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ABSTRACT 

e 

This document const i tutes  the f i n a l  report of a pro jec t ,  
carried out under U.S. EPA Contract No. 68-02-1890 (Task Order 
No. 3 ) ,  t o  upgrade emission fac tors  and  engineering management 
information for primary and secondary copper smelters. 
main body of the report describes procedures and methodology 
used in obtaining relevant information regarding these indus- 
t r i e s  and the operational charac te r i s t ics  of process equipment 
used therein.  
i n g  has been included in the description secondary copper smelter 
processes, and information about emissions from similar  furnaces 
used i n  nonferrous foundry operations was a l so  collected.  New 
information on source tests was coded f o r  entry in to  the AEROS 
SOTDAT f i l e s ;  newly ident i f ied  sources were coded f o r  entry in- 
t o  N E D S ,  and information as t o  the precision of emission factors  
was furnished for use i n  the SIEFA data base. New source clas-  
s i f i ca t ion  codes (SCC's) were proposed fo r  a number of processes. 

The 

Related information regarding alloying and cast-  

Appendixes t o  t h i s  document a re  the following project de- 
l iverables:  Appendixes A and B f o r  inclusion i n  AP-42, "Compilation 
of Air Pollutant Emission Factors." namely Section 7.3, Primary 
Copper Smelting and Section 7.9, Secondary Copper Smelting and 
Alloying; Appendix C ,  Primary Copper Smelting Process Compendium; 
and Appendix D ,  Secondary Copper Smelting Process Compendium. 

e 
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1.0 INTRODUCTION 

Y 

c 

This  r e p o r t  descr ibes the  methodology fo l lowed and t h e  r e s u l t s  
achieved by P a c i f i c  Environmental Services,  Inc.  (PES) pursuant t o  

EPA Contract  No. 68-02-1890, Task Order No. 3, i n i t i a t e d  i n  October 
1976. 

1.1 SCOPE OF WORK 

The scope o f  work f o r  t h i s  p r o j e c t  c a l l e d  f o r  an i n t e n s i v e  
engineer ing e v a l u a t i o n  o f  a i r  p o l l u t a n t  emission sources a t  pr imary 
and secondary copper smelters i n  t h e  Un i ted  States.  

c o l l e c t i o n  o f  re fe rence  data f o r  pr imary smelters and f o r  t he  
secondary sme l t i ng  and a l l o y i n g  i n d u s t r y ,  as w e l l  as the  develop- 

ment o f  emission f a c t o r s  f o r  major types o f  a i r - p o l l u t i o n  e m i t t i n g  
operat ions and equipment. 

I t  r e q u i r e d  

1.2 TASK DESCRIPTION 

De l i ve rab les  contemplated by t h e  c o n t r a c t  inc luded a s e r i e s  o f  

These docu- 
documents d e a l i n g  w i t h  process d e s c r i p t i o n s  and emission f a c t o r s  f o r  
pr imary and secondary copper sme l te r  emission sources. 
ments were t o  be prepared i n  formats c o n s i s t e n t  w i t h  those o f  t he  

f o l l o w i n g  p u b l i c a t i o n s :  

1. 

2. 
3. 

I n  a d d i t i o n ,  machine-readable data i n p u t s  were r e q u i r e d  f o r  
SOTDAT, NEDS, and SIEFA. 

AP-42, "Compi la t ion o f  A i r  P o l l u t a n t  Emission Factors"*  
"Engineer ing Support Manual f o r  NEDS Users"(Ref. 2) 

AP-42, Appendix C, Source C l a s s i f i c a t i o n  Codes 

updat ing AEROS component data systems: 

Subtasks designed f o r  t h e  implementat ion o f  the work were as 

f o l  1 ows : 
* 

Reference 1, h e r e a f t e r  r e f e r r e d  t o  as "AP-42," 

1-1 

.' 



I 
I.. 

0 

1.  Preparation of a l i s t  of information sources, including 
governmental agencies, research organizations,  consultants,  
and nonferrous smelter industry experts,  and preparation 
of a bibliography. 
Contacting the information sources t o  obtain information 
on process descriptions fo r  both primary and secondary 
smelters and documented point source emissions data b o t h  
fo r  c r i t e r i a  pol lutants  and  fo r  cer ta in  other non-criteria 
pol lutants ,  including arsenic ,  cadmium, lead, beryllium, 
boron, and antimony. 
fugi t ive emissions was a l s o  to be obtained. 
Analysis of the data t o  determine emission fac tors  and the 
AEROS systems i n p u t  elements. 

2. 

The best  avai lable  information on 

3. 

