bas is  of t h e  in fo rmat ion  a v a i l a b l e  a t  t h i s  time, 

the'  choice o f  the  best  adequately demonstrated emission reduc t i on  

system f o r  weak su l fu r  d i o x i d e  streams a t  copper smelters (consider ing 

cos t )  can be made from the  f o l l o w i n g  a l te rna t i ves :  

(1) u t i l i z a t i o n  of t h e  reve rbe ra to ry  furnace w i t h  no c o n t r o l  

of the  weak s u l f u r  d i o x i d e  stream, w h i l e  app ly ing  a double- 

absorpt ion s u l f u r i c  a c i d  p l a n t  t o  the  s u l f u r  d i o x i d e  stream 

o f  the  conver ters  o r  the  roas te rs  and converters,  t o  

o b t a l n  70-80% o v e r a l l  s u l f u r  d iox ide  c o n t r o l  a t  a c o s t  I 

o f  1.6 cents p e r  pound o f  copper; 

( 2 )  . u t i l i z a t i o n  o f  a scrubbing system t o  c o n t r o l  t h e  weak 

s u l f u r  d iox ide  stream o f  t h e  reverbera tory  furnace, wh i l e  

apply ing a double-absorpt ion s u l f u r i c  a c i d  p l a n t  t o  the  

s u l f u r  d iox ide  stream o f  t h e  conver ters  o r  roas te rs  and 

converters,  i n  o rder  t o  o b t a i n  98.5% o v e r a l l  s u l f u r  d iox ide  

c o n t r o l  a t  a c o s t  o f  4.4 and 3.4  cents per  pound o f  

copper, respec t i ve l y .  n 
u t i l i z a t i o n  o f  e l e c t r i c  smel t ing  t o  e l i m i n a t e  weak su l fu r  

d i o x i d e  streams, w h i l e  app ly ing  a double-absorpt ion s u l f u r i c  

a c l d  p l a n t  t o  t h e  blended s t rong  s u l f u r  d i o x i d e  stream o f  

z i  

)..- ( 3 )  
, I  I 
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the electric furnace and the converters,  i n  order t o  obtain, 

99.5% overall su l fu r  dioxide control a t  a cost of 1.9 cents 

per pound of copper; and 

( 4 )  u t i l i za t ion  of f lash  smelting to  eliminate weak sulfur 

1: , dioxide streams while applying a double-absorption su l fu r i c  

acid plant  to  the blended strong su l fu r  dioxide stream 

, '  o f  the f lash furnace and the converters, i n  order t o  obta in  

99.5% overall  su l fur  di,oxide control a t  a cost of 1.6 cents 

per pound of copper. . .  

All o f  the above costs assume tha t  the ac id  i s  sold a t  zero netback 

to  the smelter. As discussed in Section 6.1, the cost  of each 

of the above a l te rna t ives ,  except f o r  scrubbing of the weak 

sulfur  dioxide stream from the reverberatory furnace, is reasonable 

whencompared t o  the allowable increase of 3 cents per pound .of 

copper. 

and (4) are approximately the same, the choice can be based on the 

degree of su l fur  dioxide control.  The difference i n  control levels 

Because the costs of control for a l te rna t ives  (11, (3 ) ,  

achieved would be large. 

smelting a l te rna t ive  would result i n  99.5% overall control of 

smelter su l fur  dioxide emissions, whereas the uncontrolled reverberatory 

furnace a l te rna t ive  would r e s u l t  i n  only 70-80% overall sulfur 

diox.ide.. control. The corresponding approximate sulfur dioxide 

Either the e l e c t r i c  smelting or flash 

1 

I 

' emission r a t e s  a r e ,  respectively,  3 and 180-120 tons per day. 

After due consideration of the points outlined above, i t  is 

the determination of the Administrator t h a t  the electric and the 
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f l a s h  furnace smel t ing processes, i n  con junc t ion  wi th double-absorpt ion 

s u l f u r i c  a c i d  p lan ts ,  cons t i t u te ,  the  bes t  systems o f  copper smelter- 

emission reduction', cons ider ing cost, which have been adequately 

demonstrated. 

I n  developing t h e  proposed standards f o r  s u l f u r  d i o x i d e  emissions 

f r o m  z inc  smelters, 'both t h e  e l e c t r o l y t i c  z inc  e x t r a c t i o n  process which 

generates no weak s u l f u r  d iox ide  streams and those pyrometa l lu rg ica l  

processes which convent iona l l y  discharge a weak s u l f u r  d iox ide  stream 

f rom s i n t e r i n g  machines were considered. 

t r a t e s  precedes s i n t e r i n g ,  as p r a c t i c e d  a t  t h ree  o f  t h e  f o u r  domestic non-'. 

e l e c t r o l y t i c  .z inc  sil lelters, the  s i n t e r i n g  machine e f f l u e n t  t y p i c a l l y  

contains 3-7 percent o f  t h e  smel ter  . inpu t  s u l f u r  a t  a concent ra t ion  o f  I 

400-3000 ppm s u l f u r  d iox ide.  As s t a t e d  above and i n  Sect ion 6.2, t h e  . .. 

h igh c o s t  (3.2:cents per  pound o f  z inc,  assuming a c i d  s o l d  a t  zero,;netback 

t o  smel ter )  o f  scrubbing weak s u l f u r  d i o x i d e  emissions f r o m  a s i n t e r i n g  : 

mch ine .  while app ly ing  a double-absorpt ion a c i d  p l a n t  t o  t h e  r o a s t e r  - 

stream, was judged. t o  be unreasonable when compared t o  the  z i n c  smel ter  I 

When r o a s t i n g  o f  z inc  concen- 

p r o f i t  margin o f  0.5 cent  per  pound o f  z inc.  . 1 -  2 

The e l e c t r o l y t i c  process produces h ighe r  p u r i t y ,  more expensive z inc  ; 

than i s  requ i red  by the  end uses o f  g r e a t e r  than 50 percent  o f  t h e  U.S. 

z inc  consumption. Some uses such as ga lvan iz ing  even r e q u i r e  t h e  presence' 

o f  impur i t i es ,  and thus necess i ta te  debasing o f  e l e c t r o l y t i c a l l y  produced :I 

z i n c  a t  an a d d i t i o n a l  cos t  o f .0 .5  cent  per  pound o f  z inc .  Adding t h i s  . 

addt t tona l  ceftief 0.5 cent  per  pound-o f  z lnc  t o ' t h e ' c o s t  o f  double- 

absorpt ion s u l f u r i c  ac id  c o n t r o l  o f  t h e  r o a s t e r  s u l f u r  d iox ide  stream, 
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is shown i n  Table 6-19, r e su l t s  in a to ta l  control cost of 1.3 cents per 

pound of zinc. As discussed i n  Section 6.2,  this cost  i s  not  reasonable 

when compared to the zinc smelter p ro f i t  margin of 0.5 cent per pound 

of zinc. 

accomodates the two major types of  reduction furnaces which individually 

produce intermediate-grade zinc and the lower (Prime Western) grade zinc 

f o r  end uses such as  galvanizing. 

On the other hand, the non-electrolytic zinc smelting process 

The Robson roast-sintering process was also investigated to determine 

i t s  f e a s i b i l i t y  for  elimination of the weak sulfur dioxide stream by 

internal ly  recirculating the weak su l fur  dioxide stream t o  the areas of 

the combined roast-sintering machine where the primary roasting reaction 

takes place. The use of recirculation of t he  weak su l fur  dioxide stream 

requires the instal  l a t ion  of a high-efficiency particulate-removal system 

i n  order to  prevent recapture of the lead and cadmium impurities i n  the 

s i n t e r  bed. The Robson roast-sintering process, while using gas recircu- 

la t ion ,  i s  basical ly  sui ted only f o r  the production of sinter to  be used 

i n  the horizontal and ver t ical  r e to r t  furnaces. An exceptionally hard and 

strong s i n t e r  is required for  electrothermic furnace reduction, and  there  

i s  some doub t  tha t  even briquetting of the product s i n t e r  of the Robson 

process can produce an acceptable sinter f o r  the electrothermic furnace. 

Thus ,  i f  the standards were based solely on the capabi l i t ies  of the Robson 

technique, the e f f ec t  would be the prohibition of a s ign i f icant  modern, 

versa t i le  reduction technique, the electrothermic furnace, which produces 

over 25% of the domestic zinc production. In a d d i t i o n  t o  the technical 
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shortcomings associated with the Robson process, the  cos t  o f  1.2 cents per  

pound o f  z inc  f o r  double-.absorption .ac id .  plpnt. c o n t r o l  (not  i nc lud ing  t h e  

cos t  o f  a h igh -e f f i c i ency  p a r t i c u l a t e - c o l l e c t i o n  system f o r  t h e  r e c y c l e  

stream) i s  50% g rea te r  than t h e  cos t  f o r  doub leabsorp t i on  a c i d  p l a n t  

con t ro l  o f  t h e  s t rong s u l f u r  d iox ide  streams o f  convent ional  roas t i ng '  

and s in te r i ng ' sme l te rs ,  desp i te  on l y  a 2-1/2% t o  6% increase i n  o v e r a l l  

smel ter  s u l f u r  d iox ide  con t ro l .  , . . , .  '. 

4 .- 
A f t e r  due cons idera t ion  O f  t h e  shortcomings o f  the  e l e c t r o l y t i c  

z inc  e x t r a c t i o n  process and t h e  Robson r o a s t - s i n t e r i n g  Drocess d iscus ied  

above, t h e  Admin is t ra to r  has determined t h a t  these processes 

have n o t  beewdemonstrated t o  be o f  s u f f i c i e n t l y  broad a p p l i c a b i l i t y  t o  

j u s t i f y  bas ing the  proposed standards s o l e l y  on these processes. According- 

ly, the  proposed standards do n o t  s p e c i f y  a s u l f u r  d iox ide  emission l i m i -  

t a t i o n  f o r  s inter i 'ng machines. 

does i nc lude  the  c u n t r o l  o f  r o a s t e r  s u l f u r  d i o x i d e  streams. Thus, the 

proposed standards r e q u i r e  t h e  equ iva len t  o f  double-absorption s u l f u r i c  

a c i d  p l a n t  c o n t r o l  f o r  roasters .  

emi ts  more than 10 percent  o f  t h e  smel ter  i n p u t  s u l f u r  (as s u l f u r  d iox ide ) '  

w i l l  be sub jec t  t o  t h e  same s u l f u r  d i o x i d e  standard as z inc  roasters .  

This ensures t h a t  s i n t e r i n g  machines which are  operated simultaneously 

as roasters ,  and which have been judged t o  be capable o f  generat ing s t rong 

s u l f u r  d iox ide  e f f l u e n t s ,  w i l l  be c o n t r o l l e d  t o  the  l e v e l  requ i red  on 

a l l  o the r  s t rong streams. 

However, b e s t  technology (consider ing costs) 

Also, any s i n t e r i n g  machine which 

' I  

I n  developing the proposed standards f o r  s u l f u r  d iox ide  emissions 

from l e a d  smelters, t h e  f o l l o w i n g  processes were considered: 

convent ional  process t h a t  does n o t  use s i n t e r i n g  machine gas r e c i r c u l a t i o n ,  

(a)  the  
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(b) t h e  s i m i l a r  process t h a t  inc ludes  s i n t e r i n g  machine gas r e c i r c u l a t i o n ,  

and ( c )  the  e l e c t r i c  furnace-conver ter  process. 

t h e  s i n t e r i n g  machine e f f l u e n t  i s  e i t h e r  a s i n g l e  weak s u l f u r  d iox ide  

stream, o r  a s i n g l e  s t rong  s u l f u r  d iox ide  stream f r o m  t h e  f r o n t  o f  the  

machine and a s i n g l e  weak s u l f u r  d iox ide  stream from t h e  back. I f  t h e  

s i n t e r i n g  machine e f f l u e n t  i s  s p l i t ,  t h e  weak s u l f u r  d iox ide  stream 

t y p i c a l l y  conta ins 20 percent  o f  t h e  smel te r  i n p u t  s u l f u r .  Gas r e c i r c u -  

l a t i o n  tn the second process permits t h e  a t ta inment  o f  a s i n g l e  s t rong 

s u l f u r  d iox ide  discharge from t h e  s i n t e r i n g  machine. Both o f  t h e  f i r s t  

two processes discharge a weak s u l f u r  d i o x i d e  stream, conta in ing  approxi-  

mate ly  7 percent o f  t h e  smel ter  i n p u t  s u l f u r  a t  a gas stream concent ra t ion  

o f  500-2500 ppm s u l f u r  d iox ide,  from b l a s t  furnaces. The t h i r d  process, 

us ing an e l e c t r i c  furnace and converters,  i s  t h e  on ly  demonstrated l ead  

smeltin'g process which has been i d e n t i f i e d  t o  be capable' o f  e l i m i n a t i n g  

a l l  weak s u l f u r  d iox ide  streams. However, t h i s  process has t o  date been 

used on ly  a t  a s i n g l e  f o r e i g n  smelter, and no s u l f u r  d i o x i d e  c o n t r o l  has been 

I n  the  f i r s t  instance, 

app l i ed  t o  t h e  conv5siers. 

yet handled concentrates conta in ing  l ess  than ,155 percent  lead, whereas 

domestic concentrates t y p i c a l l y  con ta in  55 percent lead. 

Further,  t h e  e l e c t r i c  furnace'process has n o t  

I n  the judgment o f  t h e  Admin is t ra to r ,  i t  has n o t  been demonstrated 

t h a t  t h e  e l e c t r i c  furnace process i s  o f  s u f f i c i e n t l y  broad a p p l i c a b i l i t y  

t o  j u s t i f y  basing t h e  proposed standards s o l e l y  on t h i s  process. Thus, 

t h e  choice of the bes t  adequately demonstrated emission reduc t i on  system 

f o r  l e a d  smelters (cons ider ing  cos t )  can be made f r o m  t h e  f o l l o w i n g  

a1 t e r n a t i  ves : 

7-34 



b '!' 

(1) u t i l i za t ion  of a conventional sintering machine w i t h  no control , 
of the weak sulfur dioxide streams of the s inter ing machine or 

b las t  'furnace, while applying a double-absorption sulfuric acid. 

plant to the strong su l fu r  d ioxide  stream of the s inter ing 

machine, in order to obtain 68.5% overall su l fu r  dioxide.;control. 

a t  a cost  of 0.5 cent .  per pound of lead ;  

u t i l i za t ion  o f  a scrubbing system t o  control the weak sulfurDi4,mt.: 

dioxide stream o f  a conventional s inter ing machine w i t h  no . :.:' 

control of the weak su l fu r  d ioxide  stream o f  the b las t  furnace; .: 

while applying a double-absorption su l fur ic  acid p l a n t  to . the  

strong sulfur dioxide stream of the s inter ing machine, i n  order . 

to  obtain 89% overall su l fu r  dioxide control a t  a cost  of 3.1 

cents per pound of lead; 

(3) u t i l i za t ion  of a scrubbing system to  control . the  weak suhfur . .: 

dioxide.streams of a conventional s inter ing machine and b las t  . 
furnace, while applying a double-absorption acid plant t o  t he .  . 

strong sulfur  dioxide stream of the s inter ing machine, i n  order : 

t o  obtain 96.5% overall  su l fu r  dioxide control a t  a cost  of 3.6 

; f <'.I:.. 

( 2 )  

\ 

cents per pound of lead; 

(4 )  ut i l iza t ion  of a recirculating s inter ing machine t o  eliminate 

the weak sulfur  dioxide stream of the sintering machine, while 

applying no control t o  the weak su l fur  dioxide stream of: $heii  5 -  

blas t  furnace, and while applying a double-absorption acid ,plant. 

to , . the ,  s t r o n g  stream of the s in te r ing  machine, i n  order t o  obtain 

91% overall sulfur  dioxide control a t  a cost  of 0.7 cen t -  per 

pound of lead; and 

' 
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(5) ut i l iza t ion  of a recirculating s in te r ing  machine t o  eliminate 

the weak sulfur  dioxide stream of the s inter ing machine, while 

applying a scrubbing system t o  the weak sulfur  dioxide stream of 

the blast  furnace, and while applying a double-absorption ac id  

p l a n t  t o  the strong stream of the s inter ing machine i n  order t o  

obtain 98.5% overall sulfur  dioxide control a t  a cost  of 1.8 

cents per pound of lead. 

All of the above costs assume t h a t  the acid is sold a t  zero netback t o  

the smelter. 

( 3 ) ,  and ( 5 ) ,  a l l  of which include scrubbing of weak su l fur  dioxide streams, 

a re  not  reasonable, b u t  the costs of control fo r  ( l ) ,  conventional s in te r ing ,  

and ( 4 ) ,  recirculat ing s in te r ing ,  can be borne by the lead smelting industry. 

The control cost  of the recirculating s in te r ing  machine o p t i o n  is approxi- 

mately 50% greater  than the control cost of conventional sintering, b u t  the 

overall  degree o f  sulfur dioxide emission control i s  increased 33%. After 

due consideration of the points outlined above, the Administrator has 

determined tha t  the proposed standards should be based on the generation 

of a strong sulfur  dioxide s inter ing machine discharge, thereby effect ively 

requiring s inter ing machine gas recirculat ion.  Accordingly, the proposed 

standards require the equivalent o f  double-absorption su l fur ic  acid plant 

control for s inter ing machines, e l e c t r i c  furnaces, and converters. 

7 .5 .1 .3  Part iculate  Emissions 

As discussed in Section 6.3, the costs o f  al ternat ives  (2 ) ,  

Part iculate  emissions are generated by several primary copper, zinc, 

and lead smelting processes. However, those processes which use su l fur ic  

'fT 
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a c i d  p lants ,  elemental s u l f u r  p lan ts ,  o r  scrub6ing systems t o  c o n t r o l  

smel ter  s u l f u r  d iox ide  emissions s imul taneously  c o n t r o l  p a r t i c u l a t e  

emissions because proper  ope ra t i on  o f  these s u l f u r  d iox ide  removal systems 

requi res p r i o r  c lean ing  o f  t h e  s u l f u r  d i o x i d e  feed stream by t h e  bes t  

ava i l ab le  p a r t i c u l a t e  c o n t r o l  technology. 

requ i re  t h e  equ iva len t  o f  double-absorption s u l f u r i c  a c i d  p l a n t  c o n t r o l  

on the  e f f l u e n t s  from (a)  copper roas ters ,  smel t ing  furnaces, and converters,  

(b) z inc  roasters ,  and (c)  l ead  s i n t e r i n g  machines ( f o r  t h e  gases which 

pass through the  s i n t e r  bed), e l e c t r i c  smel t ing  furnaces, and converters.  - 

The o n l y  sources which emi t  s i g n i f i c a n t  p a r t i c u l a t e  streams t h a t  a r e  no t  

a lso  requ i red  t o  c o n t r o l  s u l f u r  d iox ide  emissions t o  the  l e v e l s  equ iva len t  

t o  s u l f u r i c  aCtd p l a n t  c o n t r o l  are  copper dryers,  z i n c  s i n t e r i n g  

mchines,  and lead b l a s t  furnaces, dross reverbera tory  furnaces, and 

s i n t e r i n g  machines (discharge end). 

p a r t i c u l a t e  emissions, from these sources are proposed. 

The proposed s u l f u r  d iox ide  standards 

,)I/ Thus, e x p l i c i t  standards f o r  

As discussed In tSec t i on  4, f a b r i c  f i l t r a t i o n  i s  one o f  t h e  most 

e f f i c i e n t  (g rea te r  than 99.9% by mass, on standard dusts) methods used 

f o r  t h e  c o l l e c t i o n  o f  p a r t i c u l a t e  mat te r  from gas streams. Cur ren t ly ,  

baghouses c o n t a i n i n g ' i n d u s t r i a l  f a b r i c  f i l t e r s  a re  used f o r  p a r t i c u l a t e  

con t ro l  on a l l  o f  t h e  b l a s t  furnace operat ions and f i v e  o f  the  s i x  s i n t e r -  

i n g  operat ions w i t h i n  t h e  pr imary  domestic l e a d  smel t ing i ndus t r y ,  on one 

,. o f  t h e  th ree  domestic pr imary z i n c  s i n t e r i n g  operat ions,  and on t h e  . .  . 

copper concentrate d rye r  o f  an e l e c t r i c  furnace smel ter  which w i l l  

undergo s t a r t u p  i n  t h e  #near  fu tu re .  The cos ts  o f  baghouse c o n t r o l  

f o r  these operat ions are  n o t  unreasonable f o r  t h e  pr imary z inc  and 
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l ead  smel t ing  i n d u s t r i e s .  In fact, the  economic r e t u r n  due t o  the  

use o f  baghouses f o r  by-product recovery o f f s e t s  the emission c o n t r o l  

cos ts  i n  most cases, as evidenced by  t h e  widespread use o f  baghouses 

w i t h i n  t h e  pr imary lead and z inc  smel t ing  i n d u s t r y  before t h e  advent 

o f  a i r  p o l l u t i o n  c o n t r o l  regu la t ions .  Thus, t h e  Admin is t ra to r  has 

determined t h a t  t h e  proposed standards f o r  p a r t i c u l a t e  mat te r  should 

r e q u i r e  the  equ iva len t  o f  baghouse c o n t r o l .  
V 

'P 

'. 
\ 

7-38 



I-. ?'. 

7.5.2 Q u a n t i t a t i v e  Emission L i m i t s  

7.5.2.1 S u l f u r  Diox ide 

Severalrmethods o f  s p e c i f y i n g  s u l f u r  d iox ide  emission 

l i m i t a t i o n s  were considered, i n c l u d i n g  s u l f u r  d iox ide  concen- 

t r a t i o n  o f  an emission stream, percentage recovery o f  i n p u t  s u l f u r  t o  

a smelter, and mass emission o f  s u l f u r  d iox ide  per  u n i t  o f  

metal o r  u n i t  o f  in termediate m a t e r i a l  produced. - -  : 1 

The performance o f  a s u l f u r i c  a c i d  p l a n t  o r  o the r  s u l f u r  

d iox ide  c o n t r o l  device can be charac ter ized  by  the  e f f i c i e n c y  

o f  s u l f u r  d iox ide  capture. 

e f f i c i e n c y  can be expressed i n  terms o f  mass o f  s u l f u r  d iox ide  

emi t ted per  u n i t  o f  s u l f u r i c  a c i d  produced, o r  i n  terms o f  p l a n t  

i n l e t  and o u t l e t  s u l f u r  d i o x i d e  concentrat ions.  I n  p rac t ice ,  

a c i d  p l a n t  vendors f requen t l y  s p e c i f y  performance i n  terms o f  

a guaranteed maximum o u t l e t  s u l f u r  d i o x i d e  concentrat ion,  based 

upon i n l e t  s u l f u r  d iox ide  concent ra t ion  being i n  a s ta ted  range. 

Therefore, t h e  measurement o f  o u t l e t  s u l f u r  d iox ide  concentrat ion 

from a m e t a l l u r g i c a l  a c i d  p l a n t  i s  a means o f  assessing t h e  

e f fec t i veness  o f  the  p l a n t  i n  c o n t r o l l i n g  s u l f u r  d iox ide  emissions. 

The a v a i l a b i l i t y  o f  s u l f u r  d i o x i d e  concent ra t ion  moni tors  

a f f o r d s  a convenient method o f  mon i to r i ng  o u t l e t  concentrat ion,  

and thereby p l a n t  performance, on a continuous bas is .  

For a s u l f u r i c  a c i d  p lan t ,  the  

The development o f  a s u l f u r  d i o x i d e  emission l i m i t a t i o n  

i n  terms o f  percentage recovery o f  i n p u t  s u l f u r  t o  a smelter 

7-39 



involves a knowledge of both the efficiency of control devices 

i n  capturing the sulfur dioxide delivered t o  the devices and  

the d i s t r i b u t i o n  of the i n p u t  sulfur  among several output 

material flow streams from the smelter. Sulfur enters a smelter 

primarily as  a consti tuent of the concentrates t o  be smelted. 

Sulfur typical ly  leaves a smelter by several routes such as: 

(a)  sulfur  contained i n  by-products of control devices, for  

example, su l fur ic  acid; (b) sulfur  discharged t o  the atmosphere, 

e i the r  controlled or  uncontrolled, through stacks; (c )  su l fur  

discharged t o  the atmosphere as fugi t ive emissions; and ( d )  sulfur 

contained i n  s lags ,  o r  metal-bearing products or  by-products. 

To develop a quantitative percentage su l fu r  recovery limi ta t ion ,  

i t  wotild be necessary t o  determine sulfur  mass balances a t  

smelters. 

t o  €PA t h a t  i n  t he i r  experience sulfur mass balances can be 

resolved only t o  w f E h i n  20-40 percent of the i n p u t  sulfur .  

Even i f  more accurate methods were developed and percentage. 

su l fur  recovery l imitations were s e t ,  the monitoring of smelter 

operation would be re la t ive ly  complicated by comparison with 

monitoring only the concentration of e f f luent  su l fur  dioxide 

streams. I t  would be necessary to  determine the to ta l  mass of 

sulfur contained i n  a t  l e a s t  two material flow streams over an 

appropriate interval of time, for example,in the concentrate feed 

stream and i n  the sulfur-contafning material produced by a control 

device. 

Representatives of the smelting industry have indicated 

In general, i t  would be necessary t o  monitor more than 
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two streams t o  c lose  t h e  s u l f u r  mass balance, f o r  example,to account 

f o r  s u l f u r  conta ined i n  s lags.  

monitored i n  determining percentage s u l f u r  recovery, i t  

would be necessary t o  determine the  mass r a t e  o f  f l o w  o f  t h e  

stream i n  a d d i t i o n  t o  the s u l f u r  d i o x i d e  concentrat ion.  

I f  an a i r  emission stream were 

A production-based emission l i m i t a t i o n ,  expressed as 

mass emission o f  s u l f u r  d iox ide  per  u n i t  o f  ma te r ia l  produced, 

must account f o r  v a r i a t i o n s  i n  the  s u l f u r  content  o f  the  raw 

mate r ia l s  processed per  u n i t  o f  m a t e r i a l  produced by  a smelter.  
/ 

' !  
For example, copperccontaining m a t e r i a l s  such as scrap and 

cement copper which conta in  l i t t l e  s u l f u r  are processed by some 

copper smelters, b u t  n o t  by others.  Th is  v a r i a t i o n  i n  s u l f u r  J r  

content  cou ld  be s i g n i f i c a n t  on a day-to-day bas is  a t  a g iven smelter,  

as w e l l  as among 'var ious smelters which handle d i f f e r i n g  q u a n t i t i e s  

o f  var ious  feed mater ia ls .  

developing an appropr ia te  emission l i m i t a t i o n ,  the  mon i to r i ng  

o f  a production-based l i m i t a t i o n  would be r e l a t i v e l y  complex. 

One method o f  mon i to r ing  would necess i ta te ,  f o r  example, measuring 

the mass r a t e  o f s f l o w  o f  t h e  emission stream, i n  a d d i t i o n  t o  

the  s u l f u r  d i o x i d e  concentrat ion,  and measuring the produc t ion  

o f  ma te r ia l .  

Apart f rom t h e  d i f f i c u l t i e s  I n  

.. . A f t e r  cons ider ing  the  above f a c t o r s ,  t h e  Admin is t ra to r  1.8 _ I '  

has determined t h a t  the  proposed s u l f u r  d iox ide  emission l i m i t a t i o n s  

should be s p e c i f i e d  as a l lowab le  concentrat ions o f  s u l f u r  d iox ide  i n  gases 

emi t ted  f rom a f f e c t e d  f a c i l i t i e s .  The performance o f  bes t  demonstrated 
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& s s i m  2mtrol devices i s  d i r e c t l y  r e l a t e d  t o  the  o u t l e t  

s u l f u r  d i o x i d e  concentrat ions from the devices. 

of percentage s u l f u r  recovery emission l i m i t a t i o n s  o r  product ion- 

based emission l i m i t a t i o n s  would have requ i red  a much more 

extensive data base, and no increased e f fec t i veness  i n  c o n t r o l l i n g  

s u l f u r  d i o x i d e  emissions would have resu l ted .  The proposed s u l f u r  

d i o x i d e  emission l i m i t a t i o n s  can be e f f e c t i v e l y  monitored on a 

continuous basis,  whereas t h e  mon i to r ing  o f  percentage s u l f u r  

recovery or production-based l i m i t a t i o n s  f o r  smelters i s  genera l l y  

more complex and l i k e l y  t o  be o f  unacceptable accuracy. 

The development 

S u l f u r i c  a c i d  p l a n t s  had been i n s t a l l e d  t o  recover o r  c o n t r o l  

s u l f u r  d i o x i d e  i n  s t rong e f f l u e n t  streams a t  several domestic 

smelters p r i o r  t o  i n i t i a t i n g  development o f  the  proposed standards. 

These p l a n t s  were a l l  o f  s ing le -absorp t ion  design. The operat ion 

o f  these m e t a l l u r g i c a l  s u l f u r i c  a c i d  p lan ts ,  as w e l l  as t h a t  o f  more 

e f f i c i e n t  double-absorption p lan ts  which were operat ing a t  several 

fore ign smelters, d i f f e r s  from t h a t  o f  convent ional  domestic 

su l fu r -bu rn ing  a c i d  p l a n t s  because o f  t h e  l a r g e  f l u c t u a t i o n s  

i n  f low r a t e  and s u l f u r  d iox ide  concent ra t ion  generated by 'some 

sme l t i ng  processes. 

of m e t a l l u r g i c a l  s u l f u r i c  a c i d  p lan ts  cou ld  n o t  be i n f e r r e d  d i r e c t l y  

from t h e  well-documented performance c a p a b i l i t i e s  o f  conventional 

domestic s u l f u r i c  a c i d  p lan ts .  The establ ishment o f  s u l f u r  d iox ide  

emission l i m i t s  f o r  m e t a l l u r g i c a l  s u l f u r i c  a c i d  p l a n t s  thus requ i red  

t h a t  emission t e s t s  be conducted a t  sme l t i ng  f a c i l i t i e s .  

Accordingly, t h e  emission c o n t r o l  performance 
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The i n i t l a l  o b j e c t i v e  of the  emission t e s t i n g  program was t o  

develop an appropr ia te s u l f u r  d i o x i d e  emission l i m f t a t i o n  f o r  s lng le -  

absorpt ion a c i d  p lan ts ,  since no double-absorption p l a n t s  were i n  

operat ion a t  domestic smelters. Three pr imary f a c t o r s  t o  be considered 
\ 

i n  i n t e r p r e t i n g  the  data- were i d e n t i f i e d :  -' :,!N?.- ' 

1. Determination o f  the  minimum averaging t ime which e f f e c t i v e l y  

masks the  l a r g e  f l u c t u a t i o n s  i n  a c i d  p l a n t  o u t l e t  su l fuck ix . ;  1. 

d i ox ide  concentrat ion.  The c o n t r o l  o f  copper conver te r  . _  I . .  

e f f l u e n t s  was judged t o  be the most severe problem 

the viewpoint  o f  concent ra t ion  f l u c t u a t i o n s .  

Determination o f  a long-term e f f e c t  o f  d e t e r i o r a t i o n  o f  .ac id  

p l a n t  c a t a l y s t  on o u t l e t  s u l f u r  d iox ide  concentrat ion.  

Determination o f  the magnitude o f  time-averaged o u t l e t  

s u l f u r  d iox ide  concentrat ions as compared w i t h  vendor , I  

2. 

* 

3. 

,.,.:..,, 

guarantees f o r  shor t - te rm performance t e s t s .  .. 

