7 t

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.

AP-42 Section Number:

Reference Number:

Title:

12.3

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

EPA-450/2-74-002a
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.



EPA-450/2-74-002a

BACKGROUND INFORMATION
FOR NEW SOURCE
PERFORMANCE STANDARDS:
PRIMARY COPPER, ZINC,

AND LEAD SMELTERS :‘

VOLUME1: PROPOSED STANDARDS

ENVIRONMENTAL PROTECTION AGENCY
Office of Air and Waste Management
Office of Air 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 a
grantees, and nonprofit organizations - as supplies permit - from the Air
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, Sprmgﬁeld
Virginia 22161,

Publication No. EPA-~450/2-74-002a

ii




)
&
B
]
%
|
|
»
-
. ﬂ
‘

TABLE OF CONTENTS

Page:
LIST OF FIGURES « & v v v v v v e e e v e e e e v e Ce e vid
LIST OF TABLES & &+ v v v v v e v e v e e e e e e e e e Ce X
BBSTRACT & v e e e e e e e e e e e e e e e e e " xiid
1. SUMMARY . . . & i i i s e e ot e e e e e e e e e e e e 1-1
1.1 SUMMARY OF PROPOSED STANDARDS . . . . . . . . . . . 1-1
1.2 SUMMARY OF BACKGROUND INFORMATION . . . . . . . . .. 1-7
INTRODUCTION . . . v v v o o e e e et e e v e v s . 2-1

PRIMARY EXTRACTION PROCESSES FOR COPPER, ZINC
AND LEAD . . & &« v v vt e e e e n e e e e e e e e 3-1
3.1 PYROMETALLURGICAL PROCESSES . . . . . . ¢ ¢+ o o « . 3-1
3.1.1 Copper Smelting . . . . . « ¢« ¢ v v v ¢ ¢« v o 3-1
References for Section 3.1.1 . .. ... .. . 3-118
3.1.2 Zinc Smelting . . . . . . C e e e e s .+« 32025
References for Section 3.1.2 . . . . . . . .. 3-167
3.1.3 Lead Smelting . . . . . . . o o v v 0o e 0. 3-170
References for Section 3.1.3 . . . ... ... 3-199
3.1.4 Combined Lead and Zinc Smelting . . . . . . . . 3-201
References for Section 3.1.4 . . . . . . . .. 3-21
3.2 HYDROMETALLURGICAL PROCESSES . . . . . . . . . . .« .. 3-213
3.2.T Summary . . v v e e e e e e e e e e e 3-213
3.2.2 Copper Extraction . . . . . . « ¢ v v v o o 3-215
3.2.3 Zinc Extraction . . . . . « . i o 0 0 0 e e 3-226
3.2.4 lead Extraction . . . . . « « v v v v 0 e e e 3-227
References for Section 3.2 . . v v v v v v v v v .. 3-233
4, CONTROL TECHNIQUES . . . + + v v v v v v v v o e e e e 4-1
4.1 SULFURIC ACID PLANTS . . . . . . . e e e e e e e 4-1
4.7.T Summary . . v v v b e e e e e e e e e e e 4-1
4,1.2 General Discussion. . . . . . + « « v v ¢ ¢ o 4-3
References for Section 4.7 . ... . « .« « + ¢« o o .. 4-20
4,2 ELEMENTAL SULFUR PLANTS . . . . « v v v v ¢ v o o o . 4-22
4.2.1 Summary . . . . . . e e e e e e e e e e e e 4-22

iii



Page
4.2.2 General Discussion . . . . . .. i v e e e o . 8223
References for Section 4.2 . v v v e e e 4-48
4.3 SCRUBBING SYSTEMS . . . . . e e e e e e e e e 4-50
4.3.7 Calcium-Based Scrubbing Systems . . . . . . . . 4-53
. 4.,3.2 Dimethylaniline (DMA) Scrubbing . . . . . .. . 4-65
4.3.3 Ammonia Scrubbing Systems . . . . . . . . ... 4-75
. 4.3.4 Sodium Sulfite-Bisulfite Scrubbing . . . . .. 4-82
References for Section 4.3 . . . . . v e s+ 4 s . .. 4-88
4.4 PARTICULATE REMOVAL SYSTEMS . . . . . . . . . . . . 4-91
_ References for Section 4.4 . . . . . . . . « ... 4-101
5. SURVEY OF DOMESTIC AND FOREIGN PRIMARY COPPER, ZINC

AND LEAD SMELTERS . . & ¢ v v v v v 4 4 v v o o o« o 5-1
5.1 PRIMARY COPPER SMELTERS . . . . . . . . . . . . . v . 5-1
5.1.1 Domestic Copper Smelters . . . . . e e e e 5-1
5.1.2 Foreign Copper Smelters . . . . . . . . . ... 5-16
5.2 PRIMARY ZINC SMELTERS . . . . . . . . . e e e e e 5-18
5.2.1 Domestic Zinc Smelters . . . .. ... . .. 5-18
- 5.2.2 Foreign Zinc Smelters . . . . . . e e e e e 5-27
5.3 PRIMARY LEAD SMELTERS . . + « « = v + o 4 o « wigue o 5-28
" 5.3.1 Domestic Lead Smelters . . . . . . ... ... 5-28
" 5.3.2 Foreign Primary Lead Sme1ters'. S e 5-35
' References for Section 5 - . . . . . « .+ .« . . .. 5-37
6. ECONOMIC ANALYSIS . . .. .. . .. e e e e e e e 6-1
6.1 "COPPER EXTRACTION . . . . . . . + v v v v v - . .. 6-1
6.1.1 Copper Industry Economic Profile . . . . . .. 6-1

6.1.2 Cost Analysis of Alternative
Control Strategies . . . . . . . . .. . 6-23

6.1.3 Economic Impact of the New Source

Performance Standard . . . . . . . . . .+ 6-46
References for Section 6.1 . . . . . . .. e e e e 6-64
6.2 ZINC EXTRACTION . . . .. . . . .. .. ... R 6-66
6.2.1 Zinc Industry Economic Profile . . .. ... . 6-66

6.2.2 Cost Analysis of Alternative
Control Strategies . . . . . .. ... .. 6-74

iv




B i il

——

Page
6.2.3 Impact of New Source Performance
Standards - . . . . . .. . e+« . . 6-96
References for Section 6.2 . . . . . . .. . ... .. 6-105
6.3 LEAD EXTRACTION . . . . . . .. " e e s e s s e e s 6-106
6.3.1 Lead Industry Economic Profile . . . . .. « + 6-106
6.3.2 Cost Analysis of Alternative
Control Strategies . . . . . . . « « « . . 6-113
6.3.3 Impact of New Source Performance
Standards . . . . . . . 0 0 e 0 e e e . 6-136
References for Section 6.3 . . . « « « « « - « .+ . . . 6-139
7. RATIONALE FOR THE PROPOSED STANDARDS . . . . . . . . . . . C7-T
7.1 SELECTION OF SOURCE CATEGORIES . . . . . . .« . . . . 7-1
7.2 METHODOLOGY FOR DEVELOPING PROPOSED STANDARDS. . . . . 7-4
7.3 SELECTION OF POLLUTANTS . . . ¢ v v o v v 4 v o s o 7-9
7.4 SELECTION OF AFFECTED FACILITIES . . . . . . .+ « .« .« . 7-10
7.5 DETERMINATION OF EMISSION LIMITS . . . . . . . . . . . 7-11
7.5.1 Choice of Best Demonstrated Technology . . . . 7-11
7.5.2 Quantitative Emission Limits . . . . . . .. . 7-39
References for Section 7 . . , ., . ... ... ... q. ";-58
8. ENVIRONMENTAL EFFECTS . . . . . . . . . . v v v v v v v v 8-1
8.1 SECONDARY POLLUTION . . . & v v & v v v v v v e v v 8-1
8.1.1 Neutralization of Sulfuric Acid . . . . . .. 8-5
8.1.2 Scrubbing Systems . . . . . . ... ... ... , 817
8.2 ENERGY IMPACT . . . . . . ¢ v v v v v v .. . so. . . B-33
References for Section 8 . . . . . . .. e e e ... o8-8
APPENDIX I, Material Balances for Model Smelters . . . . .. . R
APPENDIX II., OQutline of Group II-A NSPS Development . . . . . II-1
APPENDIX IITI. Analysis of Continuous SO2 Monitor Data and
Determination of an Upper Limit for Sulfuric _
Acid Plant Catalyst Deterforation . . .. . .. LI1-1
APPENDIX IV. Model Smelter Energy Balances . . . . . . . .. . IVl
APPENDIX V. Manual Sulfur Dioxide Tests Performed at Single-
Stage Acid Plants . . . . . . . . .. ... ... V-1
APPENDIX VI. Analysis of Dual-Absorption Acid Plant Continuous .
- 802 Monitoring Data . . . . . .. ... ... .. VI-1
v



Page

APPENDIX VII. Results of Particulate Tests Performed at
Primary and Secondary Nonferrous Smelting
Industries . . . . . . . . . e e e e e e e e . VII-1

APPENDIX VIII. Visible Emission Observations . . . . . . . . . .VIII-]

APPENDIX IX. Representative Model Copper Facilities Using
Gas Blending . . . . . . . e e e e e e e e e e IX-1

Bibliographic Data Sheet . . . . . . . . e e e e e e e e e e e X-1

vi

el _




Figure

) 3.3
3-4

3-6

' kq 3-7

’ | 3-9
t' 3-10
3-11

3-12

3-13.
3-14
3-15

3-16
3-17
3-18
3-19
3-20
3-21
3-22
3-23
” 3-24
; 3-25

3-26

3-27

3-28

LIST OF FIGURES

Copper Smelter . . . . . . . . « . .
Domestic Copper Smelting Technology . . . . . .. AP
Types of Roasters . . . . . . . .. e e e e e e e e
Reverberatory Smelting Furnace . . . . . . . . e e e
Copper Converting Operation . . . . . . . . ¢ o o o,
Types of Roasters . . . . .. e e e e e e e e e
Reverberatory Smelting Furnace . . . . . . . . « ¢« . . .
Electric Smelting Furnace . . . . « « + « « « ¢ « « + &
Outokumpu Flash Smelting Furnace . . . . . . . . . . e
INCO Flash Smelting Furnace . . . . .. . . . . e e

Dry Method for Recovering Copper, Leaq and Zinc
from Flash Furnace and Converter Dusts . . . . . ..
Wet Method for Recovering Copper, Lead and

Zinc from Flash Furnace and Converter Dusts . . . . .
Copper Converter . . . . . « + + ¢ v v v o & e e e e .
Copper Converter QOperation . . . . . e e e e e e e
Fluctuations in Converter Off-gas Volume and

Sulfur Dioxide Concentrations . . . . . .. .. RN
Converter Hood . . . « + « + ¢ 4 v v v v 0 v s o v = s
Hoboken Converter . . . . . . . « « « v« « . e e e
Noranda Continuous Smelting . . . . .. . .. .. . e
WORCRA Continuous Smelting . . . . . e e e e e e e s ..
Mitsubishi Continuous Smelting . . . . . . . . . . . e
TBRC Continuous Smelting . . . . .. e e e e e e e s

Primary Pyrometallurgical Zinc Smelting Process. . . . .
Primary Electrolytic Zinc Smelting Process . . . . . . .
Multiple-hearth Roasting Furnace . . . . . . . .. . . .
Flash Roasting Furnace . . . . « « + ¢« ¢ v v ¢ v ¢ «
Fluid-bed Roaster . . . . ¢« &« « v v v ¢ v v v v o s o s

Downdraft Sintering Machings . . ... . . . . . . . . ..
Zinc Downdraft Sintering Machine with Gas
Recirculation . . . . . . . . .. ciere o e c .
vii !

Page
3-2
3-3
3-4
3-6
3-8

3-13
3-25
3.37
3-50
3-52

3-66




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

5-2
5-3

5-4

Horizontal Retort . . . . . . . . . . . .. Ve e e
Vertical Retort Furnace . . . . . . . . . . +. . . ..
Electrothermic Furnace . . . . . . . . .+ . ...
Electrolytic Zinc Extraction . . . . . . . . . . ..
Primary Lead Smelting Process . . . . . . . . e e e s
Single-Stream Operation . . . . ., . . . . . . e e e
Dual-Stream Operation . . . . . . . . . v ¢ ¢« ¢« « « .
Updraft Sintering with Weak Gas Recirculation . . . . . .
Lead Blast Furnace . . . . . . . ¢ v v ¢« v v 4 . . . e
Boliden Electric Furnace . . . . . . . « v ¢ ¢« v v «
Sulfur Balance in Boliden Electric Furnace . . . . . .

JSF Smelting Process . v . & v v v v v e h ke e e .

The Imperial Smelting Furnace . . . . . e e e e e e
Cymet Hydrometallurgical Process . . . . . . v e e e
Arbiter Hydrometallurgical process . . . . . . . . ..
Treatment of Galena Using Amine Leaching . . . . . . .
Treatment of Galena Using Ferric Sulfate Leaching. .'.
Sulfuric Acid Plant . . . . . . . . . . v v « v v v ..
Allied Chemical Sulfur Dioxide Reduction Process... .. .
Outokumpu Sulfur Dioxide Reduction Process. . . . . . .
Limestone/Lime Scrubbing Processes . . . . . . . . ..
DMA Scrubbing Process . . . . . . . . . .. .. ... .
Cominco Ammonia Scrubbing Process . . . . . . . e e
Davy Power Gas Scrubbing Process . . . .. .. . .. .
Composite Grade (fractional) Efficiency Curves

Based on Test Silica Dust . . . . . . .. e e e e
Existing Domestic Primary Copper Smelters . . . . . . .
Process Equipment Used by Existing Domestic

Primary Copper Smelters . . . .. ... .. ....
Current Status of SO2 Control at Existing
Primary Copper Smelters . .. .. . . . ... ST

Existing Domestic Primary Zinc Smelters . . . . . . . .
Process Equipment Used by Existing Domestic
Primary Zinc Smelters . . .« .ov v v v v v v o v 0 W

viii

Page
3-151
3-153
3-155
3-159
3-165
3-172
3-173
3-178
3-184
3-189
3-191
3-197
3-201
3-212
3-215
3-223
3-226

4-26
4-29
4-55
4-68
4-77
4-84

4-93

5-7

5-9
5-19

5-22

=Y

A




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

6-11
6-12

Page
Current Status of S0 Control at Existing
Primary Zinc Smelters . . . . . « « v v v 4 4 v 0 e e 5-25
Existing Domestic Primary Lead Smelters . . . . . . ... 5-29
Process Equipment Used by Existing Domestic

Primary Lead Smelters . . . . . . . e e e e e e e 5-31
Current Status of SO, Control at Existing
Primary Lead Smelters . . . . . . . .. e e e e e e 5-34

Quarterly Price Movements for Electrolytic

Wirebars and No. 2 Copper Scrap . . . . . . e e e e 6-15
Price Movements for Refined Wirebars on a

Monthly Basis for Two Major-Action Markets

and U.S. Producers, Sept. 1968-Sept, 1970 . ., . . . . . 6-17
Model Copper Smelting Facilities -- Electric

Smelting Options . . . . . . .« o v o o v oo . 6-31
Model Copper Smelting Facilities -- Flash Smelting

Options . . ¢ v v v v e s e e e e 6-33
Model Copper Smelting Facilities -- Roaster/ r

Reverberatory Smelting Options . . . . . . . e e e e s 6-35
Model Copper Smelting Facilites -- . 4

Reverberatory Smelting Options . . . . . .. e e §737
Monthly Average Slab Zinc Prices, 1969-1972 . . . . . . . ‘6-68
Model Zinc Smelting Facilities -- Conventional g

Roasting and Sintering Option . . . . . . . . . . ... 6-76
Model Zinc Smelting Facilities -- Electrolytic

Zinc Options. . . . . . e e e e e e e e « « .« 6-78

Model Zinc Smelting Facilities -- Roast-Sintering Option. 6-80
Monthly Average Quoted Lead Prices, 1969-1972 . . . . . . 6~112
Model Lead Smelting Facilities -- Sintering Machine

Without Gas Recirculation Options . . . . . . . .« .. B6-115
Model Lead Smelting Facilities -- Sintering

Machine with Gas Recirculation Option . . . . . . . . . 6-117
Model Lead Smelting Facilities -- Electric

Furnace Qption . . . . . . .. e e e e e e e 6-119




LIST OF TABLES

Table Page
3-1 Typical Levels of Volatile Metals in Domestic

Copper Ore Concentrates . . . . . . . . « ¢+ ¢+ .. 3-68
3-2  Sulfur Content of Materials at Typical

Electrolytic Smelters . . . . v « v v ¢ v 4 4 v v 4 . 3-131
3-3 Calcine Sulfur Content of Typical Smelters

Using Fluid-Bed Roasters . . . .. v e e e e e e e e e . 3134
3-4 Calcine Sulfur Content . . . . . .. ... b e e e e e . 3-134
3-5 Toho Zinc Calicine Analysis . . . . . . . . . e e e e e .. 3137
3-6 . Summary of Typical Zinc Roaster Parameters . . . . . . .. 3-137
3-7 Sulfur Content of Typical Zinc Sinter Feed . . . . . . . . 3-141
3-8 Calcine Produced at Typical Electrolytic

Zinc Smelters . . . . . . . . . S e e v e e e e s . 3-144
3-9 Typical Sulfur Emissions for a Primary

Lead Smelter . . . . . e e e s P e e e e e e e 3-167
3-10 Typical Updraft Sintering Machine Feed and

-.+ Product Data . . . . . e e e e e e e e e Weve . 3=-177

3-11 Feed and Product Comparisons of Sinter from

Machine with and Without Weak Gas Recirculation . . . .. 3-182
3-%2 Typical ISF Process Materials Amalysis . . . . . . . ... 3-199
3-13 Typical ISF Sinter Analysis . . . . . . . « v « v v v« v . . 3-200
3-14 Sulfur Balance of ISF Installation . . .. . ... . ... 3-203
4-1 Estimated Maximum Impurity Limits for Metallurgical

Off-gases Used to Manufacture Sulfuric Acid . . . . . . . 4-10
4-2  Elemental Sulfur Plant Tail Gas "Clean-up" Processes . . . 4-42
4-3  Calcium Scrubbing Installations . . . . . . . . . .. ... 4-60
4-4  ASARCO DMA Installations e e e e e e e e e e e e e 4-70
4-5 . Cominco-Type Ammonia Scrubbing Installations . . . . . . . 4-79
4-6 Davy Power Gas Scrubbing Installations . . . . . .. . .. 4-86
4-7 Baghouse Emission Test Results . . . . . . . . . . . ... 4-100
5-1 Existing U.S. Copper Smelters . . . . . v v v v v v v o . . 5-3
5-2  Foreign Copper Smelters . . . . « v v v v v o v o v o . o 5-17
5-3  Existing U.S. Zinc Smelters . . . . . . . + v ¢ v v . . . . 5-20
5-4  Existing U.S. Lead Smelters . . . . . . . . . . . v . ... 5-30

——— e L -




B

Table
6-1

6-2
6-3
6-4
6-5
6-6
b-7
6-8
6-9

6-10
6-11

6-12

6-13

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

Page

Production and Sales of Refined Copper for

the Leading Corporations in the U.S. for 1971 . . . . . . 6-2
Smelter and Refinery Statistics -- Location,

Capacity, and Qwnership . . . . « . « .+« o e e e 6-3
Annual Trends in Copper Production Activities for

the U.S., 1962-1971 . . . . . . . . . . . e e e e e e e 6-6
Production, Supply, and Producers' Stocks of

Refined Copper Metal in the U.S.. . . . . . . . . . N 2V
Trade Balance for the U.S.. . . . + + « + ¢ v v v v o« o o & 6-9
Production/Capacity Data for Copper Smelters . . . . . . .- 6-10
Consumption of Refined Copper by Fabricators in the U.S. . - 6-12

End Uses for Domestic Copper Consumption for

Most Recently Available 10-year Period . . . . . . . . . 6-13
Selected Statistics and Operating Ratios, 1960-1967 . . . . 6-19
Elements of Capital Costs for Smelter Technologies . . . . 6-25
Capital Costs and Operating Requirements for

CONtrol. ProCeSSeS « & v v 4 4 o v o & o o o o o o o o 4 » 1 6-29

Control Costs for Model Copper Smelting Facilities . . . . 6-39
Summary. of Smelter Control Costs Allocated - : '

or Anticipated . . . . . . . . v o 00 e o 0 0 e © 6-49
Model Income Statement for Integrated Producers, o

Indépendent Mines, and Custom Smelters. . . . . . . . . . +" 651
Domestic Slab Zinc Capacity, 1968-1972 . . . . . . . .. . 6-67
Domestic Slab Zinc Consumption . . . . « « « « « « . v B6-71
Supply of Siab Zinc by Source . . . . . . oo 000 6-72
Foreign Sources of Ore Concentrates and Slab Zinc, 1971 . . 6-73
Control Costs for Model Zinc Smelters . . . . . . . . . . : " 6-8

Capital Costs for Selected SO2 Control Alternatives . . . . ~6-86
Operating Costs for Selected 502 Control Alternatives . . . - 6-88

Economic Impact of By-product Disposition . . . . . . . .. 6-93
Domestic Pig Lead Production Statistics, 1968-1971 . . . . 6-107
U.S. Supply of Pig Lead, 1968-1971. . . . . e e e e e e e 6-108
Lead Imports, 1971. . . . . . . .. et e e e e e e e e e 6-109
Xi
&




Table

6-26
6-27
6-28
6-29
6-30
7-1

8-1

8-2 -

8-3

8-4

Domestic Lead Consumption, 1963-1971 . . .
Control Costs for Model Lead Smelters
Capital Costs for Selected SO, Control Alternatives

Operating Costs for Selected 50, Control Alternatives

Impact of Disposal

Frequency of Distribution of Adjusted Qutlet S0,
Concentrations

Sulfur Oxide Generation and Recovery
Smelters (1969-1972) . . . . . .
Emission Control Energy Requirements
Copper Smelting
Emission Control Energy Requirements
Zinc Smelting . . . . . « o o 00 0.
Emission Control Energy Requirements
Lead Smelting

o




¢

ABSTRACT

This document presents information on the derivation of proposed '
standards of performance for new and modified primary copper, zinc,
and Tead smelters. The report describes the various extraction processes'
available for copper, zinc, and lead, the various systems available for .
controlling emissions of sulfur oxides and particulate matter from these
processes, the economic impact of the proposed standards, the environmental
and energy-consumption effects associated with the various processes and
control systems, and the general rationale for the proposed standards.