1 .3  ORGANIZATION OF FINAL REPORT 

The remainder of t h i s  report  cons is t s  of f ive  sect ions (Sec- 
t ions  2.0 t o  6 .0) .  
the study are  b r i e f ly  summarized. In Section 3.0, experience gained 
i n  carrying out the data-gathering task i s  recounted and discussed. 
In Section 4.0,  the methodol.ogy of data analysis i s  reviewed and the 
r e su l t s  summarized and discussed, i n  terms of emission fac tors  
developed fo r  bo th  primary and secondary smelters. 
f indings related t o  the nature and sources of fugi t ive  emissions i n  
smelter operations and discusses suggested means of control or abate- 
ment of these emissions. 
source t e s t ing  t o  improve knowledge of smelter emissions, emission 
fac tors ,  and the conditions a f fec t ing  them are  presented and d is -  
cussed in Section 6.0.  

In Section 2.0, r e s u l t s  and conclusions emerging from 

Section 5.0 reviews 

Final ly ,  recommendations regarding fur ther  

1-2 
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0 2.0 RESULTS AND CONCLUSIONS 
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Th is  s e c t i o n  summarizes the  r e s u l t s  obtained and conclusions 

de r i ved  from t h e  study o f  pr imary and secondary copper sme l t i ng  
operat ions.  

2.1 PROJECT DELIVERABLES 

Products d e l i v e r e d  t o  the  P r o j e c t  O f f i c e r ,  i n  a d d i t i o n  t o  t h i s  

r e p o r t  and monthly progress r e p o r t s ,  i nc lude :  

1. 

2. Sect ions fo r  AP-42, "Compi lat ion of A i r  P o l l u t a n t s  

Process Compendiums f o r  pr imary and secondary copper 
smel t e r s .  

Emission Factors," f o r  p r imary  and secondary copper 
smelters.  
Coding forms f o r  i n f o r m a t i o n  f o r  AEROS component systems 
SOTDAT and NEDS, rega rd ing  pr imary and secondary copper 
smelters.  
have n o t  been designed, SIEFA i n f o r m a t i o n  i s  prov ided 
o n l y  i n  t h i s  r e p o r t ,  Sec t i on  6.1). 

3. 

(Since coding forms f o r  SIEFA i n f o r m a t i o n  

2.2 DEVELOPMENT OF EMISSION FACTORS 

The pr imary o b j e c t i v e  o f  t h i s  p r o j e c t  was t o  develop new o r  
mod i f i ed  emission f a c t o r s  f o r  p a r t i c u l a t e s  from pr imary and secondary 
copper smelters and f o r  s u l f u r  d i o x i d e  from pr imary copper smel ters .  
The t a r g e t  approach was t o  o b t a i n  up-to-date r e l i a b l e  emissions t e s t  
data from as many sources as poss ib le ,  t o  arrange these data i n t o  
l o g i c a l  form, and t o  c a l c u l a t e  b o t h  u n c o n t r o l l e d  and c o n t r o l l e d  
emission f a c t o r s  f o r  as many source ca tegor ies  as seemed reasonable. 

I n  the  case o f  secondary copper smel t ing (sometimes c a l l e d  
r e f i n i n g ) ,  a s i n g l e  furnace opera t i on  is almost always i nvo l ved .  
Several types o f  furnaces a re  u t i l i z e d  i n  t h i s  i n d u s t r y ,  and emission 

f a c t o r s  were developed f o r  each o f  t h e  f i v e  types covered i n  t h i s  
study. Table 2-1 shows both the  emission f a c t o r s  f o r  p a r t i c u l a t e s  

2-1 
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as developed i n  t h i s  project  and those current ly  given in AP-42.  
Individual t e s t  r e su l t s  fo r  each type o f  furnace covered a f a i r l y  
wide range as shown in greater  d e t a i l  in Section 4 . 2  of this report .  
Some of the factors  contributing t o  t h i s  var ia t ion include ( 1 )  
composition of charge: presence of vo la t i l e  const i tuents  such a s  
arsenic ,  beryllium, cadmium, and zinc can subs tan t ia l ly  increase 
metal oxide emissions; ( 2 )  condition of charge: insulat ion,  o i l  
and grease can increase carbonaceous par t icu la tes ;  ( 3 )  heating 
r a t e :  h i g h  heat i n p u t  can increase emissions. Therefore, emission 
factors  should be used with care and augmented with spec i f ic  infor-  
mation when avai lable .  

In the case of su l fur  dioxide emissions from primary copper 
smelters,  PES f e e l s  t ha t  an approach should be taken on emission 
factors  which d i f f e r s  somewhat from t h a t  now used. Some of the 
fac tors  underlying t h a t  judgment a r e  l i s t e d  below: 

AP-42 current ly  gives fac tors  f o r  roasting, smelting, and 
converting. 
a l l  smelters because emissions depend on su l fu r  content of 
the concentrate, and because n o t  a l l  smelters a r e  configured 
s imi la r ly .  
Source t e s t s  a t  some smelters have not dea l t  with individual 
sources b u t  w i t h  combined e f f luen t s  from two or more pro- 
cessing uni ts .  
Even fo r  a s ingle  p o i n t  source, t e s t  r e su l t s  a re  not 
necessarily representative because they depend on the 
current  value of the var iable  su l fur  content of concentrate.  
We have n o t  found any measurements t o  indicate  the actual 
magnitude of su l fu r  loss  by fugi t ive  emissions. 
Smelting plants w i t h o u t  roas te rs  would natural ly  be expected 
t o  have higher emission fac tors  f o r  t h e i r  other processing 
uni ts  because more su l fur  must be removed in  these other 
un i t s .  