The s u l f u r  d iox ide  emissions from a s ing le -absorp t ion  s u l f u r i c  

a c i d  p l a n t  (Kennecott Copper Corporation, Gar f ie ld ,  Utah, No. 7 , . l l r  

a c i d  p l a n t )  were cont inuous ly  monitored by EPA f o r  a, p e r i o d  o f  

approximately .ten weeks. The p l a n t  t r e a t e d  a p o r t i o n  o f  the eff1,uent.. 

discharged from n ine copper converters.  A d e t a i l e d  analys is  of . .  

a representa t ive  three-week p e r i o d  o f  data was performed, the 

r e s u l t s  o f  which are contained i n  Appendix 111. The vendor 

guarantee f o r  t he  a c i d  p l a n t ,  cons t ruc ted  i n  1970, i s  equ iva len t  

t o  an o u t l e t  concent ra t ion  o f  2700 ppm s u l f u r  d iox ide.  

of time-averaged s u l f u r  d iox ide  emission concentrat ions,  f o r  averaging 

times o f  4 t o  12 hours, showed t h a t  an averaging p e r i o d  o f  a t  l e a s t  

,,,$ I,7t..-' 

.. 

The computation 
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i 
i s i x  hours i s  necessary t o  substantially mask short-term h i g h  (>7000 ppm) 

and low (<lo00 ppm) sulfur dioxide emission concentration fluctuations,  

and produce time-averaged emissions within the vendor guarantee. 

, 
l 

The control efficiency o f  the No. 7 acid plant was judged n o t  / 

t o  have been s ignif icant ly  influenced by ca t a lys t  deterioration 

over the ten-week period of continuous monitoring. To estl’mate 

the extent of degradation in  acid plant performance between 

periodic ca ta lys t  screenings, the results of the EPA emission 

t e s t s  carr ied out on the No. 6 and No. 7 acid plants a t  the 

same Kennecott smelter i n  June of 1972 were analyzed. A t  t h a t  time 

the No. 7 acid plant was i n  the l a s t  month of operation before 

ca ta lys t  screening, and the No. 6 acid plant was i n  the second 

month of operation following ca ta lys t  screening. 

from the No. 7 acid plant were 30% higher than those from the 

No. 6 acid plant (see Appendix 111). This increase i s  a t t r ibu tab le  

to  ca ta lys t  deter iorat ion and probably t o  a minor extent a t t r ibu tab le  

a lso t o  design and construction differences between the two acid 

plants.  

The emissions 

After the f i r s t  domestic metallurgical double-absorption 

su l fur ic  acid plant achieved routine operation, EPA began 

continuous sulfur  dioxide monitoring of the plant  t o  develop 

an appropriate su l fur  dioxide emission l imitat ion for  double- 

absorption su l fur ic  acid plants.  The acid plant  t reated the 

e n t i r e  effluent from a three-converter a i s l e  a t  the ASARCO 

copper smelter in El Paso, Texas. Sulfur dioxide emissions from 

v r  
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the  a c i d  p l a n t  were monitored f o r  approximately seven months 

f rom May u n t i l  December 1973. The da ta  f r c m t h i s  t e s t  a r e  

the  pr imary bas is  f o r  the proposed s u l f u r  d iox ide  emission 

l i m i t a t i o n s .  

A d e t a i l e d  ana lys is  of t h e  ASARCO E l  Paso data i s  conta ined 

i n  Appendix V I .  

over i n t e r v a l s  extending from 15 minutes t o  10 hours t o  determine 

the  minimum averaging t ime t h a t  masks l a r g e  f l u c t u a t i o n s .  

The o u t l e t  s u l f u r  d i o x i d e  concent ra t ion  was averaged 

For 

each o f  t h e  several  averaging times, percentages o f  t h e  t o t a l  

numbers o f  averages du r ing  t h e  t e s t  pe r iod  which exceeded se lected 

o u t l e t  concentrat ion l e v e l s  were ca l cu la ted .  

the  expected t r e n d  t h a t  longer  averaging t imes produce fewer 

excursions above preselected o u t l e t  concentrat ions.  

Most o f  the  time-averaged o u t l e t  concentrat ions are  considerably  

l e s s  than t h e  vendor guarantee o f  500 ppm s u l f u r  d iox ide  f o r  the  

a c i d  p lan t .  

250 ppm when averaging t imes o f  5 hours o r  longer  a r e  used. 

The r e s u l t s  showed 

Fur ther ,  

For example, o n l y  f i v e  percent  o f  the  averages exceed 

To determine an appropr ia te  averaging t ime f o r  copper smel ter  

emissions, the e f f e c t  o f  averaging t ime on percentage o f  excursions 

above the  vendor guarantee o f  500 ppm s u l f u r  d iox ide  f o r  t y p i c a l  

copper conver te r  operat ions was examined. Since t h e  i n l e t  s u l f u r  

d iox ide  concentrat ions f o r  t h e  ASARCO E l  Paso t e s t  were considerably  

lower  (3.8 percent  average) than t h e  5 t o  6 percent  s u l f u r  d iox ide  o f  

t y p i c a l  copper conver te r  operat ions,  the  500 ppm s u l f u r  d iox ide  vendor 

guarantee was adjusted t o  400 ppm based on i n fo rma t ion  c o l l e c t e d  

\ 



dur ing  t h e  t e s t  t h a t  r e l a t e d  i n l e t  and o u t l e t  s u l f u r  d i o x i d e  

concentrat ions.  

of excursions w i t h  i nc reas ing  averaging t i m e  i s  r e l a t i v e l y  small 

f o r  averaging times longer  than f i v e  t o  s i x  hours. For example, 

an inc rease i n  averaging t i m e  from 6 hours t o  10 hours decreases 

the percentage o f  averages exceeding 400 ppm s u l f u r  d iox ide  

o n l y  s l i g h t l y ,  from 1.20 percent  t o  0.55 percent.  It i s  

concluded t h a t  a s ix-hour averaging t ime e f f e c t i v e l y  masks 

f l u c t u a t i o n s  i n  o u t l e t  s u l f u r  d i o x i d e  concent ra t ions  from 

copper conver te r  operat ions,  and the proposed s u l f u r  d iox ide  

standard f o r  copper smelters i s  based on t h i s  averaging per iod.  

A s ix-hour averaging t ime i s  a l so  p red ic ted ,  as discussed above 

i n  t h i s  sect ion,  from r e s u l t s  o f  EPA continuous mon i to r ing  o f  a 

s ing le -absorp t ion  s u l f u r i c  a c i d  p l a n t  t h a t  processes copper conver te r  

gases. 

The data show t h a t  the  decrease i n  percentage 

The proposed s u l f u r  d i o x i d e  standards f o r  pr imary l e a d  

smelters and pr imary z inc '  smelters s p e c i f y  a two-hour averaging. 

Period, r a t h e r  than a s ix -hour  pe r iod  as f o r  copper smelters. The 

s h o r t e r  averaging t ime i s  based on judgments t h a t  normal lead 

s i n t e r i n g  machine and z i n c  roas t i ng  opera t ions  are i n h e r e n t l y  

more steady than copper conver te r  Operations. EPA analyzed 

continuous records o f  s u l f u r  d iox ide  concentrat ions produced by 

two domestic lead s i n t e r i n g  machine operat ions.  The f l u c t u a t i o n s  

were n o t  as severe as those observed from copper converter operations, 

and the  changes i n  gas f l o w  r a t e  a r e  n o t  expected t o  be as l a r g e  
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as those encountered i n  normal copper conver ter  operat ions.  

I n d u s t r y  representa t ives  have s t a t e d  t h a t  s i n t e r i n g  machines 

are  f requen t l y  shut  down and res ta r ted ,  thus prec lud ing  steady 

opera t ion  o f  a c i d  p lan ts .  

poss ib le  excess emissions r e s u l t i n g  f rom these shutdowns and 

s ta r tups  by inc reas ing  the  averaging t ime f o r  an emissions 

l i m i t a t i o n ,  because such excess emissions are  excluded from 

compliance t e s t i n g  under new source performance standards. 

roas ters  which are sub jec t  t o  the  proposed s u l f u r  d iox ide  standard 

discharge gas streams which a r e  even more steady than lead s i n t e r i n g  

machine e f f l u e n t s  i n  s u l f u r  d iox ide  concentrat ion and f l o w  ra te .  

Analys is  o f  the  ASARCO E l  Paso data shows t h a t  there  was no 

However, i t  i s  n o t  necessary t o  damp 

Zinc 

de tec tab le  c a t a l y s t  d e t e r i o r a t i o n  du r ing  the  mon i to r ing  pe r iod  and, as 

discussed above, t h a t  t h e  i n l e t  s u l f u r  d iox ide  concentrat ion was 

considerably  lower  than would be r e a l i z e d  f r o m  some o t h e r  smel t ing  

operat ions.  

data, i t  i s  t he re fo re  necessary t o  a d j u s t  the data t o  account f o r  t h e '  

e f f e c t s  o f  c a t a l y s t  d e t e r i o r a t i o n  and h igher  i n l e t  s u l f u r  d iox ide  

concentrat ions.  The designer o f  t h e  ASARCO a c i d  p l a n t ' i n d i c a t e d  

t h a t  a 10 percent  increase i n  s u l f u r  d iox ide  emissions was expected 

du r ing  t h e  two-year pe r iod  o f  ope ra t i on  between scheduled c a t a l y s t  

screenings. 

can reasonably be expected t o  be generated by smel ter  processing 

equipment w i t h  s u f f i c i e n t  oxygen conten t  f o r  processing i n  an 

To develop a s u l f u r  d i o x i d e  emission l i m i t a t i o n  from these 

The maximum s u l f u r  d i o x i d e  i n l e t  concent ra t ion  which 
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i a c i d  p l a n t  i s  9 percent. 

s u l f u r  d iox ide  concentrat ions measured dur ing  the t e s t  showed t h a t  

A c o r r e l a t i o n  between i n l e t  and o u t l e t  

O u t l e t  SO2 (ppm) 400 450 500 550 600 

Percentage o f  averages 20.0 10.0 5.00 2.45 1.75 

I an increase i n  i n l e t  concentrat ion f rom the average value f o r  

the t e s t ,  3.8 percent s u l f u r  d iox ide ,  t o  a value o f  9 percent I 

s u l f u r  d iox ide  would produce an increased emission o f  approximately 

200 ppm S02. 

adjusted f o r  c a t a l y s t  d e t e r i o r a t i o n  and 9% s u l f u r  d iox ide  i n l e t  

concentrat ion a re  shown i n  Table 7-1. 

Accordingly, the t e s t  da ta  f o r  s ix -hour  averages 

650 700 750 

1.20 0.90 0.45 

the  s ix-hour  averages exceeds 450 ppm SO2. 

concent ra t ion  above 450 ppm SO2 i n i t i a l l y  produce s u b s t a n t i a l  

decreases i n  the percentage o f  excurs ions above the increased 

o u t l e t  concentrat ions,  increases above 600 t o  650 ppm SO2 produce 

o n l y  very sma'li increments i n  the  percentage excursions. On the  

bas is  o f  the  ad jus ted  data o f  Table 7-1, a 650 ppm SO2 emission 

l i m i t a t i o n  would r e s u l t  i n  no more than 1.20 percent  excursions. 

While increases i n  

It should be recognized, however, t h a t  t he  percentages o f  

excursions c i t e d  i n  Table 7-1 do n o t  i n d i c a t e  d i r e c t l y  t he  p r o b a b i l i t i e s  

of exceeding a spec i f i c  emission l i m i t a t i o n  i n  a per fo 'mnce t e s t  under 
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new source performance standards, since compliance i s  determined 

from the average of three runs. To estimate the reduced 

probability of exceeding an emission concentration by averaging 

three runs, a l l  the six-hour averaged ou t l e t  concentrations exceeding 

400 ppm SO2 dur ing  the tes t  (equivalent t o  650 ppm SO2 i n  Table 7-1) 

were reviewed. 

pr ior  t o ,  and 24 hours a f t e r ,  each excursion were used t o  compute 

the maximum average of three runs during the @-hour period. 

The three six-hour averages were chosen so t h a t  none o f  the 

periods overlapped. 

entire test, only 6 resulted i n  excursions based on the average 

of three runs. 

c i ted f o r  650 ppm SO2 i n  Table 7-1 would correspond t o  a much 

smaller percentage r a t e  of excursions during performance tests under 

new source performance standards. 

Outlet concentrations d u r i n g  the period 24 hours 

O f  the 48 excursions recorded d u r i n g  the 

Therefore, the percentage excursion of 1.20 percent 

- 

The proposed sulfur dioxide emission l imitation is 650 ppm S02, 

averaged over a iix-hour period for copper smelters and over a two- 

hour period f o r  lead and zinc smelters. 

d a t a  from a double-absorption s u l f u r i c  acid p l a n t  show t h a t  this 

l imitation: (a)  allows for  a reasonable increase i n  emissions due 

t o  acid plant ca ta lys t  deter iorat ion,  (b) accomnodates the e f f ec t s  

of h i g h  i n l e t  sulfur dioxide concentrations on ou t l e t  concentrations, 

and (c)  accounts for the e f f ec t s  of large fluctuations i n  acid plant 

The EPA continuous monitoring 

in le t  and ou t l e t  sulfur  dioxide concentrations. However, the EPA 
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data  a l so  show t h a t  a 650 ppm SO2 l i m i t  w i l l  be exceeded a small percentage 

of t h e  t ime du r ing  normal operat ion,  and t h a t  an increase i n  t h e  

s u l f u r  d iox ide  l i m i t  decreases t h i s  percentage o f  excursions. 

The a l t e r n a t i v e  o f  choosing a h igher  emission l i m i t  than 650 ppm 

SO2 was no t  chosen because: 

1 i m i t  would decrease the  probable percentage o f  excursions 

on ly  s l i g h t l y ,  and the re  i s  no c e r t a i n t y  t h a t  a l i m i t  much l a r g e r  

than 650 ppm SO2 would n o t  be exceeded on r a r e  occasions, and (b) an 

emission l i m i t  s u b s t a n t i a l l y  i n  excess o f  650 ppm SO2 would n o t  

r e f l e c t  proper opera t ion  and maintenance o f  an a c i d  p l a n t  dur ing  

most opera t ing  per iods,  s ince some 90 percent  o f  the  t ime t h e  

p l a n t  cou ld  l i m i t  emissions t o  no more than 450 ppm S02. 

(a) s u b s t a n t i a l  increases i n  the 

Although the  proposed standards a r e  based on t h e  a p p l i c a t i o n  

o f  double-absorpt ion a c i d  p lan ts  t o  s t rong  s u l f u r  d iox ide  streams, 

scrubbing systems and elemental s u l f u r  p l a n t s  w i t h  t a i l  gas scrubbing 

are  t e c h n i c a l l y  capable of complying w i t h  t h e  q u a n t i t a t i v e  s u l f u r  

d i o x i d e  l i m i t  (650 ppm) as discussed i n  Sect ion 4. 
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7.5.2.2 P a r t i c u l a t e  Matter 

As discussed i n  Sections 4 and 5, f a b r i c  f i l t e r s  have commonly 

been i n s t a l l e d  on b l a s t  furnaces and s i n t e r i n g  machines w i t h i n  the 

primary domestic lead smelt ing indust ry .  Fabr ic  f i l t e r s  have a l so  

been i n s t a l l e d  on s i n t e r i n g  machines i n  the  domestic pr imary z inc  

smelt ing i n d u s t r y  and on one dryer  i n  the  domestic p r imary  copper 

smelt ing indus t ry .  To ob ta in  data f o r  t h e  development o f  the  proposed 

standards f o r  p a r t i c u l a t e  matter, EPA conducted emission t e s t s ' o n  

e f f l u e n t s  from baghouses i n s t a l l e d  on t h e  l e a d  b l a s t  furnace a t  the 

ASARCO lead smelter i n  Glover, Missour i .  i n  J u l y  1973, and on a 

z inc s i n t e r i n g  machine a t  the New Jersey Zinc Company smelter i n  

Palmerton, Pennsylvania, i n  February 1974. 

unsuccessful because an equipment ma l func t ion  allowed a p o r t i o n  o f  

The l a t t e r  t e s t  was 

the s i n t e r i n g  machine gases t o  bypass the  c o n t r o l  equipment and enter  

the  stream being sampled f o r  emissions. 

t o  i d e n t i f y  p a r t i c u l a t e  mat te r  emissions from pr imary copper, z inc  

and lead smelters was not  conducted because o f  the  small number o f  

modern f a b r i c  f i l t e r s  i n  these i n d u s t r i e s  which have s u i t a b l e  con f igu ra t i ons  

f o r  t e s t i n g .  

Extensive emission t e s t i n g  

As discussed i n  Sect ion 4, the average concent ra t ion  o f  three 

runs o f  p a r t i c u l a t e  emissions performed by EPA a t  the ASARCO lead 

smelter i n  Glover, Missour i ,  was approximately 32 mg/dscm (0.014 gr /dscf ) .  

The range o f  the  th ree  runs was 18 t o  40 mg/dscm (0.008 t o  0.017 gr /dscf ) .  

The data from t h i s  t e s t  are sumnarized i n  Appendix V I I .  Other EPA t e s t  

data on p a r t i c u l a t e  emissions from sources s i m i l a r  t o  pr imary lead and 
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zinc smelters, such a s  secondary lead smelters and secondary brass 

and bronze ingot production plants,  a r e  a l so  discussed i n  Section 4 

and summarized in Appendix VII. 

concluded tha t  a properly designed, operated, and maintained baghouse 

can l imi t  ou t l e t  par t icu la te  matter emissions from copper dryers, 

zinc sintering machines, lead s inter ing machine discharge ends, lead 

b las t  furnaces, and lead dross reverberatory furnaces t o  l e s s  than 

50 mg/dscm (0:022 gr/dscf). The proposed standards f o r  par t icu la te  

matter for  copper, zinc and lead smelters r e f l ec t  the use of control 

devices equivalent t o  the baghouses tes ted,  and limit par t icu la te  

matter emissions t o  50 mg/dscm (0.022 gr/dscf).  

On the basis of these data,  i t  is  

Y 
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7.5.2.3 Opacity 

The proposed standards i nc lude  o p a c i t y  l i m i t a t i o n s  on e f f l u e n t s  

from (a) copper dryers, (b)  z inc  s i n t e r i n g  machines, l e a d  b l a s t  furnaces, 

l e a d  dross reverbera tory  furnaces, and d ischarge ends o f  lead  s i n t e r i n g  

machines, and (c)  s u l f u r i c  a c i d  p l a n t s  used t o  comply w i t h  the proposed 

s u l f u r  d iox ide  emission l i m i t a t i o n s .  

A general d iscussion o f  the  r o l e  o f  opac i t y  standards under 

sec t i on  111 o f  the Act is  contained i n  t h e  preamble t o  standards 

o f  performance f o r  new s t a t i o n a r y  sources promulgated on March 8, 

1974 (39 FR 9308). The proposed opac i t y  standards are regu la to ry  

requirements, as are the proposed s u l f u r  d i o x i d e  and p a r t i c u l a t e  

matter concent ra t ion  standards. 

no t  con t ingent  on f i r s t  showing t h a t  a corresponding concent ra t ion  

standard i s  being v io la ted .  Where opac i t y  and concentrat ion standards 

are app l i cab le  t o  the same source, the o p a c i t y  standard i s  no t  more 

r e s t r i c t i v e  than the  concent ra t ion  standard. The concent ra t ion  standard 

i s  es tab l i shed a t  a l e v e l  which w i l l  r e s u l t  i n  the design, i n s t a l l a t i o n ,  

and operat ion o f  the best  adequately demonstrated system o f  emission 

reduc t i on  ( t a k i n g  costs  i n t o  account) f o r  each source. The opac i t y  

standard i s  es tab l i shed a t  a l e v e l  which w i l l  r e q u i r e  proper operat ion 

and maintenance o f  such c o n t r o l  systems on a day-to-day basis,  b u t  

no t  r e q u i r e  the design and i n s t a l l a t i o n  o f  a c o n t r o l  system more 

e f f i c i e n t  o r  expensive than t h a t  requ i red  by the  concent ra t ion  standard. 

Enforcement o f  an o p a c i t y  standard i s  

W i th in  the proposed opac i t y  standards, t he re  are s p e c i f i e d  

Time, per iods du r ing  which the  opac i t y  standards do no t  apply.  
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exemptions f u r t h e r  r e f l e c t  the  s tated purpose o f  o p a c i t y  standards 

by p r o v i d i n g  r e l i e f  f r a n  such standards du r ing  periods when 

acceptable systems o f  emission reduc t i on  are judged t o  be 

incapable o f  meeting prescr ibed opac i t y  l i m i t s .  

do n o t  app ly  t o  emissions du r ing  per iods  o f  s ta r tup ,  shutdown, 

and mal func t ion  (38 FR 28564), nor do o p a c i t y  standards apply 

d u r i n g  per iods judged necessary t o  p e r m i t  the observed excess 

emissions caused by, f o r  example, bag shaking and unstable process 

condi t ions.  Time exemptions prov ide  f o r  circumstances s p e c i f i c  

t o  i n d i v i d u a l  source ca tegor ies  and, coupled w i t h  t h e  s ta r tup -  

shutdown-malfunction p rov i s ions  and higher-than-observed opac i t y  

l i m i t s ,  prov ide assurance t h a t  opac i t y  standards a r e  n o t  u n f a i r l y  

s t r i n g e n t .  

Opacity standards 

As discussed above i n  t h i s  chapter, the  proposed standards 

f o r  p a r t i c u l a t e  mat te r  generated by copper dryers,  by s i n t e r i n g  machines, 

and by lead b l a s t  furnaces, dross reve rbe ra to ry  furnaces , and 

s i n t e r i n g  machine discharge ends a r e  based upon the  a p p l i c a t i o n  

of f a b r i c  f i l t e r s  t o  these sources. As discussed i n  Sect ion 4 

and summarized i n  Appendix VIII, EPA-observations o f  the  opac i t y  

of the  e f f luen ts  from the baghouse opera t i ng  on the  ASARCO l e a d  

b l a s t  furnace a t  E l  Paso, Texas, were o f  more than 10 percent opac i t y  

f o r  a t o t a l  t ime o f  on l y  some 8 minutes du r ing  one t e s t  o f  approxi-  

mate ly  14 hours du ra t i on .  The observat ions o f  p e r i o d i c  v i s i b l e  emissions 

were as h igh  as 35 percent opaci ty.  However, the o p a c i t i e s  averaged 
t 
I 

f o r  two observers exceeded 20 percent f o r  an average o f  o n l y  

5 seconds pe r  hour du r ing  the  e n t i r e  t e s t  pe r iod  w i t h  a maximum 

o f  30 seconds per hour. I n  another s e t  o f  observat ions o f  the  o p a c i t y  
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o f  t h e  e f f l u e n t s  f rom the same baghouse, v i s i b l e  emissions were 

observed dur ing  a g rea ter  percentage o f  t h e  observat ion time. 

The per iods o f  h ighes t  opaci ty ,  du r ing  which up t o  40 percent 

opac i t y  was observed, were c o r r e l a t e d  w i t h  the,shaking o f  bags. 

The opac i t i es  averaged f o r  two observers were grea ter  than 

20 percent  f o r  s l t g h t l y  l e s s  than 4 minutes and 2 minutes during, 

respec t ive ly ,  the  f i r s t  and second hours o f  observat ion.  

of these data, i t  i s  the Admin i s t ra to r ' s  judgment t h a t  baghouses 

app l ied  t o  the  pr imary copper, z inc  or l ead  smelter p a r t i c u l a t e  emission 

streams can be proper l y  designed, maintalned, and operated such t h a t :  

On t h e  bas is  

1 .  The opac i t y  i s  l i m i t e d  to  l e s s  than 20 percent  

except f o r  per iods associated w i t h  bag shaking, and 

A t ime exemption o f  two minutes p e r  hour i s  

adequate t o  accommodate per iods  o f  h igher  opac i t y  

associated w i t h  bag shaking. 

2. 

The purpose o f  t h e  proposed o p a c i t y  standards f o r  s u l f u r i c  

a c i d  p l a n t s  used as c o n t r o l  devices t o  comply w i t h  the  s u l f u r  d iox ide  

standards i s  t o  ensure: 

t a ined  and operated t o  minimize SO3 emissions which would be 

converted i n t o  s u l f u r i c  a c i d  m i s t  i n  t h e  atmosphere, and 

(b) t h a t  a h igh -e f f i c i ency  m i s t  e l i m i n a t o r  i s  i n s t a l l e d ,  

maintained, and operated t o  c o l l e c t  s u l f u r i c  a c i d  m i s t  within 

t h e  a c i d  p l a n t  stack. As discussed i n  Sect ion 4, wel l -designed 

and operated s u l f u r i c  a c i d  absorbing towers i nco rpo ra t i ng  high- 

e f f i c i ency  m i s t  e l im ina to rs  a re  capable o f  r e s t r i c t i n g  s u l f u r i c  

(a) t h a t  t h e  a c i d  p l a n t  i s  p roper l y  main- 
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a c i d  m i s t  emissions f rom s u l f u r i c  ac id  p l a n t s  t o  low-opaci ty  wisps. 

Ac id p l a n t  and m i s t  e l i m i n a t o r  manufacturers have s ta ted  t h a t  the  

emissions from s u l f u r i c  a c i d  p lan ts  equipped w i t h  h igh -e f f i c i ency  

m i s t  e l i m i n a t o r s  are normal ly  o f  l ess  than 1 0  percent  opaci ty .  

To ob ta in  a d d i t i o n a l  data on t h e  opac i t y  o f  the  e f f l u e n t  from 

a m e t a l l u r g i c a l  double-absorpt ion s u l f u r i c  a c i d  p l a n t ,  EPA 

observed emissions a t  the ASARCO copper smel te r  i n  E l  Paso, 

Texas. The data are sumnarized i n  Appendix VIII. During 

approximately 10 hours o f  simultaneous observat ions by  two 

observers over  a pe r iod  o f  two days, v i s i b l e  emissions were detected 

du r ing  on ly  a s i n g l e  5-6 minute per iod.  However:" the opac i t y  

exceeded 10% f o r  2.5-5.5 minutes and 20% f o r  1.75-2.5 minutes 

as determined by the two observers, and reached as h i g h  as 35% opaci ty .  

EPA cont inuous ly  monitored i n l e t  s u l f u r  d i o x i d e  concentrat ion.and. 

o u t l e t  s u l f u r  d i o x i d e  concentrat ion o f  t h e  a c i d  p lan t ,  as w e l l  as 

mon i to r ing  o ther  a c i d  p l a n t  and process parameters, dur ing  the  

observat ion of a c i d  p l a n t  opaci ty .  An ana lys i s  o f  these data d i d  n o t  

i n d i c a t e  t h a t  a malfunct ion had occurred, and t h e  shor t ,  i s o l a t e d  per iod  

of v i s i b l e  emissions was concluded t o  be a p a r t  o f  normal m e t a l l u r g i c a l  

a c i d  p l a n t  operat ion.  Accordingly, a t ime exemption f o r  per iods  o f  

h ighe r  than normal opac i t y  i s . , j u s t i f i e d .  On t h e  bas is  o f  the  above 

data and in format ion,  i t  i s  the Admin i s t ra to r ' s  judgment t h a t  a p roper l y  

designed, maintained, and operated meta l  1 u r g i c a l  doubl e-absorption 

s u l f u r i c  a c i d  p l a n t  equipped w i t h  a h i g h - e f f i c i e n c y  m i s t  e l i m i n a t o r  

i 
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can l i m i t  v i s i b l e  emissions t o  no more than 20% opacity,  except 

for two minutes i n  any one hour. 
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8. ENVIRONMENTAL EFFECTS 

8.1 SECONDARY POLLUTION 

For the  purposes o f  t h i s  i n v e s t i g a t i o n ,  secondary p o l l u t i o n  i s  

meant t o  i nc lude  land p o l l u t i o n  and water p o l l u t i o n .  Various forms 

o f  water p o l l u t i o n ,  as discussed i n  the  t e x t ,  are charac ter ized  

bel  ow: 

1. Dissolved s o l i d s  (o r  t o t a l  d isso lved s o l i d s )  - These a r e  

t h e o r e t i c a l l y  the anhydrous residues o f  d isso lved cons t i t uen ts  

contained i n  the  water. Dissolved s o l i d s  can be det r imenta l  

t o  f r e s h  water since, as the  concent ra t ion  increases, f r e s h  

water w i l l  become more sa l i ne .  Water q u a l i t y  f a c t o r s  

such as t a s t e  and c o l o r  w i l l  be af fected.  

2. Chemical oxygen demand (C.O.D.) - This i s  a measure o f  the  

oxygen-consuming capac i ty  o f  organic and inorganic  mat te r  

present i n  water on waste water. As C.O.D. increases, 

water q u a l i t y  decreases because o f  the  decreased d isso lved 

oxygen content a v a i l a b l e  f o r  support o f  aquat ic  l i f e .  

3. Hardness o f  water - This i s  a c h a r a c t e r i s t i c  o f  water 

imparted by  s a l t s  o f  calcium, magnesium, and i ron ,  such 

as bicarbonates, carbonates, s u l f a t e s ,  ch lo r i des ,  and 

n i t r a t e s ,  t h a t  causes the  c u r d l i n g  o f  soap, increased 

consumption o f  soap, depos i t i on  o f  scale i n  b o i l e r s ,  

damage i n  some i n d u s t r i a l  processes, and sometimes ob jec t ionab le  

tastes.  

4. Soluble magnesium s a l t s  (epsm s a l t s )  - This i s  a c o n s t i t u e n t  

o f  d lsso lved so l  ids.  Magnesium i s  considered r e l a t i v e l y  
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non- tox ic  t o  man and n o t  a p u b l i c  h e a l t h  hazard because, 

before t o x i c  concentrat ions are reached i n  water, the  t a s t e  

becomes q u i t e  unpleasant. A t  h igh  concentrat ions,  magnesium 

s a l t s  have a l a x a t i v e  e f f e c t ,  p a r t i c u l a r l y  upon new users, 

a l though the  human body can develop a to le rance t o  magnesium 

over a pe r iod  o f  t ime. 1 

Land p o l l u t i o n ,  as dlscussed i n  t h i s  t e x t ,  r e f e r s  t o  the  d isposal  

o f  t h e  s o l i d  waste created by  the  n e u t r a l i z a t i o n  o f  abatement-derived 

s u l f u r i c  ac id .  

For the  pr imary nonferrous smel t ing i ndus t r y ,  two d i s t i n c t  

p o t e n t i a l  sources o f  secondary p o l l u t i o n  can be i d e n t i f i e d .  

f i r s t  t ype  r e s u l t s  from the  a p p l i c a t i o n  o f  s u l f u r i c  a c i d  p l a n t s  t o  

s t rong s u l f u r  d iox ide  smelter of f -gases i f  t h e  s u l f u r i c  a c i d  

cannot be marketed and must be neu t ra l i zed .  

assoc iated w i t h  t h e  a p p l i c a t i o n  o f  scrubbing techniques t o  weak 

gas streams. 

d isposa l  o f  e lemental  s u l f u r  and l i q u i d  SO2 w i l l  n o t  produce 

secondary p a l l u t i o n  i f  adequate safeguards are  taken. 