The standards developed require control at levels typical of
best demonstrated existing technology. These levels were determined
by extensive on-site investigations; consideration of process design
factors, maintenance practices, available test data, and characteristics
of plant emissions; comprehensive literature examination; and consultations
with the National Air Pollution Control Techniques Advisory Committee,

merhers: of the academic community, and industry,
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1. SUMMARY
1{] SUMMARY OF PROPOSED STANDARDS
Standards of performance are being proposed to 1imit atmospheric
emissions of sulfur dioxide and partfculate matter from primary
copper, zinc and lead smelters. These standards apply not only to
new smelters constructed following the date of proposal of these

standards in the Federal Register, but also to any existing smelters

which are modified following the date of proposal. The term
modification 1s defined in the 1970 Clean Afir Act as "...any physical
change in, or change in the method of operation of, a stationary
source which increases the amount of any air p611utant emitted by
such source or which results in the emission of any air pollutant
not previously emitted.” The standards themselves are defined in
the‘Act'as "...a standard for emissions of air pollutants which
ref}eéts the degree of emission limitation achievable through the
application of the best system of emission reduction which (taking
into account the cost of achieving such reduction) the Administrator
Hetermines has been adequately demonstrated."

The proposed standards apply to the following process units
within a primary copper, zinc or lead smelter: Copper - dryer,
roaster, smelting furnace, and copper converter; zinc - rpaster and
sintering machine; lead - sintering machine, sintering machine
discharge end, blast furnace, dross reverberatory furnace, electric
smelting furnace, and converter. Trhese process units are termed “
affected facilities. | |

The proposed standards are as follows:

1-1




Primary Copper Smelters

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

1.

Any
smelting

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.

gases discharged into the atmosphere from any roaster,
furnace, or copper converter may not:

Contain sulfur dioxide in excess of 0.065 percent by
volume (650 ppm)}, except that gases discharged from
any existing reverberatory smelting furnace that is
altered 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 smeiter 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.

Primary Zinc Smelters

Any
may not:

1.

gases discharged into the atmosphere from any roaster

Contain sulfur dioxide in excess of 0.065 percent by

volume (650 ppm}.

ol




2. Exhibit 20 percent opacity or greater, except for two
minutes in any one hour, if a sulfuric acid plant is
t utilized to control sulfur dioxide emissions. -
Any gases discharged into the atmosphere from any sintering
machine may not:
l 1. Contain particulate matter in excess of 50 milligrams per

i
| ‘9 normal cubic meter (0.022 grains per dry standard cubic

V foot).
‘i 2. Exhibit 20 percent opacity or greater, except for two

x - minutes in any one hour.

: Primary Lead Smelters
) Any gases discharged into the atmosphere from any sintering
machine, electric smelting furnace, or converter may not:
1. Contain sulfur dioxide in excess of 0.065 percent by
volume (650 ppm).

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

—— e —

minutes in any one hour, if a sulfuric acid plant is
) utilized to control sulfur dioxide emissions.
Any gases discharged into the atmosphere from any blast furnace,
dross reverberatory furnace, or sintering machine discharge end may
* not:
| 1. Contain particulate matter in 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 in any one hour.

1-3




These standards apply at the point where emissions are discharged
from the air pollution control system or from the affected facility
if no air pollution control system is utilized. Compliance with the
sulfur dioxide emission limit applicable to copper smelters will be
determined by monitoring the concentration of sulfur dioxide in the
effluent gases discharged to the atmosphere over three six-hour
periods. The average sulfur dioxide emission concentration during
each of these three periods will be determined. An average sulfur
dioxide emission concentration based on the three six-hour average
sulfur dioxide emission concentrations will be calculated. It is
this average of the three six-hour average sulfur dioxide emission
concentrations which must be less than 0.065 percent. In the case
of zinc and lead smelters, compliance with the sulfur dioxide concen-
tration emission limits will be determined in the same méﬁner, except
that three two-hour periods will be used rather than three_qig-hour
periods. .

Although the particulate and sulfur dioxide standards are
in the form of emission concentrations, compliance cannot be achieved
by means of dilution with air or other gases. If dilution gases are
added following the air pollution control system, prior to the point
of emission measurement, the amount of dilution must be determined

and the emission concentration corrected to the undiluted basis.

Sulfur dioxide emission concentrations released to the atmosphere

must be continuously monitored. Continuous monitoring is defined to bé

"...at least one measurement of sulfur dioxide concentration...in each

1-4
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fifteen-minute period." The performance characteristics of the monitoring

system installed must meet the following specifications:

Parameter Specification
Accuracy® (Relative) <20% of reference mean value?
Calibration errord <5% of each (50%, 90%)

calibration gas mixture value
Zero drift? (2 hr) <2% of emission standard?
Zero drift? (24 hr) <4% of emission standard®
Calibration drift? (2 hr) <2% of emission standard?

Calibration drift2 (24 hr) <5% of emission standard®
Response time 15 min maximum

Operational period? 168 hr minimum

aExpressed as the sum of the absolute mean value plus 95 percent
confidence interval of a series of tests.

Relative accliracy refers to the difference in concentration values
between the monitoring system and the EPA reference test method,
expressed as a’'percentage of the concentration value determined by
the EPA reference test method.

Six-hour aveFége sulfur dioxide emission concentrations, as
indicated by the continuous monitor installed at primary copper
smelters, must be calculated and recorded daily, for four consecutive
six-hour periods of each operating day. Two-hour average sulfur
dioxide emission concentrations must be calculated and recorded
daily, for twelve consecutive two-hour periods of each operating

day, at primary zinc or lead smelters. A file of all measurements
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and calculations is to be maintained for a two-year period.
Compliance with the sulfur dioxide and particulate 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 constitute a performance test.
One continuous six-hour sample is considered one run at a primary copper
smelter, and one continuous two-hour sample will be considered one %
run at primary zinc or lead smelters. The particulate matter emission |
concentrations will be determined by EPA Test Method 5, as published !1
in the December 23, 1971, Federal Register (36 FR 24876).
Compliance with the opacity standards will be determined by
EPA Test Method 9, as published in the December 23, 1971, Federal

Register (36 FR 24876).
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1.2 SUMMARY OF BACKGROUND INFORMATION

The purpose of this report is to document the information
and rationale used to develop the proposed new source performance
standards for newly constructed and modified primary copper, zinc
and lead smelters. Thus, this document reviews the various
smelting processes for the extraction of copper, zinc and lead;
the various emission reduction systems that are available for
controlling emissions of sulfur dioxide and particulate matter fraom

these processes; the smelting processes and emission reduction

~ systems currently in use within the domestic industry; the costs

and economic impact associated with the various smelting processes
and emission reduction systems that are available; the rationale
for the proposed new source performance standards; the environmental
effects associated with the possible neutralization of sulfuric.
acid and the disposition of scrubbing system by-products; and

the impact of the standards on energy utilization.

Each of the subsections in Sections 3, 4, 6 and 8 of this
document is preceded by summaries in which the major technical,
economic or environmental conclusions developed in each subsection
are presented. Rather than duplicate these summaries, a brief
description of each section follows to serve as a guide to this
document.

Various pyrometallurgical and hydrometallurgical extraction
processes are reviewed in Section 3. Considerable detail is developed
concerning the technology of pyrometallurgical processes as related

to the characteristics of the off-gas streams which are discharged by
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specific process units. Both those smelting processes in use within

the domestic industry and those in use at various foreign installations

are examined. In addition, a few of the more promising pyrometallurgical

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. The limitations and range of applicability associated
with each of these emission reduction systems are discussed in depth.
Demonstrated emission reduction with regard to emission concentrations
released to the atmosphere is identified for each emission control
system discussed.

Section 5 presents a survey of domestic and foreign copper,
zinc and lead smelters. Smelting processes and emission control
systems in use at each of these installations are reviewed. In
addition, the modifications currently underway within the domestic
industry as of mid-1973 to meet the national ambient air quality
standards are summarized.

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. The economic profile
of the domestic industry is reviewed, and the economic impact of the
proposed standards is identified.

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 determination of the emission concentration limits specified in
the standards, which reflect best demonstrated technology taking into
account costs, are reviewed.

The potential environmental effects associated with the proposed
standards are reviewed in Section 8. Considerable detail is developed
concerning the neutralization of sulfuric acid and the disposition
of various by-products associated with off-gas scrubbing systems
discussed in Section 4. The impact of the proposed standards on
the energy requirements associated with the production of copper,
lead, and zinc is also reviewed. The energy requirements of both the
various emission control systems which can be utilized to comply

with the standards and the various smelting technologies which can

be employed are identified.
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2. INTRODUCTION

The purpose of this document is to make available to the public
the information and rationale which the Administrator used to develop
standards of performance which are being proposed for new and modified
primary copper, lead, and zinc smelters. This report describes the
various extraction processes available for copper, lead and zinc,
the various emission reduction systems available for controlling
the emissions of sulfur oxides and particulate matter from these
processes, the costs and environmental effects associated with the
various processes and control systems, and the rationale for the
proposed standards.

Section 111 of the Clean Air Act, as amended, directs the
Administrator of the Environmental Protection Agency to establish
standards of performance for new stationary sources. The Administrator
was required to publish, within 90 days after the date of enactment
of the Act, a list of categories of sources which may contribute
significantly to air pollution which causes or contributes to the
endangerment of public health or welfare; revisions of the list ére
to be published from time to time. The Administrator must propose
regulations within 120 days after the publication of a list, or revision
of a list, and afford interested persons an opportunity for written
comment on the proposed regulations. After considering these comments,
the Administrator is required to promulgate standards, incorporating
modifications as he deems appropriate, within 90 days after the date

of proposal.




The initial set of Federal new source performance standards (NSPS's)
was promulgated on December 23, 1971. Emission standards were established
for large fossil-fuel-fired steam generating plants, portland cement
manufacturing plants, municipal incinerators, nitric acid manufacturing
plants, and sulfuric acid manufacturing plants. The Group II new source
performance standards promulgated March 8, 1974, apply to secondary |
lead smelters, secondary brass and bronze ingot production ‘%
plants, asphalt concrete manufacturing plants, basic oxygen
process furnaces at iron and steel plants, sewage sludge incinerators,
storage vessels for petroleum 1iguids, and specified éources at
petroleum refineries.

New source performance standards apply to stationary sources the
construction or modification of which is commenced after the publication
of proposed regulations which will be applicable to that source category.
The Act requires that new source performance standards. "... reflect(s)
the degree of emission 1imitation achievable through the application
of the best system of emission reduction which (taking into 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,
rather than being restricted to the latter alone. Further, it is
not necessary for the emission reduction system to have been commercially
demonstrated, or demonstrated at full scale. _‘

The proposed standards, which this document describes, apply to ¢
primary extraction facilities which use pyrometallurgical techniques
to produce copper, zinc, and lead from sulfide ore concentrates. Some

of these facilities simultaneously process lesser quantities of scrap
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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
sme1ting 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. The resulting
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 doubTe-absorption sulfuric acid plants

had not been operated domestically prior to late 1972.

A limited EPA emission testing program was carried out in May.and
June 1972 to quantify emissions fromlmeta1]urgica] single-absorption
sulfuric acid plants. In October 1972 a continuous monitor was installed
on a metallurgical single-absorption sulfuric acid plant to record emissions
of sulfur dioxide. This monitor operated from October through December
1972, and the data were analyzed to identify the effects of smelting
process fluctuations which are peculiar to metallurgical acid plant
operation. EPA recognized that these single-absorption plants would be
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 of operation. A limited




number of tests were also carried out to quantify the performance of
smelter particulate control devices.

The fact that control of weak sulfur dioxide emission streams
is the most difficult technical problem associated with smelter
emission control (for example, emissions from copper reverberatory
smelting furnaces and lead sintering machines) indicated that
smelting processes which do not generate such effluents should be
investigated in detail as one component of best systems of emission
reduction. Consequently, EPA engineers inspected smelters in Europe
and Japan during August and September 1972 to examine newer smelting
techniques. Double-absorption sulfuric acid plants were also inspected,
and consultations were held with foreign smelter operators concerning
the emission control performance of these plants.

The National Air Pollution Control Techniques Advisory Committee,
the Federal Agency Liafson Committee, and the American Mining Congress
have reviewed drafts of this document. Numerous comments were received

on the drafts, and reyisions were made on the basis of these comments.

By the beginning of 1973, it was evident that a number of the
newer smelting technologies and emission control systems would be put
into operation in the United States in the near future. Jnformation
haq been released that one new flash copper smelting furnace and one new
lTarge-scale electric copper smelting furnace would be constructed.
A double-absorption sulfuric acid plant for controlling a copper converter

effluent and a dimethylaniline (DMA) scrubbing system for controlling a
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copper reverberatory smelting furnace effluent had undergone startup
in late 1972. EPA engineers inspected these two installations in
March 1973 and made plans to conduct emission tests during the summer.
In June 1973, an emission test was carried out by EPA on the double-
absorption sulfuric acid plant. This plant easily met the vendor
guarantee of 500 ppm 302. The DMA scrubbing system has experienced
numérous mechanical problems since ini;ial startup in November 1972
and has.not to date achieved long-term continuous operation.

In June 1973, EPA installed a continuous monitor on the
double-absorption sulfuric acid plant mentioned above. Emissions
were recorded through December 1973. The sulfur dioxide emission
1limit of the proposed standards is based primarily on the results
of this test.

Emission control costs were calculated for "model" copper, zinc,
and lead smelters which employ a variety of different smelting processes
_which the Administrator has judged to be adequately demonstrated.
Alternative emission control systems, which produce a range of smelter
sulfur dioxide emission control levels, were applied to the "model"
smelters to provide a basis for taking costs into account in arriving at
the proposed emission limitations. Both the cases of sale of sulfur-
containing byproducts by smelters and ultimate disposal of these materials
by smelters were included as possible occurrences in calculating control
costs.

The Administrator recognizes that the env?ronmentaT effects of

preventing large quantities of su]fur;bearing materials from being




must be evaluated. Consequently, EPA engineers have estimated the
quantities of solid and sludge waste that may result from application
of the proposed standards. The properties of these wastes and the
effectiveness of available ultimate disposal methods or byproduct

use methods in limiting secondary water and air pollution have been
jnvestigated. In addition, EPA engineers have estimated the energy
requirements associated with the various emission control systems that
could be utilized to comply with the proposed standards, and analyzed
_the impact of the proposed standards on the energy requirements

associated with the smelting of copper, lead and zinc.
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3. PRIMARY EXTRACTION PROCESSES FOR COPPER, ZINC AND LEAD

3.1 PYROMETALLURGICAL PROCESSES
3.1.1 Copper Smelting
Conventional practice for the production of blister copper
(approximately 99 percent pure copper) from copper sulfide ore
concentrates includes three aperations:
1. Roasting to remove a portion of the concentrate sulfur
content.
2. Smelting of the concentrate and fluxes in a furnace to
form slag and copper-bearing matte.
3. Oxidizing of the matte in a converter to form blister
copper.
A pictorial representation of a copper smelter is presented in
Figure 3-1, and & general summary of the copper smelting technology
currently in use within the‘United States identifying the contribution
of each type of smelting unit operation to total SOz emissions is

presented in Figure 3-2, Of the fifteen existing domestic primary

'6opper smelters, seven perform the above three operations, while the

remaining eight feed concentrates (green-feed) directly to the
reverbefatory furnaces without a prior roasting step.

Both multiple-hearth roasters and the more recently developed

fluid-bed roasters (1961) (Figure 3-3) .are in use at domestic copper

smelters. Roasting, at those smelting facilities which employ
this process, normally contributes from 20 to 50 percent of the

total quantity of SO, generated by such smelters.! Effluent
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Figure 3-1 Copper smelter.
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Domestic copper smelting technology
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streams from multiple-hearth roasters typically contain 5 to 10
percent SO prior to air dilution to effect cooling, whereas fluid-
bed roasters'ifpica11y produce effluents with 12 to 14 percent 502.3'
A1l currently operating U. S. copper smelters, with the exception
of one which has recently installed an electric furnace, use fossil-

fuel-fired reverberatory furnaces (Figure 3-4) to smelt the copper

concentrate, fluxes, and copper-bearing slag .ecycled from the

" converter. The molten copper sulfides and iron sulfides settle to

the bottom of the furnace to form matte which contains from 25 to
50 percent copper and 40 to 20 percent iron; this matte is periodically
tapped from the furnace and chargéd into a converter. Iron oxides
combine with the fluxes to form a slag which floats on top of the
furnace matte and which is also periodically extracted from the
furnace. The effluent from the reverberatory furnace normally
contributes; from 10 to 40 percent of the total quantity of S0, T
emissions généraﬁed by individual domestic copper smelters; the =
larger percentages correspond to smelters which omit the roast{ng'~
operation prior to sme'lting.1 The concentration of S0 in
reverberatd%& furnace off-gases typically ranges from 1/2 to
2-1/2 perce_nt.4 |

Batches of reverberatory furnace matte are charged into Pierce-

Smith converters, which are currently the only type of converter

Py
-

in use at domestic copper smelters. Air, which is blown into
tuyeres located at the side of the converter, passes upward through
the matte and flux to convert iron sulfides into iron oxides and

release SO2. The iron oxides combine with the silica fluxes to form
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Figure 3-4. Reverberatory smelting furnace.
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slag, and the 802 is contained in the effluent collected by the converter
hooding system. Periodically, the air blowing is interrupted to permit
slag to be poured from the converter and additional fluxes and matte to
be charged. The initial operation of the converter, which transforms
iron sulfides to iron oxides, yielding a charge of copper sulfide, is
termed the "first stage blow" or "slag blow." The second stage "white
ﬁmetal blow," or "copper blow," of the converter transforms copper sulfides
into blister copper and releases 302. Figure 3-5 illustrates the sequence
of converting operations which typically require 8 to 10 hours for a
complete cycle to produce blister copper from copper mafte.