These fac tors  cannot be representative f o r  

Consequently, in this study uncontrolled SO2 emission fac tors  
for  primary copper smelters have been prepared using the following 
assumptions: 

2 - 3  
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1 .  Sulfur content of the concentrate i s  32 percent ( the  
national average; varies from a low of 8 percent t o  
a h i g h  of 38 percent).  
Two configurations of smelters a re  considered - the 
f i r s t  including roasting, reverberatory smelting, and 
converting; the second including only reverberatory 
smelting and converting. 
Sulfur dioxide emissions a re  allocated among the various 
point sources plus fugi t ive  emissions and s lag according 
t o  the f igures  g iven  in the EPA NSPS Background Document 
for  Primary Copper Smelters, EPA 450/2-74-002a. (Ref. 3) 

Based upon these assumptions, which a re  reasonably consis tent  

2. 

3. 

.-.--h I - . 

w i t h  source t e s t  data obtained i n  t h i s  study, uncontrolled SO2 
emission factors  f o r  primary copper smelting a re  given i n  Table 2-2 
and compared with those currently given by AP-42. 

and there are some differences i n  fac tors  fo r  individual processes 
individual factors  recommended than a r e  presently given by AP-42 

b u t  the to t a l  uncontrolled SO2 emissions per t o n  of concentrate 
processed remains almost the same. 

There a re  more 

7 i 
Factors fo r  controlled su l fur  dioxide emissions depend strongly 

upon the type of control and the portion of the en t i r e  smelting 
operation served by the  controls.  While there are few smelters 
w i t h  controls on low concentration SO2 gas streams such as from 
multiple-hearth roasters  and reverberatory smelting furnaces, t h i s  
s i tua t ion  i s  changing. 
a portion of the emissions from any g iven  process. Final ly ,  the 
increasing use of double contact su l fu r i c  acid plants a s  control 
systems has increased control eff ic iency in some cases from 95 
percent fo r  s ingle  contact plants t o  98 or  99 percent f o r  the 
double contact plants.  

Also, some smelters have controls on only 

In the case of uncontrolled par t icu la te  emissions from 
primary copper smelters,  there i s  no method of estimating emissions 
except t h r o u g h  the use of source tes t  data. 
b i l i t y  i n  f a c i l i t i e s ,  operating conditions,  feed materials,  and t e s t  

Because of the varia- 
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methods, i t  i s  l i k e l y  t h a t  r e s u l t s  f rom one group o f  t e s t s  w i l l  
d i f f e r  f rom those obta ined from another group unless both groups 
a re  very l a r g e  and unbiased i n  the  parameters i n f l u e n c i n g  the 
r e s u l t s .  
f y  t h e  c u r r e n t  *AP-42 emission f a c t o r s  on t h e  assumption t h a t  

i nc reas ing  the t e s t  base decreases the  standard e r r o r .  

Therefore,  t he  r e s u l t s  o f  t h  i s  study were used t o  modi- 

No a d d i t i o n a l  i n fo rma t ion  was obta ined on u n c o n t r o l l e d  par-  
t i c u l a t e s  f rom r o a s t i n g  o r  f i r e  r e f i n i n g  nor  was i n f o r m a t i o n  
obtained on p o t e n t i a l  a d d i t i o n a l  sources o f  p a r t i c u l a t e s  n o t  

c u r r e n t l y  covered i n  AP-42, such as concentrate and f l u x  crushers 
anode furnaces, and newer sme l t i ng  processes - e l e c t r i c  a r c  
smel t ing and f l a s h  smelt ing.  
f a c t o r s  developed from t h i s  study a r e  compared w i t h  those c u r r e n t l y  
given i n  AP-42, and recommended new f a c t o r s  a r e  g iven i n  Table 
2 - 3 .  

Uncon t ro l l ed  p a r t i c u l a t e  emission 

C o n t r o l l e d  p a r t i c u l a t e  emissions depend s t r o n g l y  upon t h e  
type and c a p a c i t y  o f  c o n t r o l  equipment. E l e c t r o s t a t i c  p r e c i p i t a -  ? 
t o r s  are w ide ly  used i n  t h e  pr imary copper smel t ing i n d u s t r y .  
High e f f i c i e n c y  scrubbers a re  used as supplementary c o n t r o l  i n  
many cases where a d d i t i o n a l  p a r t i c u l a t e  c o n t r o l  i s  r e q u i r e d  p r i o r  

t o  feeding exhaust gases t o  s u l f u r i c  a c i d  p l a n t s .  
f rom 95 percent  t o  99 percent can be a t t a i n e d .  