The 

The o ther  type 1s 

It i s  a n t i c i p a t e d  t h a t  the  produc t ion  and poss ib le  

There are  numerous prospect ive uses f o r  s u l f u r i c  ac id ,  i n c l u d i n g  

var ious  uses i n  the  chemical indus t ry ,  p a r t i c u l a r l y  f o r  a c i d u l a t i n g  

phosphate rock t o  produce phosphate f e r t i l i z e r ;  t h e  leaching of 

copper ox ide ores and low-grade copper su l f ide/copper  ox ide ores; 

and leaching o f  uranium ores t o  process t h e  uranium i n t o  a concentrated 

form. A l l  domestic pr imary nonferrous smel ters  are market ing t h e i r  

c u r r e n t  product ion o f  s u l f u r i c  ac id  o r  u s i n g  i t  i n t e r n a l l y .  While 

excessive costs  o f  sh ipp ing  t o  o u t l e t s  may prec lude the  market ing 
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of sane su l fur ic  acid from new acid production capacity a t  smelters, 

the strength of the present acid market indicates t h a t  most of 

the acid can be sold. 

Neutralization of abatement-derived su l fur ic  .acid by the "wet" 

process may produce both land pollution and water pollution i f  a 

marketable application f o r  the neutralized acid sludge (gypsum) 

cannot be found. 

of industries fo r  waste disposal,  and i t  i s  anticipated t h a t  smelters 

which cannot dispose of neutralized acid will employ the same 

technique. Water pollutants from ponds a re  typical ly  introduced 

i n t o  underground and surface water supplies through seepage from 

cracks i n  the base of the pond and from pond overflow, respectively. 

The possible forms of water pollution include dissolved so l ids ,  

chemical oxygen demand, soluble magnesium s a l t s  (epsom s a l t s )  and 

increased water hardness. 

Ponding has been a technique favored by a number 

Procedures and techniques a re  available which will prevant 

the water: pollu,tion problems of neutralization and subsequent 

ponding from occurring: 

1 .  proper s i te  select ion and location of waste disposal 

ponds. 

2. The use of impermeable pond l iners .  

3. Closed-loop operation of ponds t o  prevent pond l iquor 

overf 1 ow. 

The concerns expressed about potential  water pollution problems 

from thg  p p l n t  of view of the magnitude of the soluble contwinants 
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i n  the gypsum sludge do appear j u s t i f i e d ,  however, when adequate 

safeguards are n o t  taken. 

The "dry" s u l f u r i c  a c i d  n e u t r a l i z a t i o n  process shows promise 

f o r  producing minimal secondary p o l l u t i o n  problems. One domestic 

pr imary copper producer has s ta ted  t h a t  a method o f  n e u t r a l i z a t i o n  

has been developed which r e s u l t s  i n  the  produc t ion  o f  a hard-crust, 

d ry  gypsum product. This product, as i l l u s t r a t e d  by a p i l o t  study, 

w i l l  n o t  produce water p o l l u t i o n .  

1 

1 

The purge o r  spent scrubber s o l u t i o n s  f rom t h e  ammonia-based. 

sodium-based, d ime thy lan i l i ne ,  and calcium-based scrubbing systems, 

i f  d i r e c t l y  discharged t o  a l o c a l  water course, could produce 

water  p o l l u t i o n .  The poss ib le  f o n s  o f  water p o l l u t i o n  i n c l u d e  

chemical oxygen demand, d isso lved s o l i d s ,  increased organ ic  

con&n'F: so lub le epsom s a l t  content, and increased water hardness. 

Methods t o  solve the problems o f  water p o l l u t i o n  are a v a l l a b l e  and 

have-been demonstrated f o r  both the amnonia and sodium-based 

scrubb'ing systems. 

purge are a l so  ava i l ab le .  Closed-loop e f f l u e n t s  o r  water treatment 

f a c i l i t i e s  w i l l ,  i n  most s i t u a t i o n s ,  be r e q u i r e d  f o r  the spent 

calcium-based scrubber so lu t i on ;  s o l i d  waste p o l l u t i o n  i s  a poss ib le  

r e s u l t  o f  t h i s  scrubbing technique. 

P r a c t i c a l  d isposal  methods f o r  the  d i m e t h y l a n i l i n e  

I n  conclusion, several types o f  poss ib le  secondary p o l l u t i o n  

der ived from a i r  p o l l u t i o n  c o n t r o l  have been i d e n t i f i e d .  Methods 

t o  minimize these problems have been demonstrated o r  are being 

developed. 

I 

'- i 
I 

i 
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8.1.1 Neutralization of Sulfuric Acid 

The amount of sulfur-containing materials which must be 

marketed or  discarded varies d i rec t ly  w i t h  the degree of SO2 

controi attained by a smelter. 

controlled on ,the basis of marketability. 

acid or liquid SO2 plants have been constructed and operated 

to produce su l fur ic  acid or l iquid SO2 in suf f ic ien t  quantit ies .,iyr, ~-:  

for sa l e  or  internal consumption. 

primary copper, zinc,  and lead smelters, nineteen smelters produce- 

su l fur ic  acid and one smelter..produaes l iquid SO2. 

commodities. have been the only sulfur-containing materials produced -, , 

i n  the United, States  from smelter off-gases. Future control plans, , ,. 

Strong SO2 gas streams are currently . . 

In the pas t ,  su l fur ic  ! 2 , . ' > .  

O f  the. 28 ex4sting domestic , 

These two 

as envisioned .by these existing f a c i l i t i e s  t o  ensure compliance 

i n  Section. 5 . .  These plans include the construction of addition,al:ul ~ . , ~ ~ ,  .. 

. _ .  
w i t h  1ocaLand. national ambient a i r  qual i ty  standards, were presen!ted,, . .  , .  , 

su l fur ic  aci.d-and l iquid SO2 plants.  One new smelter, the constructjon. .,. 

of which ,has,- just been annotlnced, plans t o  produce elemental s ~ l ~ U ~ r & , . , ~ , .  

from smelter-off-gases. Thus, in a l l  probability, much of the 

sulfur which,,enters a nonferrous smelter as a consti tuent of the. .  > , , , ., 

concentrate will be recovered from smelter off-gases .through , .  

the u t i l i za t ion  of an elemental su l fu r  plant ,  a l iquid SO2 plant ,  . 
I ,. . ,  

or  a su l fur ic  acid plant. < L  

Table 8-1 tabulates SO2 recovery s t a t i s t i c s  for  the existing,.,, . . 

domestic !cad, . .  zinc, . and copper industries:  
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Table 8-1. SULFUR OXIDE GENERATION AN0 RECOVERY 
AT U.S. SMELTERS (1969-1972) 

Equiv.  
Concentrate Sulfur -502 so Overall H2SO4 

Prod. 
(T/D) Contro ( 9 )  ( T / D ~  

Copper 18,970 6,070 11,900 3,700 31 5,660 

Zinc 3,405 1,022 1,940 1,322 68 2,000 

Lead 2.950 525 980 260 27 400 

processed Content Generated Contro?led Type 
Smelter (T/D) 

Thus,  an approximate to ta l  of 8,060 tons per day of su l fur ic  acid 

are  currently being produced and consumed by e i the r  internal usage 

or the domestic market. Magnitudes of the specif ic  applications of 

this metallurgically produced su l fur ic  acid a re  not known. The 

primary application of this su l fu r i c  acid: is for the production of 

f e r t i l i z e r .  Some acid. i s  used as  a leaching medium for oxide ores. 

Zinc smelters i n  the northeast  section of the United States  supply 

acid t o  s tee l  mills f o r  s tee l  pickling. 

their by-product su l fur ic  acid in te rna l ly  as makeup for e l ec t ro ly t i c  

processes, while other smelters employ large chemical companies 

Which, i n  turn, market the acid. 

Several smelters u t i l i z e  
. I  

Cost data received from several smelters t h a t  operate metal- 

lurgical  su l fur ic  ac id  plants indicate t h a t ,  on the average, the 

product acid is currently being sold a t  a net loss. Of the reporting 

smelters, the zinc and copper f a c i l i t i e s  indicated a net p r o f i t ,  
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whereas the reporting lead smelters s t ipulated a net loss i n  acid 

sales .  

acid-producing f a c i l i t i e s ,  the p r o f i t  and loss  averages computed for 

the nonferrous industry do not supply a complete picture of su l fur ic  

Since cost  data were not received from a l l  metallurgical 

i c  acid prof i tab i l i ty .  - -  

New SO2 control schemes planned by the domestic copper industry 

should increase su l fu r i c  acid production considerably. SO2 abatdsint 

plans made by the existing zinc and lead smelters should not increase 

acid production very much beyond the values shown i n  Table 8-1. 
-. - 

Recent pronouncements by industry about the requirements of 

sulfur  compounds such a s  su l fur ic  acid and l i q u i d  SO2 have indicated 

tha t  the once-predicted g l u t  of sulfur on the market may not appear. 
, 

Indeed, over and above the su l fur ic  acid used in te rna l ly  by the . 

smelting'i'n"dir"Yry, there  are  indications tha t  any additional s"u1fur ' 

derived from pollution abatement may f i l l  a potential  sulfur 
2 r .  '.,,,? X l ' Y  

'li "I i'36 

deficiency i n  cer ta in  geographical areas of the country which t 

are  not w i t h i n  'reasonable distances o f  comnercial su l fur  and 

su l fu r i c  acid producers. 

may make SO2 abatement programs more a t t r ac t ive  and possibly 

profi tab1 e. 

9 .  

Thus, future sulfur market conditions 

. ,  

There i s  no doubt t ha t  an analysis of the disposit ion of sulfuric 
, . - P,' 

acid produced from smelter eff luents  i s  extremely complex. Howeve;, 
. . 0'. " 

some predictions regarding the potential  f o r  acid neutralization 

can be made: 
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p. New copper smelters will most l ike ly  employ process 

technology which will allow the production of e i the r  

elemental sulfur  o r  su l fur ic  acid. T h i s  generalization has 

already been evidenced by the announced construction of the 

new Phelps Dodge copper smelter a t  Tyrone, N .  M . ,  which will 

produce elemental su l fur  from f lash smelter off-gases and 

su l fur ic  acid from the converter off-gases. The modification 

of existing copper smelting f a c i l i t i e s  may possibly necessi- 

t a t e  some neutralization since smelter operators indicate 

t h a t  a t  present t he i r  acid markets a re  already saturated.  

However, rather t h a n  leading t o  the neutralization of 

substantial  quant i t ies  of su l fur ic  ac id ,  t h i s  may stimulate 

m r e  widespread leaching o f  copper oxide ores w i t h i n  the 

industry. 

su l fur ic  acid. 

2 .  Hew zinc smelters are n o t  l ike ly  t o  neutral ize  su l fur ic  

This would serve as an internal out le t  for  

i 

acid. All currently operating domestic zinc smelters a re  

o f  the custom type. Each physical p l a n t  location has been 

determined from an appraisal of several fac tors ,  such as 

access t o  raw materials (natural gas, concentrates, 

inexpensive e l e c t r i c i t y ,  e tc . )  and proximity of product 

markets ( i . e . ,  zinc,  zinc oxide, cadmium, and su l fur ic  

ac id) .  All acid-producing zinc smelters will e i the r  be o f  

the vertical r e t o r t  type or the e l ec t ro ly t i c  type and n o t  

of the horizontal r e t o r t  type. New zinc smelters should be 

physically located near suf f ic ien t  acid markets and, 

- * e  
( I  

. -  , _ I  
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therefore.  p o s i t i v e  a c i d  c o s t  margins w i l l  p r e v a i l  and i t  

i s  p red ic ted  t h a t  n e u t r a l i z a t i o n  w i l l  n o t  be necessary. 

3. New l e a d  smelters w i l l  i n  a l l  l i k e l i h o o d  produce s u l f u r i c  

a c i d  and s e l l  t h i s  a c i d  a t  a n e t  l oss  due i n  p a r t  t o  t h e i r  

geographical l o c a t i o n  i n  r e l a t i o n s h i p  t o  p o t e n t i a l  a c i d  

markets. 

a c i d  p l a n t s  and have each repo r ted  a n e t  loss o f  a c i d  sales 

t o  date. Since two lead  smelters have been b u i l t  s i n c e '  

1968, t h e  demand f o r  f u t u r e  l ead  smel t ing capac i ty  i n  the  

near , fu tu re  i s  p red ic ted  to  be low. 

Three o f  the  s i x  e x i s t i n g  l e a d  smelters operate 

. 

Future technology may 

a l l o w  t h e  product ion o f  elemental s u l f u r  f rom s i n t e r  machine 

of f -gases, a f t e r  such an e f f l u e n t  has been concentrated. 

I n  weighing the  pros and cons o f  a c i d  n e u t r a l i z a t i o n ,  one o f  t h e  

most impor tan t  of a l l  c r i t e r i a ,  therefore,  w i l l  be t h e  economics o f  

the  s u l f u r  and s u l f u r i c  a c i d  market. 

I, illnqr 

. ,.,a 
For t h e  purposes o f  t h i s  discussion, an assumption i s  made t h a t  . t*-r,  

a l l  elemental s u l f u r  which would be produced b u t  n o t  marketed could 

be s a f e l y  s to red  i n  b lock  form i n  t h e  v i c i n i t y  o f  the  smelter.  

She l te r  could be prov ided so t h a t  f u g i t i v e  dus t ing  and wash-off 

would n o t  occur. 

The pr imary method f o r  disposal  o f  abatement-derived s u l f u r i c  

a c i d  i s  by n e u t r a l i z a t i o n  w i t h  l imestone. The chemical steps 

invo lved i n  t h e  produc t ion  and n e u t r a l i z a t i o n  o f  smelter s u l f u r i c  

a c i d  fo l l ow :  

8-9 



1. Su l fu r  en ters  the metal-production scheme p r i n c i p a l l y  as 

a s u l f i d e  o f  z inc,  lead, copper, and i r o n  ( l .e. ,  ZnS, PbS, 

C q S ,  and CuFeS2). 

2. The i n p u t  s u l f u r  i s  converted t o  s u l f u r  dioxide, which i s  

then contained i n  the  smelter off-gases: 

a. Zinc r o a s t i n g  

2ZnS + 302 + 2ZnO + 2S02 

b. Lead s i n t e r i n g  

2PbS + 302 + 2Pb0 + 2SO2 
c. Overal l  copper recovery equations 

cu2s + 02 + 2cu + so2 

2CuFeS2 + 502 + 2Cu + 2Fe0 + 4so2 

S u l f u r  d iox ide  contained i n  t h e  smelter off-gases i s  

converted t o  s u l f u r i c  acid:  

zso2 + o, + 2s03 

SO3 + H20 + H2SO4 

3.. 

i t  

7 7 -  ,?, 4. S u l f u r i c  a c i d  i s  n e u t r a l i z e d  w i t h  l imestone: 

H2SO4 + CaC03 +. Cas04 + CO;, + H20 + o the r  s a l t s  
Od a s to i ch iomet r i c  basis, one mole o f  l imestone would be required 

t o  n e u t r a l i z e  one mole o f  s u l f u r i c  acid; and, i n  turn,  one mole o f  

CaS04 would be produced. Besides the chemical product ion o f  CaS04, 

o t h e r  s a l t s  such as CaS03 and MgS04 a re  formed. The MgS04, which 

i s  formed when MgS03, genera l l y  a minor  cons t i t uen t  o f  l imestone, 

reac ts  w i t h  s u l f u r i c  acid.  

O f  pr imary importance i n  the d iscuss ion  o f  secondary po l  1 u t i o n  

i s  t he  CaS04/CaS03 and MgS04 produced from var ious  a i r  p o l l u t i o n  

4 
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c o n t r o l  schemes. 

volumes as a sludge, i t  cou ld  produce s o l i d  waste problems i f  

i t  were n o t  marketed. 

Since CaS04/CaS03 would be produced i n  l a r g e  

Disposal o f  s o l i d  waste by ponding has h i s t o r i c a l l y  been 

a f a v o r i t e  technique i n  a number o f  i n d u s t r i e s .  

c ipa ted  t h a t  ponding w i l l  be employed a t  most copper smelters 

which produce s u l f u r i c  a c i d  and then n e u t r a l i z e  t h i s  a c i d  w i t h  

l imestone. The technology o f  pond cons t ruc t i on  and pond. opera t ion  

i s  w e l l  demonstrated. 

a r e  const ructed and operated with l e s s  than adequate a tgen t ion  

pa id  t o  p o t e n t i a l  water p o l l u t i o n  e f f e c t s .  

t r u e  concerning the  seepage o f  pond 1 i q u o r  i n t o  underground water 

supp l ies  and over f low o f  pond l i q u o r  i n t o  sur face water. V e r t i c a l  

and e s p e c i a l l y  l a t e r a l  movement o f  ground water can be as slow 

as.a meter per  year. As a r e s u l t ,  i t  might  take many years 

be fore  t h e  seepage o f  pond l i q u o r  i n t o  an underground water supply 

would be discovered by a consumer o f  underground water downstream 

from a waste 'd isposa,  ,pond 's i te .  

I t  i s  a n t i -  

Frequent ly,  however, waste d isposal  ponds 

/= This i s  p a r t i c u l a r l y  

/ 
/ 

+ 

Contamination o f  underground water suppl ies can be prevented, 

however, through the  use o f  pond l i n i n g s  i n  t h e  cons t ruc t i on  o f  

waste d isposal  ponds. This  normal ly  ensures t h a t  the  pond i s  

impermeable t o  pond l i q u o r  and prevents seepage o f  pond l i q u o r  

i n t o  underground water suppl ies.  

such as p o l y v i n y l  ch lo r i de ,  polyethylene, polypropylene, syn the t i c  

. '  
,S!" 

I :I' 

Generally, syn the t i c  pond l i n i n g s ,  

e :  ~ , .  
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rubbers and nylons, are  considered superior t o  natural l inings 

composed of clay,  concrete, o r  wood. 

Contamination of surface water can be prevented by operation 

of waste disposal ponds w i t h  no overflow discharges of pond liquor.  

Closed-loop operation of a waste disposal pond permits a water 

balance t o  be maintained between the disposal pond and the 

limestone neutralization operation. 

Winds and ra infa l l  can also lead t o  contamination of surface 

water i f  the rain i s  permitted t o  run off f i l l e d  waste disposal 

ponds which are no longer i n  operation. 

protected both t o  prevent d u s t i n g  of dried residue and t o  prevent 

the rainwater runoff from leaching soluble contaminants from the gypsum 

sludge: T h i s  can be accomplished through use of synthetic covers 

similar t o  pond liners, or through the use of various chmica i  

treatments which form a hard,  impermeable crust on the surface 

of the gypsum sludge. 

Such ponds must be 

.-* , , 

i,L 
With  an awareness of the economics of acid neutralization, 

as well as the poss ib i l i ty  of producing secondary pollution, one 

domestic primary copper smelting company has developed a dry 

limestone neutralization process.2 The product of this method, 

demonstrated by means of a p i lo t  plant study, i s  a sol id .  

Approximately two t o  three tons of this sol id  neutralization 

product, which i s  a combination of  gypsum and unreacted limestone, 

a r e  formed for  each ton o f  neutralized su l fu r i c  acid. After this 

product i s  discharged t o  a disposal area,  a hard crust  Forms over the 

material ; this crust minimizes secondary p o l l u t i o n  problems 
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such as dusting and rainwater runoff of contained soluble materials. 

Because of the high content of unreacted limestone found in the 

solid neutralization product, a market has not yet been found. 

The American Smelting and Refining C ~ m p a n y , ~  after performing 

a laboratory-scale limestone neutralization study, stated that event.. -, 

with a low percentage conversion of magnesium to the soluble sulfate 

(salt) form, a large amount of soluble material would be put out 

on a dump subject to rainfall. This study also attempted to 

define the neutralization technique, as well as the fineness 

of the limestone grind, which should be employed for optimal results. 

, ? - ,  

Two types o f  limestone were used, one taken from the Hayden, '.' 
Arizona, area and the second from Montana. 

represented, respectively, the low and high Content values of WInesiu!, 

reported as 0.9% and 3.3% MgO. Two different neutralizing techniques,.. 

were employed, a wet method and a dry method. - l,% <2-. 

the fineness of the limestone grind was detennined to be the major 

parameter for providing the potential magnitude of secondary pollution. 

It was determined that the finer the grind, the smaller the amount of 

limestone required for neutralization, but the greater the solubilization .. 

o f  total magn&ium. 

approximately 40 to 80 percent of the total magnesium, depending upon 

the grind of the limestone used for neutralization. 

scale, the greater weight of limestone required for the coarser 

grind produced a greater magnitude of solubilized magnesium. Based upon 

this 1aboratoFj investigation, an optimal grind produced a limestone 

requiremest of 129 percent of stoichiometric.$ The fine grind value, 

These two limestones 

With both techniques, 
3 ' .  : 

.. , 

'I:\ , 

I , _:. 
Magnesium solubilization was found to vary from 

On an absolute 
, , I  ;(I-: 
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which would be used i n  actual practice, could only be detemined by 

means of both an economic and a pilot-plant study. 

The disposal of potential gypsum sludge a t  a smelter, however, 

is not l ikely to  present an unmanageable sol id  waste disposal 

problem i n  terms of the quantity of material to  be handled; smelters 

currently manage large waste disposal operations for slag wastes. 

Though the expected waste disposal program will be large,  other 

industries, such as the phosphoric acid industry in Florida, currently 

manage waste disposal operations o f  the same general order of 

'9 magnitude as would be expected from a smelter. 

i l lus t ra tes  quantities of potential sol id  and liquid wastes produced 

by acid neutralization by the wet process: 

The following example 

A primary copper smel t e r  u t i 1  izes a conventional roaster-reverberatory 
. Y- ". 

furnace-converter pyrometallurgical process. 

containing 32 percent sulfur ,  is  consumed a t  a ra te  of 1000 tons per day. 

Three percent of the input s u l f i r  i s  discharged i n  slag,  while the 

remaining 97 percent i s  converted t o  sulfur  dioxide (34 percent from 

the roasters,  19 percent from the reverberatory furnaces, and  the 

remaining 44 percent from the converters). 

roasters and converters are control led by one double-absorpiion sulfur ic  

acid plant. 

limestone containing CaC03 and MgC03 analyzed a t  48.2 percent CaO and 

3.3% MgO, respectively. 

efficiency of 99.5 percent, an average of 760 tons per day of acid 

i s  produced. 

The copper cdncen'trate, 

. I  

SO2 emissions from the 

\n 
All produced acid is  neutralized w i t h  150 percent stoichiometric 

I f  the acid plant operates a t  a conversion 
4 

This quantity of sulfuric acid contains approximately 
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78 percent o f  the smelter 's i npu t  s u l f u r .  

per day o f  l imestone would be requi red f o r  t h i s  neu t ra l i za t i on .  

CaS03, MgS04 and p a r t i a l l y  reacted l imestone would account f o r  1510 tons 

per  day o f  by-product sludge mater ia l .  

near ly  135 t o n s . o f  MgS04 could be produced du r ing  each operat ing day. 32 T 

This model copper smelter would normal ly produce approximately 700 

tons per  day o f  waste ma te r ia l  (i.e., s lag) .  

ac id  neu t ra l i za t i on ,  t h i s  smelter must dispose o f  an add i t iona l  

A p p r o x i m t e l y  1340 tons 

CaSOq; " 

O f  most importance i s  t h a t  

Thus, wi th s u l f u r i c  f ' t j i . :  

' 1  :I ,. 215 percent s o l i d  waste. - .  

As a comparison t o  the above i l l u s t r a t i o n ,  a copper smelter o f  

equal capaci ty  employs process technology which produces strong SO2 

off-gases only.  S u l f u r i c  ac id  i s  produced from a l l  o f  these off-gases 

and i s  subsequently neu t ra l i zed  by  the  method used i n  the  preceding 

example. About 96.5 percent o f  the  smel te r ' s  i n p u t  s u l f u r  w i l l  be contained 

i n  945 tons per  day o f  s u l f u r i c  acid.  Approximately 1680 tons per  day 
- f i  rni ,.:: : 

o f  limestone, having the same cons t i tuent  values as the l imestone 
1 ,  

prev ious ly  used, would be requ i red  f o r  150 percent s to ich iomet r ic  , 
, '61% 

neu t ra l i za t i on .  

would be formed and as much as 166 tons per  day o f  MgSO4 could be produced. 

Neut ra l i za t ion ,  i n  r e a l i t y ,  should n o t  produce the h igh  magnitude 

Near ly  1860 tons per  day o f  by-product s o l i d  mater ia l  

.C , .  

o f  p o t e n t i a l  s o l i d  and l i q u i d  p o l l u t i o n  ind ica ted  by t h e  above two 

examples. 

may be rea l i zed  f o r  sane n e u t r a l i z a t i o n   program^.^ The value o f  3 . 3  

percent MgO used i n  t h e  above i l l u s t r a t i o n s  i s  h igh  when compared t o  

other  limestones, such as t h a t  found i n  Hayden, Arizona. The form t h a t  

Limestone requirements o f  l ess  than 150 percent s to ich iomet r ic  
u--- , 

L, 

. i  
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the  magnesium could take i n  the  n e u t r a l i z a t i o n  product i s  a l so  

quest'ionable. 

by the  American Smelting and Ref in ing Company's invest igat i ,on.  

Formations of s u l f i t e s  and oxides of magnesium, as we l l  as unreacted 

MgC03, are poss ib le .  

S o l u b i l i z a t i o n  does occur t o  some extent,  as ind ica ted  

Though there are  p o t e n t i a l  problems w i t h  the  n e u t r a l i z a t i o n  

of su l fu r i c  ac id  by the wet process, so lu t i ons  t o  those .proUlems 

are  ava i lab le .  The most des i rab le  s o l u t i o n  t o  a l l  o f  the 

p o t e n t i a l  prdblems would be the consumption o f  the  by-product 

gypsum i n  the  manufacture o f  wal lboard o r  o ther  gypsum products. 

A t  present t h i s  o u t l e t  has no t  mater ia l ized;  however, f u t u r e  markets 

fo r  gypsum are poss ib le .  

A major problem which migh t  be encountered i n  the n e u t r a l i z a t i o n  

o f  ac id  i s  the format ion o f  so lub le magnesium s a l t s  r e s u l t i n g  i n  

the  degradation o f  surface and underground water suppl ies.  Water 

q u a l i t y  w i l l  no t  be degraded by so lub le magnesium s a l t s  i f i s a :  c:losed- 

loop operat ion i s  employed. . . t : : .  . ;~ _, i I, . ~~ 

ex ten t  t o  which supernatant water i s  recyc led w i t h i n  the  operat ion 

would be dependent upon the c h a r a c t e r i s t i c s  o f  the  process wastes, 

t h e  quan t i t y  o f  the  waste discharge, and the magnitude o f  the  rece iv ing  

stream.l The disposal  area can be designed so t h a t  ground water 

seepage of supernatant r u n o f f  i s  prevented. Soluble magnesium s a l t s  

contained i n  the s e t t l i n g  pond can a tso  be p rec ip i t a ted .  The add i t i on  

of l ime t o  a purge stream taken from the  s e t t l i n g  pond could mainta in  

the pond's concentrat ion o f  so lub le magnesium s a l t s  a t  a constant l e v e l .  

The magnesium s a l t s  contained i n  t h i s  purge would be converted t o  

i nso lub le  magnesium hydroxide which would l a t e r  s e t t l e  t o  t h e  bottom 

Of the pond. 

If an open-loop system i s  used, t h e  

. . I ,  

1 

.. 
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I n  conclusion, n e u t r a l i z a t i o n  o f  abatement-derived s u l f u r i c  a c i d  

by the "wet" process m y  produce both land p o l l u t i o n  and water pol.1ution. 

Land po l l u t i , on  could occur as a r e s u l t  o f  the  disposal of large 

q u a n t i t i e s  o f  calcium s u l f a t e  and calcium s u l f i t e  sludge produced 

dur ing neut ra l i za t ion .  Water p o l l u t i o n  i n  the forms o f  chemical .Fa; .,: 

oxygen demand, dissolved sol ids,  so lub le magnesium (epsom) s a l t  

content, and increased water hardness could a lso be a r e s u l t  o f  . + ; , , E  ? , 

n e u t r a l i z a t i o n  by the "wet" process. 

s e t t l i n g  ponds 1 ined w i t h  minimum-peneabil i t y - m a t e r i a l  s should . i..!;. -,..:, 

provlde maximum assurance tha t  water p o l l u t i o n  w i l l  be n e g l i g i b l e .  

P r e c i p i t a t i n g  soluble magnesium s a l t s  by the add i t ion  o f  l ime .could 

Employing large, closed-loop 

a lso minimize t h i s  p o t e n t i a l  water p o l l u t i o n  source. 1 , I T  

Mini%m secondary p o l l u t i o n  should a r i s e  by the  usage o f  the 

"dry" aci,d ,neutya l izat ion techhque.  " I d . ,  , I "  

8i1.2 Scrubbing Systems 

Amnonia Scrubbing Systems- ,[ j f c,: 1 ,  -. 

% 1.' qoc,; ' The amnonia scrubber has been appl ied t o  off-gases o f  a lead s i n t e r  

machine, a z lnc  roaster, and several s u l f u r i c  a c i d  p lants .  

Basica l ly ,  the process e f f l u e n t  conta in ing SO2 enters a scrubber 

which employs an amnonia so lu t ion  as the scrubber media. 

chemical ly absorbs the SO2 and the reac t i on  products ( s u l f i t e s ,  

b i s u l f l t e s ,  and sulfates o f  amnonia) are discharged as a so lu t ion  a t  

the scrubber o u t l e t .  

t o  a ground water supply wi thout p r i o r  oxidat ion,  a chemical oxygen 

demand (C.O.D.) could produce an anaerobic e f f e c t  on the water course. 

Even i f  the a m n i u m  s o l u t i o n  were completely ox id ized to ammonium 

This media 

. c w  

~ ' h -  
I f  t h i s  s a l t  s o l u t i o n  were released d i r e c t l y  

! i( , 
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su l fa te  p r i o r  t o  release, the amnonium ion  has the po ten t i a l  o f  e x t r a c t i n g  

oxygen from the water course. 

t h e i r  add i t i on  t o  a water course would a l s o  increase the t o t a l  d issolved 

so l i ds  of t h a t  course. 

standpoint of secondary p o l l u t i o n  t h a t  numerous opt ions e x i s t  f o r  the 

conversion t o  other  f i n a l  scrubber products. 

Since these amnonium s a l t s  are soluble, 

Thus, it i s  extremely important from the 

One proven technique involves a c i d i f y i n g  t h e  ammonia s u l f i t e - b i s u l f i t e  

scrubber so lu t i on  w i t h  concentrated s u l f u r i c  ac id .  

formed, 9 st rong SO2 gas stream and ammonium su l fa te .  

chemical equations are: 

Two products w i l l  be 

The governing 

2NH4HS03 + H2SO4 + (NH4)2 SO4 + 2502 + 2H20 

(NH4)2 SO3 + H2SO4 + ("412 SO4 + SO2 + H20 

The SO2 can be used f o r  the product ion o f  s u l f u r i c  acid, l i q u i d  S02, o r  

elemenQJ s u l f u r .  

a saleable f e r t i l i z e r .  

o ther  amnonium s a l t s  can be produced by employing other  conceqtrated 

acids In  l i e u  o f  H2S04. Namely, amnonium n i t r a t e  o r  amnonium phosphate 

can be produced by us ing n i t r i c  o r  phosphoric acid, respect ive ly .  

if a f e r t i l i z e r  market does e x i s t  and the requ i red  type o f  ac id  i s  

ava i l ab le  i n  q u a n t i t i e s  necessary f o r  the s a l t  production, secondary 

P o l l u t i o n  from t h i s  type o f  operat ion w i l l  be minimal. 