Copper Cohverting normally accounts for 40 to 80 percent of |
total SOz emissions at individual domestic copper smelters.] The
concentration of S0 in converter off-gases varies greatly during......
the cycle of converter operation. Fugitive quantities of $02 are
emitted during ;od@erter charging and slagging and during copper
pouring. Theoretically, 15 percent S0, is attained at the converter
mouth during "slag blowing" and 21 percent SO» during "copper blowing."
However, the infiltration of large volumes of air into the hooding
at the converter mbuth and into flues limits the concentrations of
SO0z which can practically be attained in converter effluents. Conse-
quently, converter off-gases are normally in the range of 3 to 10
percent S02 during various blowing stages and average 3 to 7 percent

S02 depending on the amount of air infi]tration.5
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Figure 3-5 Copper converting operation.
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In addition to the installation of sulfuric acid plants,
elemental sulfur plants,or possibly the use of various off-gas
scrubbing systems to either recover sulfur dioxide for further
processing or to produce a sulfur compound to be $old or discarded,
there are a number of process alternatives that can be used to make
the basic pyrometallurgical copper smelting process more amenable
to air pollution control. The intent of the following discussions
will be to highlight several of these major alternatives, including:

1. The use of fluid-bed roasters before reverberatory
smelting furnaces,

2. The use of oxygen-enriched air in “"green charge"

(no pre-roasting) reverberatory smelting furnaces,

3. The use of electric smelting furnaces rather than
reverberatory sﬁelting furnaces,

4. The use of f1ésh smelting furnaces rather than
reverberatory smelting furnaces,

5. The use of Hoboken copper converters rather than Pierce-
Smith copper converters or the use of tight-fitting hood
systems on Pierce-Smith converters,

and, in the near future,

6. The use of continuous copper smelting technology
presently under development.

Further, the requirements for blending of effluents from roasters,
reverberatory smelting furnaces, and converters to produce a combined

strong sulfur dioxide stream are‘discussed.
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3.1.1.1 Roasting

Summary —
Roasting can be used to remove a major portion of the sulfur

in copper concentrates. Currently within the domestic copper smelting
industry, roasters eliminate from 20-50% of the sulfur contained

in the concentrates. Roasters discharge off-gas streams of uniform,
steady flow rate, containing high concentrations of sulfur dioxide.
Multi-hearth roasters discharge off-gases containing 5-10% sulfur
dioxide, and fluid-bed roasters discharge off-gases containing 12-18%
sulfur dioxide.

"Deep-roasting” to remove 50-70% of the sulfur contained in the
concentrates would involve major operational chaﬁges in conventional
domestic smelting practice. Although technically feasible with some
concentrates, the operational changes required may be such that “"deep-
roasting" would be economically feasible only in certain specific cases.

"Dead-roasting”" to eliminate all the sulfur contained in the
concentrates ts diseussed in Section 3.1.1.2 - Electric Smelting.

"Sulfate-roasting” to produce copper by the Roast-Leach-Electrowin
(RLE) process can be utilized to extract copper from copper sulfide
concentrates. Emissions of sulfur oxides are confined to the roasting

operation and are discharged in an off-gas stream containing 4-8% sulfur

dioxide. Thel RLE process, however, does have certain limitations and may

not be economically feasible for treatment of all copper sulfide

concentrates, particularly those containing high levels of precious metals

or high levels of various metallic impurities.
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General discussion --

The roasting of copper sulfide ore concentrates is basically a
process in which the concentrates are heated in air, which may be
oxygen enriched, to the temperature necessary for some of the sulfide
sulfur to combine with oxyagen to form sulfir oxides and for some of 'the
sulfide metals to form metal oxides. The degree of sulfur removal from
the concentrates depends on the volume of air supplied to the roaster
per unit of concentrates charged. Consequently, essentially all
(dead roasting) or only a portion (partial roasting) of the sulfir «'
contained in the ore concentrates can be removed as sulfur oxides.3 )
However, domestic copper smelting techniques are based on the ability
of motten silica fluxes to combine with metal oxides, but not metal
sulfides, forming a slag. Thus sufficient sulfur must remain in the
concentrates after roasting to insure that the copper present will
form a copper sulfide matte in subsequent processing operations. Since
the conversion of iron sulfides to iron oxides occurs preferentially”
to the convérdion of copper sulfides to copper oxides, it is possible

to recover copper from copper/iron sulfide ore concentrates.

This is not to imply, however, that "dead roasting" of copper
concentrates cannot be used to produce copper. The Montanwerke
Brixlegg copper smelter in Austria practices "dead roasting" of
copper concentrates followed by the production of "black copper,”
through the use of coke as a reductant in an e1ectric furnace.s‘ v
A copper smelter in Northern Rhodesia is repqrted to practice “dé&h

roasting”" of copper concentrates followed by production of copper

sulfide matte in an electric furnace. This is accomplished through the
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addition of virgin unroasted sulfide concentrates to the electric
furnace, thus providing sulfide sulfur to reduce the copper oxides
to copper sulfides.”
Copper concentrates can be roasted either in multi-hearth or
fluid-bed roasting furnaces (Figure 3-6), The basic design of a multi-hearth
roaster results in a relatively iong contact time for roasting a
unit of concentrates thus muTti-hearth units generally have low
throughput rates compared with fluid-bed units. The turbulent bed
in a fluid-bed roaster, however, results in gxtremely intimate contact
between the concentrates and the oxidizing environment, as compared

with a multi-hearth roaster. As a result, fluid-bed roasters tend

to produce roasted concentrates (calcines) of higher magnetite content
than multi-hearth roasters. Magnetite (Fe304) is much less desirable
than ferric oxide (F9203) and can lead to problems in smelting furnaces,
such as slags of high copper content, reduced smelting rate and
furnace bottom build-up.

The‘off-gases from multi-hearth roasters contain in the range
of 5-10% sulfur dioxide depending mainly on the degree of oxygen
utilization and air infiltration.3>4 The off-gases from fluid-bed
' roasters, however, contain in the range of 12-14% sulfur dioxide.a"
Consequently, off-gases from fluid-bed roasters and, in some cases,
those from multi-hearth roasters frequently do not contain sufficient
oxygen:if the off-gases aré to be used for the manufacture of sulfuric
acid. This oxygen deficiency is easily corrected, however, bv additional
air infiltration or by blending with off-gases trom other smelter

operations containing lower concentrations of sulfur dioxide and

higher concentrations of oxygen.
3-12
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In terms of uniformity of flow rate and sulfur dioxide concen-
tration, roaster off-gases are close to ideal for the manufacturé
of sulfuric acid or elemental sulfur. There is 1ittle variation
in either flow rate or sulfur dioxide concentration and this
permits sulfuric acid plants or elemental sulfur plants to operate
at maximum efficiencies. However, with regard to the quality of
sulfuric acid or elemental sulfur produced, fluid-bed roasters
are. generally superior to multi-hearth roasters. Frequently, within
multi-hearth roasters, various organic agents entrained with the
concentrates following flotation separation of the concentrates
from raw ores are merely vaporized or only partially decomposed in
the roaster. Trace quantities of these agents oftentimes pass
through gas cleaning equipment and are captured in the product
sulfuric acid or elemental sulfur, leading to the production of
dark, discolored, off-grade acid or sulfur. Normally within fluid-
bed roasters, these organic flotation agents are completely -
decomposed and thus sulfuric acid or elemental sulfur produced
from the off-gases is free of these contaminants. Although there
are techniques which can be used to decolorize or bleach acid or
sulfur, these are usually costly and sometimes not entirely
satisfactory. However, there are outlets for sulfuric acid or
elemental sulfur which are not sensitive to color of the acid or
sulfur, such as the production of fertilizers.

The presence of high levels of volatile metals, such as arsenic,

antimony and mercury, etc., in the concentrates can present difficulties

in the production of sulfuric acid or elemental sulfur from both
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multi-hearth or fluid-bed roaster off-gases. In most cases, however,
these difficulties can be resolved through the installation of adequate
gas scrubbing and cleaning equipment prior to the sulfuric acid or
elemental sulfur-plant. This aspect is fully discussed in Sections 4.1
(Sulfuric Acid Plants) and 4.2 {Elemental Sulfur Plants) of this report.-

Currently within the domestic copper smelting industry, seven - -
of the fifteen smelters operate roasters. Four operate the multi- 3
hearth type and three operate the fluid-bed type. At these installations,
from 20-50% of the sulfur contained in the copper ore concentrates fsif -
removed as sulfur oxides in the roasting operation, depending primarily
on the copper content of the concentrates processed and the copper
sulfide content of the copper matte that the operators desire to produce
in the reverberatory smelting furnaces.® It is 1likely, however,
in some cases that the degree of sulfur removal in the roasting
operation could be increased significantly, possibly to 50-70%
of the sulfur contained in the copper concentrates ("deep roasting")j" -
thus shifting-a;major portion of the sulfur normally removed in the . -
copper converters and reverberatory furnace to the roaster. 3,8,9 S
As mentioned earlier, only enough sulfur need remain in the
concentrates to insure that the copper will form a copper sulfide matte
in subsequent processing operations. Thus, sulfur in excess of -
this amount could be eliminated by roasting.

Operation in this manner, however, would increase the grade .'.0
(copper content) of matte produced in the reverberatory furnaces
from 30-40%, which is typical of domestic operations, to 50-65%,
which is typical of some foreign operatfons using flash smelting

10,1

furnaces. As a result, a number of operational changes would

undoubtedly have to be incorporated into conventional domestic
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smelting techniques to accommodate "deep roasting." The use of
separate slag treatment facilities to recover copper from both
reverberatory slags and converter slags 1is one example. With an
increase in the grade of matte in a reverberatory furnace, the
equilibrium concentrations of copper in the slag would increase,
leading to increased copper Tosses if the slag were not treated.
Furthermore, as a result of "deep roasting," the magnetite .
burden on the reverberatory furnace would increase. To reduce
the magnetite content within the furnace to tolerable levels,
reverberatory slag would likely have to be tapped from the
slag/matte interface, where magnetite tends to accumulate, rather
than from near the top of the slag layer, as is conventional practice.
This change in slag tapping location would also increase the
copper content of the reverberatory slag, further necessitating
slag treatment facilities to control copper losses. With the probable
necessity to install slag treatment facilities to treat reverberatory
slags established, it is 1ikely that converter slags wouldialso
be treated directly by these facilities rather than returned to
the reverberatory furnace. Only a small incremental increase in
slag treatment capacity would be necessary, while the magnetite burden
on the furnace would be reduced further with a significant increase
in smelting capacity resulting.

If the concentrate contains high levels of impurities, such as
arsenic, antimony, and bismuth,etc., increased fire refining of
the blister copper produced in the converters and changes in the

electrolytic refining circuit might also be necessary, as discussed

in Section 3.1.1.5 (Copper Refining). With Tow-grade mattes,
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converters are quite efficient in eliminating a number of impurities
frequently associated with copper concentrates. Increased matte
grade, however, leads to decreased converter blowing time and

Tower converter temperatures which, in:turn, tends to result in

decreased impurity elimination.12

Consequently, "deep-roasting" to remove 50-70% of the sulfur
contained in the concentrates would likely require major operational
changes in domestic smelting techniques. Furthermore, "deep-roasting"
would only be technically feasible in limited cases involving
concentrates with substantial "excess" sulfur and would undoubtedly

be economically feasible only in certain specific instances.
However, the use of roasters is not restricted to copper

~ extraction techniques based on the formation of copper sulfide mattes.

Other extraction techniques . which have been developed utilize roasters
to eliminate the sulfide sulfur either by complete conversion to
sulfur oxides {"dead roasting"}, or by conversion to sulfates and
sulfur oxides ("sulfate roasting").

The Brixlegg process, as mentioned previously, utilizes "dead
roasting" of copper sulfide concentrates in a fluid-bed roaster.6
This process, which also utilizes an electric furnace, is discussed
fully in Section 3.1.1.2 (Electric Smelting).

The Roast-Leach-Electrowinning (RLE) process,developed separately
by the Roan Selection Trust Group and py Bagdad Copper Corporation,
utilizes "sulfate roasting” of‘copper sulfide concentrates,12.13,14
In this process, copper sulfides are converted selectively to copper

sulfates, iron is-converted to ferric oxide,and sulfide sulfur in
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excess of that necessary to form copper sulfate 1is converted to sulfur
oxides in a fluid-bed roaster. The copper sulfate/ferric oxide calcine
from the roaster is then contacted with a sulfuric acid leach solution.
Both copper sulfate and ferric oxide are extracted into solution;
however, the ferric oxide rapidly hydrolyzes to ferric hydroxide which
is insoluble and precipitates from solution. Consequently, the copper
1s selectively extracted from the calcine, leaving a residue of ferric
hydroxtde and insoluble gangue materia].13

The copper sulfate/sulfuric acid solution is separated from the
residue, purified in a series of filtration steps to eliminate suspended
insoluble material, and then introduced into electrolytic cells for
the recovery of copper by electrowinning. Copper ions are reduced
to free copper metal which electroplates from the solution onto the
copper cathodes as in conventional electrolytic refining. As the
copper is recovered from the leach soliétion, sulfuric acid is formed.

Thus, the sulfide sulfur converted to sulfates in the roasting

-

operation is ultimately converted to sulfuric acid in this process.13

Mufulira Copper Mines Ltd., which is associated with the Roan
Selection Trust Group, currently uses the RLE process at its Chambishi
copper dmelter in Zambia. The smelter was commissioned in 1965 and
processes ~200 tons/day of copper sulfide concentr-ates."?3 The off-
gases from the fluid-bed roaster are vented directly to the atmosphere
via a tall stack, following scrubbing of the gases with sulfuric acid
Teach solution to recover calcines carried over from the roaster. The
concentration of bothr§u1fur dioxide and oxygen-in the off-gases is

in the range of 4-5%. Consequently, the off-gases could be utilized

- for the production of sulfyric acid, thereby permitting a high degree
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of control over emissions of sulfur oxides to the atmosphere.

There are, however, indications in the technical literature
that operation of a fluid-bed roaster to obtain both maximum selectivity
and conversion of copper sulfides to copper sulfates, leads to conditions
producing an off-gas effluent containing 8% sulfur dioxide and 4%
oxygen.16 Thus, it appears that if the Chambishi operation were
optimized with respect to conversion of copper sulfides to copper
sulfates, the concentration of sulfur dioxide in the off-gases could
probably be increased significantly. This would tend to make the
process more amenable to air pollution control by reducing the volume
of effluent treated to control sulfur oxide emissions.

The RLE process, however, does have éertain Timitations.
Presently, the Chambishi smelter produces copper cathodes containing
generally unacceptably high levels of impurities.13 Although the
impurity levels are within ASTM Specifications for electrolytic copper,
they exceed the Roan Selective Trust Group internal standards for
wirebars and it is 1ikely that they exceed simitar impurity standards
within the domestic industry. The literature reveals, however, that
the sulfuric acid leach/electrolyte solution, which serves as the leach
solution for the copper extraction operation and also as the electrolyte
in the electrowinning operation, contains extremely high levels of
impdrities.13' No mention of purification facilities for removal of
dissolved impurities from this solution is made in the Titerature,

and it appears that such facilities do not exist at the smelter.
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Rather, it appears that,with the necessity of operating a large purge
stream from the electrowinning circuit established to prevent the
accumulation of sulfates, this purge stream 1§ also utilized to prevent
the accumulation of impurities within the electrolyte circuit.

However, although this may prevent the accumulation of impurittes,

it permits a generally high level of impurities to be attained and
maintained in the electrolyte solution.

Purification facilities for removal of dissolved metallic impurities
from electrolyte solutions are normally an integral part of any electrolytic
refining installation within the domestic industry. The installation
of such facilities at the Chambishi smelter would undoubtedly reduce
the impurity levels in the cathode copper considerably, perhaps
reducing them to acceptable levels. (Electrolyte purification

facilities are discussed in Section 3.1.1.5, Copper Refining,)

Copper solvent extraction techniques utilizing 11qu1d—1oniexchange
reagents developed by General Mills, Inc., eould also be utilized at
the Chambishi smelter to reduce the impurity levels in cathode copper,
These 1iquid-ion-exchange reagents, under the General Mills trade
name of LIX reagents, can extract copper ions from low-strength sulfuric
acid solutions with a high degree of selectivity. The copper is
recovered from the LIX reagent by solvent extraction with a strong
sulfuric acid solui:ion.”’]g’]9

These reagents could be used to extract copper from the sulfuric
acid leach solution at Chambishi, leaving essentially all of the

contaminating impurities in the leach solution. The leach solution

could be recycled to extract copper from the copper sulfate/ferric oxide
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calcine, which is currently done at Chambishi with the sulfuric acid

\ leach/electrolyte solution. A large purge stream would still have to
be removed from the leach solution to prevent the accumulation of
sulfates, and this would serve to prevent the accumulation of impurities
in the leach solution.

A strong sulfuric acid electrolyte solution from the copper

T T T T T T W g

. refining circuit could be utilized to extract copper from the LIX
reagent. The regenerated LIX reagent could then be recycled and

contacted with fresh Teach solution to extract more copper. The copper-
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=
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sulfuric acid electrolyte solution could be processed in electrolytic
| refining facilities to produce cathode copper.
Consequently, the installation of LIX solvent extraction facilities at

Chambishi would minimize the impurity levels in the copper electrolytic

e e e =

refining circuit..léading to a substantial reduction in the impurity

| levels of the cathode copper produced. Without a doubt, this would

permit the production of cathode copper of good quality.
The most seqious limitation of the RLE process, however, when

compared to conventional copper sulfide matte smelting processes, is
the 1ikely inability of the process to recover precious metals

% contained in copper sulfide concentrates, such as gold, silver, and

palladiuf, Although the technical literature released by the
v | Roan Selection Trust Group concerning this process does not address
this aspect, a review of the technical literature on copper hydrometal-
» Turgical processes, hydrometallurgy in generaly and leaching in general
indicates that the sulfuric leach operation will most likely not
extract precious metals i1nto solution to any significent degree.

Consequently, economic consideratinons will likely dictate the use of
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conventional copper sulfide matte smelting techniques over the use of
RLE technology for processing copper sulfide concentrates containing
sufficient levels of precious metals to warrant their recovery.

It appears, however, that these limitations are not serious
enough to prevent further development and application of the RLE
process. Although a great deal of publicity has been given to the
recent announcements by Phelps Dodge of plans to construct a flash
smelter at Tyrone, New Mexico, and by Anaconda of plans to construct a
hydrometallurgical processing plant at Anaconda, Montana, 1ittle
publicity has been given to the recent announcement by Hecla - El
Paso Natural Gas of plans to construct a copper smelter at their Lakeshore
mining properties in Arizona, utilizing the RLE process. 2 The smelter
will process 400 tons/day of copper sulfide concentrates and is scheduled
for completion during late 1974. Thus, the smelter should be in startup
by early 1975. Sulfur oxide emissions from the fluid-bed roaster will be
controlled by a 250-tons/day single-stage sulfuric acid p'lant.]s’20 The
RLE technology and “"know-how" for the installation is being provided
primarily by Bagdad Copper Corporation, based on data and information
generated during their extensivé pilot-ptant program of development and
testing of the process in the mid-1950's. At that time Bagdad Copperl
had under consideration an RLE copper smelter; however, although the
pilot-plant program indicated commercial feasibility of the process, the
small capacity of the installation being considered made the project .

economically unattractive.
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3.1.1.2 Smelting furnaces

The smelting of copper sulfide ore concentrates is basically a
process in which the concentrates are heated to their melting point
to separate copper sulfides and other valuable metals from the bulk of
the unwanted constituents in crude form. As briefly discussed earlier,
the aim is to produce a copper sulfide matte containing the desired
constituents. Frequently, the first step in separating the iron from
the copper is to oxidize the iron by roasting, while retaining the
copper as sulfide. However, molten iron oxide and copper sulfide are
miscible over a wide range of compositions so that oxidation of the
jron alone will not yield the desired separation, but if silica is present,
the iron oxide combines with it to form a liquid fron silicate slag.
This silicate phase is essentially immiscible with the sulfide phase,
and the melt separates into two layers with the lighter slag layer
floating on top of. the matte layer.