E f f i c i e n c i e s  

Much a d d i t i o n a l  i n f o r m a t i o n  on emissions o f  SO2 and p a r t i c u -  
l a t e s  from b o t h  pr imary and secondary copper sme l t i ng  i s  g iven i n  

Sect ion 4.0 o f  t h i s  r e p o r t .  Tables summarizing the  data p rov ide  
i n f o r m a t i o n  on t h e  range o f  r e s u l t s  obta ined and the  number o f  

t e s t s  a v a i l a b l e .  F u g i t i v e  emissions a re  discussed i n  Sect ion 5.0. 

P rec i s ions  o f  the emission f a c t o r s  developed i n  t h i s  study 

and t h e  need f o r  a d d i t i o n a l  source t e s t s  a r e  discussed i n  

Sect ion 6.0. 
e r r o r )  o f  t he  f a c t o r s  i s  g e n e r a l l y  l e s s  than 35 percent  f o r  

For pr imary sme l t i ng  processes the  p r e c i s i o n  (standard 
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particulates and ranges between 9 and 78 percent. 
additional testing on individual processes and on sources not here- 
tofore considered is recommended. 

Substantial 
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3.0 DATA GATHERING 

The data gathering task fo r  t h i s  project  was performed in 
order t o  es tab l i sh  a documented base fo r  the development of emission 
factors  f o r  copper smelting emission points.  
in the sense t h a t  project  engineers were required t o  obtain data 
from a l l  avai lable  information sources, and a l so  were t o  ident i fy  
areas where current  data were nonexistent. This meant t h a t  fo r  
some emission points,  the e f f o r t  would have t o  be exhaustive, to 
insure tha t  a l l  reasonable sources of information had been inves t i -  
g a t e d .  

The task was twofold 

The principal objective of this task,  therefore ,  was to  gather 
emission-related data i n  the form of  source t e s t  repor t s ,  emission 
inventory repor t s ,  material balances, e t c .  Another requirement 
of the project  was t h a t  the process-related information obtained be 
prepared in the form of process compendiums f o r  the primary and 
secondary copper smelting indus t r ies .  Data necessary f o r  these 
reports would include process flow sheets ,  equipment operating 
parameters, and raw material and product compositions. 

I n i t i a l l y ,  project  personnel es tabl ished f ive  areas t o  be in- 
vestigated f o r  possible contributions in  the data gathering phase. 
These were (1) PES in-house f i l e s  f o r  13  of the 15 primary copper 
smelters,  ( 2 )  trade l i t e r a t u r e ,  (3 )  professional organizations, 
(4)  governmental agencies, and (5)  the smelters themselves. 
sources such a s  control equipment manufacturers were a l so  considered; 
however, i t  was thought t h a t  the f i v e  ident i f ied categories  would 
provide the bulk of the data fo r  the  project.  I n  support of the f ive  
information areas ,  project  engineers prepared an i n i t i a l  "Resource 
Information List" which contained names of individuals and organi- 
zations which would be contacted fo r  possible information. The l i s t  
was discussed with the Project  Off icer  and was augmented a t  the time 

Other 

c 
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t o  i n c l u d e  a p a r t i c u l a r  i n d i v i d u a l  i n  each o f  t he  10 EPA r e g i o n a l  
o f f i c e s  who would be the  i n i t i a l  c o n t a c t  f o r  t he  data ga the r ing  

e f f o r t  i n  t h a t  r e g i .  .. I n  many cases, t h i s  i n d i v i d u a l  was t h e  

person who had r e s p o n s i b i l i t y  f o r  t h e  r e g i o n ' s  NEDS data system. 
I n  some regions, however, PES personnel had worked w i t h  a par-  

t i c u l a r  person on a prev ious copper sme l te r  p r o j e c t  who had a c u r r e n t  

understanding o f  t he  r e g i o n ' s  a v a i l a b l e  smel ter  data.  A l l  o f  t he  
10 EPA reg iona l  o f f i c e s  were contacted by m a i l  and by phone as  t h e  

f i r s t  s tep i n  t h e  process o f  o b t a i n i n g  data.  

To reduce t h e  amount o f  d u p l i c a t e d  e f f o r t  r e q u i r e d  f o r  t h i s  
task,  p r o j e c t  engineers analyzed t h e  i n f o r m a t i o n  which was a l ready  
a v a i l a b l e  i n  in-house f i l e s  f o r  13 o f  t he  15 pr imary copper smel ters .  
These data had been c o l l e c t e d  i n  suppor t  o f  s i x  prev ious p r o j e c t s  
which PES had performed o r  was per forming f o r  EPA. 
work, a l a r g e  percentage o f  t h e  tasks  had been spent i n  c h a r a c t e r i -  
z i n g  t h e  operat ions o f  reve rbe ra to ry  furnaces i n  p a r t i c u l a r .  Thus, 

i t  was found t h a t  a g rea t  deal  o f  process data were a v a i l a b l e  f o r  
p r imary  sme l t i ng  sources. 
comp i la t i ons  had been made f o r  these p r o j e c t s  which a s s i s t e d  pro-  
j e c t  engineers i n  t h e i r  c u r r e n t  l i t e r a t u r e  search. 

est imates were, i n  general,  based upon y e a r l y  o r  monthly average 
m a t e r i a l  balances, b u t  i n  some cases, source t e s t  r e p o r t s  were a l s o  
i nc luded  i n  t h e  f i l e s .  