In some sect ions o f  the U. S., amnonium swl fa te  i s  

I f  a l i m i t e d  market e x i s t s  f o r  a m n i u m  su l fa te ,  

Thus, 

To i l l u s t r a t e  the quan t i t i es  of ma te r ia l s  invo lved w i t h  t h i s  

scrubbing technique, the f o l l o w i n g  example i s  presented. 

lead smelter employs an updra f t  s i n t e r  machine wi th a sp l . i t  e f f l u e n t .  

While s in te r i ng ,  85 percent o f  the  i npu t  s u l f u r  t o  the s i n t e r  machine 

i s  ox id ized t o  $02; 75 percent o f  t h i s  SO2 i s  drawn o f f  from the f r o n t  

A primary 
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of the machine a s  a 6 percent SO2 effluent.  which i s  then converted 

to  H2SO4 i n  a double-contact sulfuric acid plant. 

average 500 ppm SO2. 

i s  removed from the rear section of the s in t e r  machine as 0.5 percent 

SO2 off-gas. T h l s  effluent, 80,000 scfm. is subjected t o  pacticulate 

control by mans of a baghouse. The out le t  particulate grain loadinq 

averages under 0.02 gr/scf. 

through an amnonia scrubber where 90 percent of the SO2 i s  removed by 

the scrubber liquor. 

averages 500 ppm S02, o r  an equivalent mass emission ra te  of approximately 

5 tons/day SO2. The remaining 45 tons/day 242 are chemically contained 

i n  the amnonfa su l f i te -b isu l f i te  slurry. The scrubber has been designed 

to  produce a bisulfi te-to-sulfi te weight r a t io  of 5 t o  1. On a 100 

to acidify 72 tons per day of a m n i a  s u l f i t e  and b isu l f i te  ( I L  ana 

60 tons/day, respectively); 55 tons/day of amnonium sulfate  i s  produced. 

A strong SO2 gas stream, w h i c h  contains about 45 tons/day S02, i s  also 

generated during acidification. 

machine strong off-gases, and the combination i s  treated by the double- 

contact sulfur ic  acid plant. 

30 tons/day of sulfur ic  acid produced from the SO2 released by the acidi- 

f icat ion o f  the ammonia su l f i t e /b i su l f i t e  solution can be marketed, there 

will be no secondary pollution. 

is  limited, HN03 or H3P04 can be used f o r  the acidification step,  and 

ammonium n i t r a t e  or  amnonium phosphate, both w i t h  a concentrated SO2 gas 

stream, will be the resultant products. 

Tail-gas concentrations 
u 

The remaining 25 percent of the generated SO2 

The en t i re  weak effluent i s  then passed 

The out le t  SO2 concentration from the scrubber 

T h i s  eff luent  i s  combined w i t h  the s inter  

If the ammonium sulfate  and the additional 

If the marketability of these two products 
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One U. S. sulfur ic  acid manufacturer employs this type scrubber for 

SO2 td i l  gas control.5 The in i t i a l  plan was t o  produce marketable amnonium 

sulfate  and SO2 as scrubber products. After a production problem occurred 

which had nothing to  do w i t h  the chemistry of amnonia scrubbing. the p l a n t  

decided t o  incinerate the scrubber slurry.  

b i su l f i te  s lurry i n  the plant 's  combustion chambers, the resulting S02, 

N2, and water vapor combustion products returndd t o  the sulfuric acid 

plant. 

the consumption of a m n i a .  There were no incidences of secondary 

pol lut ion reported by th i s  plant. 

Upon b u r n i n g  this su l f i t e -  

The only economic loss derived from this burning process was 

An a m n i a  scrubbing system is  used a t  one other U. S. sulfur ic  

acid-elemental sulfur fac i l i ty .6  Unt i l  recently, the amnonium su l f i t e -  

bisulf i te-sulfate  liquor was acidified w i t h  sulfur ic  acid, w i t h  the product 

20 tons/day of ammonium sulfate  marketed a s  f e r t i l i z e r  and the concen- 

trated SO2 effluent returned t o  the acid f ac i l i t y .  

market for  amnonium sulfate ,  this  plant currently t ransports ' i t s  

amnonium sulfate  solution approximately 50 miles t o  a f e r t i l i z e r  p l a n t  

where i t  i s  used in the manufacture of complex f e r t i l i ze r s .  

Because of the limited 

Both acid producing f ac i l i t i e s  discussed above reported the 

formation of a large a m n i u m  sulfate  cloud (blue mist) du r ing  

scrubbing. 

problem by the instal la t ion of mist e l i m l n a t o r ~ . ~ . ~  

Both manufacturers remedied this secondary pollbtion 

Other techniques have been applied which ei ther  produce amnonia 

for recycle or allow materials t o  be made for  marketing.' h o n i u m  

b i su l f i t e  has been found t o  be an effect ive additive t o  su l fur ic  acid 

leaching solutions, since i t  reduces the cost  of metallic iron used as 

~ 
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the precipitant.8 ,Finally, the double a lkal i  scheme, which would 

produce calcium sulfate  as the solid waste material and ammonium hydroxide 

as the return solution t o  the ammonia scrubber, may soon be available fo r  

SO2 control. 

In summation, the sa l t  solution produced by the ammonia scrubbing 

technique could produce secondary pollution; however, there are numerous 

methods available for the production of saleable by-products or safe 

disposal methods. 

Sodium Sul f i  te-Bisulfi te  Scrubbin%-- 

T h f s  system has not yet been applied t o  the off-gases of a pr imry 

lead, zinc, or copper smelter. 

The scrubber medium for the system i s .  a sodium sulf i te-bisulf i te-  

water solution. 

chemically reacts ki th  th i s  solution, and the final scrubbing 

solution i ?  a sodium sulfite-bisulfite-sulfate-water mixture. 

Since the sodium sulfate  contained i n  this mixture cannot chemically 

aid the scrubbing process, the sulfate content must be held constant 

i f  the scrubber effluent i s  t o  be recirculated; thus. the need for  a 

purge stream. 

t o  5.5 percent sodium sulfate.  

some ext5ntTipon the amowc of oxygen contained in the scrubbed off-gases 

since th i s  oxygen will drive more su l f i t e  and bisulf i te  t o  sulfate.  

If th i s  purge stream were discharged direct ly  t o  a water course, 

water pollution, in the forms of chemical oxygen demand and dissolved 

solids,  could occur.g 

The SO2 contained i n  the gas stream being scrubbed 

, I ,, 

Generally, the sodium scrubber purge stream contains 4.5 

The magnitude of t h i s  stream i s  dependent t o  

One method which can be used t o  par t ia l ly  reduce the potential 

water pollution problems derived from the direct  discharge of the 
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sodium-based scrubber purge i s  t o  convert most of the eff luent’s  

sodium su l f i te  content t o  sodium sulfate. This conversion i s  possible 

by the addition of sulfuric acid, or i n  chemical form: 

Na2SOg t H2S04 + Na2S04 + H20 + so2 
2NaHS03 t H2SO4 + Na2S04 + 2H20 + 2502. 

Most of the SO2 will emerge as a strong SO2 gas stream. 

solution, containing dissolved sodium sulfate  and a very small amount 

of sodium su l f i t e ,  will have a pH of about 1 .or 2. 

added and the pH i s  raised t o  about 7, the final solution can be 

discharged t o  a water course i f  the quantity of discharge does not  

present a dissolved solids water pollution problem. 

regenerative sulfuric acid f a c i l i t i e s  a r e  using this method. 

t o  scrubbing, the gas streams a t  both f a c i l i t i e s  contain about 4500 ppm 

SO2 and 8 percent oxygen, and have gas volumes of nearly 70,000 scfm. 

final discharge stream contains approximately 20,000 pounds per day 

sodium sulfate (reported as sulfate) and 100 pounds per day sodium 

su l f i t e  (reported as s u l f i t e ) .  

each s i t e  i s  nearly 8 gallons per minute, p a r t  of w h i c h  i s  water 

dilution which ensures the retention of sodium sulfate in solution 

while processing. 

The resulting 

After caustic i s  

Two domestic 

Prior 

Each 

The equivalent effluent flow rate  from 

In some instances of SO2 control by the usage of sodium-based 

scrubbing systems, the discharge of the scrubber purge t o  a water 

course, even a f t e r  acidification, could produce dissolved solids 

water pollution. 

problem are currently being formulated and evaluated by vendors 

and current as well as potential, users o f  th i s  scrubbing system. 

Various techniques t o  remedy this  potential pollution 
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The sodium-based double-alkal i  scrubbing process i s  one o f  these 

techniques." This technique involves the removal o f  SO2 from a 

process of f -gas by means of the sodium scrubbing method. The purge 

so lut ion,  composed o f  s u l f i t e s ,  b i s u l f i t e s ,  and su l fa tes  o f  sodium, 

i s  then t rea ted  w i th  l ime o r  l imestone t o  remove, as a p rec ip i t a te , .  

sol i d  calcium s u l f i t e s  and sul fates and t o  regenerate sodium hydroxide 

and sodium s u l f i t e  i n  so lut ion.  Thus, an essen t ia l l y  inso lub le  s o l i d  

product w i l l  be formed and can be disposed o f  as a s o l i d  waste, and a 

l i q u i d  e f f l u e n t  can be returned t o  the  scrubber f o r  reuse. 

secondary water p o l l u t i o n  problems should occur. 

, 

No 

An e x i s t i n g  domestic z inc smelter i s  cu r ren t l y  evaluat ing the 

a p p l i c a b i l i t y  o f  various SO2 scrubbing systems t o  i t s  process e f f luen ts .  

When t h e o r e t i c a l l y  apply ing a sodium-based sys tem t o  the ac id  p lan t  t a i l  

gas and s i n t e r  .machine e f f l uen t ,  p o t e n t i a l  water p o l l u t i o n  problems 

der ived fqom the scrubber purge stream were rea l i zed .  

content o f  the s i n t e r  machine off-gases i s  near ly  t h a t  o f  ambient a i r ,  

an assumption was made by the company t h a t  a greater than 90 percent 

ox idat ion r a t e  o f  sodium s u l f i t e  t o  s u l f a t e  could occur. 

would produce a "once through" system w i t h  a very la rge  sodium 

s a l t  so lu t i on  disposal problem. When apply ing the sodium system t o  

the ac id  p lan t  t a i l  gas conta in ing approximately 6 percent 

oxygen and having a f low r a t e  o f  about 80,000 scfm, a purge 

stream o f  35 gallons/minute containing near ly  21 pounds/minute 

of sodium su l fa te  was calculated. Since l o c a l  r e s t r i c t i o n s  w i l l  

not  a l low the release o f  t h i s  quant i t y  o f  purge t o  the l oca l  water 

course, company engineers are at tempt ing t o  remedy t h i s  po ten t i a l  

disposal problem by development o f  a s u i t a b l e  disposal system. 

12 

I 

Since the oxygen 

This high r a t e  
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A recen t l y  designed system, which i s  c u r r e n t l y  being evaluated 

a t  the bench leve l ,  employs the fo l low ing  approach. 

purge stream i s  f i r s t  sent t o  a holding tank. 

t o  a thickener, where a l ime so lu t ion  i s  blended. 

f rom t h i s  th ickener i s  then sent t o  a g a s i f i e r  where pure SO2 

i s  added. This causes a l l  o f  the calcium t o  be i n  so lu t i on  as 

calcium b i s u l f i t e .  The so lu t i on  i s  then str ipped, and the calctum 

p rec ip i t a tes  out as a su l fa te  wh i le  the sddium remains i n  so lu t i on  

as a b i s u l f i t e .  This s t r i p p i n g  reac t ion  i s  shown below: 

The e n t i r e  

The purge then proceeds 

The underflow 

Na2S04 + Ca(HS03)2 + CaS04(+) + 2NaHS03 

The calcium su l fa te  can be disposed,of as a s o l i d  and the sodium 

b i s u l f i t e  so lu t i on  can be recycled t o  the scrubber absorber. 

company s tates tha t  there are no l i q u i d  discharges from t h i s  closed- 

loop operation. 

The 

This system can be considered a form o f  double- 

a l k a l i  scrubbing. i 

One app l ica t ion  o f  a sodium-hased scrubbinn system i s  cu r ren t l y  

under const ruct ion a t  a'midwestern Uni ted States e l e c t r i c a l  power 

generation s i te .13 The i n l e t  gas stream t o  the scrubber contains 

2200 ppm SO2 and has a volumetr ic flow r a t e  o f  about 300,000 scfm. 

Approximately 150 gallons/minute o f  recyc led stream w i l i  be removed 

from the sodium absorber and w i l l  be sent t o  an evaporator. Wi th in  t h i s  

evaporator, steam w i l l  s t r i p  the so lu t ion ,  and a SO2 e f f l u e n t  w i t h  an approx- 

imate s t rength o f  85 percent w i l l  be l ibera ted .  This strong SO2 gas stream 

w i l l  be used f o r  the product ion o f  elemental su l fu r .  A purge stream 

Of about 15 gallons/minute w i l l  be removed from the evaporator and 

then sent t o  a c r y s t a l l i z e r  u n i t .  C h i l l i n g  o f  the purge stream i n  

the c r y s t a l l i z e r  u n i t  w i l l  cause the contained sodium su l fa te  t o  
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selectively crystall ize.  The remainder of the purge stream, which 

will principally contain sodium su l f i t e ,  will be recycled t o  the 

evaporator. The final crystallized salt  will contain 70 percent 

sodium sulfate and 11 percent sodium thiosulfate, ana the remainder will 

be sodium su l f i te .  T h i s  crystallized s a l t  will then be sent to  a 

conventional pu lp  mill,  where i t  will be used 

One possible chemical make-up application i s  with black (spent) liquor 

i n  a recovery boiler. 

sodium sulfide and sodium carbonate, i s  removed from the bottom of 

the recovery boiler. This mixture is  then dissolved i n  a water 

tank and treated with lime. The final solution, termed "white l iquor ,"  

i s  a combination of sodium hydroxide and sodium sulfide and i s  

comnonly used to  produce p u l p  from wood chips. 

the solution that results from this  pulping operation. 

"secondary pollution free'' application of the purge stream from the 

sodium scrubber i s  available. 

as a chemical make-up. 

Smelt (molten s a l t ) ,  cunposed principally of 

"Black liquor" is 

Therefore, one 

In sumnation, the purge stream from the sodium-based scrubbing 

system has the potential. t o  produce water pollution through 

C.O.D.  

water course. 

w i t h  the resultant discharge solution containing nearly a l l  sodium 

sulfate,  thus eliminating the possibil i ty of C.O.D.  All interested 

parties are presently attempting to  develop a method to safely consume 

o r  dispose of this  purge. 

disposal method. 

conventional pulp mill may also prove t o  be a viable approach. 

and dissolved solids when discharged w i t h o u t  treatment to  a 

Current practice i s  the acidification of this  purge, 

Double-alkali shows promise as an  adequate 

Usage of the crystallized form of the purge i n  the 
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D f m e w  nilim(DMB) Scrubbing - -- 
The dimethylanil ine scrubbing technique has been successfully 

applied to  a portion of the sinter machine off-gases of a domestic 

lead smelter (no longer operating) and a segment of the process gas 

s t m s  of a domestic copper-pyrite operation. The DM4 syhtem will 

shortly be used to  concentrate the SO2 contained i n  the converter effluent 

a t  one domestic copper smelter and a combination of the reverberatory 

furnace and converter effluents a t  a second copper smelter. 

Basically, the gas stream which i s  t o  be scrubbed enters a three- 

The effluent f i r s t  makes contact w i t h  the DMA section scrubbing tower. 

i n  the lower section of the scrubber. The DMA chemically removes a 

majority of the SO2 contained in the gas stream. The effluent next 

passes through the second section of the tower which contains a dilute 

sodium carbonate scrubbing solution. 

the remaining SO2, as well as entrained DMA, from the effluent;  

the sodium carbonate i s  converted t o  sodium su l f i t e  and bisulfit;. 

third section of the tower contains a d i lu te  sulfuric acid solution, 

which removes, as DMA sulfate ,  any dimethylaniline vapors con6ined 

i n  the gas stream. The gas stream, scrubbed of SO2 and DMA, i s  then 

reiedsed t o  the aiirwjspheie. 

third sections of the tower empty i n t o  a collection t a n k .  

separated from the solution in a regenerator. 

reaction products between the DMA sulfate  and the sodium sulf i te-bisulf i te  

a re  f ree  DMA (which i s  recycled back to the tower), S02, and sodium 

This solution removes most of 

The 

The :iqtiid effltients fron; the second and 

DMA is 

The regenerator 

sulfate.  The resulting purge stream.contains mostly dissolved solids, 

i n  the form of sulfates and su l f i tes  o f  sodium, and. trace amounts of DMA. 
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t o  a water course without p r i o r  treatment, the p o s s i b i l i t i e s  o f  water 

p o l l u t i o n  by  means o f  C.O.D. and d lsso lved so l fds  could e x i s t .  

Because DMA i s  an organic compound, it i s  assumed t h a t  the DMA i n  

high concentrations could a lso  produce water po l l u t i on .  

A primary lead smelter, which was closed i n  l a t e  1969, employed 
4 

DMA on p a r t  of i t s  s i n t e r  e f f luent  and discharged i t s  DMA waste stream 

d i r e c t l y  t o  a sewer wi thout  p r i o r  treatment. This p lan t  was located 

near t i d a l  (sa l ine)  waters and the DMA discharge prestnnably'did no t  

produce secondary p ~ l l u t i o n . l ~ * ~ ~  .This same DMA u n i t  i s  c u r r e n t l y  

*> 
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operat ing on an e f f l u e n t  from a s u l f u r  burner; the purge i s  discharged 

d i r e c t l y  t o  the  t i d a l  waters, w i t h  no ind ica t ions  o f  secondary 

po l  1 ut ion.  16 

One e x i s t i n g  smelter which u t i l i z e s  two DMA u n i t s  t o  produce l i q u i d  

SO2 w i l l  sho r t l y  i n i t i a t e  the cons t ruc t ion  o f  a water p u r i f i c a t i o n  

system which w i l l  be a form o f  double a1 k a l i .  l7 The purge stream from 

the two DMA u n i t s  has a f l ow  r a t e  vary ing from 20 t o  25 gallons/minute. 

This e f f l uen t  has the fo l l ow ing  average analysis:  

25 ppm DMA 
45,000 ppm dissolved so l ids  ( p r i n c i p a l l y  as su l fa tes  and s u l f i t e s  

o f  sodium) 

18 ppm suspended so l i ds  

5.8 PH 

The purge w i l l  f i r s t  pass through an ac t iva ted  carbon f i l t e r  t o  remove 

DMA, and the  o u t l e t  concentrat ion o f  DMA a f t e r  f i l t e r i n g  w i l l  be l ess  

than 5 ppm. 

o f  which w i l l  then be neut ra l i zed  w i t h  l ime. Calcium su l fa te  and 

s u l f i t e  w i l l  p r e c i p i t a t e  out and the s o l i d  w i l l  be sent t o  an impound- 

ment area, from which the f i n a l  e f f l u e n t  w i l l  be discharged t o  a l oca l  

r i v e r .  The company an t ic ipa tes  tha t  the  spent ac t i va ted  carbon can be 

sa fe l y  l a n d - f i l l e d  i n  enclosed containers.  

The so lu t i on  w i l l  then j o i n  other p lan t  e f f luen ts ,  a l l  

An e x i s t i n g  domestic pr imary copper smelter i s  cu r ren t l y  const ruct ing 

a DM4 u n i t ,  which w i l l  concentrate the SO2 contained i n  a po r t i on  o f  the 

smel ter 's  converter e f f l ~ e n t . l ~ S 1 ~  The waste by-product e f f l u e n t  from 

the DMA u n i t  i s  planned t o  be used f o r  coo l ing  o f  converter gases i n  a 

ba l loon f l u e  ( t h i s  should reduce SO; formation) and as a gas stream 

condi t ioner  p r i o r  t o  e l e c t r o s t a t i c  p r e c i p i t a t i o n .  It i s  an t ic ipa ted  
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t h a t  most o f  the waste so lu t i on  w i l l  become a component o f  the 

e l e c t r o s t a t i c  p r e c i p i t a t o r  dust, which w i l l  be shipped t o  a lead 

smelter f o r  f u r t h e r  processing. 

A DMA u n i t  i s  c u r r e n t l y  being " l ined-out ' '  a t  another domestic 

primary copper smelter.18 

produces both copper concentrate and b l i s t e r  copper on-si te.  

purge stream from the DMA u n i t  w i l l  vary between 30 and 50 gal lons 

per minute, depending on the gas stream being t reated by the u n i t .  

The pH o f  the purge stream w i l l  be maintained between 5 and 6 and, 

under normal operating condit ions, w i l l  contain approximately 

0.15 m l  DMA/l o f  purge (150 ppm DMA, by volume). 

w i l l  combine w i t h  near ly  4500 gal lons per minute o f  t a i l i n g s  f l ow  

from the copper concentrat ing operation. 

then proceed t o  the t a i l i n g s  pond area. 

i s  rec i r cu la ted  back t o  the concentrat inq department, thus prov id ing 

a close$-loop Y J ,  - e f f l u e n t  operation. 

o f  each month, the concentrator w i l l  not  operate, and the DMA purge 

e f f l u e n t  w i l l  proceed t o  a special waste pond. 

w i l l  occur from t h i s  pond. 

the purge stream w i l l  be v i s u a l l y  c o n t r o l l e d  by the DMA p lan t  operator. 

(With low concentrations o f  DMA, the e f f l u e n t  i s  color less,  whereas 

i f  the DMA content i s  excessive, the e f f l u e n t  c o l o r  becomes purple.) 

The company states t h a t  no secondary p o l l u t i o n  from t h i s  purge stream 

i s  ant ic ipated. 

This smelter i s  in tegrated i n  t h a t  i t  

The 

This e f f l u e n t  

The e n t i r e  f low w i l l  

Water i n  these ponds 

During a one- t o  two-day period 

No r e c i r c u l a t i o n  

The concentrat ion o f  DMA contained i n  

I n  summation, the DMA purge stream contains mostly sodium su l fa te  

and s u l f i t e  w i t h  t race quan t i t i es  o f  DMA. 

released d i r e c t l y  t o  a water course, the p o s s i b i l i t y  o f  water p o l l u t i o n  

I f t h i s  e f f l u e n t  were 
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by means of C.O.D. ,  dissolved solids,  or DMA content could exis t .  

Since, a s  shown by the tex t  of this section, various means for 

minimizing secondary pollution ex is t ,  or have adequately demonstrated 

potential, DMA should not provide a secondary means for contamination 

of the environment. 

Cal cium-Based Scrubbi nq Sys terns-- 

T h i s  type of SO2 control device has n o t  been direct ly  applied 

to  effluents of the primary domestic lead, zinc,  and copper industries. 

Basically, a gas stream containing SO2 i s  scrubbed with a lime or a 

limestone slurry; the clean gases are released t o  the atmosphere while 

the SO2 -laden slurry i s  s p l i t  with one portion flowing t o  a pump tank 

and the other portion going t o  a s e t t l e r .  

would be a set t l ing pond. 

sulfate are precipitated o u t  in the s e t t l e r  as a solid by-product which 

can be disposed of easily and the liquid effluents from b o t h  the pump 

tank and the se t t l e r  are recirculated back t o  the scrubber. 

This s e t t l e r ,  i n  most si tuations,  

Ideally, calcium s u l f i t e  and calcium 

As was discussed i n  4.3.1, scaling may produce operation problems 

within the system. 

scaling i s  t o  discharge t o  a local water course a portion of the liquid 

effliient from the scrubber. 

is  possible. 

and magnesium as unreacted carbonates, var ious sulfates and chlorides 

Of calcium and magnesium, and possibly dissolved sa l t s  of trace metals 

which were contained in the scrubbed gas stream. Thus, i n  discharging 

this effluent directly t o  a water course, the possibil i ty o f  water 

pollution by means of dissolved solids, chemical oxygen demand, and 

increased hardness of water can exist. 

One method currently used to  reduce the amount o f  

Water pollution derived by th i s  discharge 

This liquid discharge would invariably contain calcium 

Other pollution produced by the 
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release of soluble magnesium salts, as well as salts of various 

trace metals, is possible. 

water pollution, water purification methods would have to be utilized 

prior to the discharge. 

If this effluent discharge were to produce 

Calcium-based systems of the future will be designed in such a 
' 1  

fashion that closed-loop operation can be practiced. 

of operation, the possibility of water pollution by means of the direct 

discharge of the scrubber effluent to a local water course will be 

minimal. 

scrubber has been designed to compensate for the problems derived 

from scaling. 

and since the liquid effluent will be in a closed circuit within 

the scrubbing system, one would expect the various concentration 

o f  materials contained in the scrubber slurry to build up with time. 

Secondary pollution which would be produced by such a system would now 

be that of solid waste: 

calcium sulfite sludge. 

amount of water, the relative magnitude of which would depend almost 

solely upon economics. 

systems have thus far indicated that this sludge, after dewatering, 

has the consistency of toothpaste. Final disposal of the material 

with such a consistency is difficult. The underlying problem which 

causes the retention of large amounts o f  water by the calcium-sulfate- 

sulfite material is its crystalline structure. Initial investigations 

for determination o f  the optimum crystal structure for minimal water 

retention has indicated that large crystals o f  calcium sulfate are 

desirable .I9 

With this type 

For this analysis, it will be assumed that the calcium-based 

Since there will be no discharge to local waters 

the disposal of the calcium sulfate and 

This sludge material will contain a large 

Pilot plant studies of calcium-based 
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Assuming t h a t  the calcium-based systems which may be used i n  

the f u t u r e  on pr imary meta l lu rg ica l  gas streams f o r  s u l f u r  d iox ide t 

cont ro l  w i l l  have closed-loop e f f l uen ts ,  the po ten t i a l  o f  water 

p o l l u t i o n  by means o f  d i r e c t  discharge o f  the e f f l u e n t  w i l l  be minimal. 

Pending capaci ty  and s t ruc tu re  w i l l  have t o  be designed i n  order t o  ! 

insure minimum water p o l l u t i o n ' p o t e n t i a l  by  means o f  seepage and runof f .  

Optimal c r y s t a l l i n e  s t ruc tu re  w i l l  have t o  be determined t o  insure 
i 

. I  t h a t  the calcium s u l f a t e - s u l f i t e  sludge formed by t h i s  scrubber can 

be e a s i l y  and economically dewatered, thus a l low ing  the f i n a l  

disposal or c o m e r c i a l  usage o f  t h i s  s o l i d  by-product. 1 a - 

.. 'I. . 1 

. .. 
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8.2 ENERGY IMPACT 

Sumnary-- 

The impact o f  the  proposed NSPS on the  energy requirements associated 

w i t h  the production o f  copper, z inc and lead w i l l ,  i n  most cases, be 

minimal. 

indus t ry  t o  abandon ex i s t i ng  smelting technology i n  favor  o f  newer 

smelting technology, the impact-of  the  NSPS can only  be analyzed by compar- 

i ng  the energy requirements o f  the new smelting technology w i t h  emission 

cont ro l  

technology without emission contro ls .  

new smelters w i l l  a l so  i n  most cases encourage the domestic smelting 

indus t ry  t o  abandon ex i s t i ng  smelting technology i n  favor  o f  newer smelting 

technology (see Section 6 - Summary), the incremental impact o f  the NSPS 

over compliance w i t h  the  NAAQS can be analyzed by comparing the energy 

requirements o f  the d i f f e r e n t  emission cont ro l  systems which would be 

u t i l i z e d  i n  each case. 

Since the proposed NSPS w i l l  encourage the domestic smelting 

t o  the  energy requirements o f  conventional domestic smelting 

Since compliance w i t h  the NAAQS by 

On the basis t h a t  on ly  one o f  the two o r  three new copper smelters 

which are l i k e l y  t o  be constructed by 1980 w i l l  employ e l e c t r i c  smelting 

and the remaining one o r  two w i l l  employ f l a s h  smelting, the overa l l  

impact o f  the NSPS w i l l  r e s u l t  i n  a net  decrease o f  some 10-20% i n  

the  energy requirements associated w i t h  the copper produced by these smelters. 

This i s  i n  comparison w i t h  the energy requirements t h a t  would be associated 

w i t h  the copper produced by these smelters 

domestic smelting technology and incorporated no emission contro ls .  

i f  they employed conventional 
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I With regard to zinc and lead smelters, the impact of the proposed 

NSPS would result in an increase in the energy requirements associated 1 

with the production of zinc and lead by about 1-5% and 5-lo%, respectively. 
3 

This again is in comparison with the energy requirements that would be I 

associated with the production of zinc and lead 

were produced in smelters employing conventional domestic technology and 

incorporating no emission controls. 

if the zinc and lead 

The incremental impact of the proposed NSPS on the energy requirements * A  

associated with the production of copper, zinc and lead over that of 

compliance with the NAAQS is minimal. In most cases, the difference in 

the energy requirements associated with double-absorption sulfuric acid 

plants over those associated with single-absorption sulfuric acid plants 

essentially represents this incremental impact. Although double-absorption 

sulfuric acid plants require about 15% more energy to operate tnan single- 

absorption sulfuric acid plants, the incremental impact in 

terms of the increase in the overall energy requirements ag6ggiated with 

the production of a unit of copper, zinc or lead is only about 2%. 

General Discussion-- 

The energy requirements associated with most conventional metallurgical 

extraction processes are quite high. The production o f  aluminum,for 

example, is one of the most energy-intensive metallurgical extraction 
Processes and requires in the range of 70,000-90,000 BTU per pound of aluminum 20 

The energy requirements associated with the production of copper, zinc and 

lead are considerably less than this, although still significant in 

comparison. 

domestic copper industry, for example, requires in the range of 10,000-20,000 

Conventional reverberatory furnace smelting as used by the 
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BTU per pound o f  copper, and the smelt ing o f  z inc and lead by the domestic 

primary smelting indus t ry  requi res i n  the range o f  20,000-40,000 BTU per 

pound o f  z inc and about 10,000 BTU per pound o f  lead.21 

Evaluat ion o f  the  impact o f  the  proposed NSPS i n  terms o f  the 

increased energy requirements associated w i t h  the production o f  copper, 

zinc, and lead 

o f  the  emission contro l  systems requi red t o  comply w i t h  the  NSPS.  bu t  a lso 

an examination o f  the energy requirements o f  the basic smelt ing processes. 

As discussed i n  Sections 6 and 7, compliance w i th  the  proposed NSPS w i l l  

involves not  on ly  an examination o f  the energy requirements 

i n  most cases requ i re  the  adoption o f  d i f f e r e n t  smelting processes by the 

domestic copper smelting indus t ry  and, t o  some extent,  by the domestic lead 

smelting indust ry .  Spec i f i ca l l y ,  the proposed NSPS w i l l  encourage the  

domestic primary copper smelt ing i ndus t r y  t o  abandon reverberatory smelting 

furnaces i n  favor  o f  f l a s h  o r  e l e c t r i c  smelting furnaces, and the domestic 

primary lead smelt ing indus t ry  t o  abandon conventional s i n t e r i n g  machines 

i n  favor  o f  s i n t e r i n g  machines employing gas rec i r cu la t i on .  

Tables 8-2, 8-3 and 8-4, therefore, sumar ize  not  on ly  the energy 

requirements associated w i t h  the  emission cont ro l  systems requi red t o  

comply w i t h  the  proposed NSPS f o r  copper, z inc and lead smelters, bu t  

a lso the energy requirements associated w i th  the var ious smelting processes. 