The energy necessary to smelt the copper ore concentrates and
limestone/silica fluxes can be provided in a number of ways, such as:

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

(2) the use of electrical power in an electric furnace,
or (3) the use of the heat of reaction from the oxidation of iron

sulfide to iron oxide in a flash furnace.

Reverberatory furnaces--

Summary--The emission of large volumes of off-gases containing low
concentrations of sulfur oxides is inherent in the basic design of reverberatory

smelting furnaces, since the heat for smelting is provided by the combustion

of large volumes of fuel and air.
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The roasting of copper concentrates prior to charging to the
furnace, the use of "bath" smelting rather than "sidewall" smelting,
and the treatment of converter slags in separate slag treatment
facilities rather than returning them to the smelting furnace will
minimize sulfur dioxide emissions per unit of furnace charge from

]

reverberatory smelting furnaces. "Deep-roasting," as discussed in
Section 3.1.1.1, could be utilized in some cases to remove 50-70% of the
sul fur contained in the concentrates, reducing emissions from the furnace
to the level of 5-10% 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 sulfur contained in the
concentrates. However, as also discusseu in Section 3.1.1.1, "deep-
roasting" would require major operational changes in conventional domestic
sme1ting'practice,wou1d be applicable only to specific copper concentrates,
and would most likely be economically feasible only in certain'specific
cases.

The concentration of sulfur oxide emissions from reverberatory furnaces
can be increased significantly through the use of oxygen enrichment of
the combustion air. Enrichment of combustion air to 28-40% oxygen increases
the concentration of sulfur dioxide in the furnace off-gases to 3-1/2 to 5%.

The use of oxygen lances within reverberatory smelting furnaces,
although shown in laboratory pilot plants to increase sulfur dioxide
concentrations in the furnace off-gases io 12-18%, requires further develop-
ment and is not commercially demonstrated.

General discussion--In a reverberatory furnace (Figure 3-7), a fossil

fuel such as oil or natural gas is burned above the copper concentrates
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being smelted. The furnace is a long rectangular structure with an arched
roof and burners at one end. Flames from the burners may extend half
the length of the furnace. Part of the heat in the combustion gas
radiates directly to the charge 1ying on the hearth below, while a substantial
part radfates to the furnace roofs and walls and is retiected down to the charge.

In addition to smelting the copper concentrates, a major function of
a conventional reverberatory furnace is to recover copper--both chemically
and mechanically--from slag produced in the copper converters. Molten
converter slag is returned to the furnace, and copper sulfide matte and
copper that is mechanically entrained in this slag settles out by gravity.
To some extent, copper oxides trapped in the slag are converted to copper
sulfides by reduction with iron sulfides and also settle out.

During the smelting of copper concentrates as practiced in reverberatory
furnaces within the domestic copper smelting industry, from 10-40% of
the sulfur contained in the concentrates processed by the copﬁer smelter is
eliminated as sulfur oxides.! Roasting tends to reduce sulfur elimination
in reverberatory furnaces, however, and "calcine-charge" furﬁaces (those
with pre-roasting operations) normally eliminate only 10-30% of the sulfur
contained in the concentrates processed by the smelter, while "green-charge"
furnaces (those with no pre-roasting operation) normally eliminate 20-40% of
the sulfur. Emissions of sulfur oxides from reverberatory furnaces are
primarily a result of thermal decomposition of metal sulfides in the concentrates
and, to a minor extent, the reduction of magnetite (Fe304), contained in

converter slags and roasted concentrates, to iron oxide (FéO).21:22

3-26




The concentration of sulfur dioxide in the effluent from reverberatory

furnaces 1s typically in the range of 1/2 to 2-1/2%.% Major factors

influencing the level of sulfur oxide emissions include mineralogy
ﬂ of the concentrates (amount of pyritic sulfur present - FeS; and

CuFeSy), type of charge (roasted or unroasted) as mentioned above, method of

/ smelting (sidewall or bath), treatment of converter slags, and the degree of afr -
S ( _
| infiltration:'2521  I¢ concentrates containing a significant amount
; of pyritic sulfur are smelted in a "green-charge" furnace (no pre-
LY
“54 roasting operation), emissions from the furnace will be greater than

if concentrates essentially free of pyritic sulfur are smelted, or if

T

the concentrates are first roasted rather than charged directly to the
i furnace. Roasting operations promote the thermal decomposition

of pyritic sulfur compounds to release what is termed "free" pyritic
k|

sulfur as fo]lowsa“

FeSo + FeS + §
CuFeSy + CuFeS + S

.l M . . WO ML,

Furthermore, as mentioned in Section 3.1.1.1, roasting favors the
oxidization of ¥on sulfides to iron oxides
4FeS + 702 + 2Fe,03 + 4S0p
over the oxidation of other metal sulfides to metal oxides. Thus,
roasting results in less thermal decomposition of the concentrates
in a reverberatory furnace per unit of charge to the furnace.
» The method of smelting in a reverberatory furnace also influences
P sulfur oxide emissions to some extent.ézw If the charge is pneumatically

dispersed onto the molten bath existing in the furnace (batth smelting),

rather than deposited in piles along the furnace sidewalls (sidewall

smelting), the smelting rate is increased. Higher smelting rates result
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in a lower residence time in the furnace for a unit of charge before the
charge is smelted and, as a result, less thermal decomposition of the
unsmelted charge occurs.22 Consequently, emissions are reduced per
unit of charge.
The treatment of converter slags in separate slag treatment facilities
also reduces, to some extent, sulfur dioxide emissions from reverberatory
smelting furnaces per unit of charge. As mentioned earlier, converter sTags /
are normally returned to reverberatory furnaces to recover copper contained
in the slags. However, these slags typically contain about 25% magnetite ;ﬁ
(Fe304), although magnetite levels as high as 45% have been reported in
the literature.23:24 In the reverberatory furnace a major portion of
the magnetite in the converter slags is reduced with the release of sulfur
dioxide according to:
3Fe304 + FeS + 55107 —* 5(Fe0}, - Si02 + SOp
Consequently, treating converter slags in separate slag treatment facilities
to recover copper, rather than returning them to the reverberatory furnace,
leads to a reduction of sulfur dioxide emissions per unit of charge. |
Although in many ca.es there is considerable air infiltration into a
typical reverberatory furnace and associated flue-gas ductwork, this is
not the principal reason for the low concentration emissions of sulfur
dioxide. Since the heat for smelting is provided by combustion of large
amounts of fuel, substantial quantities of combustion air must be provided.
For example, ten to twelve volumes of air are necessary to combust efficiently -
one volume of natural gas. Consequently, the basic design of a reverberatory
smelting furnace tends to result in the production of large volumes of off-

gases containing low concentrations of sulfur dioxide.
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This is not to imply, however, that nothing can be done to make
reverberatory furnaces more amenable to air pollution control. As
discussed in the previous section reviewing roasting operations, it is
1ikely that in some cases the degree of sulfur removal in the roasting
operation could be increased significantly, possibly to 50-70% of the
sulfur contained in the concentrates. Although this would require major
» changes in normal domestic smelting and refining practice (refer to

Section 3.1.1.1 - Roasting), the level of emissions of sulfur oxides
wy from the reverberatory furnace would be reduced substantially. Thus,
the percentage of sulfur contained in the concentrates processed by the
smelter and discharged in the effluent from the reverberatory furnace
would probably be in the range of 5-10% rather than 10-40%.9:22
On the other hand, rather than attempting to reduce the level
of sulfur dioxide emissions from the reverberatory furnace to a minimum,
various techniques can be employed to increase the concentration of sulfur
, dioxide emissions. As discussed in Sections 4.1, 4.2 and 4.3, although
l technical considerations normally do not 1imit the applicability of air
pollution control systems to gas streams containing low concentrations
of sulfur dioxide, economic considerations frequently do. Thus, increasing
the concentration of sulfur dioxide in the off-gases should make the
& reverberatory furnace more amenable to air pollution control. Increasing
sulfur dioxide emissions from reverberatory furnaces would entail the use
of tonnage oxygen in the furnace to reduce.fuel and combustion air raquirements
and the reduction of air infiltration to a minimum.

Sealing the furnace and f1ue-gas ductwork against air infiltration

to a much greater-extent than is common in the domestic industry at

present would require the use of roasters or driers to insure that the
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moisture content of the charge to the furnace would be no greater than
5-7%.25 This would minimize eruptions or explosions in the furnace as a
result of the rapid or essentially instantaneous vaporization of water,
which can occur if the moisture content of the charge is high. These
eruptions tend to promote the formation of cracks and leaks in the furnace
roof and sidewalls and throughout the flue-gas ductwork, permitting air
infiltration. The use of driers to reduce the moisture content of the
charge further, to 1/2% or less, would be beneficial as this would
minimize dilution of the sulfur oxides in the furnace off-gases

due to water vapor.

The use of tonnage oxygen to enrich combustion air is rapidly
gaining widespread use, particularly in the secondary smelting of
nonferrous metals. A major parameter determining the capacity of a
reverberatory smelting furnace is the volume of combustion gases. Since
nitrogen comprises four-fifths of the combustion air normally supplied,
enrichment of the air with oxygen lowers the total volume of gas in the
furnace, thus producing higher flame temperatures and increasing the
smelting capacity. This is significant in that four tons of nitrogen
carry away enough heat to smelt a ton of cha\r'ge.]2 With the decrease
in the volume of off-gases per unit of charge to the furnace, the
concentration of sulfur dioxide increases, and it should not be difficult

to achieve concentrations of sulfur dioxide in the off-gases in the range

of 3-1/2 to 5%,26,27,28

Oxygen enrichment is currently employed by the International Nickel Co.
Ltd. (INCO) at their Sudbury, Ontario, facilities in Canada. This operation,
however, is on an intermittent basis with surplus dump oxygen that becomes

available to enhance smelting in nickel reverberatory furnaces.29 As a
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result, 1ittle information is available concerning the concentration of

’
g

sul fyr dioxide in the off-gases. Until recently, oxygen enrichment
—of-the-combustion -air.in a reverberatory smelting furnace was also
practiced at the Onahama Smelting and Refining Co. copper smelter at
Onahama, Japan.30 However, the degree of oxygen enrichment was limited
by copper losses in the furnace slag and, as a result, the oxygen content
of the combustion air was increased only to 23-25%. The installation
of slag treatment facilities was under consideration at this smelter,
with a view toward increasing the oxygen content of the combustion air
further, fn order to increase the sulfur dioxide content of the furnace
off-gases.2® With the oxygen content of the combustion air increased to
23-25%, the concentration of sulfur dioxide in the reverberatory furnace
off-gases was increased from 1-1/2% to 2-1/2% and the gases were routed

directly to a single-stage contact sulfuric acid p1ant~25-’3°’-‘31

(See
Section 4.1 - Sulfuric Acid Plants.)

Although this acid plant is no longer. in operation on the off-gases
from fhe reverberatory furhace, this is not a result of any technical probiems
that developed. Onahama Smelting and Refining expanded the smelter capacity
by the construction of an additional reverberatory smelting furnace and
additional copper converters. The acid plant now controls sulfur dioxide
emissions from the new copper converters. . A prototype magnesium oxide
(Mg0) off-gas scrubbing system, developed jbint]y by Onahama Smelting and
Refining and Tsukishima Kikai Co., Ltd., controls sulfur dioxide emissions

from the reverberatory smelting furnaces.32 This magnesium oxide scrubbing

system was commissioned in early 1973 and has experienced no serious operational

problems, thus serving as a successful commercial demonstration of the
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process as a means of controlling sulfur dioxide emissions from reverberatory
furnaces.

From a review of the technical literature, it appears that oxygen
enrichment of the combustion air in copper reverberatory smelting furnaces
is under serious study in the Soviet Union.27533 In fact, it may already
be in use at the Almalyk Copper Smelter where it was reported that
increasing the oxygen content of the combustion air from 21% to 23-25%
increased the concentration of sulfur dioxide in the off-gases from 1% to
about 2-3%.27 This is in general agreement with the results obtained
at the Japanese copper smelter cited above. Furthermore, at this smelter
in the Soviet Union, increasing the oxygen content of the combustion air
in the reverberatory furnaces to the range of 28-30% increased the sulfur
dioxide content of the off-gases to 3-1/2 to 4%, and the use of combustion
air with 40% oxygen increased the sulfur dioxide concentration to 4-1/2 to
59,27,33 Thus, oxygen enrichment is a viable means of increasing the
concentration of sulfur dioxide in the off-gases from reverberatory furnaces
to the range of 3-1/2 to 54,28

Increased copper losses in reverberatory furnace sltags could result,
however, from oxygen enrichment of the combustion air in an existing furnace,
as at the Japanese smelter mentioned above. As the oxygen content of the
combustion air increases, the smelting capacity of the furnace increases
significantly. If the operators take full advantage of this and increase
furnace capacity, the residence time of the slag formed in the furnace
decreases. As a result, there is less settling time for the copper sulfide

matte, which is formed from the concentrates charged to the furnace and
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contained in the copper converter siags returned to the furnace, to
separate from the slag. Thus, the copper content of the slag tapped
from the furnace may increase.

It should be noted, however, that in some cases copper losses
might actually decrease as a result of the higher operating temperatures
attained with oxygen enrichment of the combustion air. At the higher
temperatures, less limestone need be added to the silica fluxing materials
to promote good fluidity of the silica slag within the furnace. Consequently,
the volume of slag produced per unit of charge would decrease significantly
and, although the copper content of the slag might remain the same or
even increase, overall copper losses may actually decrease.

Decreased copper losses were observed at the Russian copper smelter
mentioned above. At this installation, the coefficient of copper
distribution between the furnace slag and matte remained essentially
unchanged, even with the use of combustion air enriched to 40% oxygen,
which resulted in an 85% increase in furnéce smelting capacity. However,
the mean furnace temperature increased from 2500°F to 2900°F at 40%
oxygen. As a result, less limestone was utilized to reduce slag viscosity
and this, in turn, led to lower copper losses due to the reduced volume
of slag produced.27

If copper losses were to increase as a result of the increased
furﬁace smelting capacity from the use of oxygen enrichment, however,
they could be controlled by the installation of slag treatment facilities.
Slag treatment would not only control copper losses directly, but
could be utilized to increase the residence time of “the Feverberatory
slags in the furnace by treatment of the converter slags, rather than
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returning them to the furnace. Separate treatment of the converter
slags results in a significant increase in furnace smelting capacity
jtself. At the Mitsubishi Metal Corporation, Naoshima,copper smelter
in Japan, for example, separate treatment of the converter slags resulted
in a 25% increase in reverberatory furnace smelting capacity and a
marked decrease in copper losses 23 Thus, if the increase in furnace
capacity resulting from direct treatment of converter slags was not
fully utilized, this would tend to increase the residence time of the
reverberatory slag in the furnace and counter-balance or compensate
to some extent for the decreased slag residence time that could
result from oxygen enrichment as discussed above. Consequently,
separate treatment of the converter slags alone might be sufficient
to control increased copper losses.

The use of oxygen lancing in a reverberatory furnace to increase
the concentration of sulfur dioxide by increasing the conversion of
sulfide sulfur in the concentrates to sulfur oxides has not been
applied on a commercial scale. The use of oxygen in this manner has
been studied in the United States, and in 1965 a patent was granted
by the U.S. Patent O0ffice to the Kennecott Copper Corporation covering
this concept.34 The patent was based on pilot plant studies of oxygen
injection into a reverberatory furnace using roof lances. Data submitted
to the Patent Office in support of the patent application reported
that the concentration of sulfur dioiide in the furnace off-gases increased
from 2% to 12-18% through the use of this techm’que\.34 Howdver, although
this approach might prove to be a viable means of increasing the sulfur
dioxide concentration in reverberatory furnace off-gases, additional

development work would be required before this technique could be

considered commercially demonstrated.
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Electric furnaces--

Summary--Electric smelting furnaces can be utilized to make the copper
smelting process more amenable to air pollution control. The quantity
of sulfur oxide emissions from electric smelting furnaces is about the
same as that from reverberatory smelting furnaces, per unit of charge.
The volume of off-gases generated, however, is normally about an order
of magnitude less and is primarily a function of the degree of air
infiltration to the furnace.

Roasting can be utilized with electric smelting furnaces, as
with reverberatory furnaces, to remove a significant portion of the
sulfur in the concentrates, minimizing off-gas volumes and emissions
from the smelting furnace and producing off-gases containing 1-5%
sulfur dioxide, depending primarily on the degree of air infiltration.
Even if the furnace off-gases contain less than 3-4% sulfur dioxide,
the much lower volume of off-gases generated by an electric furnace
permits the mixing of roaster and converter off-gases with the smelting
furnace off-gases to obtain an off-gas of 4% or more sulfur dioxide.

The Brixlegg process which utiiizes "dead-roasting" of copper
concentrates cannot be considered commercially demonstrated at this
time. Although this process has been in use for twenty years at an
Austrian copper smelter, the smelter processes only 50 tons/day of
copper concentrates and is only a pilot:plant by domestic smelting
standards.

ETectric furnaces can be utilized to make the smelting operation
more amenable to air pollution control by producing off-gases of
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sufficient sulfur dioxide concentration for the production of sulfuric
acid directly. "Green charge" smelting (no pre-roasting operation)

and the reduction of air infiltration to a minimum éan be used to produce
off-gases containing 4-8% or more sulfur dioxide, depending primarily

on the degree of air infiltration. Although not one of the six electric
furnaces presently smelting copper concentrates in the world produces
sulfuric acid as a by-product from the furnace off-gases, the Mufulira
Copper Mines electric furnace in Zambia produces off-gases containing
3-4% sulfur dioxide,sufficient for the production of sulfuric acid.

In addition, an electric furnace is currently under construction at

the Inspiration Consolidated Copper smelter in Arizona, which is designed
to produce off-gases of 4-8% sulfur dioxide.

General discussion--Electric smelting furnaces (Figure 3-8)

provide the heat necessary for smelting copper ore concentrates by
placing carbon electrodes in contact with the molten bath within the
furnace. The electrodes dip into the slag layer of the bath, forming

an electrical circuit. When an electric current is passed through

this circuit, the slag resists its passage, generating heat and
producing smelting temperatures. The charge of concentrates and

fluxing materials is fed through the roof, and a layer of unsmelted
charge covers the molten bath. Heat is transferred from the hot slag

to the charge floating: on its surface, and as the copper concentrates
and fluxes are smelted, they settle into the bath, forming slag and matte.

The chemical and physical changes occurring in the molten bath

of a reverberatory furnace are similar to those occurring in the
molten bath of an electric furnace. Copper concentrétes may be
roasted prior to charging to an electric furnace, or charged directly \
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to the furnace. Also, copper converter slags are normally returned

to electric furnaces for recovery of the copper contained in the slags,
as in reverberatory furnaces. Consequently, the guantity of sulfur
oxide emissions per unit of charge from electric smelting furnaces is

35 In an

about the same as that from reverberatory smelting furnaces.
electric furnace, however, there are no combustion gases, only gases
formed by the vaporization of water'and the chemical reactions which
occur in the smelting process. As a result, the volume of off-gases

from an electric furnace is basically a function of the degree of air
26,36

infiltration to the furnace.
Typically, however, electric smelting furnaces are designed and

operated with large amounts of air infiltration to the furnace. Since

an electric furnace does not discharge large volumes of hot combustion

gases like a reverberatory furnace, the recovery of heat from the off- {

gasgg\is usually not attractive. Frequently, therefore, enough air

infiltration is provided to the furnace to lower the off-gas temperatures

to thg point where the use of less expensive refractory.brickwork for the

furnace roof and the off-gas uptake flues is possible. As a result,

although electric smelting furnaces can be designed to take advantage of

the absence of large volumes of combustion gases in the furnace to produce

off-gases containing greater concentrations of sulfur oxides than -

the off-gases produced by reverbératory furnaces, this is not common

practice.37 The concentration of sulfur dioxide in the off-gases from

electric smelting furnaces currently operating in various foreign

countries is in the range of 1/2%, or less, to about 4%, depending on

the type of charge smelted {roasted or unroasted), the mineralogy 1

of the copper concentrates and the degree of air infiltration to the ‘
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furnace.3” As discussed in the previous section concerning reverberatory
furnaces, when the concentrates contain low Tevels of pyritic sulfur

or are roasted, rather than charged directly to the furnace, the
evolution of sulfur oxides is Towest.