I n  prev ious 

Also,  r a t h e r  ex tens i ve  b i b l i o g r a p h i c  

Emission 

Almost concu r ren t l y ,  p r o j e c t  engineers began i n v e s t i g a t i n g  

techn ica l  l i t e r a t u r e  on t h e  sme l t i ng  processes 

1 7 ) .  The EPA l i b r a r y  was consu l ted  f o r  re fe rence  documents on the  
subjects ,  and t e c h n i c a l  j o u r n a l s  were accessed a t  a nearby u n i v e r s i t y  
l i b r a r y .  
Engineer inq,  and t h e  Engineer ing and M in ing  Journal ,  and a number o f  
government pub1 i c a t i o n s  were made a v a i l a b l e  through t h e  EPA l i b r a r y .  

The A i r  P o l l u t i o n  Technical  I n fo rma t ion  Center (APTIC)  was c a l l e d  and a 

(Refs. 4 through 

Some a r t i c l e s  were found i n  the  Journal  o f  Metals,  Min ing 
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l i s t  of a b s t r a c t s  o f  p u b l i c a t i o n s  r e l a t e d  t o  copper sme l t i ng  was 
requested. The a b s i r a c t s  were n o t  received, however. L i t t l e  

i n fo rma t ion  i n  the  techn ica l  l i t e r a t u r e  contained hard emission 
data, b u t  many o f  t h e  documents were f i l l e d  w i t h  much va luable 

process i n fo rma t ion .  P a r t i c u l a r l y  u s e f u l  were documents which 
addressed new areas o f  process and c o n t r o l  technology. 

A f t e r  rev iew ing  l i t e r a t u r e  sources, p r o j e c t  engineers were 
ab le  t o  compile a l i s t  o f  p ro fess iona l  o rgan iza t i ons  which cou ld  

be w r i t t e n  t o  f o r  data. The l i s t  inc luded the  f o l l o w i n g  organi -  
za t i ons :  

American Bureau o f  Metal S t a t i s t i c s ,  New York, New York 

American I n s t i t u t e  o f  Mining, M e t a l l u r g i c a l ,  and 
Petroleum Engineers, New York, New York 

American Min ing Congress, Washington, D.C. 

Brass and Bronze I n g o t  I n s t i t u t e ,  Chicago, I l l i n o i s  
Cast Metal Federat ion,  Rocky River ,  Ohio 
Colorado Min ing Associat ion,  Denver, Colorado 
Nat ional  Assoc ia t i on  o f  Recyc l ing I n d u s t r i e s  ( p r e v i o u s l y  

t h e  Na t iona l  Assoc ia t i on  o f  Secondary M a t e r i a l  
I n d u s t r i e s ) ,  New York, New York 

Non-Ferrous Foundry Society ,  Cleveland, Ohio 
Smelter Contro l  Research Associat ion,  Columbus, Ohio 

L e t t e r s  were w r i t t e n  t o  each o f  these o rgan iza t i ons  i n  t h e  hope 
t h a t  they had conducted source t e s t i n g  a t  copper smel ters  f o r  
research purposes. It was known a t  t h e  t ime t h a t  t he  Smelter 
Contro l  Research Assoc ia t i on  (SCRA), f o r  example, had been con- 
d u c t i n g  p i l o t  p l a n t  s t u d i e s  o f  va r ious  a i r  p o l l u t i o n  c o n t r o l  
devices on pr imary sme l t i ng  processes. 

f rom the  p ro fess iona l  o rgan iza t i ons  d i d  n o t  supply any hard 
emission data. 
b e n e f i c i a l  t o  s t a f f  i n  t h a t  some o f  the organizat ions were h e l p f u l  

i n  suggesting which people t o  c o n t a c t  a t  t h e  smelter companies. 

However, t h e  responses 

The e f f o r t  expended i n  con tac t i ng  these sources was 

0 
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The remainder of the e f f o r t  f o r  data gathering was concen- 
t ra ted on governmental agencies and d i r ec t  contact with the plants.  
In order t o  best access governmental f i l e  d a t a ,  i t  was necessary 
t o  compile a l i s t  of a l l  of the primary and secondary copper 
smelters i n  the country. The l i s t i n g  of primary smelters was a 
simple task since there are  only 15 plants which a re  operated in 
the United States .  To compile the  l i s t i n g  of secondary plants,  
project  engineers began w i t h  a plant  name l i s t i n g  from the NEDS 
data base which was keyed on the SIC codes of 3341, 3351, 3362, 
3432, 3446, and 3497. 
secondary smelters; however, i t  was f e l t  t ha t  other plants whose 
main function might be, f o r  instance, as  a brass or  bronze foundry 
(3362), could a l so  maintain operations and process equipment which 
could be found a t  secondary smelters. To augment the l l s t  of 
sources from NEDS, a recently published report  by the Radian Cor- 
poration was used. The report  presented a multimedia environmental 
assessment of the secondary metals industry and included a company 
d i rec t ly  as  an appendix. 
Radian report ,  l i s t s  were prepared of primary and secondary smelters 
i n  each of the 10 EPA regions. 