The energy requirements shown i n  these tab les are taken from de ta i l ed  

energy balances developed by EPA, which a r e  included i n  t h i s  document as 

Appendix I V .  

The energy requirements associated w i t h  the emission cont ro l  systems 

i n  Tables 8-2, 8-3 and 8-4 are based on the use o f  OMA scrubbing on weak 
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off-gas streams (<3.5% SO2) and double-absorption sulfuric acid plants on 

strong off-gas streams (>3.5% SO2); or the use of DMA scrubbing on high- 

oxygen off-gas streams (>5% 02) and elemental sulfur plants on low-oxygen 

off-gas streams (4% 02). 

neutralization of sulfuric acid consider only the energy required for 

crushing and grinding of the limestone and t h a t  required for the neutraliza- 

tion of sulfuric acid. 

and transportation of the limestone from the mine s i t e  t o  the smelter are 

not included. 

1 The energy requirements associated with limestone 

The energy required for mining of the limestone 

With regard t o  the energy consumption o f  the various emission control 

systems, the production of elemental sulfur requires considerably more 

energy than the production of sulfuric acid, even i f  the acid must be 

+@U€iralized. As shown by Tables 8-2, 8-3 and 8-4, the production of 

elemental sulfur requires from 4 t o  6 times the energy required for  the 

production of sulfuric acid per pound of  copper or lead, and from 8 t o  

12 times the energy required for  the production o f  sulfuric acid per 

pound of zinc. Although these numbers are  quite sensitive t o  the overall 

processing sequence uti l ized t o  produce elemental sulfur and they ref lect  

the fac t  t h a t  elemental sulfur plants require tail-gas scrubbing t o  comply 

w i t h  the proposed NSPS. there is  no doubt  tha t  elemental sulfur plants 

require more energy than sulfuric acid p l a n t s .  

- 

, 

I t  i s  the consumption of large quantities of fossil  fuels such as 

natural gas that resul ts  i n  the large energy requirements associated with 

elemental sulfur plants. Neglecting the electrical energy requirements, 

elemental sulfur plants of the  Allied Chemical 'type (see Section 4.2) 
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require about 0.6 volume 

t o  elemental sulfur, even when reducing off-gases of low oxvgen content 

(<0.5% 0,).z2 This i s  equivalent to  an energy consumption of about 6.5 MM 

BTU per ton of sulfur  dioxide reduced. 

plants,however, normally require l i t t l e  or no fuel (see Section 4.3) ,  

and t h u s  

acid a r e  solely e l ec t r i ca l  energy requirements t o  operate pumps, blowers 

and other process equipment. 

e l ec t r i ca l  energy a r e  required per ton  of sulfur dioxide converted t o  

su l fur ic  acid.23 T h i s  i s  equivalent t o  enly about 1.5 MM BTU per ton of 

sulfur  dioxide. 

of methane per volume of sulfur  dioxide reduced 

Double-absorption su l fur ic  acid 

the energy requirements associated w i t h  the production of sulfur ic  

. As a r e s u l t ,  only about 150 KWH o f  

- 
In comparison w i t h  the difference i n  energy requirements associated 

w i t h  elemental sulfur plants and double-absorption sulfuric acid plants,  

the difference i n  energy requirements associated w i t h  double-absorption 

acid plants and single-absorption acid plants i s  quite small. 

double-absorption acid plants require about 150 KWH of e lec t r ica l  

energy per ton of sulfur  dioxide converted to  su l fu r i c  acid,  single- 

absorption acid plants require about 130 KWH of e lec t r ica l  energy per 

ton of su l fur  dioxide converted to  su l fu r i c  acid.23 This i s  a difference 

of only about 15%. 

Where 

The energy requirements associated w i t h  off-gas scrubbing systems 

per u n i t  of sulfur dioxide recovered can vary widely, ranging from the 

levels  c i ted  above for su l fur ic  acid plants t o  those c i ted  above for  

elemental sulfur  plants,  or even higher. This is  due t o  the f a c t  t ha t  

the energy requirements associated,with off-gas scrubbing systems a re  
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b a s i c a l l y  a f u n c t i o n  o f  t h e  t o t a l  volume o f  gases t reated,  r a t h e r  than 

the amount o f  s u l f u r  d iox ide  recovered. 

con ta in ing  low concentrat ions o f  s u l f u r  d iox ide  are  t rea ted ,  t h e  associated 

energy requirements per u n i t  o f  s u l f u r  d i o x i d e  recovered a r e  extremely 

high, and when of f -gases conta in ing  h i g h  concentrat ions o f  s u l f u r  d i o x i d e '  

are t reated.  t h e  associated energy requirements per u n i t  o f  s u l f u r  d i o x i d e  

recovered a r e  considerably  lower. 

Consequently, when of f -gases 

'. , D  i: 

DMA scrubbing,for example, requ i res  o n l y  about 110 b H  per  ton  Of 

s u l f u r  d i o x i d e  recovered when t r e a t i n g  of f -gases o f  5% s u l f u r  d iox ide ,  

but  requ i res  about 940 WH per  t o n  o f  s u l f u r  d iox ide  recovered when. ' 

t r e a t i n g  of f -gases o f  0.5% s u l f u r  d ioxide.24 Thus, when used t o  t r e a t  

o f f -gas streams s i m i i a r  t o  those t h a t  cou ld  be t rea ted  by s u l f u r i c '  a c i d  

p lants ,  DMA scrubbing requ i res  about t h e  same amount o f  energy as a 

s u l f u r i c  a c i d  p lan t .  

concentrat ions o f  s u l f u r  d iox ide ,  t h e  energy requirements per  u n i t  o f  

s u l f u r  d i o x i d e  recovered.  increase by as much as an order  o f  magnitude. 

'y,;!~> .. 

' 4 ,  I However, when used t o  t r e a t  of f -gases w i t h  low 
. .  

, ,  . .  
" ' 

. . .  
I n  terms o f  t h e  impact o f  t h e  proposed NSPS on t h e  energy requ i re - . "  

r i .  ments associated wi.th t h e  product ion o f  copper, z inc  and lead, the  da ta  

sumar i zed  i n  Tables 8-2, 8-3 and 8-4 i n d i c a t e  t h a t  t h e  NSPS shoula have ' 

l i t t l e  impact. 

increase t h e  energy requirements associated w i t h  convent ional  domestic 

reverbera tory  furnace ssel  t i n g  from 9,000-1 5.000 BTU per pound o f  copper.'-to 

10.000-16,000 BTU per  pound o f  copper, w i t h  o r  w i thout  n e u t r a l i z a t i o n  o f '  t h e  

s u l f u r i c  a c i d  produced. Th is  represents  an increase o f  on'ly 5-10%. 

Wi th regard t o  copper smelt ing,  the  proposed NSPS would ' ' 



However, as i nd i ca ted  i n  Sections 6 and 7, t h e  impact o f  t h e  emission. 

c o n t r o l  cos ts  associated w i t h  the proposed NSPS w i l l  encourage the  domestic 

copper smel t ing  i n d u s t r y  t o  abandon reve rbe ra to ry  furnace smel t ing and 

adopt e l e c t r i c  furnace o r  f l a s h  furnace smelt ing.  

assoc iated w i th  e l e c t r i c  furnace smel t ing  a r e  comparable t o  those associated 

w i t h  reve rbe ra to ry  furnace smel t ing and a r e  i n  t h e  range o f  10,000-16,000 BTU 

per  pound o f  copper. 

energy requirements t o  12,000-17,000 BTU per  pound o f  copper, which represents  

an increase o f  10-20%. 

I 
The energy requirements 

The impact o f  t h e  proposed NSPS would increase these 

The energy requirements associated w i t h  f l a s h  furnace smelting,however, 

a r e  cons iderab ly  l e s s  than those associated w i t h  reverbera tory  furnace.. 

o r  e l e c t r i c  furnace smel t ing (see Sect ion 3 ) ,  and a r e  i n  t h e  range o f  

o n l y  5,000-6,000 BTU per  pound o f  copper. The impact of t h e  proposed NSPS 

would inc rease these energy requirements t o  about 7,000-7,500 BTU per pound of( 

copper. Since t h e  energy requirements o f  f l a s h  furnace smel t ing a r e  

cons iderab ly  lower  than those o f  e i t h e r  reve rbe ra to ry  furnace o r  e l e c t r i c  

furnace smelt ing,  t h i s  represents  an inc rease o f  25-35%. 

To analyze t h e  ac tua l  impact o f  t h e  proposed NSPS, however, t h e  o v e r a l l  

energy requirements associated with t h e  produc t ion  o f  a u n i t  o f  copper 

under t h e  NSPS should be compared w i t h  t h e  energy requirements associated 

w i t h  t h e  produc t ion  o f  a u n i t  o f  copper i n  convent ional  domestic smelters 

before t h e  advent o f  a i r  p o l l u t i o n  c o n t r o l  regu la t i ons ,  andwi th  the  'energy 

requirements associated w i t h  the  produc t ion  o f  a u n i t  o f  copper i n  a new 

smel te r  under t h e  NAAQS (Nat ional  Ambien t .A i r  Q u a l i t y  Standards). 

' 
1 

. 

' I  

i 
I 

I 
I 

R 
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From the  p o i n t  o f  v iew o f  t h e  impact o f  t h e  proposed NSPS on t h e  

energy requirements associated w i t h  t h e  produc t ion  o f  a u n i t  o f  copper 

before t h e  advent o f  a i r  p o l l u t i o n  c o n t r o l  regu la t i ons ,  the  data i n  

Table 8-2 i n d i c a t e  t h a t  t h i s  impact depends on whether e l e c t r i c  furnace 

smel t ing o r  f l a s h  furnace smel t ing i s  u t i l i z e d  i n  p lace o f  reverbera tory  

furnace smelt ing.  I n  those cases where e l e c t r i c  smel t ing furnaces are  

u t i l i z e d ,  the  impact o f  t h e  proposed NSPS would be t o  increase t h e  net' 

energy requirements associated w i t h  t h e  produc t ion  o f  a pound o f  copper 

by from 10 t o  30%, depending on whether t h e  smel ter  employed a green charge, 

furnace or c a l c i n e  charge furnace. 

furnaces are  u t i l i z e d ,  the  impact o f  t h e  proposed NSPS would be t o  ,;' 

decrease the n e t  energy requirements associated w i t h  t h e  produc t ion  o f  a 

pound o f  copper by f rom 15 t o  55%, depending on whether a c a l c i n e  charge 

/ I n  those cases where f l a s h  smel t ing 
,I 

I. 

,F, 

or green charge reverbera tory  furnace would have been employed. 

As a r e s u l t ,  i n  t e rns  o f  assessing t h e  impact o f  t h e  proposed NSPS 

on the  energy requirements associated with t h e  produc t ion  o f  a u n i t  of 

copper f o r  t h e  domestic copper smel t ing  i n d u s t r y  as a whole ( i n  comparison 

w i t h  t h e  energy requirements before t h e  advent o f  a i r  p o l l u t i o n  c o n t r o l  

regu la t ions) ,  both the  number o f  new smel ters  and t h e  types o f  smel t ing 

technology they  w i l l  emplov need t o  be pro jec ted .  As discussed i n  

Sect ion 6, f rom two t o  th ree  new copper smel ters  a r e  l i k e l y  t o  be 

const ructed w i t h i n  the  Un i ted  States by  1980, depending on t h e  poss ib le  

c losu re  o f  t h e  Phelps Dodge Douglas, Arizona, smel ter .  

type o f  technology these smelters w i l l  employ, however, i s  somewhat more 

d i f f i c u l t .  Th is  would i n v o l v e  an a n a l y s i s  t o  p r o j e c t  t h e  composi t ion o f  

t h e  copper concentrates and t h e  amount o f  cement copper and secondary 

P r o j e c t i n g  t h e  
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copper scrap t o  be smelted, and t h e  l i k e l y  l o c a t i o n  o f  each o f  these 

new smelters t o  determine the  a v a i l a b i l i t y  o.f e l e c t r i c a l  power and 

var ious  c o s t  parameters. 

t h i s  r e p o r t .  

An ana lys is  such as t h i s  i s  beyond t h e  scope o f  

However, from t h e  rev iew of t h e  var ious  smel t ing technologies 

undertaken by EPA’s engineers i n  t h e  development o f  t h i s  document, t h e  

general  consensus i s  tha t , in  most cases, f l a s h  smel t ing appears more 

a t t r a c t i v e  than e l e c t r i c  smelt ing,  i n  a major  p a r t  due t o  t h e  s i g n i f i c a n t l y  

lower energy requirements associated with f l a s h  smel t ing  over  e l e c t r i c  

smelt ing.  

smel t ing come i n t o  p l a y  (see Sect ion 3 ) .  i s  e l e c t r i c  smel t ing l i k e l y  t o  

be more a t t r a c t i v e .  Consequently, i t  appears t o  EPA t h a t  f l a s h  smel t ing 

w i l l  be employed a t  most new copper smelters,and o f  the  two o r  t h ree  new 

smelters t h a t  a r e  l i k e l y  t o  be b u i l t  by 1980, o n l y  one might  poss ib l y  

employ e l e c t r i c  smelt ing.  On t h i s  bas is ,  the  o v e r a l l  impact o f  the  NSPS 

w i l l  r e s u l t  i n  a n e t  decrease i n  the  energy requirements associated w i t h  

Only i n  those cases where t h e  var ious  l i m i t a t i o n s  o f  f l a s h  

. 

t h e  copper produced by these new copper smel ters  by some 10-20%. 

From t h e  p o i n t  o f  view o f  the  impact o f  t h e  proposed NSPS on the  

energy requirements associated w i t h  t h e  produc t ion  o f  3 u n i t  of copper a i  a 

new copper smelter,  compared t o  the  impact o f  compliance w i t h  t h e  NAAQS, 

i n d i c a t i o n s  are  t h a t  t h e  incremental impact o f  t h e  NSPS over t h a t  o f  t h e  NAAQS 

w i l l  be minimal.  As discussed i n  Sect ion 6, most o f  the  s ta tes  i n  which 

. 

copper smelters c u r r e n t l y  operate have submit ted t o  EPA S I P ’ S  (S ta te  

Implementation Plans) t o  a t t a i n  and m a i n t a i n  t h e  NAAQS, which i nc lude  

regu la t i ons  l i m i t i n g  su l fu r  d iox ide  emissions from new copper smelters t o  
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10% or  less  of the input sulfur  t o  the smelter. 

tions will be the same as  that  of the proposed NSPS in terms of encouraging 

the domestic copper smelting industry to  abandon reverberatory smelting 

furnaces and adopt e l ec t r i c  smelting o r  f lash  smelting furnaces [see Section 6) 

As a resu l t ,  the  incremental impact o f  the proposed NSPS above the NAAQS will 

be minimal and will r e f l ec t  the use of double-absorption su l fur ic  acid plants 

over single-absorption su l fur ic  acid plants. Although, as mentioned e a r l i e r ,  

double-absorption sulfur ic  acid plants require about 15% more energy t o  

operate than single-absorption sulfur ic  acid plants in terms of the overall 

energy requirements associated with the production o f  a uni t  of copper, the,  

incremental impact of the NSPS over compliance w i t h  the NAAQS represents 

only a 2% increase i n  energy requirements. 

The impact of these regula- 

With regard t o  the impact of the proposed NSPS on primary zinc and 

lead smelters, Tables 8-3 and 8-4 indicate the NSPS will increase the 

energy requirements associated with the production of a pound of zinc or  

lead by about 1-5% for  zinc smelters and about 5-10% for  lead smelters, 

compared t o  the energy requirements associated w i t h  the production of zinc 

and lead i f  the smelter were uncontrolled. 

Also, as w i t h  those s t a t e s  i n  which copper smelters currently operate, 

those s t a t e s  i n  which zinc and lead smelters currently operate have 

submitted to  EPA SIP'S t o  a t t a i n  and maintain the NAAQS, which include 

regulations limiting sulfur  dioxide emissions t o  10% or  less  of the input 

sulfur  t o  the smelter, or i n  some cases, t o  500 ppm or  l e s s .  

as  with the proposed NSPS f o r  copper smelters, there will be l i t t l e  or 

no incremental impact of the proposed NSPS for  zinc and lead smelters above 

t h a t  of the NAAQS 

w i t h  the production of a u n i t  of zinc or lead .  

Consequently, 

i n  terms of increasing the energy requirements associated 
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APPENDIX I 

Materi a1 Balances for Model Smelters 



d Furnace 
L I 

fP,' 

i 

Q Single-Stage * Acid Plant 
I 

Figure 1-1. Model copper faci l i ty  - Case I(a) .  
material balance 

\ 

Concentrates 

Sulfuric 
Acid 

t, 

. ,. . 

Copper 

0 u 
hr/day 24 5 11 2 5 1 

% so2 
g o ; !  

24,100 61.600 30,800 32,100 62,900 - 
7 7 10.5 8.75 

SCFM 
6 - 

15. 10.5 10.5 10.5 10.5 - 

hrlday 5 11 2 5 1 

% so2 
% 02 

85,700 54.900 56,200 87,000 24,100 
6 

10 

SCFM 
6.75 6.5 8.5 8 

11.75 12.5 12.5 11.75 

hr/day 5 11 2 5 1 24 
SCFM 77,200 49,600 49,100 76,700 22vQOO 

% O  
% so2 0.20 0.20 0.20 0.20 0.20 

"2s (1 00%) 
927 TPD 
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Figure 1-2 Model Copper Smelting - Material Balance for Case I ( b )  

Concentrates 

II 
I Converters 1-1 

1 
Acid Plant 

I Copper 

Sulfuric 
Acid 

<. 

r 

hr/day 24 5 11 2 5 1 

% so2 6 7 7 10.5 8.75 
24;100 61,600 30,800 32,100 62,900 - - sc Fbl 

% 02 5 10.5 10.5 10.5 10.5 - 

hr ldav  5 11 2 5 1 .- .  I --., 
SC FM 85,700 54,900 56,200 87,000 24,100 
% so2 6.75 6.5 8.5 8 6 
% 02 11.75 12.5 12.5 11.75 10 

s 0 
hr/day 5 11 2 5 1 24 
SCFM 77,100 49,600 49,100 76,600 21,900 
% so9 0.05 0.05 0.05 0.05 0.05 
$0' 
H2S4 

1-2 

944 TPD 
(100%) 



, 
Figure 1-3. Model copper f a c l l l t y  - Case I (c) ,  

Concentrates 

materi,al balance 

I 

hrfday 
SCFM 
% so2 
% 02 

0 

+ 
Copper 

5 1 5 11 - 85,700 54,900 - 6.75 6.5 - 10.25 10.25 

24 5 11 2 
4, ia .  61,600 30,800 32,100 62,900 

8.75 6 7 7 10.5 
15 10.5 10.5 10.5 10.5 - m 

2 5 1 5 11 2 5 1 hrfday 
SCFM 56.200 87,000 24,100 97,200 62,000 65.800 101,000 27,000 

10.25 10.25 15  
8 6 6.5 6.5 8 7.75 6 % so2 8.5 

% 02 

hrfday 5 11 2 5 1 5 11 2 5 1 

% so2 100 100 100 100 100 5.5 5.5 5.5 5.5 5.5 
SCFM 6400 ,3900 5300 7700 1600 11,500 7100 9600 14,000 2900 

% 02 

hrfday 5 11 2 5 1 24 
SCFM 90,800 58,100 60,500 93,300 25.490 
% so:, 0.05 0.05 0.05 0.05 0.05, 
% 02- 
Sulfur 

Reduction Methane 
hrfday 5 11 2 5 1 
SCFM 28on 1800 - 2400- -3500 700 

308 TPD 
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Figure 1-4. Model copper f a c t l i t y  - Case'I(d), 
mater ia l  balance 

Concentrates 

1 

L i q u i d  
S u l f u r  Dioxide 

Copper 

0 m 

hr/day 24 5 11 2 5 1 
SCFM 24.100 61.600 30.800 32.100 62.900 - 

6 7 7 10;5 8175 - 
% 02 .15 10.5 10.5 10.5 10.5 - % so2 

hr/day 5 11 2 5 1 

% 02 

SCFM 85,700 54,900 56,200 87.000 24,100 
% so2 6.75 6.5 8.5 8 6 

hr lday 5 11 2 5 1 
SCFM 80,001) 51,400 51,400 80,100 22,700 
% so2 0.05 0.05 0.05 0.05 0.05 

F.. 
W 

SCFM 5700 3500 4800 6900 1400 
% so2 100 100 100 100 100 
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r 

Figure 1-5. Model copper f a c i l i t y  - Case I I ( a ) ,  
material balance 

Concentrates 

Flash 
Furnace 

Converters 

hrlday 
SCFM 
% so2 
% 02 

hrlday 
SCFM 
% so2 
% 02 

hrlday 
SCFM 
% so2 
H2S04 

Single-Stage 
Acid Plant 

Sulfur ic  
Acid 

S1 ag Copper 

9 4 '1 0 1 

10.25 7 10.5 8.75 - 
24 

28,100 15,900 16,500 329400 - 
5 10.5 10.5 10.5 - 

9 4 10 1 
54,100 58,200 73.000 39.200 

9.5 10.25 10.25 9.5 
7.5 8 7.75 7.25 

h 0 
9 4 10 1 24 

48,100 51,300 64,600 35,000 
0.2 0.2 0.2 

929 TPO 
0.2 

~ ~. 
(100%) 
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Figure 1-6. Model Copper Smelting - Material Balance for Case II(b) 

Concentrates 

0 

0 Dual-Stage 
Acid Plant 

Q 0 
Converters - 

Slag  
Treatment 

Slag 

hr/day 
SCFM 
% so2 
% 02 

hr/day 
SCFM 

; i; 
hr/day 
SCFM 

H2S04 
% so2 

Sulfur ic  
Acid 

Copper 

0 ' 
24 9 4 10 1 

28,100 15,900 16,500 32,400 - 
10.25 7 10.5 8.75 - - 5 10.5 10.5 10.5 

9 4 10 1 
54,100 58,200 73,000 39.200 
7.25 a 7.75 7.25 
9.5 10.25 10.25 9.5 

9 4 i n  1 
48,000 51,200 64,500 35,000 

0.05 0.05 0.05 0.05 

Q 
24 

945 TPD 
(100%) 

.' I 
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Figure 1-7. Model copper f a c i l i t y  - Case II(C).  

Concentrates 

material balance 

I 

9 4 10 1 9 4 10 1 

7 10.5 8.75 - 9 10.25 9.5 10.25 
44,000 46.000 60,500 28,100 

hrfday 24 
SCFM 28,100 15.900 16,500 32,400 - 
% SO2 10.25 - 5 10.5 10.5 10.5 % 02 

4 10 1 9 4 10 1 hrfday 9 
SCFM 52,100 64,100' 72,100 34.000 47,700 49,000 65.800 30,800 
% S@ 8.5 9.5 8.75 9.5 0.05 0.05 0.05 0.05 
% 02 

4 10 1 9 4 10 1 24 hrfday 9 
SCFM 4400 5100 6300 3200 8100 9500 11,600 5900 
% so:, 100 100 100 100 5.5 5.5 5.5 5.5 
% o$- 
Sul ur 

Reduction Methane 
h r l d a v  9 4 10 1 

309 TPO 

... , 
'SCFfl 2100 2500 3000 1500 
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Figure I-8.Model copper f a c i l i t y  - Case i f l d ) ,  
material balance 

Concentrates 

Furnace t 
U n i t  W@ 

I I Converters I’YI I 
I I I I  

T Fl Trearnent 

J 
Liquid  

S u l f u r  Dioxide 

S1 ag  Copper 

0 I m y l  
hrlday 24 9 4 10 1 9 4 10 1 

% 02 

SCFM 28,100 15,900 16,500 32,400 - 44.000 44,600 60,500 28,100 
% SO2 10.25 7 10.5 8.75 - 9 10.25 9.5 10.25 

5 111.5 10.5 10.5 - 

hrlday 9 4 10 1 9 4 10 1 

% so2 0.05 0.05 0.05 0.05 100 100 100 100 
SCFM 40,100 40,000 54,800 25,200 .:39002 4600 5700 2900 

1-8 
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Figure 1-9. Model copper f a c i l i t y  - Case I I I ( a ) ,  
material  balance 

Concentrates 

Roaster +- 
Reverberator 

Furne.ce 

Converters 

t 
S i  ngledtage  
Acid Plant 

Acid 

hr/day 24 24 2 9 4 a 1 
SCFM 45.600 17.100 36,800 18,400 19,300 37,700 - 
% so2 2-25 10 7 7 10.5 8.75 - 
% 02 5 5 10.5 10.5 10.5 10.5 - 

m 
\II 

hrlday 2 9 4 a 1 
SCFM 5a,ooo 40,800 45,800 62.900 23,600 

7.5 7.25 8.25 a 7.25 
9.75 9.5 10.5 10.25 9.5 

% so2 
% 02 

m 0 
hrlday 2 9 4 a 1 24 
SCFM 51,600 36.400 40.200 55,500 21 ,in0 
% so2 0.2 0.2 0.2 0.2 0.2 
H2S04 1-9 748 TPD 

(100%) 



F i g u r e  1-10. Model copper f a c i l i t y  - Case I I I ( b ) ,  
m a t e r i a l  balance 

Concentrates 

k r/ A2y 24 24 2 9 4 8 1 

% SO2 2.25 10 7 7 10.5 8.75 - 
% 02 

SCFM 45,600 17,100 36,800 18.400 19,300 37,700 - 
5 5 10.5 10.5 10.5 10.5 - 

i 

hr/day 2 9 4 8 1 
SCFM 58,000 40,800 45,800 62,901) 23,6on 

% 02 9.75 9.5 10.5 10.25 9.5 
% so2 7.5 7.25 8.25 8 7.25 

h r lday  2 9 4 8 1 

% so2 0.05 0.05 0.05 0.05 0.05 
sc FM 51,500 36,400 40,200 55.400 21,000 

H2SO4 760 TPC 
1-10 (100%) 



Figure 1-11. Model Copper Smelting - Material Balance for Case I I I ( c )  

Concentrates bl Roaster 

+ 
Reverberatory 0 

Furnace 

0 
Converter 

I 

1 
Copper 

S u l f u r i c  
Acid 

24 24 2 9 4 8 1 h+-/day 24 24 
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Figure 1-12, Model copper f a c i l i t y  - Case IV(a), 
material balance 
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Fiqure 1-13. Model copper f a c i l i t y  - Case I V ( b ) ,  
m a t e r i a l  balance 
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Figure 1-14. Model Copper Smelting - Mater ia l  Balance f o r  Case IV(c) 
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Figure 1-15. Model z inc f a c i l i t y  - Case I ( a ) ,  
mater i  a1 balance 
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Fi-gure 1-16. Model Zinc Smelter - Material Balance fo r  Case I ( b )  

Concentrate 

Dual-Stage 
Acid Plant 

0 
Roasting 

@ 
L 

Sulfuric 
Baghouse Acid 

0 
Sintering 

Reduction 

Refining 

Zinc 

0 0 0 

% so2 7 0.05 0.2 

hrlday 24 24 24 24 
SCFM 36,300 32,500 36,000 

% 09 9 
0 0.02 

@ I 
A 

497 TPD 

1-16 



Figure 1-17. Model zinc f a c i l i t y  - Case I ( c ) ,  
mater ial  balance 
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Figure 1-18. Model Zinc f a c i l i t y  - Case I (d )  
material balance 
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Figure 1-19. Model zinc facility - Case II(a), 
material balance 

Roasting 

A Concentrate 
I 

0 Single-Stage 
Aci.d Plant 

~ . *i' ' 

I 
I 

Leaching and 
Purification 

Electrolytic 
Extraction 

hr/dav 24 24 - 
SCFM 37,500 33,700 

% O  9 
% so2 7 0.2 

495 TPD 

i 
L 



Leaching 
and 

Purification 

hrlday 24 24 24 
sc FM 37.500 33.600 

505 TPD 

1-20 



Figure  1-21: Model z i n c  f a c i l i t y  - Case I I ( c ) ,  
m a t e r i a l  balance 
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FicJure 1-22. Model zinc f a c i l i t y  -.Case I I I (a ) ,  
material balance 
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Figure 1-23. Model Zinc Smelter - Material Salance for  Case I I I ( b )  
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Figure 1-24. Model zinc f a c i l i t y  - Case I I I ( c ) ,  
material balance 
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Figure 1-25.. Model lead f a c i l i t y  - Case I ( a ) ,  
material balance 
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Figure I - q .  Model lead f a c i l i t y  - Case I (c) ,  
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Fi.gure 1-29. Model lead f a c i l i t y  - Case I I ( a ) ,  
material balance 
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Figure 1-30. Model Lead Smelter - Material  Balance f o r  Case II(b) 
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, 
Figure 1-32. Model lead f a c i l i t y  - Case I I ( d ) ,  
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Figure 1-34. Model Lead Smelter - Material Balance for Case I I I ( b )  
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Figure 1-35. Model lead fac i l i ty  - Case I I I ( c ) ,  
material balance 
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Appendix I1 

(krtllne o f  Group 11-A NSPS Development 



t?' 

9/16/71 

5/2/72 

5/72 

5/72 

6/72 

Appendix I1 

Outline of Group 11-A NSPS Development 

Development Activit  
Surveyed and revlewed process iperations'  and 
emission control systems a t  aJ1 domestic 
copper (15),  lead (6)  and zinc smelters (10) 

Meeting with American Mining Congress to  explain 
and discuss NSPS development (Washington, D.C . )  

Meeting w i t h  American Mining Congress to  discuss 
EPA emission tes t ing  program and the general 
aquisit ion of data by EPA (Durham, N . C . )  

Emission testing program formulated and specific 
copper, lead and zinc smelters selected as test 
s i t e s .  

Zinc smelter emission tes t ing  program in i t i a t ed  
and completed: 

one single-absorption su l fur ic  acid plant 
operating on off-gases from a fluid-bed 
roaster  tes ted.at  the ASARCO z inc  smelter 
i n  Columbus, Ohio (5123-27172) 

. 

Lead smelter emission testing program in i t i a t ed  
and completed: 

one baghouse operating on the off-gases 
from the b l a s t  furnace tested a t  the 
ASARCO lead smelter i n  Glover, Missouri 

one single-absorption su l fur ic  acid plant 
operating on the strong off-gas stream from 
the s inter ing machine tes ted a t  the Missouri 
Lead smelter i n  Boss, Missouri (5123-27172) 

(5115-17172) 

Copper smelter emission tes t ing  program in i t i a t ed  
and completed: l 

a )  two single-absorption su l fur ic  acid plants 
operating on the off-gases from copper converters 
tested a t  the Kennecott co per smelter in  ~ 

Garfield, Utah (6112-16172 ! 
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7f 7 2 4  72 

8f 72-9/72 

9/72 

9f 28/72 

9/72-11 f72 

1Of 72-12/72 

one single-absorption su l fu r i c  acid p lant  
operating on the  off-gases from the copper 
converters tested a t  the ASARCO copper smelter 
i n  Hayden, Arizona (6/19-23/72) 

Review o f  the technical  l i t e r a t u r e  and contacts 
w i th  various engineering designfconstruction 
fi,rms t o  i d e n t i f y  "well-control led' '  foreign 
copper, lead and z inc smelting operations. 

Speci f ic  European and Japanese copper, lead and 
zinc smelters contacted and v i s i t ed  t o  observe 
and discuss process operations and emission 
control  systems1. 