Electric furnaces can be utilized, however, specifically as'; o
means of making the smelting operation more amenable to air pollution
control. Roasting of the concentrates can be employed, as with reéE;Béra-
tory furnaces, to remove a significant portion of the sulfur contained
in the concentrates, reducing the emission of sulfur oxides from the' "
electric furnace. The concentration of sulfur dioxide in the furngéér
off-gases would Tikely be in the range of 1-5% depending on the
degree of air infiltration to the furnace. Even if the concentration
of sulfur dioxide in the furnace off-gases were at the low end of this
range (1-3%), since the volume of off-qases from the electric furﬁéééfﬁ'
would be an order of magnitude less than the volume of off—gases'frdﬁ°f°
a reverberatory furnace, the use of an electric furnace rather than 5
reverberatory furnace would permit the smelting furnace off-gases fﬁ“ i
be combined with the roaster and converter off-gases. The concentration
of sulfur dioxide in the resulting gas mixture would be in the rahée
of 4% or more and womld be quite adequate for the production of sulfuric

acid.35’ 38, 39, 40 To a certain extent, the blending of

electric furnace off-gases would be offset by the elimination of- Yo

the need for dilution of these gases with air to provide oxygen for

the conversion of 507 to SO3 in the manufacture of sulfuric acid.
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Another approach to minimizing the emissions of sulfur oxides
from electric smelting furnaces is to take advantage of the absence
of combustion in the furnace to employ a fossil fuel as a reductant
for the production of copper directly, rather than copper sulfide matte.
This is the approach developed by the Montanwerke Brixlegg copper smelter
in Austria cited in Section 3.1.1.1 - Roasting.® The process in use
by this Austrian company, based on this concept, was developed specifically
to minimize air pollution. The copper concentrates are first roasted
to remove essentially all of the sulfur ("dead roasting"), converting
the copper and‘iron sulfides to copper and iron oxides. The "dead-
roasted" concentrates, fluxes and coke are then charged to an electric
furnace., As the charge is smelted, the coke preferentially reduces the
copper oxides over the iron oxides, forming elemental copper. The iron
oxides combine with the fluxes to form a slag, and the copper~settles
out as.a separate molten phase which is tapped from the furnace. There
is no need for copper converters.

The copper produced by the Brixlegg process is referred to as "black
copper” and contains a much higher level of impurities than "blister
copper" produced in copper converters by conventional pyrometa]Turgica]
processes. "Black copper”" is only 90-95% copper, whereas "blister copper"
is typically 98-99% copper. Thus, "b]istér copper" contains only
1-2% of impurities such as iron, nickel, lead, and arsenic, while
“black copper" contains 5-10% of these 1mpurit1’es.6 However, both
"black copper" and "blister copper" require fire-refining to produce

anode copper suitable for casting into anodes for electrolytic
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refining. Through the use of ydrious fire-refining techniques, as
discussed in Section 3.1.1.5 - Copper Refining, most of the
impurities in "black copper" can be eliminated. As a result,
although "black copper" requires extensive fire-refining compared to
that normally required with "blister copper," in many cases anode -
copper of comparable purity can be produced from both "black copper"
and "blister copper.” FAGIRES
Some impurities, however, such as nickel and bismuth, are particu-
larly difficult to eliminate by various fire-refining techniques. If-~.
concentrates processed by the Brixlegg process contained high levelsur -
of these impurities, changes in domestic electrolytic refining practice
might also be necessary, as discussed in Section 3.1.1.5. However,
while there may be few technical 1imitations to the production of
high-purity copper-equivalent to that presently produced within the~ Pfh?q
domestic industry. by- the Brixlegg process-,6 due to the greater degreec, ..-
of refining treatment necessary to e11m1nate‘var10us impurities containede’
in "black copper,".economic considerations may limit the applicationr™
of the Brixlegg process to concentrates containing Tow levels of impurities.
The Brixlegg process lends itself readily to various emission o
control techniques. With no need for copper converters and essentially -
all the sulfur in the concentrates removed in the roasting step, all
the sulfur oxide emissions are confined to one processing operation.o ™
Furthermore, through the use of fluid-bed roasters, thése emissions> . -

are discharged in an off-gas stream of high concentration and

.
~ Y
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uniform flow rate suitable for the production of sulfuric acid or
even elemental sulfur. However, although this process has been in
use by the Montanwerke Brixlegg Co. for twenty years, the smelting
capacity of this Austrian smelter is only about 50 tons/day of
concentrates, compared to smelting capacities in a typical domestic
smelter of 1000-2000 tons/day of concentrates. Therefore, the process
cannot be considered to have been demonstrated on a commercial scale.
Rather than reducing the level of sulfur oxide emissions from
electric smelting furnaces to a minimum, various techniques can. be
employed to increase the concentration of sulfur dioxide in the furnace
off-gases. As mentioned in the previous section concerning reverberatory
furnaces, although technical considerations normally do not limit
the applicability of air pollution control systems to gas streams
containing low concentrations of sulfur dioxide, economic considerations
frequentiy do. Thus, various techniques which increase the concentration
of sulfur dioxide 1n the off-gases should make the smelting furnace
more amenable to air pollution control. Increasing the concentration
of sulfur dioxide in the off-gases from an electric¢ furnace
would entail the use of green charge smelting (no roasting operation)
and the reduction of air infiltration to a minimum.
Sealing the furnace and flue-gas ductwork against air infiltration
would require the use of copper concentrate driers to insure that
the moisture content of the charge would be no greater than 5—7%.25

This would probably be sufficient to prevent the eruptions or
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explosions in the furnace resulting from the vaporization of water,
wﬁich promotes the formation of cracks or leaks in the furnace roof and
sidewalls and throughout the flue-gas ductwork. The use of driers to
reduce the moisture content of the charge to 1/2%, or less, would
further reduce dilution of the sulfur oxides in the furnace off-gases -~ -
due to water vapor.

As previously discussed, the volumes of off-gases from electric ‘on
smelting furnaces are about an order of magnitude less than the volume
of off-gases from conventional, domestic reverberatory smelting
furnaces. As a result, with the use of green charge smelting and
minimum air infiltration, the concentration of sulfur dioxide in the
off-gases from an electric smelting furnace is normally in the range of
4-8%,39'41 although it is reported that concentrations as high as 10-20%
are possible.26 -There is some fluctuation in the off-gas flow rate and -y -
sulfur diexide.concentration as copper converter slags are returned ... ".: .
to the furnace and fresh concentrates and fluxes are charged; however,

these tend to be rather minor compared to the fluctuations in off- o

o

gas fiow rate and sulfur dioxide concentration experienced with copper

converters, and the control of sulfur oxide emissions by the manufacture e

of sulfuric acid from the furnace off-gases would be quite str'aiglf)ti’owtalr'd.z‘I
Currently, six copper smelting installations have been identified.

which operate electric furnaces specifically for the smelting of Po

copper concentrates. 37,42 However, there are numerous installations - .

throughout the world which use electric furnaces for the smelting
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of nickel, copper/nickel, and copper/cobalt concentrates. Although

the pyrometallurgical production techniques for nickel, and to a certain

extent cobalt, are similar to those for copper, time constraints have
not permitted a thorough and complete investigation of these furnaces.
Five of these six electric furnace installations are located
in foreign countries.37:42 Sulitjelma Gruber at Sulitjelma, Norway;
Montanwerke Brixlegg at Brixlegg, Austria; and Bolident Aktiebolag at e
Boliden, Sweden, operate electric smelting furnaces in Europe.
Kilemba Mines at Jinja, Uganda, and Mufulira Copper Mines at Mufulira, 4
Zambia, operate electric smelting furnaces in Africa. In the United
States, Cities Service Copper operates an electric smelting furnace
at Copperhill, Tennessee.
With the exception of Montanwerke Brixlegg in Austria, none of
these *installations utilize the electric furnace primarily as a
means of making the smeiting operation more amenable to air pollution
control. Rather, electric smelting is utilized primarily becausé
electiic power is less expensive or more dependable than various fossil
fuels in-these areas. Sulfur oxide emissions from the smelting operation
are controlled at only one of these installations~—the Citles Service
Copper installation in Tennessee. However, this is the result of
spectal circumstances. Consequently, the electric smelting furnaces v
at these installations are not designed to minimize air infi]tration.37
As a result, the concentration of sulfur dioxide in the furnace off-
gases at these installations is in the range of 1-2% or less, with
the exception of the installation at Mufulira, Zambia, at which the
concentration of sulfur dioxide in the furnace off-gases is in the

range of 3-4%.37
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A second domestic installation, however, is scheduled to initiate
operations with an electric smelting furnace for the smelting of copper
concentrates by mid-1974. The Inspiration Consolidated Copper Co.
is installing this furnace at their Arizona smelter primarily as a
means of making the smelter more amenable to air pollution control.
Sulfur dioxide emissions from the furnace will be controlled through
the manufacture of sulfuric acid in a double-absorption sulfuric acid .-
plant. The furnace will operate as a "green-charge" furnace, processing
copper concentrates which are first dried to 0.1-0.3% moisture. The
concentration of sulfur dioxide in the furnace off-gases is projected
to be in the range of 4-8%.41

Another domestic installation is also scheduled to initiate '
electric smelting of copper concentrates by late 1975. The
Anaconda Copper Co. plans to install an electric smelting furnace at -
their Anaconda, Montana,smelter to replace the tour existing reverbera-
tory smelting furnaces. ihe major reason cited by ~naconda for this .
decision is the increasing difficulty of obtaining adequate suppliesic .
of fossil fuels to fire the reverberatory furnaces and the frequent
curtailments ,of, fuel supply during the winter months.40 The
electric 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 in the ::2r
combined off-gases from the fluid-bed roaster, the electric smelting .

furnace, and the copper converters is projected to be in the range of

6%.40
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Flash Furnaces--

Summary--The degree of sulfur removal in a flash smelting furnace is
quite high compared to either reverberatory or electric smelting furnaces
and is normally in the range of 50-80% of the sulfur contained in the
concentrates. The concentration of sulfur dioxide in the off-gases
from flash furnaces of Outokumpu Oy design is in the range of 10-20%.

The concentration of sulfur dioxide in the off-gases from flash furnaces
of INCO design is in the range of 75-80%. This difference in sulfur
dioxide concentration level results from INCO's use of commercial-grade
oxygen rather than air to sustain the flash smelting reaction in the
furnace. The operation of a flash smelting furnace is "steady-state"
with respect to the off-gas flow rate and concentration of sulfur dioxide
in the off-gases.

The flash smelting process was successfully demonstrated on a
commercial scale by both Outokumpu Oy and INCO in the early 1950's.

By mid-1973 tnirteen copper smelting installations in the.world operated
flash smelting furnaces ranging in capacity from 300 tons/day to

1500 tons/day of copper concentrates. One installation is of INCO
design and the remaining twelve are of Outokumpu design.

Flash smelting furnaces can be designed to operate autogenously.
Under these conditions no external source of fuel or energy is
required. The heat released by the flash smelting reaction is
sufficient to smelt the furnace charge. Thus, flash smelting
requires a lower energy input per pound of copper produced than
either reverberatory or electric smelting.

Flash furnaces typically produce high-grade mattes containing

45-65% copper. This is higher than the grade of matte produced
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at most domestic smelters, which typicaliy contains 30-40% copper.

High-grade mattes result in reduced secondary copper scrap processing
capacity. The adoption of flash smelting by the domestic primary

copper smelting industry would thus reduce to some extent the ability

of the domestic industry to reprocess copper scrap. However, any RN
reduction in the capability of the domestic primary smelting industry

to recover copper from copper scrap would encourage the expansion AR
of the domestic secondary smelting industry in most cases, rather

than 1imit the recovery of copper from scrap. -

Unlike reverberatory smelting or electric smelting installations,
flash smelting installations require slag treatment facilities to
recover copper from both the flash furnace and converter slags.

Flash smelting furnaces also require copper concentrates
containing lower ratios’ of Cu/S than are necessary with either anl
reverberatory or electric smelting furnaces. However, concentrates
with Cu/S ratios as-high as 1.3-1.5 can be smelted, and an EPA survey -~ .’
reveals that approximately 95% of domestic ore concentrates have Cu/S = dz-
ratios in the range of 0.6-1.3 or less.

Conventional flash smelting furnaces, however, cannot process significant
tonnages of copper precipitates. The adoption of flash smelting by the
domestic industry would thus reduce the ability of the industry to
recover copper from copper oxide ores by conventional means. However, zat..
this would encourage the use of acid Teaching/liquid ion exchange/acid <
stripping/electrowinning operations, rather than acid leaching/copper
precipitation/smeiting operations.

Copper concentrates containing high levels of volatile metals,
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the most common being lead and zinc, can present major problems in

the heat recovery facilities associated with flash smelting furnaces.

The highest levels that can be tolerated are 2-1/2 to 3% lead and

5-1/2 to 7% zinc. However, an EPA survey reveals that approximately

96%, 99%,and 98% of domestic ore concentrates contain less than 2% lead,

4% zinc, and 1% arsenic, respectively. Furthermore, other volatile

¥

metals, such as cadmium, beryllium, vanadium, antimony and tin, are
present only in very small amounts (<10 ppm to <1000 ppm) in domestic
concentrates. .

General discussion--Essentially, flash smelting is a process in which

copper sulfide ore concentrates are smeited by burning a portion of the iron
and sulfur contained in the concentrates while they are suspended in an
oxidizing environment. As such, the process is quite similar to the
combustion of pulverized coal. The concentrates and fluxes.are injected
with pre-heated air, oxygen-enriched air, or even pure oxygen, into a
furnace of special design, and smelting temperatures are attained as a
result of the heat released by the rapid, flash combustion of jron and
sulfur.

Currently two companies have developed flash smeltiqg4tgchnology:
Outokumpu Oy in Finland and International Nickel Co. (INCO) in Canada.
Both companies offer their technology for license either through their own
offices or various contractors. The major difference between these technologies
is in the design of the flash smelting furnace and the oxidizing environment
in the furnace. Outokumpu uses pre-heated air, or oxygeqjenriched air,
as the oxidizing medium, whereas INCO uses pure oxygen. However, it
appears that Outokumpu has been more aggressive in marketing their

technology than has INCO, and, as a result, most of the flash smelting
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furnaces presently operating in the world are of the Outokumpu design.
For this reason, this discussion will dwell primarily on Outokumpu

technology, with brief references to the INCO technology.

\\ The charge to a flash smelting furnace, which is composed of
copper sulfide ébncentrates and fluxing materials, must be fine- e \d
grained and essentially "bone-dry” to insure an even and homogenous
| ¥ distribution of the charge as it is injected into the furnace. elads
i The copper concentrates should be of a fineness corresponding to = "
[ % at least 502 minus-200 mesh, and the fluxing material should be  ~'M3219”
of a fineness corresponding to at least 80% minus-14 mesh.IO Since
A most concentrates are obtained from ores by flotation techniques,
: thefr fineness noﬁma11y meets these requirements without further
' grinding., The fluxing materials, however, usually require additional
grinding beyond“thaf necessary for use in reverberatory or electric '~ V™"
smelting furnaces: " Sl
In almost 411 cases, 1t is necessary to dry the charge to the ' o '
"bone-dry” conditiors (0.1-0.3% moisture) before smelting, as the - ° V&
concentrates typically contain from 5-15% moisture following f]otation.!okqsl
It is common practice, however, to use the drying facilities not only "~
for drying the charge to the furnace, but also for blending the f1ux:qwf"-.
¥ ing materials and the various copper concentrates available to providé R
% a charge of uniform composition. EESIARE
cedoai g

The Outokumpu flash smelting furnace shown in Figyre 3-9

o

consists of three distinct sections: a reaction shaft, a settler and
an uptake shaft. The dried copper concentrates and fluxing materials
are injected continuously down into the reaction shaft through concentrate

burners Tocated at the top of this shaft. In these burners, the- - M=
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Figure 3-9 Outokumpu flash smelting furnace. 2
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charge is mixed with pre-heated air or oxygen-enriched air and dispersed
| as a fine-grained suspension. 0il1 is also injected into the reaction

shaft to sustain the flash combustion reactions.
In the reaction shaft, the heat released from the combustion of
\ the o1l and the flash combustion of a portion of the iron and sulfur
contained in the concentrates increases the temperature to the point
@ .where the concentrates and fluxing materials are smelted. A fine
rain of molten particles thus falls from the reaction shaft into
the molten bath in the settler. Copper matte settles through the
sTag layer into the matte layer beneath, while iron oxides remain
in the slag layer.
The furnace off-gases withdrawn from the uptake shaft normally
contain. 10-20% sylfur dioxide, depending on the copper concentrate
| analysis, the grade (copper content) of matte produced, the degree
| of oxygen enrichment and the degree of combustion air pre-heat.']’44
| Typically, however, from 6-7% of the concentrates contained in the
r charge to the furnace is entrained as molten or semi-molten
particles in the off-gases. In addition, if the copper concentrates
contain volatile metals, such as lead, zinc, arsenic, etc., these
metals are volatilized in the reaction shaft, and the dust content
@ of the off-gases increases according]y]o The off-gases are cooled
in a waste-heat boiler and passed through an electrostatic precipi-
tator to recover these concentrate dusts, which are returned to the
furnace charge.
The INCO flash smelting furnace showh in Figure 3-10
is of a much simpler mechanical design than the Qutokumpu furnace

and is essentially a reverheratory furnace with an uptake shaft

extending the length of the furnace roof. The dried copper concen-
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trates and fluxing materials are injected continuously fnto the furnace
through concentrate burners located along the furnace sidewalls. The
charge is mixed with pure oxygen in the burners and is dispersed

as a fine-grained suspension in the furnace. As in the Outokumpu
furnace, the flash combustion of a portion of the iron and sulfur

in the concentrates smelts the charge, and a fine rain of molten
particles falls into the molten bath, separating into a slag layer

and a matte Tayer. 45

The concentration of sulfur dioxide in the INCO furnace off-
gases is qufte high, normally in the range of 75-80%, as a result
of the use of pure oxygen, rather than air, as the oxidizing medtum
in the furnace.?? 1t appears that the dust loading of the off-
gases 1s also quite high; however, this is probably offset for
the most part by the lower off-gas volumes produced.