' 

Only the 3341 code pertains uniquely to  

From the data presented i n  NEDS and the 

Having tabulated the smelters by region, project  engineers 
i n i t i a t ed  contacts by l e t t e r  and  by telephone with govenmental 
agency personnel t o  ascer ta in  whether relevant data m i g h t  be 
available.  Federal-, s t a t e - ,  and  local-level agencies responded to  
the data requests by e i the r  s e n d i n g  avai lable  source tes t  and pro- 
cess information o r  by indicating t h a t  data were avai lable  i n  the i r  
f ie lds  and project engineers could access the data i n  t h e i r  o f f ices .  
Based upon an evaluation of the number of possible sources i n  an 
area and the probable quantity and qual i ty  of data t o  be obtained, 
the following governmental agency of f ices  were vis i ted by PES 
personnel : 
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0 EPA, Region 111, Philadelphia, Pennsylvania 
Philadelphia Air Management Services, Philadelphia, Pennsylvania 
New Jersey Department of Environmental Protection, 

New Jersey Department of Environmental Protection, Metro 

New Jersey Department of Environmental Protection, 

New York State Department of Environmental Conservation, 

The City of New York Department of Air Resources, New 

EPA, Region V, Chicago, Illinois 
Cook County Department of Environmental Control, Maywood, 

Wayne County Department of Health, Air Pollution Control 

City of Cleveland Department o f  Public Health and Wel- 

State of Ohio Environmental Protection Agency, Columbus, 

City of Chicago Department of Environmental Control, 

EPA, Region I X ,  San Francisco, California 
Arizona Department of Health Services, Phoenix, Arizona ' 

South Coast Air Quality Management-District, Los Angeles, 

Trenton, New Jersey 

field office, Springfield, New Jersey 

Newark field office, Newark, New Jersey 

New York, New York 

York, New York 

Illinois 

Division, Detroit, Michigan 

fare, Division of Air Pollution Control, Cleveland, Ohio ' 

Ohio 

Chicago, Illinois 

California 

Other agencies which provided information by mail were: 

EPA, National Enforcement Investigations Center, Denver, 

EPA, Region IV, Atlanta, Georgia 
EPA, Region VII, Kansas City, Missouri 
Texas Air Control Board, Austin, Texas 
Tennessee Department of Public Health, Division of Air 

Colorado 

Pollution. Control, Nashville, Tennessee 

0 

0 

e 

0 

0 

e 

e 

e 

0 
3- 5 



r 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Montana S ta te  Department o f  H e a l t h  and Environmental 

Puget Sound A i r  P o l l u t i o n  Contro l  D i s t r i c t ,  S e a t t l e ,  

Bay Area A i r  P o l l u t i o n  Contro l  D i s t r i c t ,  San Francisco, 

New Mexico Environmental Improvement Agency, Santa Fe, 

Sciences, Helena, Montana 

Washington 

C a l i f o r n i a  

New Mexico 

I n  some cases, t he  types o f  da ta  i tems which were being r e -  

quested from these agencies were considered t o  be p o t e n t i a l l y  con- 
f i d e n t i a l  i n  nature,  and t h e  agencies were r e l u c t a n t  t o  re lease  
the  data t o  a p r i v a t e  consu l tan t .  I n  p a r t i c u l a r ,  t h i s  problem was 

encountered i n  EPA, Region I X  o f f i c e s  and i n  the  South Coast A i r  
Q u a l i t y  Management D i s t r i c t  (SCAQMD). 
expected t o  be a b l e  t o  p rov ide  a g r e a t  deal o f  source t e s t  data,  
spec ia l  p r o v i s i o n s  had t o  be arranged t o  o b t a i n  t h e  i n fo rma t ion .  
A f t e r  many d iscuss ions w i t h  t h e  SCAQND, a r a t h e r  s imple s o l u t i o n  
t o  the problem was agreed upon. 
complete t e s t  r e p o r t s  f o r  secondary copper smelters i n  t h e i r  j u r i s -  
d i c t i o n ,  b u t  company names and addresses were de le ted  i n  a l l  t e s t s .  

E i g h t  t e s t s  were made a v a i l a b l e  f rom t h i s  source. 

Since these two sources were 

The SCAQMD prov ided copies o f  the  

The data a v a i l a b i l i t y  problem i n  EPA, Region IX, r e q u i r e d  a 

g rea t  deal more t ime and e f f o r t  than was i n i t i a l l y  expected, b u t  

t h e  e f f o r t s  were rewarded by t h e  a c q u i s i t i o n  o f  a l a r g e  number of 
p e r t i n e n t  source t e s t s .  