Let ters  sent t o  various domestic copper, lead 
and z inc smelters requesting spec i f i c  information 
per ta in ing t o  process, emissions and economic 
factors under Section 114 o f  the Clean A i r  Act. 

Plans formulated f o r  long-term continuous monitoring 
o f  s u l f u r  dioxide emissions from a single-absorption 
s u l f u r i c  acid p lan t  operating on the off-gases from 
the copper converters a t  the Kennecott copper 
smelter located i n  Garf ield, Utah. 

Meeting wi th the American Mining Congress t o  
discuss purpose and in ten t  o f  EPA l e t t e r s  
requesting information under Section 114 o f  
the Clean A i r  Act 

Developed f i r s t  d r a f t  o f  EPA Technical Report - 
Primary Copper, Lead and Zinc Smelters f o r  
inc lus ion  i n  the NSPS Background Information 
Document - Primary Copper, Lead and Zinc Smelters. 

Reviewed possible options concerning both the 
i d e n t i f i c a t i o n  o f  a f fected f a c i l i t i e s  t o  which 
the NSPS should apply and the type o f  emission 
l i m i t a t i o n  which should be incorporated i n t o  . 
the NSPS. 

Continuous monitoring o f  s u l f u r  dioxide emissions 
from a single-absorption s u l f u r i c  ac id  p lan t  
operating on copper converter off-gases a t  the 
Kennecott topper smelter carr ied out. 

(Durham, N. C.) 
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1111 -2172 Meeting w i t h  NAPCTAC t o  review f i r s t  d r a f t  o f  t h e  
Technical Report - Primary Copper, Lead and Zinc 
Smelters (Washington, D.C.) 

\ 

I 11 120172 Meeting w i t h  Pr imary Non-Ferrous Smel t e r  Working 
Corn i t tee  t o  rev iew the  development o f  NSPS f o r  
copper, l ead  and z i n c  smelters and t o  s o l i c i t  
in fo rmat ion  from o the r  programs w i t h i n  EPA 
concerning t h e  impact o f  copper, lead  and z inc  
smelter NSPS i n  var ious  environmental sectors  
o the r  than a i r  (Durham, N.C.) 

Meeting w i t h  the  American Min ing Congress t o  review 

Copper, Lead and Z inc Smelters (Durham, Pr N.C. imarf f i r s t  d r a f t  o f  the  Technical  Report - 

Meeting w i t h  NAPCTAC t o  review t h e  s e l e c t i o n  o f  
a f f e c t e d  f a c i l i t i e s  t o  which the NSPS i s  app l i cab le  
and the  type  o f  emission l i m i t a t i o n  incorporated 
i n t o  the NSPS (Denver, Colo.) 

Meeting w i t h  Federal Agency L i a i s o n  Comnittee t o  
review the  development o f  copper, lead  and z inc  
NSPS and the  Technical  Report - Primary Copper, 
Lead and Z inc Smelters (Washington, D.C.) 

Developed emission c o n t r o l  cos ts  associated w i t h  
var ious NSPS f o r  a wide range o f  emission c o n t r o l  

11/30/72 

12/12/72 

12/19/72 

12/72-2173 

i s t r a t e g i e s  and sme l t i ng  processes 

1 I 7 3  

2/73 

L e t t e r s  sent t o  var ious  s u l f u r i c  ac id  p l a n t  vendors 
reques t ing  s p e c i f i c  i n f o r m t i o n  p e r t a i n i n g  t o  
opera t ion  and emissions from both s ing le-  and 
double-absorpt ion a c i d  p lan ts .  

L e t t e r s  sent  t o  var ious  European and Japanese 
copper, l ead  and z i n c  smelters request ing s p e c i f i c  
in fo rmat ion  p e r t a i n i n g  t o  emissions from double- 
absorpt ion a c i d  plants.  (Repl ies i n  answer t o  
these i n q u i r i e s  were never received i n  most cases.) 

L e t t e r s  sent  t o  var ious  of f -gas scrubbing system 
vendors reques t ing  s p e c i f i c  i n fo rma t ion  p e r t a i n i n g  
t o  opera t ion  and emissions from var ious of f -gas 
scrubbing systems I 
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3/ 73 

4/ 73 

4/27/ 73 

4/ 73- 7/ 73 

5/31/73 

6/ 73 

6/12/73 

6/29/ 73 

Evaluation of  continuous monitoring emission data 
gathered on a single-absorption su l fu r i c  acid plant 
operating on the off-gases from the copper converters 
a t  the Kennecott copper smelter a t  Garfield, Utah 

Plans formulated f o r  continuous monitoring of su l fur  
dioxide emissions from 

1.  a double-absorption su l fur ic  acid p l an t  
operating on the off-gases from the copper 
converters a t  the ASARCO copper/lead smelter 
in El Paso, Texas 

a DMA off-gas scrubbing system operating on the 
off-gases from both the reverberatory furnace and 
the copper converters a t  the Phelps-Dodge copper 
smelter i n  Ajo, Arizona 

an ammonia off-gas scrubbing system operating 
on the combined off-gases from a lead s inter ing 
machine a t  the Cominco lead smelter i n  T ra i l ,  B . C . ,  
Canada 

2. 

3. 

Meeting w i t h  Monsanto and Davy Power Gas (formerly 
Wellman Power Gas) t o  discuss in depth operation and 
emissions from both single-and double-absorption 
su l fu r i c  acid plants (Durham, N. C . )  

First draf t  of the proposed NSPS and the Background 
Information Document--primary copper, lead and zinc 
smelters developed. 

Meeting w i t h  NAPCTAC t o  review proposed NSPS and the 
Background Information Document (Raleigh, N. C.  ) 

Continuous monitoring of su l fur  dioxide emissions 
I Iv I I I  a uvuu,L uvaul,,klull J u l l u r i c  acid plaiit operating 
on the off-gases from the copper converters a t  the 
ASARCO copper/lead smelter i n  El Paso, Texas,initiated 

Meeting w i t h  the American Mining Congress t o  review 
the proposed NSPS and the Background Information 
Document (Durham, N.C.) 

Meetidg w i t h  the American Mining Congress t o  discuss 
the concept of modification (Washington, D . C . )  

Cu,-.,,, An,,hln_3h.-nun+:r.. r l , l~..  ' 

. 
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7/73-9173 

71 73 

9/73 

9/6/73 

10/9/73 
I 

10/17/73 

10/29-11/4/73 

11/73 

11/9/73 

Proposed NSPS and the Background Information 
Document reviewed by EPA's Office of the 
Assistant Administrator f o r  Air and Water Pro- 
grams and by the EPA steering comnittee 

Continuous monitoring of su l fur  dioxide emissions 
from a DMA scrubbing system operating on the off-  
gases from a copper reverberatory smelting furnace 
and copper converters a t  the Phelps-Dodge copper 
smelter i n  Ajo,  Arizona,initiated 

Continuous monitoring of sulfur  dioxide emissions 
from an amnonia scrubbing system operating on the 
off-gases from a lead sintering machine a t  the 
Cominco lead smelter in  T ra i l ,  Bri t ish Columbia, 
Canada, i n i t i a t ed  

Meeting w i t h  Mr. J .  Henderson, representing the 
American Mining Congress, t o  discuss the proposed 
NSPS and the Background Information Document (Durham, N.C.) 

Proposed NSPS and the Background Information Docu- 
ment submitted t o  the Federal Agency Liaison for  
d i s t r i b u t i o n  to,and review by, the various Federal 
agencies 

Proposed NSPS and the Background Information Docu- 11 
ment dis t r ibuted t o  EPA Regional Offices for  review 1, 

Opacity of eff luent  emissions released to  the 
atmosphere from a double-absorption su l fur ic  ac id  
plant and a lead blast  furnace baghouse a t  the 
ASARCO E l  Paso, Texas, copper/lead smelter monitored 
and recorded 

Contract i n i t i a t ed  w i t h  the Arthur D. L i t t l e  Co. i n  
Boston, Massachusetts, t o  investigate both the limi- 
ta t ions of copper f lash and e l ec t r i c  smelting com- 
pared to  conventional domestic copper reverberatory 
smelting, w i t h  regard t o  the elimination of impurities 
and the a b i l i t y  to process copper precipi ta tes  
and secondary copper scrap, and the impact of these 
l imitations on the domestic copper smelting industry 

Meeting w i t h  Dr. P. Queneau and Dr. H .  Kellogg of 
Dartmouth College and Columbia University, respectively, 
to discuss the proposed NSPS and the Background Informa- 
t ion Document (Hanover, N. H.) 
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12/73 

12/73-1/74 

1/74-2/74 

1 /23/74 

2/5-6/74 

5/22/74 

Continuous mon i to r i ng  o f  s u l f u r  d iox ide  emissions 
from t h e  double-absorpt ion s u l f u r i c  a c i d  p l a n t  
a t  t h e  ASARCO copper/ lead smelter i n  E l  Paso, Texas, 
and t h e  a m n i a  scrubbing system a t  t h e  Cominco lead  
smel ter  i n  T r a i l ,  B r i t i s h  Columbia,brought t o  a con- 
c l u s i o n  

I 

Comnents rece ived from vpr ious  FPderal agencies con- 
cern ing  the  proposed NSPS and t h e  Background Informa- 
t i o n  Document reviewed and evaluated 

Second d r a f t  o f  t h e  proposed NSPS and t h e  Background 
In fo rmat ion  Document developed 

Meeting w i t h  Mr .  F. Templeton represent ing t h e  American 
Min ing Congress t o  d iscuss the  concept o f  mod i f i ca t i ons  
as r e l a t e d  t o  t h e  NSPS (Durham, N. C.) 

Opaci ty o f  e f f l u e n t  emissions re leased t o  the  
atmosphere from a l e a d  b l a s t  furnace baghouse 
a t  the ASARCO E l  Paso, Texas, copper/lead smel ter  
observed and recorded. 

Meeting w i t h  NAPCTAC t o  rev iew d r a f t  regu la t i ons  
f o r  m d i f i e d  sources under sec t ion  111 o f  t h e  Act. 
Representatives o f  American Min ing Congress commented 
on d r a f t  regu la t i ons  as r e l a t e d  t o  copper smelters. 

11-6 



Appendix I11 

Analysis o f  Continuous SO Monitor Data and Determination o f  an Upper 
L i m i t  f o r  Su l fur  ? c Acid P lant  Cata lys t  Deter iora t ion  



Appendix I11 

Analys is  o f  Continuous SO2 Mon i to r  Data and Determinat ion o f  an Upper 
L i m i t  f o r  S u l f u r i c  Ac id  P l a n t  C a t a l y s t  D e t e r i o r a t i o n  

Emission Var ia t i on  

S u l f u r  d iox ide  emissions from t h e  No. 7 s u l f u r i c  a c i d  p lan t ,  which 
i s  t h e  newest o f  f i v e  s ing le -s tage absorp t ion  p l a n t s  t h a t  a re  operat ing 
on the  of f -gases from the  n ine  Kennecott copper conver ters  a t  Garf ie ld.  
Utah, were analyzed. 
Continuous SO2 Analyzer from September 15, 1972, t o  November '15, 1972. 
Th is  inst rument  i s  capable o f  measuring SO2 concentrat ions w i t h i n  + 
150 ppm (2% o f  f u l l  sca le)  and au tomat i ca l l y  zeroes i t s e l f  every 8-1/2 
minutes. 
t h e  instrument i s  "on- l ine"  85% o f  t h e  time. 

per iods o f  data were miss ing due t o  problems w i t h  t h e  recorder .  
segments contained long per iods o f  p l a n t  shutdowns f o r  maintenance 
o r  inc luded concentrat ions t h a t  were obv ious ly  g rea te r  than t h e  
upper l i m i t  o f  the  moni tor .  (A s h o r t e r  absorp t ion  tube cou ld  have 
been i n s t a l l e d  t o  increase the  upper l i m i t  o f  t h e  moni tor ,  i f  t h i s  
s i t u a t i o n  had been no t iced  sooner.) Consequently, on t h e  bas is  o f  
data l e g i b i l i t y  and con t inu i t y ,  the  per iods o f  October 11-27, 1972, 
and November 8-15, 1972, were se lec ted  as representa t ive  o f  t h e  
two-month mon i to r ing  per iod.  

appeared t o  be g rea te r  than 3000 ppm o r  l ess  than 1000 ppm were 
then noted. 
ppm, i n c l u d i n g  two per iods dur ing  which emissions exceeded t h e  
record ing  capac i ty  o f  t h e  DuPont analyzer  (7500 ppm), were i d e n t i f i e d .  
Fourteen per iods dur ing  which emissions were l ess  than 1000 ppm were 
a l s o  i d e n t i f i e d .  Ac id  p l a n t  opera t ing  l ogs  and i n l e t  SO volume 

i f  upsets, mal funct ions,  o r  s ta r tups  and shutdowns occurred du r ing  
these per iods.  

one o f  t h e  two per iods dur ing  which t h e  emissions exceeded t h e  
record ing  capac i ty  o f  t h e  analyzer.  The upset /mal funct ion r e s u l t e d  
from prolonged low i n l e t  SO2 concentrat ions which caused a decrease 
i n  t h e  normal temperature increase across t h e  f i r s t  c a t a l y s t  bed. 
Consequently, t h i s  pe r iod  o f  excessive emissions was de le ted  from t h e  
data. S ix  shut-downs and s ta r t -ups  were noted. The s i x  per iods o f  
low emissions f o l l o w i n g  these shutdowns were de le ted  from t h e  data 
because t h e  a c i d  p l a n t  was n o t  i n  operat ion.  Two per iods o f  h igh  
emissions were i d e n t i f i e d  f o l l o w i n g  two o f  t h e  s i x  s tar t -ups.  

The emissions were recorded by a DuPont #a60 

The zero c a l i b r a t i o n  procedure requ i res  1-1/2 minutes; thus 

A general review o f  t h e  data generated revealed t h a t  several  
Other 

Periods o f  emissions dur ing  which t h e  average concent ra t ion  

Eighteen per iods dur ing  which emissions exceeded 3000 

and concent ra t ion  continuous mon i to r  data were analyzed $ o asce r ta in  

One major  upset /mal funct ion was discerned. Th is  occurred dur ing  

These 
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two periods of h i g h  emissions were also deleted from the da ta .  
t o  the time constraints placed on the analysis of these d a t a ,  no 
investigation of why four of these six start-ups had no associated 
periods of h i g h  emissions was conducted. A brief investigation of 
the eight remaining periods during which emissions were less t h a n  
1000 ppm, however, d i d  reveal t h a t  these low emissions appeared t o  
be the result of almost ideal operating conditions within the acid 
p l a n t ,  w i t h  somewhat low inlet  gas volumes and SO2 concentrations 
and a minimum of fluctuations i n  either of these variables. 

periods d u r i n g  which emissions were higher t h a n  3000 ppm remained. 
This included one of the  two periods previously identified as 
periods d u r i n g  which emissions exceeded the capacity of the DuPont  
analyzer. This period was then deleted from the da ta  for the follow- 
i n g  reasons. 
concerning numerical values of emissions was available, this time 
period could no t  be mathematically accounted for in the analysis. 
Second, because emissions were apparently so great, this period 
of operation would represent a violation of any reasonable standard 
developed and thus would add nothing t o  the analysis of "normal" 
operating emissions da ta  t o  provide a basis for such standards. 

The long-term SO2 emissions concentration average was then 
calculated for a l l  the data generated during the "normal operating" 
portions of the October 11-27 and November 8-15 periods. 
minute instantaneous SO2 concentration values were used for this 
calculation, and the long-term emission average was determined, 
to  be 1700 ppm. 
considerably less t h a n  the emission concentration corresponding 
to  Monsanto's guaranteed conversion efficiency of 95% conversion 
Of SO2 t o  SO3 a t  5% SO2 inlet ,  i .e.,  approximately 2700 ppm. 

The fourteen periods of h i g h  emissions t h a t  were n o t  deleted 
from the data were then examined by averaging these periods over 
various time intervals using the fifteen-minute instantaneous SO2 
concentration values identified dur ing  the above analysis. The time- 
averaged concentrations were then compared t o  various outlet SO2 
concentration levels t o  determine the extent t o  which such averaging 
periods mask variations i n  outlet concentration. The results are 
tabulated in the attached Tables TIT-1 and 111-2. 

(equivalent to  the manufacturer's guarantee) when averaged for a 
six-hour duration. Increasing the averaging time t o  seven hours 
decreased the number of periods exceeding 2700 ppm to  five. Further 
increases i n  the averaging period resulted i n  only minor decreases 
i n  the number of periods exceeding 2700 ppm. Increasing the level 
of average SO2 emission concentration from 2700 ppm t o  3000 ppm 

Due 

Following this review of acid plant operating data, fifteen 

First, and most important, since no knowledge 

Fifteen- 

I t  i s  significant to  note t h a t  this value i s  

Seven of the fourteen high-emission periods exceeded 2700 ppm 
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(approximately 10%) caused a s i g n i f i c a n t  reduc t i on  o f  t h e  number 
o f  high-emission per iods t h a t  exceeded t h i s  l e v e l  as compared w i t h  
2700 ppm. For each time-averaging i n t e r v a l ,  the  number o f  per iods 
f o r  which t h e  averages exceed 3000 ppm i s  about h a l f  t h e  number o f  
per iods corresponding t o  2700 ppm. Increas ing t h e  l e v e l  o f  average 
SO2 emission concentrat ion from 2700 t o  3250 ppm (approximately 20%) 
r e s u l t e d  i n  on l y  a s l i g h t  decrease i n  t h e  number o f  per iods  exceeding 
t h i s  l e v e l  compared t o  the  number o f  per iods  exceeding 3000 ppm. I n  
general, there fore ,  inc reas ing  e i t h e r  t h e  averaging t ime t o  per iods 
g rea te r  than s i x  hours, o r  inc reas ing  t h e  average SO emission 

manufacturers guarantee, does n o t  s i g n i f i c a n t l y  decrease the  number 
o f  high-emission per iods t h a t  exceed t h e  l e v e l  o f  SO2 emission 
concentrat ion se lected f o r  comparison. 

emissions exceeded var ious se lec ted  concent ra t ion  leve ls ,  such as 
2700, 3000, and 3250 ppm. 
examination o f  these data leads t o  t h e  same conclusions presented 
above. Thus, based on t h i s  ana lys is  and n o t  cons ider ing c a t a l y s t  
de te r io ra t i on ,  i t  appears t h a t  an averaging t ime o f  s i x  hours i s  
s u i t a b l e  f o r  determining SO emission concentrat ions,  and t h a t  

con t rac to r  guarantees by 10-20% cou ld  be viewed as acceptable f o r  
purposes o f  a l l ow ing  normal, shor t - term f l u c t u a t i o n s .  

concent ra t ion  se lec ted  f o r  comparison by more than 1 6 % above the  

Another approach i s  t o  examine the  ac tua l  t ime du r ing  which SO2 

These data a r e  tabu la ted  i n  Table 111-2. An 

emissions l e v e l s  es tab l  i she  5 somewhat above commonly accepted vendor/ 

Ca ta l ys t  D e t e r i o r a t i o n  

Due t o  t h e  l a c k  o f  subs tan t i a l  numerical q u a l i f i c a t i o n  o f  the  
e f f e c t  o f  c a t a l y s t  d e t e r i o r a t i o n  on SO2 emissions from s u l f u r i c  a c i d  
p lants ,  SO2 emission data gathered by simultaneous EPA source t e s t i n g  
o f  the  No. 6 and No. 7 p lan ts  a t  the  Kennecott G a r f i e l d  smel ter  
dur ing  t h e  pe r iod  o f  June 13-16, 1972,were analyzed. The No. 6 
(Parsons) p l a n t  began operat ing i n  February 1967 and was i n  t h e  
second month o f  i t s  twelve-month c a t a l y s t  c leaning c y c l e  dur ing  t h e  
source t e s t .  The No. 7 (Monsanto) p l a n t  began opera t ion  i n  September 
1970, and was i n  t h e  t w e l f t h  and l a s t  month o f  i t s  c a t a l y s t  c leaning 
cyc le .  

A s t a t i s t i c a l  ana lys is  o f  t h i s  data leads t o  t h e  conclus ion t h a t  
t h e  30% g rea te r  average emissions o f  the No. 7 p lan t ,  compared t o  
the  average emissions o f  t h e  No. 6 p lan t ,  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  
a t  t h e  90% p r o b a b i l i t y  l e v e l .  It should be noted, however, t h a t  t h i s  
d i f f e r e n c e  i n  emissions r e f l e c t s  n o t  o n l y  c a t a l y s t  d e t e r i o r a t i o n  b u t  
o the r  f a c t o r s  as w e l l ,  such as a d i f f e r e n c e  i n  emissions due t o  design 
o r  cons t ruc t i on  v a r i a t i o n s  between Parsons 1967 a c i d  p l a n t  technology 
and Monsanto 1970 a c i d  p l a n t  technology. 
probably sa fe  t o  assume t h a t  the  major p o r t i o n  o f  t h i s  d i f f e r e n c e  
i n  emissions i s  due t o  c a t a l y s t  d e t e r i o r a t i o n .  Thus, t h e  r e s u l t s  
o f  t h i s  ana lys is  can be viewed as i n d i c a t i n g  f i r s t ,  t h a t  c a t a l y s t  

The SO2 emission data a r e  tabu la ted  i n  t h e  at tached Table 111-3. 

On the  o the r  hand, i t  i s  
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d e t e r i o r a t i o n  does have a s i g n i f i c a n t  e f f e c t  on SO2 emissions and 
second, t h a t  w i t h  a twelve-month c a t a l y s t  c leaning cyc le  t h i s  
d i f f e rence  i n  emissions due t o  d e t e r i o r a t i o n  appears t o  be o f  the  
order  o f  magnitude of 30%. 

A d d i t i v e  Effect  o f  Emission Var ia t ior is  and Ca ta l ys t  D e t e r i o r a t i o n  

a c i d  p l a n t  performance standards based on six-hour SO2 emission leve1,s. 
10-20% g rea te r  than comnonly accepted vendor /contractor  guarantees 
appear t o  be appropr ia te  t o  a l l ow  shor t - te rm f l u c t u a t i o n s  i n  SO2 
emissions. As a l s o  discussed above, t h e  increase i n  SO2 emissions 
dur ing  t h e  twelve-month c a t a l y s t  c lean ing  c y c l e  can be est imated 
t o  be 30%. Based on t h e  conservat ive assumption t h a t  c a t a l y s t  
d e t e r i o r a t i o n  i s  an i nc reas ing  exponent ia l  f u n c t i o n  o f  time, almost 
a l l  o f  t h e  e f f e c t  o f  c a t a l y s t  d e t e r i o r a t i o n ' w i l l  occur dur ing  t h e  
second h a l f  o f  t h e  c lean ing  cyc le .  S ince  t h e  emission y a r i a t i o n  data 
were based on t h e  f i f t h  month o f  t h e  c a t a l y s t  c leaning cyc le ,  the  
data do n o t  i nc lude  s i g n i f i c a n t  c a t a l y s t  d e t e r i o r a t i o n  and t h e  increase 
i n  SO2 emissions due t o  c a t a l y s t  d e t e r i o r a t i o n  should be added t o  t h e  . . 

allowance f o r  new c a t a l y s t  emission v a r i a t i o n .  Thus, cons ider ing 
shor t - term f l u c t u a t i o n s  o f  S02:emissions and us ing conservat ive 
assumptions regard ing c a t a l y s t  d e t e r i o r a t i o n ,  new source performance 
standards can poss ib l y  be based upon s ix -hour  emission l e v e l s  es tab l i shed 
40-50% grea te r  than commonly accepted vendor/contractor guarantees. 

. .  I .  

1. 

As discussed above, n o t  cons ider ing c a t a l y s t  de te r io ra t i on ,  s u l f u r i c  

. , 5 

, . . ,  . .  

* 
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Table 111-1 

Periods Exceeding Concentration 

Concentration (ppn) 4-hr avg. 6-hr avg. 7-hr avg. 8-hr avg. 

2700 

3000 

3250 

13 7 .  5 5 

8 4 3 3 

5 . .  3 .  3 2 

Table 111-2 

Time Exceeding Concentration (Hrs. ) 

Concentration (ppn) 4-hr avg. 6-hr avg. 7-hr avg. 8-hr avg. 

2700 112 (21) l  76 (14)l 62 (11)l 62 (11)l 

Note 

1. Percentage o f  t ime  f o r  which the emissions would exceed the reference 

concentration. The t o t a l  "normal" operating time o f  542 hours equals 

100%. 

- 

111-5 

12-hr avg. 

3 

1 

0 

12-hr avg. 

42 (8) l  

13 (2) 

0 (0) 



Run 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Average 

- 

Table 111-3 

Outlet SO Concentrations (ppm) 
2 

No. 6 Plant No. 7 Plant 

389 296 

753 855 

1036 2277 

1745 1207 

938 

1608 

794 

1128 

930 

1036 
- 

1131 

2553 

1104 

1355 

1433 

1357 
-- 

c 

i 

1 
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Appendix IV 

Model Smelter Energy Balances 
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Appendix V 

Single-Stage Acid P lants  
Su l fur  Dioxide Tests Performed a t  

I ”  - .  



‘icI 

I 

SULFUR DIOXIDE EMISSION TEST RESULTS 

Preliminary t o  the s t a r t  o f  emissions tes t ing  i n  May 1972, 

a l l  su l fu r  dioxide control systems operating a t  domestic primary 

nonferrous smelters were surveyed t o  determine the effectiveness 

o f  control  devices a t  these sources. From the source survey 

evaluations, the f a c i l i t i e s  which exhlbited the most advanced 

control systems i n  Yems o f  design and reduction o f  SO2 emissions 

were selected f e r  emissions t e s t  by EPA. The sources selected 

include single-absorption ac id  p lants  which t r e a t  gases f r o m  one 

zinc smelter roaster, one lead smelter s in te r ing  machine, and 

three copper smelter converter operations. A l l  af fected f a c i l i t i e s  

were tested f o r  SO2 emisslons using Reference Method 8 contained i n  

T i t l e  40 o f  the Code o f  Federal Regulations, Part 60 (40 CFR 60), 

Appendix A, f i r s t  published I n  the Federal Register on December 23, 

1971. Later, a double-absorption ac id  p lant  was Ins ta l l ed  a t  a 

copper smelter, and t h i s  f a c i l i t y  was also tested. The analysls o f  

t h i s  t e s t  Is included f n  Appendix V I .  

Single-Absorption Acid Plantf 

During the i n i t i a l  por t ion o f  the tes t ing  program, the 

best domestic SO2 control  technology was considered t o  be single- 

absorption ac id  plants, described i n  Section 4.1, Su l fu r ic  Acid 

Plants, o f  t h i s  document. It was determined tha t  a tes t ing  

program including one ac id p lan t  a t  a lead smelter, one a t  a 

zinc smelter. and three a t  copper smelters would give s u f f i c i e n t  

emissions data t o  cover the range o f  smelting operations t o  which 

standards would be applicable. That includes the re la t i ve l y  

v-1 



constant SO2 concentrations and volumetric flow ra t e  t o  zinc 

roaster  acid plants t o  the highly variable i n l e t  SO2 concentration 

and flow ra t e  t o  copper converter acid plants.  

All single-absorptlon acid p l an t ' t e s t s  were W t i a l l y  conducted 

However, t o  gain long-term operational using Method 8 of 40 CFR 60. 

data,  a continuous monitoring t e s t  program of e ight  weeks duration 

was also conducted a t  one copper smelter acid plant instal la t ion.  

Continuous monitoring data were required because of the( unsteady 

nature of some smelter SO2 gas streams. 

streams are those from copper converter operations. The converter 

operation i s  a batch operation and ,  depending upon the number of 

converters i n  operation and the i r  phasing, will produce SO2 concen- 

t ra t ions  and flow rates  ranging from 0% t o  approximately 9% SO2 and 

a flow ra te  from 0 t o  the maximum blowing capacity of the converters. 

Plant operating logs, the acid plant i n l e t  cfm charts,  absorber 

and cohverter temperature charts and i n l e t  concentration charts were 

reviewed to  determine the operating condition of the acid plant 

dur ing  the continuous monitoring program. The periods o f  s ta r tup  

and shutdown were eliminated from the data analysis.  The long-term 

So2 emlssion concentration averages were determined from the remaining 

valid data points. Finally, various averaging techniques were used 

t o  determine the most appropriate averaging in te rva l ,  thereby el  imlnating 

the effect  of massive short-term fluctuat ions.  Similar data evaluation 

procedures were used t o  analyze dual -stage acid plant continuous 

monitoring data. 

Typical of unsteady emission 

8 

i 
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Faci l i ty  Test 

Missouri Lead Operating Company (AMAX), Boss, Missouri 

The Missouri Lead Operating Company acid plant ,  which t r ea t s  

a portion of the effluent from a lead sintering machine, was tes ted 

between May 22 and 24,  1972. 

runs f o r  sulfur ic  acid mist and SO2 emissions from the acid plant 

using Method.8'of-40 CFR 60. 

a weak SO2 stream, using Method 6 of 40 €FR 60, wen also performed. 

I t  has 

The test consisted of three separate 

Three runs for  SO2 emissions.from 

The sintering machine i s  a 60 m2 Lurg i  updraft machine. 

a design feed r a t e  of 90 metric tons per hour and a finished s in t e r  

production' r a t e  of 40 metric tons per hour .  

which i s  processed has an analysis of approximately 70% lead and 15% 

sulfur. 

found i n  most lead concentrates. 

from the machine: 

The lead concentrate 

The concentrate has only a minor amount of the impurities 

There are  two emission streams 

( a )  A strong SO2 stream of approximately 22,000 scfm i s  ducted 

t o  'the acid plant, and ' 

A weak SO2 stream of approximately 40,000 scfm i s  vented 

via a par t iculate  control baghouse t o  the atmosphere. 

( b )  

The SO2 concentration of the strong stream ranges between 5 and 7% 

d u r i n g  normal operation of the sintering machine. 

taken from the l a s t  two-thirds of the sintering machine, has an 

average SO2 concentratlon s f  approximately-0.4% SO2. 

The weak stream, 
' 

The s inter ing machine was processing approximately 1001 x lo2 k g / h r  

'110 tonslhr) of sinter, or 18,200 kg/hr  (20 tons/hr) above reported 
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noma1 operat ing oondi t ions.  The machine g r a t e  speed averaged between 

0.76 and 0.82 m/min (30 and 32 in/min). Th is  speed i s  approximately 

0.20 dmin  below normal opera t ing  speed; however, t h a t  reduction can 

be a t t r i b u t e d  t o  t h e  grea ter  charge r a t e  repor ted dur lng  t h e  tes t .  

The s u l f u r i c  a c i d  p l a n t  i s  a Monsanto-designed, three-stage, 

200 ton lday u n i t .  

The p l a n t  i s  designed t o  accomnodate the v a r i a t i o n s  i n  SO2 concen- 

t r a t i o n s  i n  t h e  i n l e t  gas stream ranging from a low o f  approximately 

4% SO2 t o  a h igh  o f  8% S02. 

t e s t  r e s u l t s  from t h e  st rong and weak streams, respe t t i ve l y .  

The ac id  p l a n t  c m e n c e d  operat ion i n  1968. 

Tables 'V-1 and 2 summarize the  emissions 

ASARCO. Columbus, Ohio 

The ASARCO pr imary z inc  smelter a t  Columbus, Ohio, i s  a custom 

smelter which produces z inc  oxide. 

1972. 

ac id  m i s t  and SO2 emissions from the z inc  roas te r  a c i d  p lant ;  Method 9 

o f  40 CFR 60 was used f o r  the  t e s t .  