In alfliih smelting furnace, the combustion reactions utilize
comp1ete1§ Ehe oxygen contained in the process atmosphere. Consequently,
the regulation of the oxygen/concentrate ratio in the furnace controls
the extent to which the flash combustion reactions proceed and thus
determines both the grade of matte produced and the heat released for
smelting the furnace charge. Increasing the incoming temperature or
oxygen content of the combustion air also effectively increases the
heat released for smelting. As a result, in some cases it is
possible for the flash combustion and smelting reactions to occur
autogenously. Under these conditions, the heat released by the

oxidation of iron and sulfur is sufficient to.completely smelt the

furnace charge.
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The grade of copper matte produced in a flash furnace is thus //
dictated not only by the copper concentrate analysis, but frequently /
by the degree to which matte grade, oxygen-enrichment and combustion
air pre-heat are incorporated into the furnace design to approach
autogenous operation. In practice, flash furnaces normally produce
matte grades in the range of 45-65%, with matte grades of 50-60% most
common.10 This is somewhat higher than the grade of matte normally v
produced at most domestic copper smelters in reverberatory furnaces, |
which is in the range of 25-50%,% with grades of 30-40% most common . 46 P

Production of higher grade mattes, however, offers both advantages
and disadvantages from an operating point of view. As the grade of
matte increases, the volume of matte associated with a unit volume
of copper decreases, and the capacity of the copper converters necessary
to produce a given amount of copper decreases. In addition, copper
converter operating costs are a direct function of converter work
which, in turn, is related to matte grade. Lower matte grades with
their higher iron content require more work and thus converter operating
costs increase with decreasing matte grade.47

Most domestic copper smelters, however, avoid, if possible,
operating copper converters with high-grade mattes. High-grade mattes
tend to run relatively cool during the first-stage slag blow, since b
less iron is present in the matte, and only a small amount of slag
is formed. In practice, some smelter operators take advantage of the -
excessive heat generated during the slag blow by the oxidation of
iron sulfide, which releases about four times as much heat per pound as

the oxidation of copper sulfide, to smelt a significant amount of
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secondary copper scrap and smelter reverts in the converters. However,
although flash smelting installations normally reprocess all the smelter
reverts produced within the sme1ter,48 only limited quantities of secondary
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 Approximately 0.30 MM tons of copper was produced
at secondary copper smelters from copper scrap.49 Thus, the recovery of
copper from copper scrap represents a significant portion of the production
of copper at domestic primary copper smelters. Not all domestic copper
smelting installations currently process significant quantities of secondary
copper scrap. However, as the Bureau of Mines statistics indicate, a
number do and at these installations the capacity to smelt significant
tonnages of scrap is dependent on the operation of converters with 1ow-
grade mattes. ,Consequently, the adoption of flash smelting by the domestic
industry would reduce, to some extent, the ability of the industry to

reprocess copper scrap. It is likely, however, that this limitation

associated with flash smelting will probably encourage realignment of the

domestic smelting industry, rather than 1imit the growth of the industry
or prohibit the application of flash smelting. A reduction in the
capacity of the domestic primary smelting industry to recover copper
from copper scrap would encourage the expansion of the domestic secondary
smelting industry in most cases, rather than limit the recovery of
copper from scrap.

If copper ore concentrates contain high levels of impurities,
such as arsenic, antimony, and bismuth, smelting by conventional domestic

means to produce high-grade mattes can result in the production of blister
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cobper containing appreciable levels of these impurities. With low-
grade mattes, converters are quite efficient in eliminating volatile
metallic impurities. Increased matte grade, however, leads to decreased
converter blowing time and lower converter temperatures, as discussed
above, which in turn tends to result in decreased impurity elimination.12
However, with the flash smelting process a major portion of the volatile
metaliic impurities are eliminated in the flash furnace. Indeed,

with concentrates containing high levels of impurities, this presents
problems in the recovery of waste heat from flash furnéce off-gases,

as discussed later in this section.

As a result, flash smelting is somewhat limited in terms of
processing concentrates containing high levels of impurities, and thus it is
unlikely that impurity problems associated with the production of
high-grade mattes would arise at 1nsta11at19ns incorporating
flash smelting. Furthermore, in those few cases where the problem
might arise, increased fire refining of the blister copper
produced in the converters and changes in the electrolytic refining
circuit, as discussed in Section 3.1.1.5 - Copper Refining, ‘
could undoubtedly be incorporated into the smelter operations to
resolve the problem.

Unlike the slags normally obtained from either reverberatory
smelting furnaces or electric smelting furnaces, which typically

4 and are discarded without

contain in the range of 0.4-0.7% copper
further treatment, the slags obtained from most flash furnaces

typically contain in the range of 1-2% copper, and thus usually
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require further treatment to recoverxcopper.TO Not all flash furnaces
currently operating, however, produce slags of such high copper
content. The recently commissioned (January 1972} Tamano flash smelter
of Mitsui Mining and Smelting Co. Ltd., which is of Outokumpu design,
has to date been successful in controlling the copper content of the
furﬁace slag to 0.5-0.6%,50551 and the copper content of the slag
obtained from the flash furnace designed and operated by INCO in
Canada is normally in the range of 0.4-0.5%.52

At both of these installations, the flash furnace has been
designed to produce relatively low-grade mattes (45% at the Japanese
installation and 50% at the Canadian installation) and to_provide
sufficient residence time in the furnace to permit copper matte entrained
in the slag to settle out. These concepts are not as easy to implement
as they may at first appear, however. Production of low-grade mattes
in flash smelting furnaces is limited to copper concentrates containing
excessive pyrite sulfur (FeS») and low Cu/S ratios, or it requires
special design of the furnace to incorporate a high degree of combustion
air pre-heat and/or oxygen enrichment. Sufficient sulfur must be present
in the concentrates not only to provide the heat necessary for smelting
by combustion, but also to remain in the matte formed so that the matte
is low grade. Increasing the residence time in the furnace requires
a major increase in the volume of the molten bath and, as such, requires
an increased heat release in the furnace to prevent "freezing" of the
bath.

Production of low-grade mattes in flash furnaces by firing fossil
fuel to provide either the heat to keep the bath from "freezing" or

to provide the heat for smelting concentrates containing “normal"
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levels of pyrite sulfur defeats the major incentive toward flash
smelting over conventional smelting, which is autogenous or close
to autogenous operation. Furthermore, firing fossil fuel reduces
the smelting capacity of the furnace and dilutes the sulfur oxides
in the off-gases. At the Japanese installation, these probliems

have been overcome through the use of a high degree of combustion

atr pre-heat and the use of electrical energy in the same manney
as an electric smelting furnace to maintain the furnace bath in a molten
state.90 At the Canadian installation, pure oxygen, rather than air, &
is used to support the flash combustion reactions, thus increasing
the heat avatlable for smelting and maintaining the furnace bath in
a molten state by decreasing the heat removed in the furnace off-
gases, 23

Unlike reverberatory smeiting furnaces or e1ectr1c'sme1ting
furnaces, however, flash smelting furnaces do not have the f1éx1b11ity
to recover copper from the slags produced in the copper coﬁverters,
Consequently, converter slags, which typically contain in the range
of 5-6% copper, are not returned to the flash furnace and require
slag treatment.10:53 As a result, not only do slags produced in the
flash furnace require slag treatment facilities to recover copper, but
also those produced in the copper converters. "o

Various methods can be used for slag treatment, and the choice
frequently depends on local circumstances. Slag settling alone
frequently achieves copper recoveries of 75-80%, and the use of
slag flotation or slag reduction and settling can achieve copper
recoveries of 90-95%.°% The use uf slag settling techniques on the
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combined flash furnace and converter slags, therefore, normally
reduces their copper content to 0.5-0.7%, while the use of slag flo-
tation or slag reduction and settling techniques normally reduces
their copper content to 0.25-0.35%.10’54 With the use of settling
techniques, with or without slag reduction, the copper is recovered
from the slags as a copper sulfide matte, which is charged to the
converters. The use of flotation techniques, however, recovers

the copper as a copper concentrate, which is recycled to the flash
furnace charge.

Thus, through the use of slag settling techniques, overall copper
recovery at a flash smelter is frequently about the same as that at a
conventional domestic smelter. The use of slag flotation or slag
reduction and settling techniques, however, frequently increases
overall copper recovery somewhat above that obtained at a conventional
demestic smeltgrif?!43

In a reverberatory furnace or an electric furnace, the heat necessary

- for smelting of the copper concentrates is provided by combustion of a

fossi1 fuel or by the use of electrical energy. In a flash furnace,
however, as ment?oned earlier, most of the heat necessary for smelting

Ts provided by flash combustion of excessive metallic sulfide sulfur
contained 1n the concentrates. Thus, while in reverberatory or electric
smelting furnaces only enough sulfide sulfur must be present in the
concentrates to Tnsure that essentially all the copper will form a

copper sulfide matte, in flash smelting furnaces there must be sufficient
sulfide sulfur in excess of this amount to provide a major portion of the

heat necessary for smelting.
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In actual practice, this is normally not a major limitation of
the flash smelting process, as evidenced by its widespread use
throughout Europe and Asia. Most copper concentrates contain more
than enough sulfur necessary to remove the copper as a matte during
smelting, and, as a result, the combustion of a portion of this
excess sulfur to produce most of the heat necessary for smelting

merely increases the grade of matte produced in the smelting furnace 48155

“-;

Flash smeiting furnaces can be designed to process copper

concentrates containing copper/sulfur ratios as high as 1.3-1.5.55’56

Normally, however, this ratio is typically in the range of 0.6-0.9 at ¢

most flash smelting fnstallations.5%s56 The extent to which suppliemental

fuel, pre-heated air, oxygen-enriched air and the grade of matte

produced is used to balance the heat requirements in the flash

furnace actually determines the maximum ratio of copper to sulfur

tn the concentrates that can be processed. Extensive use of pre-

heated, oxygen-enriched air in combination with the production of

high-grade mattes approaching white metal (80% copper) permits the

flash smelting of copper concentrates with copper-to-sulfur ratios

approaching 1.5, while producing off-gases that contain high concen-

trations of sulfur oxides.’®
In most cases, however, it would not be mecessary to resort

to measures such as these to flash-smelt domestic concentrates.

A survey by EPA of typical copper sulfide ore concentrates

representing some 95% of the 6.5 MM tons/yr of domestic concentrates

smelted by the primary copper smelting industry reveals that approxi-

mately 65% of these concentrates have Cu/S ratios in the range of
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0.6-0.9 or less.57 This percentage increases to about 95% if the
range of Cu/S ratios is extended to include concentrates with Cu/S
ratios up to 1.3. Consequently, it appears that flash smelting
is directly applicable to from 65-95% of the domestic ore concentrates.
As a result, the requirement of flash smelting for concentrates
containing sufficient sulfide sulfur in excess of that necessary
to recover all the copper in the concentrates as a copper sulfide
matte is not Tikely to be a major limitation of the flash smelting
process in the United States.
A more serious limitation, however, which is somewhat related
to the Cu/S ratio in concentrates, is likely to be the inability
of flash smelting furnaces to process significant tonnages of copper
precipitates. Copper precipitates are produced froﬁ the su1fufic
acid leaching-of both copper oxide and low-grade copper sulfide/copper
oxide ores. Copper is leached from the ore, forming a copper sulfate
solution which is transferred to a vat. Scrap iron is added to
the vat and copper ions in solution are displaced by iron ions,
causing the copper to precipitate from solution. Copper precipitates
normally contain 75-80% copper with no sulfur and are usually
charged to a reverberatory smelting furnace with copper sulfide
concentrates. Excess sulfur in the concentrates is utilized
to convert the copper in the precipitates to copper sulfide. Thus,
the copper in the precipitates is recovered as copper sulfide matte.
éince flash-smelting furnaces combust most of the excess sulfur
contained in the concentrates to provide most of the heat for

smelting, significant tonnages of copper cannot be recovered from
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copper precipitates in the furnace. Although copper precipitates
can also be pelletized or briquetted and charged to copper converters,

this requires that the converters operate on low-grade mattes to

both melt the precipitates and convert the copper in the precipitates
to copper sulfide during the first stage or slag blow of the converter.

However, flash smelting normally produces high=grade mattes and,

as a result, the flash smelting process is not amenable to the >

recovery of copper from copper precipitates.
In 1971, approximately 0.20 MM tons or about 15% of the 1.60 MM

tons of copper produced by the domestic primary smelting industry

was recovered from copper precipitates¢49 Consequently, the

recovery of copper from copper precipitates represents a significant

portion of the production of copper at domestic primary copper

smelters. Not all domestic copper smelting installations currently

process significant tonnages of copper precipitates; however, :as

the Bureau of Mines statistics indicate, a number do. Furthermore,

as air pollution regulations force the reduction of sulfur

dioxide emissions, present acid leaching opefations are likely to

be expanded by as much as 100% or more to utilize the sulfuric

acid manufactured from sulfur dioxide as an alternative to acid

neutralization. Thus, while the recovery of copper from copper o

precipitates currently represents about 15% of the total domestic

copper production, this could increase significantly in the future. -
Although the adoption of flash smelting by the domestic ‘

industry would reduce to some extent the ability of the industry
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; to recover copper from copper precipitates, it should be noted that, as
b
[]

in the case of copper scrap, this limitation will 1ikely encourage realignment

ﬁ of the domestic smelting industry rather than Timit the growth of the

* industry or prohibit the application of flash smelting. The use of electro-
winning rather than copper precipitation for the recovery of copper from

p copper sulfate/acid leaching solutions will undoubtably increase in the next few

' < years. Currently, electrowinning acccounts for about 20% of the copper

| recovered from acid leaching operations, with precipitation followed by

t smelting at primary copper smelters accounting for the other 80%.

? * However, each pound of copper precipitated from a copper sulfate/acid
lTeaching solution requires about three pounds of scrap iron.>8 As domestic
sulfuric acid leaching operations are expanded, scrap iron is not Ifke]y to be
aconomically available in sufficient quantities to precipitate the copper,
thus encouraging the use of acid leaching/liquid fon exchange/
acid stripping/e]éctrowinning processes59 rather than conventional

! acid leaching/copper precipitation/smelting pfocesses. Consequently,

| a reduction in the capacity of the domei;ic smelting industry to

| recover copper from copper precipitates through the use of flash

t smelting would further encourage the expansion of the domestic
eTectrowinning industry rather than limit the recovery of copper

@ from copper oxide ores by acid leaching.
Another Timitation of the flash smelting process is the
. requiremenf that the copper concentrates charged to the furnace

contain low levels of volatile metals such as lead, zinc, and arsenic.

As mentiened earlier, typically from 6-7% of the concentrates

contained in the charge are entrained as molten or semi-molten

3-63




particles in the off-gases. A major portion of the volatile metals
contained in the concentrates are vaporized and leave the furnace in
the off-gases. As the off-gases cool, these volatile metals condense.
Thus, the furnace off-gases can contain appreciable loadings of molten
or semi-molten particles, depending on the level of volatile

metals contained in the copper concentrates. As a result, while

copper concentrates containing high levels of volatile metals present
no particular problems in the flash furnace, they do present problems
to the recovery of heat from the furnace off-gases.

Flash furnace off-gases are normally cooled by waste-heat boilers
incorporating both a radiation section and a convection section. The
purpose of the radiation section is to cool the off-gases sufficiently
to solidify tﬁe molten particles entrained in the gases, and to
lower their temperature below the sintering point before™the "gases
enter the convection section. Particles thus striking the convection
tubes are completely solidified and do not adhere to the tubes.

The sintering temperature of the particles is dependent on their
composition. If the particles contain considerable amounts of lead
and zinc, for example, their sintering temperature is relatively low

and they easily adhere to any cooling surface.60

Thus, copper
concentrates containing high levels of volatile metals, the most
common being lead and zinc, can present major problems in the heat

recovery facilities normally incorporated into the design of a

flash furnace.
In practice, the highest levels of lead and zinc that can be

tolerated in the concentrates charged directly to a flash furnace,
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with complete recycling of the dusts recovered from the off-gases, '
are about 2% lead and 4-1/2% zinc.8+81 Higher levels of Tead and
zinc can be tolerated, however, if the dusts recovered are not recycled
but treated by other means. Currently, for.example, the Dowa Mining
Company's flash-smelting furnace at Kosaka, Japan, is processing, on
a continuous basis, copper concentrates containing 2-1/2 to 3% lead
and 5-1/2 to 7% zinc by treating the dusts recovered from the furnace .
off-gases in facilities for the recovery of lead and zinc. Copper
ts also recovered and returned to the flash smelter.38:55

A number of approaches could be used to treat the dusts recovered
from flash furnace smelting concentrates containing high levels of
lead and zinc. Perhaps the simplest would involve shipment of the dusts
to a lead or zinc smelter. Lead and zinc would be recovered and a
copper residue.returned. The use of various techniques to treat the
dusts at the copper smelter,. however, might be more attractive.
figures 3-11 and 3-12 outline two approaches for the treatment of
flash furnace dusts containing high levels of lead and zinc.62 1n
both approaches, copper is recovered from the dusts and charged to
copper converters rather than recycled to the flash furnace.

In most cases, however, it 1s not 1Tke1y that flash smelting
will be severely 1imited in processing domestic ore concentrates due
to high levels of velatile metals. A survey by EPA o6f typical
copper sulfide ore concentrateé representing some 85% of the 6.5 MM
tons/yr of domestic concentrates smelted by the primary copper smelting
fndustry is summarized in Table 3-1. As shown in this table, only

2%, 1%, and 2% of the domestic ore concentrates surveyed contained
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Figure 3-11  Dry Method for Recovering Copper, Lead and [inc
From Flash Furnace and Converter Dusts

Flash Smelting Fine Coke,
Furnace Dust Converter Dust Silica Sand
L |
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[ I — 1
Slag Matte Bullion Dust H2504
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i
i Anode Plate Leaching

Electrolytic Refinery_1

I ZnS04
Waste Converter Electrolytic Lead or Zn(OH)2

Notes
1. Rotary furnace, electric furnace or blast furnace.
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Figure 3-12. Wet Method for Recovering Copper, Lead and Zinc
from Flash Furnace and Converter Dusts57
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Table 3-1 Typical Levels of Volatile Metals In
Domestic Copper Ore Concentrates
Concentration Level Percent of Concentrates Surveyed

Lead <5000 ppm 96%
5000 ppm-<2% 2%
»2% 2%
Zinc A% 67%
1-<4% 32%
>4% ‘ 1%
Arsenic 200-1000 ppm 88%
1000 ppm-1% 10%
>1% 2%

Cadmium - <1000 ppm 100% -~
Bery11ium <10 ppm 100%
Vanadium <100 ppm 100%
Antimony <200 ppm 97%
>200-5000 ppm 3%
>5000 ppm <}/2%
Tin <1000 ppm 100%
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more than 2% lead, 4% zinc, and 1% arsenic, respectively. Furthermore,
other volatile metals, such as cadmium, beryllium, vanadium, antimony
and tin, are all present only in very small amounts (<10 ppm to <5000 ppm)
in domestic ore concentrates. Consequently, it appears that the
Timitation of'fiash smelting furnaces to smelt concentrates containing
high levels of volatile metals is not likely to 1imit the use of flash
smelting in the United States.
The degree o; sulfur removal in a flash smelting furnace is

usually quite high and depends specifically on the composition
of the concentrates processed and the grade of matte produced. Typically,
matte grades of 55-75% result in conversion of 50-80% of the sulfur
contained in thé concentrates to sulfur oxides in the flash furnace.8:63
Increasing the grade of matte increases the degree of sulfur removal
in the furnace and-thus shifts a portion of the sulfur removed in e
the copper converters to the flash furnace. It is not possible,

R T

however, to increase the degree of sulfur removal in the furnace above

that level corresponding to the production of white metal (80% :i'n,

matte grade}, since at this point the sulfur in excess of that
amount necessary to recover the copper as a sulfide matte has
been eliminated. Thus, the composition of the copper concentrates
determines the maximum degree of sulfur removal in the flash furnace.
The concentration of sulfur dioxide in the off-gases from a
flash furnace is normally in the range of 10-20%, depending on the
grade of matte produced, the analysis of the concentrates processed,
the degree of oxygen enrichment, and the degree of combustion.

air pre-heat. Generally, as the grade of matte, the degree of
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oxygen enrichment and the degree of combustion air pre-heat increase,
the concentration of sulfur dioxide in the furnace off-gases 'lncr\*eases.'?’.rl
As the copper-to-sulfur ratio in the concentrates decreases, however,

the concentration of sulfur dioxide in the off-gases increases if

the grade of matte produced remains the same. In each of these

cases, the increase in off-gas concentration is the result primarily

of the increased heat released or heat availability, which shifts

the flash combustion reactions closer to autogenous operation and
thus reduces the need for auxiliary fuel. With a reduction in auxtliary
fuel combustion, there is less dilution of the flash combustion off-
gases, and the concentration of sulfur dioxide increases.

In the case of oxygen enrichment, however, the nitrogen content
.of the process atmosphere is reduced, and this contributes
significantly to an increase in sulfur dioxide concentration. Indeed,
thFodgh the use of pure oxygen rather than air, the concentration of
sul fur dioxide can be increased to the range of 75-80%, as in the
INCO flash furnace. |

As a result, the use of flash furnaces for the smelting of
copper concentrates offers a number of distinct advantages over
reverberatory or electric furnace smelting in terms of the ease wi@h
which emissions of sulfur oxides can be controlled. The concentration 3
of sulfur oxides in the off-gases is normally in the range of 10—14%:10

The operation of a flash furnace is continuous and can even be termed

a "steady-state" operation with respect to the flash combustion

3-70

Dy v




'y

reactions, the off-gas flow rate and the concentration of sulfur
oxides in the off-gases. Consequently, the production of elemental
sulfur or sulfuric acid from the flash furnace off-gases presents -
no unusual problems.