Region I X  i n  e a r l y  February 1977. 
a t  t h a t  t ime, t h a t  EPA had done t e s t i n g  a t  several  o f  t he  pr imary 

smelters i n  Ar izona, b u t  due t o  impending c o u r t  dec is ions,  t he  
t e s t s  were n o t  immediately a v a i l a b l e .  

engineers v i s i t e d  EPA o f f i c e s  i n  San Francisco t o  again discuss 
t h e  a c q u i s i t i o n  o f  t h e  t e s t  data.  

decided t h a t  a m o d i f i c a t i o n  t o  the c o n t r a c t  would be necessary 
t o  a l l o w  PES t o  access p o t e n t i a l l y  c o n f i d e n t i a l  m a t e r i a l .  

A request  f o r  data was f i r s t  made t o  

PES personnel were informed, 

On March 8, 1977, p r o j e c t  

A t  t h a t  t ime, however, i t  was 

Upon 
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approval o f  t h e  P r o j e c t  O f f i c e r ,  and i n  accordance w i t h  t h e  speci -  

f i c a t i o n s  s e t  f o r t h  by Region I X ,  t he  PES c o n t r a c t  was s u i t a b l y  modi- 
f i e d ,  and the  t e s t  r e s u l t s  were rece ived  on A p r i l  29, 1977. 

I t  was apparent a t  t h i s  p o i n t  i n  the  data g a t h e r i n g  task  t h a t  
a g rea t  deal o f  source t e s t  data were n o t  going t o  be a v a i l a b l e  

through governmental agencies. I t  was a l s o  apparent most o f  t he  
t e s t i n g  which had been done by t h e  agencies was performed f o r  com- 
p l i a n c e  de te rm ina t ion  purposes. 
measurements were taken downstream o f  c o n t r o l  equipment and were 
o f t e n  measured i n  gas streams which had been combined from a number 
o f  processes. P r o j e c t  engineers contacted o the r  governmental agencies 
which were thought t o  be more i n c l i n e d  t o  do research t e s t i n g  r a t h e r  
than compliance t e s t i n g ,  such a s  t h e  U.S. Bureau o f  Mines OAQPS, 
and t h e  I n d u s t r i a l  Environmental Research Laboratory o f  EPA. No 
usable t e s t  data were obta ined from these sources, however. 

As such, most o f  t he  emission - 

A f t e r  making con tac t  w i t h  37 governmental agencies, i n  a l l ,  
p r o j e c t  personnel began concen t ra t i ng  t h e i r  f i n a l  e f f o r t s  o f  t h i s  
t a s k  on the  sme l t i ng  p l a n t s  themselves. I n i t i a l l y ,  p l a n t  managers 
a t  a few o f  t h e  pr imary smelters were w r i t t e n  t o  and c a l l e d .  As a 

standard company po l  i c y ,  however, t h e  p l a n t  managers r e f e r r e d  our  

requests, i n  a l l  cases, t o  c e n t r a l  company o f f i c e s .  PES then con- 
t a c t e d  personnel who were i n  charge of environmental mat ters  f o r  
an e n t i r e  copper company. I n  general,  t h e  p o s i t i o n  t h a t  was taken 

by the  copper companies was t h a t  a l l  t e s t i n g  which had been per-  
formed had a l ready  been submit ted t o  t h e  proper governmental agency 
and would have t o  be obta ined through t h e i r  o f f i c e s .  

known how much o f  t h e  t e s t  data presumably submit ted by the  smelters 
u l t i m a t e l y  was obta ined from t h e  governmental agencies contacted.  

It i s  n o t  
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4.0 DATA ANALYSIS 

4.1 DATA ANALYSIS PROCEDURES 

I n  order t o  f a c i l i t a t e  the review of the data which had been 
gathered, a f i l i n g  systenl was organized to  allow ready access t o  
individual items of information. Preparation of the project  
del iverables  basical ly  required a progression of four s teps  as out- 
l ined below: 

1 .  Ident i f ica t ion  of processes 
2. Writing of process descr ipt ions 
3 .  Analysis of source t e s t s  
4.  Development of emission fac tors  

With t h i s  framework i n  m i n d ,  project  engineers c l a s s i f i ed  the data 
in to  a s e r i e s  of process f i l e s .  
project  personnel could withdraw data t o  be used in the writ ing of 
a process description o r  the development of an emission fac tor  fo r  
a par t icu lar  smelting process. 
t o  serve as backup data f o r  NADB. 

From the process f i l e  system, 

? These f i l e s  ult imately were destined 

The ident i f ica t ion  of processes t o  be included f o r  study i n  
this project  was straightforward. 
media assessment report  by Radian (Ref. 18) l i s t e d  the s ign i f icant  a i r  pollu- 
t ion sources a t  secondary smelters.  
secondary smelter data were organized in to  f i l e s  f o r  the following 
processes: 

The previously referenced mu1 t i -  

Based upon t h i s  repor t ,  the 

1 .  Reverberatory furnaces 
2. E lec t r ic  induction and a r c  furnaces 
3 .  Crucible furnaces 
4. Pot furnaces 
5. Insulated wire burners 
6 .  Oil removal processes (dryers )  

4-1 
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7. Rotary furnaces 
8. Cupola ( s h a f t  and b l a s t )  furnaces 
9 .  Converters ( B O F )  

Primary smelter data elements were a l so  organized i n t o  f i l e s '  f o r  
the following operations: 

1 .  
2. 
3 .  
4. 
5.  
6. 
7.  
8.  
9. 