The f a c i l i t y  was tes ted  May 24-27. 

The t e s t  program consis ted o f  f o u r  separate runs for ,  s u l f u r  

The smelter uses a L u r g i  f lu id -bed roas te r  t o  produce z inc  ox ide  

ca lc ine .  

day, and i t  was operat ing a t  a 155-metric-tons-per-day product ion 

r a t e  dur ing  t h e  t e s t .  

t o  t h e  r o a s t e r  i s  62% z inc  and 30% s u l f u r .  

A Monsanto-designed, 158-metric-tons-per-day, s ing le-absorpt ion 

The r o a s t e r  has a design capac i ty  o f  1.49 me t r i c  tons per  

The average ana lys is  o f  the concentrate de l i ve red  

a c i d  P lan t  con t ro l s  the  emissions from t h e  z inc  roas ter .  

const ructed i n  1968 and has f o u r  c a t a l y t i c  stages. The a c i d  p l a n t  

It was I 
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i s  designed t o  process approximately 12,000 scfm o f  gas a t  a 6% SO2 

concentrat ion.  

Table V-3 sumnarizes the emission t e s t  r e s u l t s  f r o m  the  ASARCO 

smelter. 

ASARCO , Hayden, Arizona 

The ASARCO Hayden, Arizona, smelter i s  a custom copper smelter. 

The smel ter 's  copper conver ter  s ing le-absorpt ion a c i d  p l a n t  was tes ted  

dur ing  the week of June 19, 1972. The t e s t  consisted o f  e i g h t  separate 

runs us ing Method 8 f o r  40 CFR 60. Two o f  the t e s t  runs were aborted 

due t o  malfunct ion o f  e i t h e r  t h e  t e s t  equipment o r  the  a c i d  p lan t .  

Test number 1 consisted o f  two samples, one f o r  each orthogonal 

ax is .  

r a t e  f o r  the  t e s t .  

SO2 moni tor ing was performed a t  t h e  s i t e  f o r  two days. 

mon i to r ing  t e s t  was intended t o  p rov ide  data f o r  comparison w i t h  t h e  

manual method and continuous mon i to r ing  experience f o r  f u t u r e  tes ts .  

No s t a t i s t i c a l  analys is  o f  the  continuous moni tor ing da ta  was performed. 

There are f i v e  copper conver ters  a t  the  smelter; each conver ter  

The l r  r e s u l t s  were then combined t o  determine the emissions 

I n  add i t i on  t o  t h e  manual tes ts ,  continuous 

The continuous 

requ i res  approximately 8 hours t o  process a batch of copper matte. 

The gas f l ow  t o  the a c i d  p l a n t  from the  converters i s  as h igh  as 

100,000 scfm, depending upon the  number o f  converters i n  operat ion.  

The gas stream t o  the  a c i d  p l a n t  has an SO2 concentrat ion o f  fran 4 t o  

9 percent. 

The conver ter  emissions are c o n t r o l l e d  by a 750-tpd s ing le -  

absorpt ion s u l f u r i c  ac id  p l a n t  designed by Chemiebau - Dr .  A. Zieren 
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GmbH of West Germany and b u i l t  i n  1972 by Rust Engineering, the U.S. 

l icensee of t h i s  company. 

an i n l e t  gas flow of up t o  100,onn scfm a t  an SO2 concentration of 4%. 

The acid plant has a four-stage capabi l i ty ,  b u t  only three ca t a ly t i c  

stages were act ive d u r i n g  the t e s t  and one was b l a n k .  

The acid plant i s  designed to  process 

Table V-4 summarizes the r e su l t s  of the Hayden emission t e s t s .  

Kennecott Copper Corporation, Garfield,  Utah 

The Kennecott Copper Corporation was tes ted d u r i n g  the week of 

June 19, 1972.- A to ta l  of twenty acid mist and SO2 emissions tes t  

were conducted on two of the f ive  acid plants. 

were tested w i t h  ten t e s t s  on each u n i t .  

was used t o  perform the 20 t e s t s .  

monitor was placed in to  operation t o  record long- t en  emissions 

Plant numbers 6 and 7 

Method 8 of 40 CFR 60 

In addition, a continuous SO2 

V-9 

. 
from the number 7 acid plant.  

All of-,the sulfur-laden gases from 9 converters a r e  ducted 

t o  6 single-absorption acid plants.  There a r e  9 copper converters 

a t  the p l a n t .  Their operations are phased t o  maintain a r e l a t ive ly  

constant SO2 concentration t o  the acid p l a n t s .  The acid p l a n t s  are 

designed t o  process a gas stream w i t h  a sulfur  d ioxide  concentration 

between 2 and 8%. 

30,000 t o  70,000 scfm depending upon the  number of converters 

i n  operation. 

The flow r a t e  t o  the acid plant varied between 

Acid plants numbers 6 and 7 were chosen for  the t e s t s  because 

they were the newest i n s t a l l a t ions  a t  the f a c i l i t y .  Plant number 6 
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began operations i n  February 1967. 

The p lan t  was i n  the second month o f  i t s  ca ta lys t  cleaning cycle 

during the t e s t  program. 

up t o  100,000 scfm o f  gas a t  a concentration o f  2 t o  8%. 

comnenced operation i n  September 1970. 

Enviro-chem and was constructed by Leonard Construction Company. The 

system was designed t o  handle the f luc tua t ions  o f  f low ra te  and SO2 

concentration associated w i th  converter operations. 

SO2 concentrations ranging between 2 and 8%. 

i n  the l a s t  month o f  i t s  ca ta lys t  cleaning cycle when the manual tests  

were performed. 

I t was designed by Parsons Co. 

The system has the capab i l i t y  o f  processing 

Plant number 7 

I t was designed by Monsanto 

It can handle 

The number 7 u n i t  was 

Tables V-5 and V-6 s u n a r i z e  the manual emissions t e s t  resu l ts  

from the Kennecott ac id  plants numbers 6 and 7. 

I n  addi t ion t o  the manual emission tes ts  performed a t  the Kennecott 

smelter, a continuous monitoring t e s t  program was conducted between 

September 15, 1972. and November 15, 1972, on the number 7 ac id  p lant .  

The purpose o f  t h i s  program was t o  gather long-term emission data 

su i tab le f o r  determining an averaging time which would e f f e c t i v e l y  

mask f luctuat ions i n  acid p lan t  o u t l e t  concentr6tions. and f o r  evaluating 

the long-term performance capab i l i t i es  of.single-absorption ac id  plants.  

The emissions were recorded by a Dupont 460 Continuous SO2 

Analyzer from September 15 t o  November 15, 1972. 

document discusses the resul ts  of tha t  tes t .  

Section 4-1 of t h i s  

i 
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Appendix V T  

o f  Dual-Absorption Acid 

Monitoring 
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Data 
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I n t roduc t i on  

The dual-absorpt ion ac id  p l a n t  f o r  SO2 c o n t r o l  a t  t h e  ASARCO copper 

smelter a t  E l  Paso, Texas, was t h e  f i r s t  system o f  i t s  type i n  the  

domestic nonferrous smel t ing indus t ry .  

measured by  EPA beginning May 17, 1973, and con t inu ing  through December 14, 1973. 

The SO2 emissions f r o m  t h i s  u n i t  were 

The ob jec t i ve  o f  the  t e s t  was t o  cha rac te r i ze  t h e  SO2 emissions 

from a smel ter  us ing a c o n t r o l  system o f  t h i s  type. 

analyzed t o  determine the con t ro l  system e f f i c i e n c y  and any cond i t ions  

which would cause h igh  emissions. 

t o  examine r e a l i s t i c  and achievable s u l f u r  d i o x i d e  emission l i m i t a t i o n s  

f o r  nonferrous smel t ing operat ions which produce s t rong SO2 streams. 

The da ta  were 

F i n a l l y ,  t h e  emissions da ta  were used 

The ASARCO smel ter  a t  E l  Paso, Texas, i s  a custom copper smel ter  

which produces 236 m e t r i c  tons per  day (260 TPD) o f  b l i s t e r  copper. 

Approximately 365 m e t r i c  tons per  day (400 TPD) SO2 are a l so  produced 

dur ing t h e  smel t ing process. 

w i t h  two conver ters  opera t ing  a t  e s s e n t i a l l y  a l l  t imes wh i l e  the  

t h i r d  conver te r  i s  i n  t h e  pour ing p o r t i o n  o f  i t s  smel t ing cyc le .  

type o f  c y c l i c  opera t ion  t y p i c a l l y  permi ts  a r e l a t i v e l y  constant ,  s t rong  

(3-7%) SO2 stream t o  be ducted t o  the c o n t r o l  system. 

The smelter operates three converters,  

Th is  

The conver ter  gases are c o n t r o l l e d  by  the dual-absorpt ion a c i d  

p l a n t  which produces approximately 450 m e t r i c  tons per  day (500 TPD) o f  

s u l f u r i c  acid.  The a c i d  p l a n t  i s  designed t o  process an average i n l e t  

concentrat ion o f  4% from an i n l e t  concent ra t ion  ranging between 

2% t o  10% SO2 a t  an i n l e t  f l ow  r a t e  o f  up t o  100,000 cfm. The 
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autothermal opera t ing  l i m i t  o f  the  ac id  p l a n t  l i e s  between 3.5 and 4%, 

so2. The system i s  prov ided w i t h  an automat ic heater  which permi ts  

e f f i c i e n t  opera t ion  o f  t h e  a c i d  p l a n t  down t o  an i n l e t  SO2 concentrat ion 

of approximately 2%. 

I 

I The c a t a l y s t  renewal cyc le  o f  the  a c i d  p l a n t  i s  

designed t o  be approximately once every 2 years. 1 

The mon i to r ing  ins t rumenta t ion  inc luded a Dupont 460 SO2 analyzer  

f o r  mon i to r i ng  the  o u t l e t  SO2 concentrat ion,  a Beckman i n l e t  SO2 

concent ra t ion  analyzer,  and a Westinghouse E2B 4-channel tape 

recorder  which permi t ted  simultaneous record ing  o f  time, i n l e t  SO2 

concentrat ion,  o u t l e t  SO2 concentrat ion and i n l e t  vo lumetr ic  f l o w  

ra te .  

SO2 c o n t r o l  system which requ i red  m o d i f i c a t i o n  t o  permi t  

record ing  o f  i t s  ou tpu t  s igna l  by the  EPA recorders.  

The Beckman i n l e t  SO2 was an i n t e g r a l  p a r t  o f  the ASARCO 

The accuracy o f  the  o u t l e t  SO2 mon i to r ing  ins t rumenta t ion  

was v e r i f i e d  as o u t l i n e d  i n  t h e  proposed EPA Method 12 o f  40 CFR 60. 

A t o t a l  o f  n ine  manual Method 8 SO2 t e s t s ,  de f ined i n  40 CFR 60, were 

performed between J u l y  9 and 12, 1973. Table V I - I  shows the  r e s u l t s  

of t h e  manual SO2 measurements as determined by Method 8 and the 

corresponding SO2 readings as determined by  t h e  Dupont 460 SO2 

mon i to r ing  instrument.  

The e n t i r e  mon i to r ing  program covered a pe r iod  o f  5088 hours, o r  

212 days. 

f o r  a t o t a l  of 190 days o r  90% o f  the  mon i to r i ng  per iod.  

the  same t ime span, the  moni tor ing inst rumentat ioD was i n  opera t ion  

Dur ing t h i s  t ime span, the  a c i d  p l a n t  was i n  opera t ion  

Dur ing 

L 

. 

+ 
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Table V I - 1  

Comparison o f  SO2 Measurements Using 
EPA Method 8 and t h e  Oupont 460 

SO2 Analyzer 

Test Resul ts  (ppm S02) 
Date & Time Star ted  EPA Method 8 Dupont Analyzer 

7-9-73 (1617): 12.5 19.9 

7-1 0-73 (1 01 1 ) 122.0 121.2 

7-10-73 (1418) 21 .o 22.1 

7-10-73 (1602) 117.5 116.3 

7-10-73 (1745) 53.0 48.5 

. 7-11-73 (0816-) 19.5 22.2 

7-11-73 (1000) 49.5 51.4 

7-12-73 (1627) 239.0 224.3 

' ' 7-1 2-73 (1805) 22.5 23.1 
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f o r  90% o f  t h e  mon i to r ing  per iod.  Taking i n t o  account per iods when 

bo th  a c i d  p l a n t  and mon i to r ing  ins t rumenta t ion  were inoperat ive,  

da ta  were c o l l e c t e d  dur ing  86% of the  t ime o f  the  mon i to r ing  program. 

The mon i to r i ng  ins t rumenta t ion  recorded one reading f o r  each parameter 

monitored every 3 minutes. 

average o f  the  prev ious f i v e  readings was computed. 

averages were used as the  base data p o i n t s  f o r  a l l  subsequent computations 

and analyses. c 

A t  the  end o f  each 15-minute i n t e r v a l ,  an 

The 15-minute 

V a l i d a t i o n  o f  Data 

To ensure t h a t  the recorded data were rep resen ta t i ve  o f  "normal" 
r 

opera t ing  cond i t ions ,  data v a l i d a t i o n  c r i t e r i a  were establ ished.  

The a c i d  p l a n t  Operations l og ,  the  a c i d  p l a n t  engineer 's  log ,  the  

c a t a l y s t  temperature char ts ,  and t h e  conver te r  i n / o u t  cha r t s  were reviewed 

t o  determine the  opera t ing  s t a t e  o f  t h e  conver te r  operat ions and 

t h e  a c i d  p lan t .  

and per iods  of excess emissions du r ing  s t a r t u p  were removed from the  

compiled data. 

o the r  opera t ing  s i t u a t i o n s  were considered normal. 

Per iods du r ing  which t h e  a c i d  p l a n t  was n o t  opera t ing  

For purposes o f  ana lys is  o f  the  compiled data, a l l  

Dur ing t h e  course o f  the  t e s t  program, the  a c i d  p l a n t  experienced 

a number o f  shutdown and s t a r t u p  s i t u a t i o n s .  The per iods o f  a c i d  p l a n t  

downtime Jasted f o r  as l i t t l e  as 30 minutes t o  as l ong  as 5 days. 

I t  was observed from a general  rev iew o f  t h e  data t h a t  the  s h o r t e r  

du ra t i ons  of downtime produced shor te r  per iods  o f  h igh  emissions a f t e r  

s t a r t u p  than t h e  downtimes o f  longer  du ra t i on .  Therefore, each pe r iod  
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of downtime and s t a r tup  was evaluated t o  der ive a quant i ta t ive  relat ionship 

between the duration o f  the  downtime and the duration of h i g h  emissions 

a f t e r  s ta r tup .  

In developing an approximate re la t ionship  between the duration 

of abnormal emissions and the duration of downtime, a family of curves 

was prepared t o  show average emission vs time a f t e r  s ta r tup  based on 

the  data monitored. There were 25 s t a r tups  during the monitoring period. 

These were categorized i n t o  f ive  groups depending upon downtime duration. 

The curves represent the following downtime periods: 1.99 hours o r  l e s s ,  

2 t o  5.99 hours, 6 to  9.99 hours ,  10 t o  13.99 hours, and grea te r  than 

o r  equal t o  14 hours. 

number of downtimes: 

of from 2 t o  5.99 hours durat ion,  3 downtimes o f  from 6 t o  9.99 hours 

duration, 4 downtimes of from 10 t o  13.99 hours duration,and 7 downtimes 

of 14 hours or  grea te r  duration. Normal operation was considered 

a t ta ined  when the average emissions decreased t o  500 ppm. 

shows the relat ionship between the downtime duration and the 

emission r a t e  imnediately a f t e r  s ta r tup .  

Each curve represents the following t o t a l  

7 downtimes of 1.99 hours o r  l e s s ,  3 downtimes 

Figure VI-!  

. 

The analysis  of the curves indicates  t h a t  downtimes of up  t o  1.99 

hours d i d  not cause excess emissions. 

however, typ ica l ly  created abnormal emissions f o r  up t o  approximately 

5 hours a f t e r  s ta r tup .  

operation being a t ta ined a f t e r  a period of time ranging  between 

the two previous extremes. 

Downtimes of grea te r  than 14.99 hours, 

Other shutdown in t e rva l s  resul ted i n  normal 
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Figure VI-1. Average emissions after startup. 
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I t  i s  r e a l i z e d  t h a t  t h e  exact d u r a t i o n  o f  excess emissions d u r i n g  

s t a r t u p  w i l l  vary, because the t ime r e q u i r e d  t o  a t t a i n  normal 

ope ra t i on  depends t o  a major degree upon t h e  s k i l l  o f  t h e  a c i d  

p l a n t  operator ,  h i s  percept ion o f  t h e  system's imbalance and h i s  

response w i t h  c o r r e c t i v e  measures. Also, t h e  t ime  r e q u i r e d  t o  , 

a t t a i n  normal ope ra t i on  i s  dependent upon the response t ime o f  t h e  

a c i d  p l a n t  system t o  any c o r r e c t i v e  a c t i o n s  i n i t i a t e d  by t h e  operator.  

The curves o f  F igu re  V I - I  i n d i c a t e  t h a t  t he re  may be considerable 

elapsed t ime  a f t e r  s t a r t u p  be fo re  t h e  a c i d  p l a n t  regains e q u i l i b r i u m  

cond i t i ons .  Based on these curves, data v a l i d a t i o n  c r i t e r i a  were 

developed f o r  s t a r t u p  per iods.  Data p o i n t s  du r ing  t h e  i n i t i a l  port ions,  

o f  an a c i d  p l a n t  s t a r t u p  were excluded f rom the a n a l y s i s  based on t h e  - 
f o l l o w i n g  c r i t e r i a ,  ' t o  t h e  nearest  hour: 

I - 
. 

(a)  For shutdowns o f  l e s s  than 2 hours, t h e  f i r s t  v a l i d  

datum p o i n t  occurs i nmed ia te l y  a f t e r  s t a r t u p .  

(b)  For shutdowns o f  2 t o  5.99 hours, the f i r s t  v a l i d  

datum p o i n t  occurs 3 hours a f t e r  s ta r tup .  

_. 
I ,  ,. 

- .. . ,, 8 . 
,I '- . .  

i 
I ( c )  For shutdowns o f  6 t o  9.99 hours, t h e  f i r s t  v a l i d  

.. I 

datum p o i n t  occurs 4 hours a f t e r  s ta r tup .  

(d) ,For shutdowns o f  10 t o  13.99 hours, t h e  f i r s t  v a l i d  

datum p o i n t  occurs 4 hours a f t e r  s ta r tup .  

For shutdowns o f  g rea te r  than 14 hours, t h e  f i r s t  v a l i d ,  

datum p o i n t  occurs 5 hours a f t e r  s t a r t u p .  

. .  

( e )  
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Discussion of the Data 

W i t h  periods of acid plant downtime and the in i t i a l  portion 

of acid p l a n t  startup eliminated from the recorded data, the 

remaining data consti tute emissions from normal smelting and 

actd plant operations. 

in le t  concentration when a l l  converters were out of the hoods for  

shor t  periods. These si tuations are comnon occurrences i n  copper 

converter operations. 

This includes periods of abnormally low 

As previously discussed, the in le t  SO2 concentration to  the acid 

plant was measured a t  3-minute intervals. The readings were then 

averaged every 15 minutes t o  determine the 15-minute average base 

data points. 

entire t e s t  period with a standard deviation of 1.64 percent S02. 

The highest recorded 15-minute average in l e t  for  the total  monitoring 

period was 9.19 percent S02. 

The in le t  gas stream averaged 3.80 percent SO2 for  the 

, An analysis o f  the distribution of the 15-minute in le t  SO2 readings 

indicated t h a t  the acid p l a n t  processed gases of greater than the  

minimum requirements for autothermal operation (3.5 percent) for  only 

approximately 55 percent of  the time. 

the concentration distribution and the cumulative frequency distribution 

Of the in l e t  SO2 concentrations recorded d u r i n g  the monitoring period. 

Figures VI-2 and VI-3 show 

An important factor t o  note i s  the percentage of time t h a t  the 

acid plant operated a t  greater t h a n  6 percent S02. The system 

was processing gases of  greater than 6 percent SO2 only 11 percent 

of the to t a l  operating time. 

considering the general relationship of i n l e t  SO2 concentrations t o  

so2 emissions of this system as  compared t o  other projected Copper 

This factor becomes important when 
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conver te r  a c i d  p lan ts .  

s t rong gas streams o f  c o n s i s t e n t l y  h ighe r  concentrat ions,  on the  

order  o f  6 t o  9 percent  S02. 

Cata l ys t  D e t e r i o r a t i o n  

Other nonferrous smelters t y p i c a l l y  produce 

The e f f i c i e n t  opera t ion  o f  any a c i d  p l a n t  i s  governed t o  a major 

degree by the  c o n d i t i o n  of the  c a t a l y s t  which a ids  t h e  conversion 

r e a c t i o n  o f  SO2 t o  S03. As the  c a t a l y s t  f s  used, i t s  c o n d i t i o n  

, 5’ 

Y,  

can d e t e r i o r a t e  and thus decrease t h e  c o n t r o l  e f f i c i e n c y  o f  the 

system. This  n a t u r a l l y  r e s u l t s  i n  increased emissions f rom t h e  

a c i d  p lan t .  To asce r ta in  any change i n  conversion e f f i c i e n c y  

a t t r i b u t a b l e  t o  c a t a l y s t  use, the  change i n  e f f i c i e n c y  was determined 

f o r  var ious  t ime i n t e r v a l s  over t h e  t o t a l  t e s t  per iod.  The imp l i ed  

assumption i n  t h i s  procedure was t h a t  any decrease i n  c o n t r o l  

e f f i c i e n c y  would be b a s i c a l l y  due t o  t h e  decreased r e a c t i v i t y  o f  

t h e  c a t a l y s t .  

The ac’id p l a n t  conversion e f f i c i e n c y  was ca l cu la ted  us ing  t h e  

f o l  1 owing d e f i n i t i o n  : 

Mass SO converted 
E f f i c i e n c y  (E)  = d 2 a v a i l a b l e  

Adopting t h e  i d e a l  gas law f o r  S02, t h e  prev ious d e f i n i t i o n  can 

be represented by the  equat ion:  

C i n  = SO2 concent ra t ion  en te r ing  the  a c i d  p lan t .  

= SO2 concentrat ion l e a v i n g  t h e  a c i d  p l a n t .  Gout 
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The acid plant commenced operation i n  December 1972. Between 

May 1973 and December 1973, the acid p l an t  was monitored while operating 

f o r  approximately 171 days, o r  approximately 86 percent of the t h e .  

A t  the end of the monitoring program, the acid plant had been i n  

operation a to ta l  of 336 days. 

The normal cleaning cycle for  the acid plant ca ta lys t ,  based on 

the manufacturer's design, is two years.  Thus, the system was 

monitored dur ing  the second quarter of i t s  normal ca ta lys t  cleaning 

cycle. Due t o  the  f a i l u r e  of parts of the gas precleaning system 

t o  operate properly, however, the ca t a lys t  deter iorat ion r a t e  was 

accelerated and the acid plant ca ta lys t  was screened d u r i n g  March 1974. 

Based on this information, the ca ta lys t  renewal cycle therefore 

covered a period of 1.2 years, and the acid p l a n t  was considered 

t o  have been monitored d u r i n g  t h e  second and t h i r d  quarters o? 

i ts  ca ta lys t  cleaning cycle. 

One l e a s t  squares regression analysis  of the change in  efficiency 

w i t h  usage covers the total  test period from May 17, 1973, through 

December 14, 1973. Similarly,  second and t h i r d  analyses of the 

change i n  eff ic iency w<Lh time were a l so  made and included the l a s t  

two months and the l a s t  month of the monitoring period, respectively. 

A review of the three results indicates t h a t  the acid p l a n t ' s  

efficiency remained essent ta l ly  constant a t  an average of greater 

than 99.70 percent d u r i n g  the to ta l  t e s t  program. The respective 

changes i n  efficiency w i t h i n  the observed periods indicated by 

the three analyses were 0.20 x 10-7, 5.6 x 10-7, and 8.7 10-7 

I 

1 
* I  
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percent per day. 

efficiency were 99.750%, 99.643% and 99.688%, respectively. Thus ,  

neither within a given interval nor between one reporting interval 

and another did the analysis show su f f i c i en t  changes i n  efficiency 

t o  indicate a s ignif icant  change i n  the condition of the ca ta lys t .  

Effect of In l e t  SO7 Concentration on Emissions 

The minimum e f f i c i e sc t e s  from these changes i n  

. 

The most important aspect of the inlet  SO2 concentration i s  . . .. 

i t s  e f f ec t  on acid plant operating eff ic iency and the resul t ing 

ou t l e t  SO2 concentration. 

SO2 concentrations on the resul t ing ou t l e t  SO2 concentrations, a l l  

of the simultaneous 15-minute i n l e t  and ou t l e t  concentration data 

were used t o  develop a l e a s t  squares s t r a i g h t  l ine .  

t h i s  analysis indicated there i s  a direct  l inear  relationship-between 

i n l e t  and the resulting out le t .  The correlat ion coeff ic ient  o f  . . 
the analysis was calculated t o  be 0.413 and de ten ined  t o  be s igni f fcant  .a 

enough t o  warrant a conclusion of l i nea r i ty .  

To ascer ta in  the e f f ec t s  of varying i n l e t .  

/ The resu l t s  o f  
J 

/ 

Figure VI-4 shows the 

graph of the l e a s t  squares l ine  and i t s  standard error. - , .I .: 

The in le t  SO2 concentrations experienced dur ing  t h i s  test  were 

somewhat lower than the concentrations of 5 t o  6 percent which are 

achievable from typical copper converter operations. 

of 3.8 percent SO2 and a standard deviation of 1.64 percent S02, 

approximately 68 percent of the readings were between 2.2 and 5.4 percent 

S02, indicating tha t  the inlet concentrations are biased low and t h u s  

result i n  lower ou t l e t  concentrations. 

plant i n l e t  concentration was typ ica l ly  low indicates t ha t  the typical 

W i t h  an average 

. - .  

. 

The f ac t  t h a t  the acid 
1. 
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o u t l e t  concentrat ion was lower  than t h a t  expected from o the r  s i m i l a r  

a c i d  p lan ts  operat ing a t  a h igher  average i n l e t  concentrat ion.  Th is  

f a c t o r  must be taken i n t o  account when determin ing emissions l i m i t s  

f o r  o the r  smel t ing operat ions,  based on da ta  f rom t h i s  t e s t .  

An i n l e t  concentrat ion o f  9 percent  i s  approximately the  maximum 

i n l e t  SO2 concentrat ion t h a t  can be processed by most modern 

dual-stage a c i d  p lan ts .  

when p r e d i c t i n g  the expected emissions from a smelter generat ing 

an i n l e t  gas stream w i t h i n  t h e  observed range o f  t h i s  t e s t  (0.02 t o  9.16% 

SO2). 

approximately 50 ppm per  1 percent  increase i n  i n l e t  concent ra t ion  

above 3.8 percent. 

t o  the  a c i d  p l a n t  was 9 percent  S02, t h e  average emission r a t e  

i nd i ca ted  from the  t e s t  was approximately 3 times the  emission 

r a t e  .obta ined a t  3.8. percent  i n l e t  S02. This  increase i s  b a s i c a l l y :  

due t o  increased i n l e t  concentrat ion a t  a constant  convers ion e f f i c i e n c y .  

Resul ts o f  t h e  Test Program 

' r . i ! ' ,  Figure V I - 4  i s  s i g n i f i c a n t ,  there fore ,  

It shows t h a t  t h e  average o u t l e t  concentrat ion increases 
(. 

For instance, when t h e  average i n l e t  concent ra t ion  

D 

-. 1 ' 

The r e s u l t s  o f  the  t e s t  program i n d i c a t e d  t h a t  du r ing  normal 
1. operat ions the  average emissions, based on 15-minute readings, 

ranged between 10 and 2920 ppm. Approximately 90 percent  o f  these 

values, however, were below 250 ppm and w e l l  below t h e  t y p i c a l  

manufacturer 's guaranteed emission r a t e  o f  500 ppm. 

There were, however, per iods o f  r e l a t i v e l y  h i g h  emissions, even 

when averaged over  s ix-hour per iods,  which could n o t  be a t t r i b u t e d  

t o  mal funct ions,  s ta r tups  o r  shutdowns f rom ana lys is  o f  t h e  da ta  

recorded d u r i n g  these per iods.  It was thought t h a t  these per iods  
- .  
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might  be caused by re la t ive ly  h i g h  i n l e t  concentrations, resul t ing 

i n  a corresponding increase i n  ou t le t  concentrations. 

t o  examine t h i s  poss ib i l i ty ,  6-hour averages of 400 ppm o r  

greater  were located i n  the data base, and the twenty-four 15-minute 

inlet concentration readings which made up the 6-hour averages were 

recorded. The concentration frequency d is t r ibu t ions  of these 

i n l e t  readings were then compared w i t h  the i n l e t  concentration frequency 

d i s t r i b u t i o n  f o r  the en t i r e  monitoring period. 

individual dis t r ibut ions did not vary s igni f icant ly  enough from the 

composite for  the e n t i r e  monitoring period t o  indicate tha t  the 

excursions occurred during periods of unusually h igh  or d u r i n g  

abnormal i n l e t  concentration conditions. The ca ta lys t  converter 

temperatures and i n l e t  gas flow ra tes  were also reviewed, b u t  no abnormalities 

were noted in these parameters. 

In order 

In general, the 

- 
Since the periods of re la t ive ly  h i g h  emissions were not caused 

_ -  
by abnormal i n l e t  gas conditions or  by abnormal operation 'of the acid 

plant  system, the compiled data were averaged over various time intervals 

ranging from 1 t o  10 hours i n  order t o  examine the e f f ec t  of averaging 

time on damping o f  normal excursions. As.a r e su l t ,  the e f fec ts  of 

normal short-term excursions were spread over successively longer 

periods of time. Table VI-2 shows a matrix,  t o  the nearest 0.05 percent, 

of the percentages of the  to ta l  readings which exceeded given concen- 

t r a t ions  for  various averaging intervals .  

I t  can be seen from Table VI-2 tha t  as the averaging time for 

a given concentration level increases, the percentage o f  excursions 
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above tha t  concentration level tends t o  converge to  zero. 

Table VI-2 indicates t ha t  from 20 to  15 percent of the recorded values 

exceeded 150 ppm, depending on the averaging intervals  between 1 

and 10 hours. 

For example, 

Similarly,  i n  Table VI-2 an increase i n  the concentration 

level for  a given averaging time will a lso cause the matrix t o  converge 

rapidly t o  a small value. 

averaging in te rva l ,  there i s  a 20% excursion r a t e  a t  the 150 ppm 

level .  

excursion r a t e  t o  2.45 percent; increasing the concentration level 

t o  750 ppm decreases the excursion r a t e  t o  0.05 percent. 

For example, observing the 6-hour 

Increasing the concentration level t o  300 ppm decreases the 

Based on the r e su l t s  o f  Table VI-2,as e i the r  the averaging 

time increases, the concentration level increases, or both increase, 

the percentage of excursions tends t o  converge toward a sinall'value 

In the matrix. 