As discussed earlier, the oxygen in the process atmosphere ofa .= .~
flash furnace is consumed in the flash combustion reactions. Consequently,
the furnace off-gases contain essentially no oxygen for the conversion . -

of S0, to SO3 if the off-gases are processed in a sulfuric acid

plant. This deficiency is easily corrected, of course, by afr MR

dilution or by blending with other smelter off-gases, such as those

from the copper converters.

If, however, elemental sulfur rather than sulfuric acid is
manufactured, it s possible to take advantage of the high temperatures
and lack of oxygen’in the furnace off-gases to minimize the consumptidh ="~
of reductant through the use of technology developed by Outokumpu Oyi.--
This technology takes advantage of the unique design of the Outokumpu™ "’
flash furnace to eliminate the reduction furnace and a majof prtion T Nui.
of the gas cleaning section normally required in an elemental sulfur
plant. Reductant is injected into the furnace off-gases in the T
flash furnace uptake shaft, and a major portion of the sulfur oxides
is reduced to hydrogen sulfide and elemental sulfur. The gases
are fhen cooled sufficiently to remove the dust entrained in the !z
off-gases by an electrostatic precipitator, while maintaining the elemental
sulfur in the vapor state. Following the precipitator, sulfur is

condensed and the off-gases routed to a Claus-type elemental sulfur
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plant, where elemental sulfur is produced by the reaction of hydrogen
sulfide and sulfur dioxide.8:64

The flash smelting process was successfully demonstrated on a
commercial scale by both OQutokumpu Oy and INCO at about the same time,
Tn the early 1950's. As of mid-1973, thirteen installations operated
flash furnaces for the smelting of copper concentrates, ranging in
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 in Canada, and the
twelve Outokumpu furnaces were located in Japan (five), Romania (one),
Indta (one), Australia (two), Turkey (one)}, West Germany {one) and
Fitnland (one). In the process of startup by early 1974 were four
additional Outokumpu flash furnaces for the smelting of copper concen-
trates: one in Japan, one in India, one in Australia and one in Africa.
Furthermore, in various stages of design or construction with startups
planned in Tate 1974 or 1975 were two additional Outokumpu furnaces:
one in Japan and one in the United States.09:66

It is apparent, therefore, that flash smelting furnaces can be
used to make the copper smelting process more amenable to air
pollution control. The concentration of sulfur dioxide in the
furnace off-gases is high, normally in the range of 10-14%, and the
process is "steady-state" with respect to the flash combustion reactions.
As a result, there is very Tittle fluctuation in the off-gas
flow rate or the concentration of sulfur oxides. The production

of high-grade mattes in the furnace results in conversion of up
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to 80% of the sulfur contained in the concentrates to sulfur oxides

in the furnace, thus minimizing the sulfur removed in the copper
converters. With the major portion of the sulfur oxides resulting from
the smelting of copper concentrates being discharged in the off-gases-
from the flash furnace, rather than in off-gases of low concentrations

or with large fluctuations, the control of emissions is straightforward.
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Concentrate Drying--

As previously discussed in Section 3.1.1.2,.both the electric
furnace and the flash furnace require é‘dry concentrate charge. |
The moisture content in the charge to the furnace must be no greater.
than 7 percent and is typically lowered to less than 0.5 percent.

There are a number of systems which can be used to dry copper
concentrates, including converted multi-hearth roasters. The drying
system most likely to be used at new domestic electric and'f1ash
smelting installations is, however, the rotary dryer. The rotary
dryer is a rotating cylinder inclined to the horizontal with material.
fed into one end and discharged at the opposite end. Both the
electric smelting installation of Inspiration Copper Company at
Miami, Arizona, and the Phelps Dodge Corporation, Hidalgo County,
Arizona, flash smelting installation will use rotary dryers.

In most common dryers, air or combustion gases flow co-current
or countercurrent to the movement of the concentrate. Intimate
contact between the drying gases and the concentrate is usually
permitted. It is the contact of the drying gases and the concentrate
which can present an air pollution problem. The movement of the
gases through the dryer presents a very high potential for entrainment
of the concentrate into the gas stream. It is estimated in the case
of one new rotary dryer installation that up to 20 percent of the
concentrate will be entrained in the emission stream.97 Because of
the high potential for air enfrainment, emission gases from dryers

are typically ducted to particulate: control systems. One example of
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a particulate control system on a concentrate dryer 1s'the baghouse

4 at the Inspiration Copper Co. smelter in Miami, Arizona.
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3.1.1.3 Converting

Summary --

Copper convertina is a batch operation with the concentration of
sulfur dioxide in the converter off-gases dependent on whether the
converter is in the slag-blowing mode or copper-blowing mnde.
Stoichiometric calculations indicate that the concentration of sulfur
dioxide in converter off-gases should be in the range of 15% during slag
blowing and in the range of 21% during copper blowing., However, air
infiltration is frequently in the range of 200-300% or more and this
results in typical off-gas concentrations of 1-1/2 to 5% sulfur dioxide.
Consequently, major fluctuations in both converter off-gas volumes and

sulfur dioxide concentrations occur frequently.

Maintaining converter off-gases suitable for the production of
sulfuric acid is dependent on the reduction of air infiltration to
a minimum and appropriate scheduling of individual converter operations.
Tight-fitting hoods placed over converter mouths can reduce air
infiltration to 80-100%. With air infiltration reduced to these levels,
the concentration of sulfur dioxide in the converter off-gases can
be maintained in the range of 5-8% during slag blowing and in the
range of 10-13% during copper biowing.

Hoboken converters, however, unlike the conventional Pierce-Smith
converter, do not require tight-fitting hoods to reduce ajr infiltration
to a2 minimum. With two Hoboken converters in operation, only one of
which is blowing at any time, converter off-gases averaging 8% sulfur

dioxide can be expected. If three converters are in operation, with
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only two blowing at the same time, converter off-gases averaging 9%
sulfur dioxide can be expected.

Oxygen enrichment of the converter blowing air can also be used
to some extent to overcome the dilution effect of air infiltration.
An increase in the oxygen content of the blowing air results
in a corresponding increase of the same magnitude in the concentration
of sulfur dioxide in the converter off-gases.

Minimizing the fluctuations in converter off-gas f]dh rates and
sulfur dioxide concentrations requires appropriate scheduling of
individual converter operations. The same number of converters must
be blowing at all times. At any time a converter must rotate to pour
slag or blister copper, or accept fresh charges of matte or fluxing
materials, another converter must be ready to commence blowing. This
requires that one converter be maintained in a standby condition,

hot and charged  with matte, ready-to commence blowing. ol

General discussion --

The copper converting process is essentially an adaption of the. '’
Bessemer process developed by the steel industry for converting high-
carbon pig iroh to low-carbon iron alloys. Whether produced in a -
reverberatory, electric or flash smelting furnace, molten copper
sulfide matte consists of a copper/iron/sulfur melt containing small
amounts of other elements and precious metals. At this point, all - -
of the rock or gangue and a portion of the iron contained in the copper
concentrates hasnbeen eliminated. Copper converters are utilized to
remove the ironh remaining in the matte and then to convert the copper

sulfide in the matte to copper. This is accomplished by adding siliceous

3-77




fluxes to the molten matte aﬁd then blowing air through the matte to
oxidize the iron sulfides to iron oxides. An iron oxide slag is
formed and removed from the converter, leaving copper sulfide or
white metal. Blowing is continued and the copper sulfides are oxidized
to blister copper.
Copper converting is a batch operation. As shown in Figure 3-13,
the side blown converter—known as a Pierce-Smith converter—1is a »
horizontal, refractory-lined steel cylinder with an opening in the side
which functions as the converter mouth. The converter can rotate N
about its major axis, swinging the converter mouth through an arc of
about 120° from the vertical. Compressed air or oxygen-enriched air
is supplied to the converter through a header along the back of the
converter, from which a horizontal row of tuyeres provide passages
through the converter shell into the interior. Molten matte produced
in the smelting furnace is charged to the converter through the converter
mouth by ladles, using overhead cranes. For charging, the converter
is rotated to bring the converter mouth to an angle of about 60° from
the vertical (as shown in Figure 3-14). MoTten matte is poured
from the ladle through the converter mouth, filling the converter

about half full. Silica fluxing materials are also charged to the
converter through the converter mouth or through one end of the converter,

as shown in Figure 3-13, With the converter in the charging position,
the tuyeres are above the level of the matte. Following charging of

the matte and fluxing materials, air or oxygen-enriched air is supplied
under pressure to the tuyere 1ine, and blowing commences. The converter

s then rotated, as shown in Figure 3-14,swinging the converter mouth to
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the vertical and submerging the tuyeres to a depth of 6 to 24 inches

below the surface of the matte.

As air blown into the converter enters the molten matte, the matte
in the immediate area of the tuyeres is cooled, forming accretions
which obstruct the tuyere openings. To prevent complete obstruction
of these openings, the tuyeres are mechanically cleaned every two or
three minutes by forcing an iron bar through each tuyere passage.

As the tuyere air passes through the matte in the converter,
the iron sulfides contained in the matte are converted to iron
oxides and sulfur oxides. The jron oxides combine with the siliceous
fluxing materials forming an iron oxide slag, and the sulfur oxides
are removed in the converter gases discharged through the converter
mouth. This stage of the converter cycle operation is termed the slag
blow. s

Biowing is continued until a substantial layer of slag is formed
in the converter. The converter is then rotated,-as shown in Figure
3-j4, swinging the converter mouth through an arc of about 120°
from the vertical, raising the tuyere line above the surface of the
molten bath. The air supply to the tuyere line is shut off and the
blowing discontinued. Slag is skimmed or poured from the converter
into a ladle and returned to the smelting furnace or transferred to
slag treatment facilities for the recovery of copper contained in the
slag. The converter is then rotated to the charging position, and fresh
matte, fluxing materials and cold supplements, such as smelter reverts
and copper scrap, are added to bring the converter charge back to the

working Tevel. Blowing is resumed and the converter rotated to the

working position.
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This process is repeated until a charge of copper sulfide is f
accumulated in the converter, filling it to the working level. The
converter is then rotated to the blowing position, and the copper i
blow or finish blow begins. During this stage of the converter
cycle, the copper sulfide {white metal) is oxidized, forming sulfur
dioxide and copper. Following the copper blow, the converter contains only
metallic copper known as blister copper which is approximately 99% pure. : 0
The converter is rotated to the pouring or skimming position and the |
blister copper poured into ladles for transfer either to casting
facilities or refining facilities. The emptied converter is then
charged with fresh matte and fluxing materials, and the converting
cycle repeated.

Generally within the domestic copper industry, two or three
converters are associated with each smelting furnace.4 Depending on
the grade of matte used in the smelting furnace, a converter may
make one to three cycles in a 24-hour period, with the actua}

blowing time comprising about 70-75% of the cycle as shqwn: 67

Matte Grade Blowing Interruptions Cycle Time Converter Utilization

% (hr} (hr) (%)
30 4.3 17.6 75
40 3.2 12.0 73
50 2.5 8.8 Al n

During the slag blow, each blowing period lasts about 45-60 min.
Following each blowing period as mentioned above, slag is poured from o
the converter, and fresh matte and cold supplements are charged. The
intervals between blowing periods last about 15-20 min..67 Completion
of slag blowing can be identified by various techniques. One technique

used by converter operators is observation of the color of the flame
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coming from the converter mouth. Slag blowing is complete when the blue
coloring of the f1ame pales. Also, a sample of matte taken at this
point is boiling and forms bubbles.?7 Another technique is observation
of converter off-gas sulfur dioxide content. At the end of the slag blow,
the sulfur dioxide concentration r'1'ses,shar'p1y.-67 Normally with low-
grade mattes of 30-40% copper, which are typic$1 of those produced within
the domestic industry, slag blowing comprises about 80-90% of the total
converter cycle. 4, 67

The copper converting process is autogenous. Consequently, no
fuel or other source of energy is required to maintain the converter
bath in a molten state. However, more heat is released within the
converter during the slag blow than during the copper blow. The
oxidation of one pound of ferrous sulfide according to the following
reagtion releases about 2600 BTU:

2FeS + 30p + Si0p -+ 2Fe0 - Si0, + 2502
while the oxidation of one pound of cupric sulfide according to the
following reaction releases only about 600 BTU:

CupS + 02 » 2Cu + SO
Thus, the amount of heat released during the slag blow is more than
sufficient to keep the bath in a molten state and compensate for heat
losses. Indeed, converter operators must control the
converter temperature to prevent damage to the refractory 1fning during
the slag blow. Smelter reverts, copper scrap and, in some cases,
copper concentrates are charged to the converters to both take
advantage of the excessive heat released and to lower converter

temperatures. Consequently, with low-grade mattes it is possible for

copper scrap charged to the converter to be a significant source of the
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blister copper produced at a primary copper smelter. Indeed, Bureau /
of Mines statistics indicate that of the 1.60 MM tons/yr of copper produced
at primary copper smelters, some 0.35 MM tons/yr or about 20% is due

to the recovery of copper from scrap.

Stoichiometric calculations indicate that the concentration of
sul fur dioxide in converter off-gases should be in the range of 15% during
the slag blow, assuming that 25% of the iron sulfide is oxidized .
to magnetite in the iron oxide slag, and in the range of 21% during the
finish blow.2 1In practice, however, the concentrations depend on the
oxygen utilization in the converter and the amount of air infiltration
into the off-gas collection system. Oxygen utilization is reported
in the literature to be generally in the range of 85 to 95%, although
one rather extensive study reported oxygen utilizations varying from_
45 to 105% during sTlag blowing and from 40 to 70% during copper blowing.68
Normally, however, air infiltration into the hoods and the.f1qu of the

4,569 and, as a résu1t, is

off-gas collection system is from 100-300%
assumed to be primarily responsible for sulfur dioxide concentrations
in the off-gases of less than that shown by stoichiometric calculations.
Since the copper converting operation is a batch operation with
the concentration of sulfur dioxide in the off-gases dependent on
whether the copper converter is in the slag blowing mode or copper -
blowing mode, fluctuations in both off-gas volume and sulfur dioxide
concentration occur. The magnitude of these fluctuations is signifi-
cant,as shown in Figure 3.15. 70 Consequently, maintaining the
concentration of sulfur dioxide in converter off-gases suitable

for the production of sulfuric acid is dependent primarily on the reduction

of air infiltration to a minimum and appropriate scheduling of the
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operations of individual converters to minimize fluctuations.

The use of tight-fitting hoods, as shown in Figure 3-16, placed
over the converter mouth is one approach to minimizing air infiltration.
Converter hoods, however, cannot be physically tight. Thus, even with
tight-fitting hoods, there is some air infiltration into the hood
flue system and this is controlled by appropriate regulation of the
draft on the flue system.s’70 Consequently, dampers or individual i
hot gas fans for each converter are required. In practice, the
reduction of air infiltration to the Tevel of 80 to 100% is about
the best that has been achieved. 2270 with air infiltration reduced
to these Tevels, many Japanese smelters which have incorporated
tight-fitting hoods on their copper converters are able to maintain
the concentration of sulfur dioxide in the converter off-gases during
slag blowing in the range of 5-8% and during copper blowing in the
range of 10-13%. 22, 50, 7

Another approach to minimizing air infiltration is through the
use of Hoboken converters. In Pierce-Smith converters most of the gases
pass into an off-gas collection hood through the mouth of the converter.
Although the Hoboken converter is essentially the same as a conventional
Pierce-Smith converter, this converter is fitted with a side flue
Tocated at one end of the converter and shaped as an inverted U,
as shown in Figure 3-17. The inverted U-shaped flue rotates
with the converter and is fitted with a cylindrical duct, also
rotating with the converter, which leads into a fixed vertical flue.
This flue arrangement permits siphoning of the converter gases from
the interior of the converter directly to the off-gas collection

system.72
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The escape of converter off-gases through the mouth of the
Hoboken converter or the dilution of converter off-gases by air
infiltration through the converter mouth is minimized by maintaining
a constant zero draft at the converter mouth through the use of
variable-speed fans and dampers. With two converters in operation, only
one of which is blowing at any time, personnel at Metallurgie Hoboken,
N.V., in Belgium, where the Hoboken converter was developed, indicate
that converter off-gases averaging 8% sulfur dioxide can be expected.
If three converters are in operation, with only two blowing at the
same time, converter off-gases averaging 9% sulfur dioxide can be

expected.72

Oxygen enrichment of the converter blowing air can be used to overcome,
to some extent, the dilution effects of air infiltration. The use of
oxygen in copper converting operations is rapidly gaining acceptance both
in the domestic and foreign industry. The major incentive for oxygen
enrfchment of the blowing air is the increase in copper converting capacity
whiéh results. Since nitrogen comprises four-fifths of the blowing air
normally suppliéd, oxygen enrichment of the blowing air lowers the total
volume of air which must be provided per unit of copper. This is signifi-
cant in that four tons of nitrogen carry away enough heat to smelt a ton
of copper ccmcentr'ates.]2

In terms of overcoming the dilution effects of air infiltration,
however, a number of investigations have shown that an increase
in the oxygen content of the blowing air results directly in a

corresponding increase of the same magnitude in the concentration

of sulfur dioxide in the converter off—gases.73 For example, at
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the Metallurgie Hoboken, N.V., smelting installation in Belgium, oxygen
enrichment of the blowing air to 25% oxygen, an increase of about

25%, resulted in an increase in the concentration of sulfur dioxide

in the converter off-gases over the complete converter cycle from
8-1/2% to about 10-1/2%, also an increase of about 25%.74

Another investigation at the Anaconda Company's Anaconda, Montana,
smelter showed that an increase in oxygen content of the blowing air -
from 25-1/2% to about 42% resulted in an increase in sulfur dioxide
concentration of converter off-gases during slag blowing at the
converter mouth before significant air infiltration from about 16-1/2%
to about 28%.73 In this case, an increase in oxygen content of the
blowing air by about 65% resulted in an increase in sulfur dioxide
concentration of the converter off-gases at the converter mouth by
about 70%,

In addition, another inves;igation at the Kennecott Copper Corporation's
Utah copper smelter showed that oxyaen enrichment of the blowing air to
23-36% oxygen increased sulfur dioxide concentrations in the converter
off-gases from hormal levels of 4-5% to 6-1/2 to 9-1/2% sulfur dioxide.75 ‘

The Kennecott investigation is of particular interest. In addition to {

confirming a major increase in copper converting capacity, few problems
were experienced and on the basis of their investigations, Kennecott
installed an on-site oxygen plant to supply commercial oxygen to the

copper converters.75 76

This installation is still in use today.
As a result, it is clear that oxygen enrichment of the converter
blowing air can be utilized to some extent to overcome the dilution

effects of air infiltration into converter off-gases.
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In terms of minimizing the fluctuations in converter off-gas
flow rates and sulfur dioxidé concentrations, appropriate scheduling
of individual converter operations is necessary. This requires
essentially that the same number of converters be blowing at all times.
Also, at any time a converter must rotate to pour slag or blister
copper or accept fresh charges of matte or fluxing materials,
another converter must be ready to commence blowing. As a result,
this requires that at Teast one converter must be maintained in a standby
condition, hot and charged with matte, ready to commence blowing.
Furthermore, the blowing rate during the slag blow should be higher
than the blowing rate during the finish blow to compensate for the
lower off-gas volumes produced during slag blowing, as the
result of the Toss of oxygen to the slag-forming reactions.5
Automation of copper converters has been slow within the domestic
smelting industry. As discussed earlier, the converting operation
has been controlled visually by the operator observing the color of the
converter flame. In the future, however, smelters will have to utilize
automatic analysis of their various feeds and products. On the
basis of smelting capacity, converting capacity, concentrate analysis
and matte grade, computers will be used to project converter air
blowing rates and a schedule for multi-converter operat‘ion.5
Converter air blowers will have to be instrumented for constant
volume operation. Continuous measurement of individual converter

off-gas compositions and gas temperatures will have to be collected

to monitor the progress of the converter operation. The oxygen and
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nitrogen concentrations will be used to indicate oxygen efficiency, and
the sulfur dioxide concentration with the gas temperature will indicate
air infiltration. The sulfur dioxide concentration will also be used
to indicate the end of the blows and signal the next step of the

schedu'le.5
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3.1.1.4 Emission Stream Blending

Summary--

The blending of emission streams at copper smelters js a viable

option in some instances to making weak 502 streams from reverberatory

- furnaces amenable to S0y control. The technique consists of mixing

the weak SO2 emission stream from a reverberatory smelting furnace"
with those of higher SO2 concentration from roasters and converters
to obtain an emission stream of higher SO2 concentration. In some
instances, the resulting emission stream will have sufficiently high
SO2 and oxygen concentratfons to allow the use of sulfuric acid
plants as emission control devices.