Conclusions 
1 

As previously indicated, the typical manufacturer's guarantee 

f o r  a dual-stage acid plant is 500 ppm, based on a 5 t o  6 percent 

average i n l e t  SO2 concentration. The results o f  the test, however, 

indicated tha t  the t e s t  was carr ied out a t  a 3.8 percent average 

i n l e t  concentration, somewhat lower than the average inlet concentration 

from typical copper converting operations. The test  r e su l t s  a l so  

indicate t h a t  there i s  a d i r ec t  l inear  relationship between i n l e t  

SO2 concentrations and ou t l e t  SO2 concentrations; the i n l e t  concen- 

t r a t ions  increase proportionally with ou t l e t  concentrations. '-Therefore, 
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since the i n l e t  concentration was somewhat lower than normal, the 

resul t ing out le t  concentration was considered lower than tha t  from 

typical copper smel t e r s .  

Since the manufacturer's guarantee of 500 ppm i s  based on a 5 t o  

I 6 percent i n l e t  SO2 concentration in to  a typical smelter. converter 

acid plant,  the equivalent SO2 concentration for  the ASARCO 

acid plant during the t e s t  period was 400 ppm. T h i s  i s  due t o  , r ' l i :  

the typically lower i n l e t  concentrations. . .. 
As discussed i n  Appendix V ,  an appropriate averaging time I I ,  ' 

f o r  masking ou t le t  concentration fluctuations from single-stage 

acid plants was determined t o  be 6 hours. 

plant indicates t h a t  a 6-hour averaging time is also suf f ic ien t  t o  

mask fluctuations from a dual-absorption acid plant.  The resu l t s  

show t h a t  an emission r a t e  o f  400 ppm for a 6-hour averaging time .?- i,n :, ': 

The test of the ASARCO 

would r e su l t  i n  1.20 percent excursions. .,.<I E ; , i  s i <  

Though the results of this t e s t  program indicate tha t  a reasonabJe- 
- .  

emissions limit equivalent _ .  t o  the vendor's guarantee (400 ppm) WOU!d:q 

result in  only 1.20, percent violation r a t e ,  the ef fec ts  of;hi.gher 

inlet  SO2 concentrations a t  other smelting operations and acid . '. I .  

plant ca ta lys t  deterioration must be taken in to  account. To account 

for situations of increased emissions due t o  higher i n l e t  concentrations . .  

UP t o  9 percent, the resu l t s  o f  Table VI-2 require prorating upward, L' :,- 

. 

a maximum of 200 ppm. 

The resu l t s  of this t e s t  were no t  conclusive as 

of hcreased emissions due t o  ca ta lys t  deterioration 

was . bserved during t h i s  t e s t .  Discussions with the 1 
I 
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ASARCO a c i d  p l a n t  i n d i c a t e d  t h a t  up t o  a 10 percent increase i n  

m i s s i o n s  was expected be fore  renewal o f  t h e  c a t a l y s t .  Th is  fac to r ,  

there fore ,  has t o  be taken i n t o  account when p r e d i c t i n g  the  expected 

emissions from a system o f  t h i s  type. 

the  r e s u l t s  o f  Table VI-2 were prora ted  upward t o  take h igher  i n l e t  

Based on the  prev ious fac to rs ,  

concent ra t ion  and d e t e r i o r a t i o n  i n t o  account. 

Table VI-3 shows an a c i d  p l a n t  ope ra t i ng  a t  an i n l e t  o f  as h igh  

as 9 percent  and t a k i n g  c a t a l y s t  d e t e r i o r a t i o n  i n t o  account. 

Table VI-3 i t  can be seen t h a t  an a c i d  p l a n t  processing t h e  maximum 

expected i n l e t  concent ra t ion  cou ld  be expected t o  ma in ta in  an 

e m i s s i m  r a t e  of 650 ppm w i t h  on l y  a 1.20 percent excurs ion ra te .  

From 

I n  general, however, a. new source performance standard s e t  a t  t h e  

650 ppm l e v e l  and a 6-hour averaging t ime would r e s u l t  i n  a probable 

excurs ion r a t e  o f  l ess  than 1.20 percent. The general  p rov i s ions  

o f  new source performance standards (39 FR 9308) spec i f y  t h a t  each 

performance t e s t  f o r  the  purpose o f  compliance s h a l l  c o n s i s t  o f  

t h e  a r i t h m e t i c  mean of t h e  r e s u l t s  from t h r e e  separate runs. To 

determine t h e  number of t imes t h a t  t h e  ASARCO a c i d  p l a n t  exceeded 

t h e  400 ppm l e v e l  (equ iva len t  t o  650 ppm i n  Table VI-3) ,  the 

recorded da ta  f rom t h e  t e s t  program were reviewed. Each 6-hour 

average o f  400 ppm o r  g rea te r  was considered an excursion. Readings 

for 24 hours bo th  be fore  and a f t e r  t h e  v i o l a t i o n  were reviewed t o  

determine whether the  average o f  any two readings together  w i t h  the 

excurs ion would exceed 400 ppm. The t h r e e  6-hour averaging per iods 

were chosen so t h a t  none o f  the  per iods overlapped. The r e s u l t s  i 
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- 

t h e  e n t i r e  monitoring period,  only s i x  r e s u l t  i n  averages o f  three 

runs grea ter  than 400 ppm. From t h i s  evaluat ion,  the probable 

percentage o f  6-hour averages i n  excess o f  650 ppm, based on a 

9% SO2 i n l e t  stream, would be approximately 0.15 percent.  

'I 

i 

VI-22 



Appendix VI1 

Results of Particulate Tests Performed a t  
Primary and Secondary Nonferrous Smelting Industries 



brass and bronze ingot production industry, In these instances, 

i t  was concluded tha t  the emission control devices tested and the 

character is t ics  of the part iculates  and eff luent  gases were s lmilar  

t o  those of the primary industries.  

- l 

. ? 

I 

Part iculate  matter emissions were determined according t o  EPA 

Method 5 of 40 CFR.60, December 23, 1971 (36 FR 24888). The data 

sumarized correspond t o  the f ront  half catch (probe and f i l t e r  

catch) of the emissions tes t ing t r a in .  

Discussion 

! 
I 

1 
I 

i One primary lead smelter was tes ted ;  the control device was a 

baghouse. 

the secondary nonferrous smelting industry. 

smelters were tes ted,  a l l  of which use baghouses t o  control emissions. 

The remaining data are from previous EPA t e s t  programs i n  1 %  
Three secondary lead j 'I 

> 



h e  of these f a c i l i t i e s  controls b las t  furnace!.emissions; two control 

reverberatory furnace emissions. Two brass  and bronze smelters 

were tes ted ,  both of which use baghouses t o  control emissions. 

Both plants use reverberatory furnaces t o  melt scrap materials. 

Table VII-1 sumnarizes the resu l t s  of these tests. 

ASARCO Primary Lead Smelter, Glover, Missouri 

The b l a s t  furnace and dross reverberatory furnace baghouse 

a t  the ASARCO primary lead smelter i n  Glover, Missouri, was 

tested on July 19-20 and 23, 1973. 

of 81,800 metric tons (90,000 tons) of lead per year and s ta r ted  

production i n  1968. 

The smelter has a design capacity 

The b las t  furnace is an Australian s tep  jacket  design w i t h  a 

nominal capacity of 273 metric tons (300 tons) of lead bullion per 

day. The furnace i s  7.6 meters (8.3 yards) long, 1 . 5  meters 

(1.64 yards) wide a t  the lower tuyeres, and 3.0 meters (3.28 yards) 

wide a t  the upper tuyeres. A blower provides u p  t o  510 cubic meters 

per minute (18,000 f t 3 / m i n )  of a i r  a t  0.26 kg/cm2 (0.76 lb/ in2)  pressure 

t o  the furnace. The t o p  of the furnace, where charging takes place 

and e f f l i e n t  ~ a s e s  are diicted t o  the csntrol system, I s  o f  typical 

thimble-top design. 

Charge materials f o r  the furnace consis t  of coarse s i n t e r ,  

iron, coke, and caust ic  skims. Charging usually occurs 17-18 times 

per s h i f t .  

Effluent gases from the blast  furnace, swivel vibrator ( t ransfer  

of sinter t o  storage b ins) ,  Ross classifying rolls,  dross kettles, 
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&JY tapper,  s lag  granu la to r ,  lead  tap,  s l a g  taps and feed hopper 

drop po in ts  are exhausted t o  the  b l a s t  furnace baghouse con t ro l  

system. 

chamber, f r e s h  a i r  i n l e t ,  l i n e  a d d i t i o n  system, and a baghouse. 

The baghouse c o n t r o l  system cons is t s  o f  a humid i fy ing  

The ASARCO-designed baghouse i s  enclosed i n  a concrete s t r u c t u r e  

con ta in ing  6 compartments and i s  o f  t h e  pressure type. 

con ta ins  204 wool bags. 

3710 m3/min (131,000 acfm) a t  58.3"C (137OF). 

t h e  water  spray chamber and t h e  baghouse t o  a i d  i n  C o l l e c t i o n  e f f i c iency  

and t o  r e t a r d  i g n i t i o n  o f  the  c o l l e c t e d  dust .  

Each compartment 

The i n l e t  f l o w  r a t e  t o  t h e  baghouse i s  

Lime i s  added between 

The f i l t e r  bags a r e  cleaned by mechanical v i b r a t i o n .  The compartment 

dampers remain c losed f o r  approximately 20 seconds a f t e r  c lean ing  t o  

a l l ow  p a r t i c u l a t e s  t o  s e t t l e .  Compartments a re  cleaned on a r o t a t i o n  

bas is  when t h e  pressure drop across t h e  baghouse exceeds 3 inches o f  

water. When c lean ing  one compartment f a i l s  t o  s u f f i c i e n t l y  lower the  

pressure drop (genera l l y  t o  below 2 inches o f  water) ,  the  nex t  

compartment i n  sequence i s  cleaned. 

i t  was observed t h a t  two compartments were genera l l y  cleaned i n  

Dur ing the  t e s t i n g  program, 

sewcipce diii-iiig one cleaning cyc le.  

The smel ter  was operated a t  capac i ty  du r ing  tes t i ng .  Product ion 

r a t e s  ranged from 12.5 t o  12.6 m e t r i c  tons  (13.8-13.9 tons)  o f  l ead  

b u l l i o n  p e r  hour du r ing  t h e  t e s t s .  

P a r t i c u l a t e  sampling was conducted s imul taneously  on the  th ree  

s tacks f rom t h e  baghouse. Table V I I -2  sumnarizes the r e s u l t s  o f  these 
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t es t s .  

performed on each stack. 

The data presented are averages of the simultaneous t e s t s  

SELCO Secondary Lead Smelter, Columbus, Georgia 

The SELCO secondary lead smelter a t  Columbus, Georgia, was 

tested on August 6-8, 1973. 

tons (1000 tons) of lead per month .  

i s  hard lead, an alloy containing 95-98% lead. 

o f  production i s  essentially pure or sof t  lead. 

The plant processes approximately 910 metric 

About 70 percent of total  production 

The remaining 30 percent 

Two 1.28-meter (42-inch) inside diameter blast  furnaces operate 

24 hours per day, 5 days per week, 50 weeks per year. 

enriched t o  approximately 23 percent oxygen, is  fed a t  a rate of 

approximately 19.8 dscm/min (700 scfm) t o  each furnace. 

materials t o  the farnaces include lead scrap, coke, slag, and other 

fluxing agents. 

of the furnaces. Normal production from each furnace averages 1.2 

metric tons (1.1 tons) per hour. 

production averaged between 0.90 metric tons/hr (0.99 tons/hr) t o  

1.1 metric t o n s / h r  (1.21 t o n s / h r ) .  

Tuyere a i r ,  

Charge 

Lead i s  continuously tapped from the bottom 

During the testing periods, 

Combustion gases are exhausted t h r o u g h  a stack a t  the top of 

each furnace. 

a separate afterburner, cooling system, and baghouse. The gases 

are cooled w i t h  a water spray and dilution a i r .  

The gas stream from each furnace i s  directed t o  

One of the two baghouses operated by the smelter was tested, 

The tested baghouse has 5 compartments, each containing 238 acrylic 

bags t h a t  are replaced on a 9-month schedule. 

baghouse i s  396 dscm/min (14,000 scfm). 

The design capacity of the 

The f i l t e r  bags are cleaned 
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by mechanical vibrators activated once per hour for a total  cleaning 

time of 6.5 to  8 minutes per compartment. 

per compartment. 

a 36.5-meter (100-foot) stack. 

Bag-shaking takes 60-90 seconds 

The gas stream i s  exhausted to the atmosphere through 

Four runs were conducted during the testing period. Table VII-3 

summarizes the results of these tes ts .  

ASARCO Secondary Brass and Bronze %el ter. San Prenctsce, Caltfornlq 

The ASARCO secondary brass and bronze plant a t  San Francisco, 

California, was source-tested on November 30 t o  December 3,  1971. The 

plant produces brass and bronze ingots by melting selected scrap 

and v i r g i n  materials i n  furnaces, refining the molten mixture, and 

casting the refined alloy into ingots. 

The plant operates two oil-fired 18.2-metric-ton (20-ton) rotating 

reverberatory furnaces designed by ASARCO. 

includes recycled wire, discarded radiators,  various other forms of 

scrap, and fluxes. T h e  effluent fran the two furnaces i s  discharged in to  

a baghouse designed by ASARCO. 

which i s  cleaned by mechanical shaking. 

compartments, each containing 33 bags. 

th rough  the baghouse by a 935 m3/min (33,000 cfm) fan. 

duct and breaching system direct  the f i l t e r ed  gas t o  a 91.4-meter 

(300-foot) high stack which vents t o  the atmosphere. 

The charge to  the furnace 

The baghouse is  a closed-pressure type 

The baghouse has seven 

Exhaust gases are forced 

A manifold 

Testing times were longer than two hours due t o  the large 

number of traverse points required by the flow pattern i n  the 

breaching system. Table VII-4 summarizes the t e s t  results. 
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Quemetco, Incorporated. Secondary Lead Smelter, Industry, California 

The Quemetco secondary lead smelter a t  Industry, California, was 

source-tested on January 26 and 27, 1972. 

i s  used t o  melt lead scrap from manufacturers, scrap batteries,  and 

various lead oxide drosses and dusts. 

A reverberatory furnace 

The reverberatory furnace i s  fired w i t h  natural gas a t  a ra te  

Li 
1 

a (  

of 7.5 m3/min (265 cfm). The hearth i s  about 17.6 meters (25 feet)  

long and 2.4 meters (8 feet)  wide, w i t h  the roof a t  about 0.9 meter 

(3  feet)  above the melt. 

s h i f t  in 454 kg (1000 pound) increments. 

turned off 30 minutes per sh i f t  t o  allow fo r  dus t  removal from the 

ductwork, and the d u s t  i s  i ned ia t e ly  charged back t o  the furnace. 

Air is  drawn into the furnace t h r o u g h  the two sight and s t i r r ing  

ports on the feed end of the furnace, and through the feed port and 

slag port .  

battery cases. 

The furnace i s  batch-charged each 8-hr 

The.gas t o  the furnace is  

- .. 
Excess air i s  necessary t o  burn the volati les i n  the 

Exhaust gas from the reverberatory furnace passes through a 

water spray chamber and cooling tower, and then t o  a baghouse. The 

baghouse contains seven sections with a to ta l  of  1100 bags. and i s  

insulated t o  prevent water condensation. The flow rate  t o  the 

baghouse i s  425 m3/min (15,000 cfm). The bags are cleaned by 

mechanical shaking, and the cleaning cycle time i s  50 minutes. 

Three particulate t e s t s  were conducted. Each sampling period 

encompasses periods of loading, meltdown, slag t app ing ,  and lead 

tapping. Process operation during testing was typical of normal 

operation. Table VII-5 summarizes the test. results. 
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N.L. Industries Secondary Lead Smelter, McCook, I l l ino is  

The N . L .  Industries secondary lead smelter in McCook, I l l ino is ,  

was source-tested on February 9 and 10, 1972. 

as discarded bat ter ies  with the cases removed. 

battery plates into so f t  lead i n g o t s .  

Lead scrap i s  received 

The p l a n t  processes the 

The scrap lead i s  melted i n  a natural-gas-fired reverberatory 

furnace which i s  charged a t  regular intervals. 

furnace includes lead oxide d u s t  in addition t o  the lead bat ter  p3ates. 

The hearth i s  about 7.6 meters (25 f e e t )  long and 2.4 meters (8 fee t )  

wide with the roof about 0.9 meters (3  fee t )  above the melt. 

gas burners operate a t  fu l l  capacity except for brief morning periods 

during which the ductwork i s  cleaned. 

(480 cfm). 

fugitive d u s t  emissions. 

600-700 pounds. 

with a front loader; the ran operates continuously. 

controlled by the buildup of unmelted feed in the front of the furnace. 

The charge to  the 

The natural 

The gas f i r i ng  rate  i s  13.6 m3/min 

The furnace i s  operated under a s l ight  draft t o  prevent 

The charge increments are approximately 

The feed i s  loaded in to  a hopper over the feed ram 

The feed ra te  i s  

The exhaust gases from the reverberatory furnace pass through a 

brick f lue,  a cooling tower, three water-cooled cyclones, and then t o  
a baghodie. m... - r~ . . . . r r  bay,,uuas has four section: of 120 bags per section. 

Design air flow rate  i s  850 m3/min (30,000 cfm). 

i s  8 minutes per half hour,  with no shaking during the las t  22 minutes 

of a half-hour cycle. 

design collection efficiency i s  99.9%. 

Bag shaking  time 

Each section i s  cleaned for  2 minutes. The 

VII-12 
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Three runs were conducted during the testing period. and the process 

was operating normally during testing. 

test results.  

R. L. Lavin and Sons Secondary Brass and Bronze Smelter, Chicaqo, I l l ino is  

Table VII-6 sumnarizes the 

The R. L .  Lavin and Sons secondary brass and bronze smelter a t  

Chicago, I l l i no i s ,  was source-tested on January 1-5, 1972. The f ac i l i t y  

processes brass scrap in a reverberatory furnace t o  produce ingots. 

The reverberatory furnace i s  stationary and f i red by gas: The . 
furnace capacity i s  approximately 91 metric tons (100 tons) for brass. 

Air lancing i s  used t o  remove the iron from the melt. 

pass from the furnace directly through a 27-37 meters (30-40 yards) 

refractory flue which serves a s  an  afterburner. 

the f lue,  the gases pass through approximately 9.1 meters (30 fee t )  of 

water jacketed ductwork, and th rough  a series o f  U-tube heat exchange 

elements upstream from a baghouse. 

9.1 meters (30 feet)  high and are used t o  achieve the desired baghouse 

in l e t  temperature [71"C (160°F)-1070C(2250F)]. 

temperature control without the use o f  water sprays. 

Exhaust gases 

From that  section of 

The U-tubes are approximately 

The tubes p e n i t  

The baghouse has 36 compartments with 25 bags per compartment. 

Two suction fans draw approximately 1250 m3/min (44,000 cfm) o f  gas 

through the baghouse. The baghouse uses electr ical ly  timed mechanical 

I 

shakers for cleaning. 

systems for cleaning. 

Each compartment shakes for 60 seconds, and the lapsed time between 

shaking of successive compartments within a system i s  90 seconds. 

The 36 compartments are divided into 3 separate 

The to ta l  cleaning time per system i s  30 minutes. 

VII-13 
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' *  

The charging and r e f i n i n g  phases o f  the .smel t ing process 

were tested. 

Table V I I - 7 . s m a r i z e s  the t e s t  resu l ts .  

Four runs were conducted during the test ing period. 

. .. +. . *  
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Appendix I X  

Representative Model Copper F a c i l i t i e s  Using 
Gas Bllending 
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INTRODUCTION 

Th is  appendix presents da ta  summaries o f  t h e  opac i t y  t e s t s  

performed by EPA t o  develop t h e  v i s i b l e  emissions standards f o r  

pr imary copper, lead, and z i n c  smelters.  

f rom a dual-stage a c i d  p l a n t  and from a lead b l a s t  furnace baghouse 

a t  the  ASARCO copper and lead  smel ter  i n  E l  Paso, Texas. 

The data were gathered 

V i s i b l e  emission readings were taken every 15 seconds us ing  

Method 9 contained i n  T i t l e  40 o f  the Code o f  Federal Regulations, 

P a r t  60 (40 CFR 60), Appendix A, f i r s t  publ ished i n  t h e  December 

23, 1971, Federal Regis ter .  

vantage po in ts  approximately perpendicu lar  t o  the  plume and avoided 

f a c i n g  d i r e c t  sun l i gh t .  They s tud ied  t h e  p o i n t  o f  g rea tes t  opac i ty  

i n  the plume and recorded data t o  the  nearest  5% opaci ty .  

observers were q u a l i f i e d  according t o  the procedure descr ibed i n  

Method 9. 

The observers viewed the  stacks f rom 

A l l  
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DUAL-STAGE A C I D  PLANT OPACITY DATA 

V i s i b l e  emissions data were gathered from a double-absorption 

s u l f u r i c  ac id  p l a n t  t o  develop the s tandard l i m i t i n g  v i s i b l e  

emissions discharged from smelters which u t i l i z e  a s u l f u r i c  a c i d  

p l a n t  t o  c o n t r o l  s u l f u r  d iox ide  emissions. This  sec t ion  conta ins 

the  data obta ined a t  the American Smel t ing and Ref in ing  Company 

copper smel ter  i n  E l  Paso, Texas. 

The dual-stage a c i d  p l a n t  under cons idera t ion  has been opera t ing  

s ince  December 1972 and c o n t r o l s  the  emissions from the  smel te r ' s  

copper conver te r  operat ions.  

which are operated such t h a t  one o r  two conver ters  a re  on - l i ne  a t  t h e  

same time, b u t  never three. 

There are t h r e e  Pierce-Smith converters,  

I 

Two q u a l i f i e d  observers viewed t h e  o p a c i t y  o f  the  emissions I 

from t h e  a c i d  p l a n t  s tack  f o r  approximately 10 hours, cover ing a I 
p e r i o d  o f  two days. The s tack was observed f o r  approximately 4 hours 

the  f i r s t  day and 6 hc.urs the  second day, w i t h  breaks f o r  the  observers 

be ing staggered so t h a t  a t  l e a s t  one observer was t a k i n g  da ta  a t  a l l  

t imes except f o r  a one-hour simultaneous lunch  break the second day. 

The sky 

cond i t i ons  f o r  observing opac i t y  d u r i n g  b o t h  days. 

c lear  ~ l t h  1 f t t : e  si- no wind, whicn provided good 

The observers have been designated as readers R-1 and R-2. 

R-1 observed the a c i d  p l a n t  s tack over the  two-day pe r iod  f o r  a t o t a l  

of 591 minutes. 

reached as h igh  as 30%, R-1 observed a l l  o p a c i t i e s  as zero percent.  

Except f o r  a f i ve-minu te  p e r i o d  when o p a c i t i e s  

I 
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R-2 observed the stack f o r  a t o t a l  o f  658 minutes over the  two-day 

period. Except f o r  a six-minute per iod  when opac i t ies  reached as 

high as 35% and corresponded w i t h  the f ive-minute per iod  o f  high 

readings f o r  R-1, R-2 observed a l l  opac i t ies  as zerospercent (see 

Table V I I I - 1 ) .  

V I I I - 3  
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Table VIII-1 

Opacity Readings a t  ASARCO S u l f u r i c  Acid Plant  - E l  Paso, Texas 

Total Time 
Number o f  % o f  

% o f  Opaci t y  Total  Cumu 1 a t i  ve 
Date Observer ODaci t v  Occurrences (min.) Readinas* % 

Oct. 29 E 30, R- 1 30 7 1.75 0.30 0.30 

15 ' 3  0.75 0.13 0.43 

10 8 2.00 0.34 0.77 

1973 

b 
0 2346 586.50 99.23 ino.00 

Oct. 29 & 30, R-2 35 1 0.25 0.04 0.04 
1973 

30 4 1 .oo 0.15 0.19 

25 5 1.25 0.19 0.38 

20 9 2.25 0.34 0.72 

15 3 0.75 0.11 0.83 

10 1 0.25 0.04 0.87 

5 1 0.25 0.04 0.91 

0 2608 652 99.09 100.00 

*Total Readings - R-1 = 591 min. x 4 = 2364 readings 

R-2 = 658 min. x 4 = 2632 readings 
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LEAD BLAST FURNACE BAGHOUSE OPACITY DATA 

V i s i b l e  emissions data were gathered f rom the  American Smelt ing 

and Ref in ing  Company's lead b l a s t  furnace baghouse i n  E l  Paso, Texas, 

t o  develop the  standard l i m i t i n g  v i s i b l e  emissions discharged from 

f a b r i c  f i l t e r s  a t  pr imary l ead  and z inc  smelters.  

ASARCO has th ree  b l a s t  furnaces a t  t h i s  p lan t ,  each w i t h  the 

capaci ty  o f  producing 150 tons o f  lead  p e r  day. Two o f  the furnaces 

were on- l ine  and opera t ing  a t  f u l l  capac i t y  du r ing  a l l  observat ions .-- 

used i n  t h i s  appendix. 

chamber and t h e  baghouse. then ou t  s i x  1 0 8 - f t  stacks. 

stacks serves 2 o f  the  12 sect ions i n  t h e  baghouse. 

a l s o  discharges through the  spray chamber and i n t o  the  baghouse. 

The furnaces discharge through a spray 

Each o f  the  

A dross furnace 

The combined f l o w  r a t e  from the  b l a s t  furnaces and the  dross furnace 
\. 
1 

. --. i s  approximately 160,000 scfm. '.. 
The baghouse i s  made o f  concrete and has 12 sec t ions  wi th  80 

bags per  sec t ion  ( t o t a l  o f  960 bags). 

and has a diameter o f  18 inches. 

when a pre-se lected pressure i s  reached a t  t h e  i n l e t  t o  the  baghouse. 

A damper c loses a t  the  i n l e t  t o  t h e  sec t i on  t o  be cleaned, and the  

bags are then shaken. 

s e t t l i n g  a f t e r  shaking has stopped, t h e  sec t i on  i s  reopened. 

I f  the  pressure has n o t  dropped s u f f i c i e n t l y ,  the cyc le  i s  c a r r i e d  out  

on the  nex t  sect ion.  I t  i s  normal f o r  two o r  th ree  sec t ions  t o  be 

cleaned i n  succession before t h e  pressure drops s u f f i c i e n t l y .  When 

the  pressure increases t o  the pre-se lected l e v e l ,  the  f i r s t  sec t i on  

Each bag i s  wool, i s  30 f e e t  long, 

The c lean ing  cyc le  i s  a c t i v a t e d  

A f t e r  a 5- t o  40-second de lay  f o r  dus t  

V I I I - 5  



t o  be cleaned i s  t h e  nex t  sect ion i n  succession a f t e r  the  l a s t  sec t i on  

c leaned i n  the  prev ious cyc le .  

For  4-1/2 hours on November 1, 1973, two q u a l i f i e d  observers, 

R-1 and R-2, determined the  opac i t y  o f  t h e  gases discharged from the 

baghouse. 

t h e  b l a s t  furnace was n o t  operat ing a t  f u l l  capaci ty .  

1974, two more q u a l i f i e d  observers, R-3 and R-4, viewed the  emisslons 

from t h e  baghouse f o r  seven hours each day. 

were c l e a r  t o  p a r t l y  c loudy w i t h  l i t t l e  o r  no wind du r ing  bo th  

observat ion per iods.  

The f i n a l  2-1/2 hours were n o t  used i n  t h i s  appendix because 

February 5 and 6, 

The weather cond i t ions  

The f i r s t  two observers, R-1 and R-2, noted the  m a j o r i t y  o f  t h e  

o p a c i t y  readings du r ing  t h e  two-hour observa t ion  pe r iod  t o  be zero 

percent.  

i n  which the  opac i t y  reached as h igh  as 40%. 

t h e  opac i t y  was g rea te r  than 20% f o r  an  average o f  3.87 minutes, w h i l e  

du r ing  the  second hour opac i t y  was g r e a t e r  than 20% f o r  an average o f  

1.87 minutes. 

92% o f  t h e  readings were 20% o r  below (see Table VIII-2). 

However, there  were recur ren t -per iods  o f  v i s i b l e  emissions 

Dur ing t h e  f i r s t  hour 

Dur ing t h e  e n t i r e  observat ion per iod,  between 87 and 

The second two observers, R-3 and R-4, recorded t h e  m a j o r i t y  

of t h e  o p a c i t y  readings du r ing  t h e i r  14-hour observat ion p e r i d d  

t o  be zero percent.  However, as was t h e  case o f  the  f i r s t  two 

observers, they encountered p e r i o d i c  recurrences o f  v i s i b l e  emissions, 

reaching as h igh  as 35%. The o p a c i t i e s  were grea ter  than 20% f o r  an 

average of 5 seconds per  hour w i t h  a maximum o f  30 seconds p e r  hour. 

Dur ing t h i s  observat ion per iod,  99.99% o f  t h e  readings were below 20% 

(see Table VIII-3). 
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Table V I I I - 2  

Opacity Readings a t  ASARCO Lead B l a s t  Furnace - E l  Paso, Texas 

Total  Time 
Number o f  % o f  

% o f  Opacity Total  Cumulative 
Date Observer Opacity Occurrences (min.) Reading9 % 

Nov. 1, 1973 R-1 40 2 0.50 0.42 0.42 

35 6 1.50 1.25 1.67 

30 4 1 .no 0.83 2.50 

25 19 4.75 3.96 6.46 

20 29 7.25 6.04 12.50 

15 19 4.75 3.96 16.46 

10 i n  2.50 2.08 18.54 

5 n 0.00 0.00 18.54 

n 391 97.75 81.46 ioo.no 
Nov. 1, 1973 R-2 40 2 0.50 0.42 0.42 

35 1 0.25 0.21 0.63 

30 10 2.50 2.08 2.71 

25 1 0.25 0.21 2.92 

20 24 6.00 5.00 7.92 

15 1 0.25 0.21 8.13 

10 31 7.75 6.46 14.59 

5 0 0.00 0.00 14.59 

0 41 0 102.50 85.42 100.01 
~~~~~~ ~ ~~ ~ 

*Total Readings f o r  2 hours = 2 x 60 x 4 = 480. 
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Table V I I I - 3  

Opacity Readings a t  ASARCO Lead B l a s t  Furnace, E l  Paso, Texas 

Tota l  Time 
Number of % o f  

% o f  Opacity To ta l  Cumulative 
Date Observer Opacity Occurrences (min.) Readings* % 

Feb. 5 & 6, Ri3 35 '1 0.25 0.03 0.03 
- . 1974 

30 2 0.50 0.06 0.09 

20 I, 2.25 0.27 0.36 

15 17 4.25 0.51 0.87 

10 37 9.25 1.1 1.97 

5 74 18.50 2.2 4.17 

0 3220 805 95.83 100.00 

Feb. 5 & 6. R-4 15 5 1.25 0.15 0;15 

10 17 4.25 0.51 0.66 
1974 

5 148 37.00 4.4 5.06 

0 31 90 797.50 94.94 100.00 

*Total readings f o r  14 hours-= 4 x 14  x 60 = 3360 readings o r  840 minutes 

(1 reading = 15 seconds) 

1 
I 
I 
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The periods o f  higher opacity occurred a t  approximately the same 

time as the bag-shaking step o f  the cleaning cycle.  Higher emissions 

can occur when the damper t o  the section most recent ly cleaned reopens, 

al lowing a portion o f  the dust shaken from the bags t o  e x i t  out the 

stack. 

. 

. .  
1 

I 
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Figure I X - 1 .  Gas Blending Model f o r  Calcine Charge 
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Figure IX-2. Gas Blending Model for a Green-Charge 
Smelting Fac i l i ty  
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