Mixing to achieve a strong SO2 stream appears most favorable
for those smelters which use all the three basic operations of
roasting, smelting and converting. Concentrations of greater
than 4.2 percent are estimated in these cases. For smelters
which use green-charge smelting furnaces (no roasting), the attainment
of a blended strong SO2 stream appears more difficult and in some
cases may not be possible unless additional techniques such as oxygen
enrichment are also used. In the case of green-charge smelters, the
success of blending is dependent primarily upon the SO2 concentration
from the converters and hence the amount of air dilution into the
gas stream. The technique is considered feasible in those instances
in which the average 502 concentration can be maintained sufficiently
high either by operating enough converters or by decreasing the

air inleakage into the converter stream.
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Discussion=--

A technically feasible technique which can be employed in

some copper smelting situations to aid in the control of SO2

emissions is blending of weak and strong SO2 streams with the

objective of obtaining a strong blended S0, stream. To date, only

the copper smelterin Bor, Yugoslavia, 1s reported to use gas blending

to enhance SO2 emission control.98 By mixing gases from its roasters, A

reverberatory furnace, and converters, the Bor smelter is able to

control from 80 to 85 percent of the input sulfur to the smelter with

sulfuric acid plants. Upon compleaion of the installation of

Hoboken-type converters, discussed in Section 3.1.1.3, the percentage

of control is expected to increase to 95 percent.98
To evaluate quantitatively the feasibility of gas stream mixing,

it is necessary to review the gas stream characteristics of typical

smelting operations. The two smelting operations of 1mportancé in

the discussion are those which use roasters and those which do not

use roasters. Figure 1X-1 in Appendix 1X shows a typical smelting

sftuation which uses a fluid-bed roaster, reverberatory furnace, and

three copper converters. On an ideal basis, assuming no air dilution,

a stream generated by mixing the gas streams would have an 592

concentration of 7.1 percent. It is necessary, however, to consider 4

the practical situation where it {s impossible to prevent some air

inleakage into the emission streams, and excess oxygen must be

present to ensure efficient operation of sulfuric acid plants.

Providing the needed oxygen with délution air would naturally

reduce the resulting S0, concentration. The resulting emission
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streams shown in Figure IX-1 of Appendix IX take into account these
factors to a reasonable degree by including 25 percent excess air

in ‘the roaster emission stream, 30 percent excess air in the
reverberatory furnace emission stream, and 100 percent excess air in
the converter emission stream. These values are conservative but may
be obtained by using tight hooding and properly maintaining
ductwotk. An S0, concentration of between 4.25 and 5.75 percent can
be maintained throughout thé smelting operation. Therefore, even
wtth the additfon of dilution air, it is feasible to obtain a strong
SO2 stream from mixing the emission streams from a typical calcine-
charge smelting operation.

In Figure 1X-2 of Appendix IX, a model of a typical green-charge
smelting operation is shown. This operation presents a less
favorable situation for gas mixjng thaa the previous operation since
the continuous high SO2 concentration gas stream from a fluid-bed
roaster is not present. With sﬁmilar allowances for air inleakage
{nto the reverberatory furnace and converter emission streams as made
qbove, the SO2 concentration of the blended stream ranges between
3.18 and 4.74 percent SO2 for approximately 23 hours per day. This
situation could be improved with the addition of more convertars or
with the further reduction of air inleakage. In any case, however,
the resulting gas stream will be near the threshold value for typical
strong gas steeam controllsystems.

Thus, it is possible to use gas mixing to obtain strong S0z

streams in some ,instances, particularly where fluid-bed roasters
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are used. It is doubtful, however, that the technique is universally
applicable to conventional green-charge smelting operations. In

those cases the ability to achieve and maintain a sufficiently

high S0p concentration is subject to a number of variables such as
concentrate composition, type of smelting (bath v. sidewall)} and
amount of converter slag treatment, all of which are discussed in
Section 3.1.1.3. Neither of these variables nor the use of techniques
such as oxygen enrichment have not been taken into account in the

above calculations of material flow for typical smelting operations.
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3.1.1.5 Copper Refining

Summary--
According to Bureau of Mines statistics, about 1.45 MM tons/yr,

or about 90% of the 1.60 MM tons/yr-of copper produced by the domestic

_primary copper smelting industry, is marketed as electrolytic~grade

copper. Most of the properties of electrolytic-grade copper are
adversely affected to some degree by metallic impurity contamination;
however, electrical conductivity is-more sensitive to the presence of
impurities than various mechanical properties. Electrolytic-grade copper
which meets ASTM standards placed on electrical conductivity is of

such purity that the associated mechanical properties and hot and cold
working characteristics are excellent.

A1l metallic impurities lower the electrical conductivity of copper
to some extent. However, in typical electrolytic-grade copper, those
impurities which are of prime interest concerning electrical conductivity
are arsenic, antimony and nickel. The effect of other impurities on
eTgctrica] conductivity is minimal compared to the effect of these
impurities on electrical conductivity.

Fire-refining techniques can eliminate many impurities. However,
electrolytic refining is necessary to recover precious metals such
as gold and silver. In many cases fire-refining precedes electrolytic |
refining and serves as a means to eliminate gross impurities.

Arsenic and antimony can essentially be'e1iminated through the
use of fire-refining, and arsenic, antimony and nickel can also
essentially be eliminated through the use of electrolytic refining.

The fact that metallic impurities are found-in- copper- cathodes- -
following electrolytic refining is due mainly to mechanical occlusion
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of slimes and electrolyte solution during copper deposition. Fire-
refining can be used to eliminate many of the impurities which form
s1imes and muds and which accumulate in the electrolyte, thus
minimizing the effect‘of s1ime and electrolyte occlusion.

In general, with regard to metallic impurities, such techniques

as increased fire-refining, increased copper refinery electrolyte solution

purification, decreased current density in the electrolytic cells; a
change to top-to-bottom circu1a§ion of electrolyte in the cells, and

the use of periodic reversal of the current during electrolysis should
be adequate to insure their elimination. Consequently, it appears

that should impurity levels in blister copper increase as a result

of the utilization of new smelting technology within the domestic
smelting industry to meet the proposed NSPS, copper refining techniques
appear adequate to insure 1ittle or no increase in the impurity content
of electrolytic-grade copper.

General discussion--

Before examining the techniques of impurity elimination during
copper refining, it is pertinent to review the effect of impurities

on the various properties of copper. Electrical conductivity appears

to be more sensitive to the presence of impurities than various mechanical

properties such as annealing point, tensile strength,and ductility,
which determine the hot and cold working characteristics of copper.
Indeed, electrolytic-grade copper which meets ASTM standards placed on

electrical conductivity is of such purity that the associated mechanical

PPODefties and hot and cold working characteristics are normally excellent.

Consequently, this discussion will focus primarily on the effects of

impurities on electrical conductivity.
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A1l impurities lower the electrical conductivity of copper to some
extent. However, the effect of most impurities on electrical conduc-
tivity is particularly severe in "oxygen-free" copper, which is a
specialty high-grade electrolytic copper. In general, impurities
which enter into solid solution with copper adversely affect electrical
conductivity. Most harmful are iron, phosphorus, silicon, arsenic,
antimony, aluminum, tin, zinc and nicke].57s72l Other impurities
such as bismuth, lead, cadmium, selenium and tellurium do reduce
electrical conductivity to some degree, although their effect is minimal
in comparison.’7

"Oxygen-free" copper, however, is not widely produced or marketed
within the United States. Indeed, only one company, U.S. Metals
Refining (American Metals Climax) in Carteret, N.J., is presently
engaged in the production and marketing of this specialty-grade copper‘.78
Thus, "oxygen-free" copper represents only a small fraction of the
copper produced and marketed in the United States, and it appears
that typical electrolytic-grade copper is adequate for most applications
in whicﬁ electrical conductivity is of importance.

Typical electrolytic-grade copper, howevef, contains some oxygen
and in the presence of oxygen, the adverse effect of many impurities
on electrical conductivity is negated.57s77 This is explained by the
oxidation of various impurities to their oxides which are not soluble
in copper. These oxides precipitate from the copper in inert form
and therefore have little effect on electrical conductivity. Insoluble
oxides do displace copper, and although the loss of conductivity as a

result of this is small compared to the loss of conductivity resulting
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from the presence of arsenic, for example, this loss is measurable when
the oxide is present to the extent of 0.01%.77

Impurities which form insoluble oxides are iron, phosphorus,
silicon, aluminum, tin, and zinc.’7. Antimony and bismuth also form insoluble
oxides; however, these oxides are unstable above about 1300°F.
The presence of antimony can have an adverse effect on electrical
conductivity, but the presence of bismuth has Tittle effect.”’/
Thus, those impurities which appear to be of prime interest concerning
electrical conductivity are arsenic, antimony and nickel.

Copper refining can refer to either fire-refining or electrolytic-
refining operations. Although fire-refining techniques can eliminate
many impurities present in blister copper, precious metals such as
gold and silver cannot be recovered. The extraction of previous
metats-and the elimination of essentially all impurities (to.99.95-99.97%
copper) requires electrolytic refining. Thus, although some domestic
copper is produced and marketed as fire-refined copper, somewhat over 1.4 MM
tons/yr, or about 90% of the 1.6 MM tons/yr of copper produced within
the-domestic primary smelting industry, is marketed as electrolytic copper..49
However, fire-refining frequently precedes e]ectro1yt1c refining and
serves as a means of eliminating gross impurities which might be present.

The removal of impurities by fire-refining is similar to the
operation of copper converters in that the impurities are oxidized and
removed by volatilization or s1agging;79 Fire-refining also consists of
two stages, an oxidation stage and a reduction stage. A number of
different types of fire-refining furnaces exists although the most
common type employed at domestic primary copper smelters is similar

in construction to a copper converter. The fire-refining process is not -
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autogenous, however, and consequently, natural gas burners are positioned
above the furnace mouth. or project through the ends of the vessel.
These burners maintain the copper in a molten state.

During the oxidation stage,air is blown through the molten bath,
and slags containing various impurities are removed as necessary. The
blowing continues until the copper is saturated with copper oxide.

This is detefmined visually by observing the color of the slag and
the structure and color of a cooled, solidified sample of the copper.
Initially, the slag is dark and as refining progresses, it changes
to “brick-red." A cooled and solidified sample of the copper is
also a "brick-red* color and upon breaking reveals a large-grained
prismic structure.®?

When the oxidation stage is completed, the reduction stage commences.
During thisvstade; hydrogen or natural gas is blown through thevmolten~-
bath until most of the copper oxide. in the molten bath is reduced to
copper. This™is also determined visually by observation of the color and
structure of a cooled, solidified sample of copper. The "brick-red" .
color becomes "pink-red," the sample has a level-set surface, and a break
has a silky reflection.b’

Following reduction, the copper is cast into billets, slabs.or,
most frequently, into anodes for electrolytic refining.

During the oxidization stage a few impurities such as cadmium

and zinc are removed by vo]ati1ization.79 However, most impurities-

are removed by oxidation and slagging. Magnesium, aluminum, fron

-and cobalt”ake‘readily-removed by these means-. forming silicate

s]ags.67’79 Tin can be eliminated through the use of basic slags.,

Although arsenic and antimony are not significantly reduced by normal
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fire-refining techniques, if after 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.57,79 1
Selenium and tellurjum may also be removed through the use of a soda 1
ash-1ime-coal flux, followed by slagging.79

Nickel, bismuth and lead, however, are persistent impurities,

although lead removal is favored by acid s1ags;57’79 Consequently,

in

which appear to be of prime interest concerning electrical conductivity,

{
of those impurities cited earlier--arsenic, antimony and nickel-- ‘

1
only nickel appears to be a persistent impurity remaining following {
fire-refining.

The elimination of impurities and the recovery of precious ;
metals by electrolytic refining depends on the separation of copper
from other metals by electrolysis in a bath or electrolyte, which is
basically a solution of copper sulfate and sulfuric acid. Metallic
impurities which are electropositive with respect to copper do not
enter the electroiyte but precipitate from solution,forming a slime or
mud. Metallic impurities which are electronegative with respect to
copper and which enter the electrolyte frequently combine with other
ions in solution to form insoluble compounds and precipitate out of
solution. or, being 1ess electropositive than copper, remain in
solution. To prevent the accumulation of these impurities in solution,
a portion of the electrolyte is continuously withdrawn and processed

through electrolyte purification facilities. 80 v

Stlver, gold, platinum and palladium are more electropositive
than copper and,as a result, could deposit at the cathode if they

entered the electrolyte solution. However, only silver enters the
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electrolyte to any extent, and chlorine added to the electrolyte
in the form of salt or acid precipitates silver in solution as
silver chloride. Consequently, as the copper anode dissolves,
silver, gold, platinum and palladium form slimes or muds at the bottom
of the electrolytic cells.81,82
Selenium and tellurium present in anode copper are in the form of
silver selenide and silver telluride. Both of these compounds are - ' -
insoluble in the acid electrolyte and as the anode dissolves, they
settle to the bottom of the electrolytic tanks and enter the mud
or sHme.B]’82
Arsenic, antimony and bismuth are only slightly electronegative
with respect to copper and enter the electrolyte to the extent of
their solubility. The solubility of antimony and bismuth in the electro-
lyte is quite 1imited, although this is not the case with arsenic 31~ -
Potentially, these three impurities could deposit at the cathode since '
they'are between hydrogen and copper in the electromotive series and
their electromotive potentials are quite close to that of copper. : 93¢
The electromotive potential of copper is +0.34 volts (Cu/Cutt)
and +0.51 volts (Cu/Cu+) while those of aréenic, bismuth, and antimony
are +0.30 volts (As/Ast**), 40.20 volts (Bi/Bi***) and +0.10 volts
(Sb/sbttt), respective]ya67
Under normal conditions in electrolytic refining, however, there..
is 1ittle danger of depositing these metals at the copper cathode.. -
Metals depositing at the cathode are controlled by the law of mass action:
all other conditions equal, the metal whose ions are preseat in the

greatest amount is most likely to deposit. Thus, the concentration of

copper in the electrolyte, rather than the concentration of arsenic,
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antimeny or bismuth, is the major factor in determining the electrolytic

deposition of these metals on the copper cathode.80,81 ynder normal

conditions of electrolyte temperature, circulation and current

density within electrolytic cells, it has been estimated that electrolytic

deposition of arsenic, antimony or bismuth will not occur until the

copper content of the electrolyte drops to less than 10 grams per ’Iiter.a'l

Normally, electrolytic refining solutions contain in the range of 40

grams per liter of copper, thus providing a considerable margin of safety.8]
Other metallic impurities such as lead, tin, nickel, cobalt,

iron and zinc are more electronegative than copper and readily enter

the electrolyte. Lead and tin, however, form insoluble sulfates and

precipitate from solution,81,82 Nickel, cobalt, iron and zinc, on the

other hand, accumulate in the electrolyte. However, there is little

danger of electrolytic deposition of these impurities on the.copper

cathode unless their concentration in the electrolyte approaches that

of copper.a] The electromotive potentials of nickel, cobalt, iron and

zinc [ -0.23 volts (Ni/Ni*"), -0.29 volts (Co/Co™), -0.44 volts (Fe/Fe**)

and -0.76 volts (Zn/Zn**), respectively]67 are sufficiently electronegative

to copper to retard their electrolytic desposition at the cathode under

normal conditions.

If the electrolyte solution is not periodically purified and regenerated,

however, these soluble metallic impurities discussed above could build
up to the point where they would begin to electrolytically deposit on

the cathode. Thus, to maintain the concentration of metallic impurities
below these Tevels, a portion of the electrolyte is continuousty withdrawn

for purification. Copper is recovered from the foul electrolyte by
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concentration on scrap iron, or concentration of the solution by evapora-
tion, followed by crystallization. The metallic impurities are then |
removed or recovered from the remaining electrolyte solution by electrolysis
and/or further concentration of the solution by evaporation followed by
crystallization. Consequently, soluble metallic impurities, such as. rzr--
iron, nickel, bismuth, arsenic, antimony, and cobalt, are

kept from building up in the electrolytic refining circuit.80~81'83fgaiﬂ“
' Although the electrolytic deposition of metallic impurities can

be controlled as discussed above, this does not guarantee that increased
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 ftn the-anodefSJ The fact that metallic impurities are found v 19unen
in copper cathodes is due mainly, if not entirely, to the fact that

small amounts of felectrolyte and slimes become occluded in the cathodeic™ =
depcosit.ao’81 ‘Most sTimes are very slow in settling from solution and, v+~
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 slimes which are frequently"

a source of cathode copper contamination.81

A number of techniques can be utilized to reduce or minimize slime -~

and electrolyte occlusion, however. As discussed eariier, fire- - . 27 L.
refining can be utilized to essentially eliminate arsenic, antimony,
selenium, tellurium and zinc. thus minimizing the formation of both
floating and settling slimes and muds. In addition, metallic impurities

such as tin, cobalt and iron can also be eliminated through fire-
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refining. The concentration of these soluble impurities in the electrolyte
could, therefore, be minimized, thus minimizing the effect of electrolyte
occlusion on the impurity content of cathode copper.

Top-to-bottom circulation of the electrolyte solution in the
electrolytic cells could also be employed. Normally, this results
in a general improvement with regard to copper cathode contamination.
Electrolyte circulation is essential to maintgin proper températures
and prevent stratification. In most refineries, electrolyte enters
at the base of the cells and is withdrawn from the top. Thus, the
direction of circulation hinders the settling of slime. In several
major copper refineries, top-to-bottom circulation is employed and they
report fewer problems with regard to cathode contamination and troubte
from float slime.8l

Techniques utilized to improve the density and smoathness of
the copper deposits would also tend to minimize slime and electrolyte
occlusion in cathode copper. Any condition or practice prémoting rapid
and open or coarse=grained electrolytic deposition of copper on the
cathode ;ends to result in a high degree of mechanical entrainment of
slime and electrolyte. Thus, decreased current densities, for example,
would tend to reduce cathode impurity levels, although the size of the
required refining installation would have to increase to compensate
for the loss in capacity resulting from the increased time
requirements for refining.80,8]

Glue and other electrolyte additives, such as sulfite lignone
liquor and sulfonated petroleum products, can also be used to some
extent to reduce cathode contamination. Although each refinery'
typically develops its own combination of additivés, glue is used
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by al1. Additives improve the density and smoothness of the copper
deposits by promoting fine-grained deposits of copper, thus minimizing
mechanical entrainment of slime and e1ectro1yte.81
With regard to promoting dense, even fine-grained copper deposition
at the cathode, a recent advance in the technology of electrolytic
copper refining promises to reduce cathode contamination. Developed
in Bulgaria at the Zlatitsa-Pirdop copper refinery, this advance involves
the use of periodic reversal of the current direction in the electrolytic
cel1.84 At this time, the Mufulira Copper Mines, Ltd., copper refinery
in Zambia and the Boliden Aktiebolag, Ronnskar, Works copper refinery
in Sweden are incorporating this technology into their copper refining
oper‘ations.zs'85 Periodic reversal of the current direction is claimed
to promote uniform copper deposition and to result in even and dense
copper deposition,'phus minimizing slime and electrolyte occlusion,84:85
In conc1usioé, with regard to those impurities cited ea