10. 
11 .  
1 2 .  

Concentrate and f lux preparation processes 
Multiple-hearth roasters  
Fluidized-bed roas te rs  
Reverberatory smelting furnaces 
Elec t r ic  a r c  smelting furnaces 
Flash smelting furnaces 
Converters 
F i  re-ref i ni ng furnaces 
Elec t ro ly t ic  ref ining processes 
Continuous smelting furnaces 
Hydrometallurgical smelting processes 
Sulfur ic  acid manufacturing plants  

Separate f i l e s  were a l so  maintained f o r  information on fug i t ive  
emissions and noncri ter ia  pol lutant  emissions a t  primary a n d  
secondary smelters. 

Process information i n  the  f i l e s  could be accessed without 
much d i f f i c u l t y .  
process descr ipt ions,  and the  process data appeared t o  be complete, 
cur ren t ,  and readi ly  usable. 
emission data in the  f i l e s ,  p ro jec t  engineers developed a check- 
l i s t  fo r  emission source test information (Figure 4-1).  Recording 
the t e s t  r e su l t s  in a standardized format expedited accessing the- 
data and simplified the task of coding. A typical example of a 

source tZTtTeport-iii-th$-PES- standardized format i s  shown 
in Figure 4-2. Use of t h i s  format could great ly  simplify fu ture  
projects  i n  which data a re  t o  be gathered and eventually coded in to  

Project engineers began t o  compose the various 

In order t o  be t t e r  organize the 

c 2 
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I 

I) 

I) 

* 

” 
F i rm ’s  Name and Address 

Source invo lved;  contaminants i n v o l v e d  

Process i n fo rma t ion :  
Products and p roduc t i on  r a t e s  ( s p e c i f y  u n i t s )  
Raw m a t e r i a l s  and charg ing r a t e s  ( s p e c i f y  u n i t s )  
Maximum annual c a p a c i t y  ( s p e c i f y  u n i t s )  
I f  batch process, maximum batch capac i t y  ( s p e c i f y  u n i t s )  
Typ ica l  batch t ime  
I f  continuous, maximum d a i l y  capac i t y  

Seasonal v a r i a t i o n  ( t y p i c a l )  i n  a c t i v i t y  
maximum h o u r l y  c a p a c i t y  

Control  equipment: 
Type, model, ope ra t i ng  parameters 
Rated e f f i c i e n c y  f o r  va r ious  p o l l u t a n t s  
Con f igu ra t i on  i n  r e l a t i o n  t o  source 

Emission p o i n t ( s )  : 
Stack parameters 
C o n f i g u r a t i o n  i n  r e l a t i o n  t o  sources and c o n t r o l  u n i t s  

Comments : 

Report o f  source t e s t  
Sampling p o s i t i o n ;  p o l l u t a n t  
Number o f  samples taken a t  t h i s  sampling p o s i t i o n  
F r a c t i o n  o f  batch, cyc le ,  o r  day represented by sampling per iods 
Weighted p o l l u t a n t  concen t ra t i on  i n  e f f l u e n t  gases 
Imp l i ed  emission r a t e s ,  h o u r l y  

d a i l y  
annua l l y  

Imp l i ed  emission f a c t o r s  Per SCC u n i t  
( s p e c i f y  scc u n i t )  

Comments : 

Sampling i n f o r m a t i o n  

Date 
P o l l u t a n t  
Sampling method 
Sampling p o s i t i o n  ( r e l a t e d  t o  stack,  c o n t r o l  device, and source 

Number o f  samples taken a t  t h i s  sampling p o s i t i o n  

F igu re  4-1. 

c o n f i g u r a t i o n )  

Check L i s t  f o r  Emission Source In format ion 

4-3 



Sample number ( e n t r y  made f o r  l a s t  sample) 
Product ion r a t e  and c o n d i t i o n  a t  t ime o f  sampling, i n c l u d i n g  

Sampling t ime i n  r e l a t i o n  t o  batch, cyc le ,  o r  day 
Sampling per iod,  minutes 
Sampling f l o w  r a t e  o r  t o t a l  volume sampled ( spec i f y )  
T o t a l  p o l l u t a n t  found i n  sample ( s p e c i f y  u n i t s )  
P o l l u t a n t  concen t ra t i on  i n  gas sampled ( s p e c i f y  u n i t s )  

f u e l  and feed composit ions i f  r e l e v a n t  

Comments : 

F igu re  4-1. Check L i s t  f o r  En iss ion  Source I n f o r m a t i o n  (Concluded) 
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P 
0 

0 

0 

0 

0 

0 

0 

0 

0 

Firm: J .  Doe Ref in ing 

Source: Arc furnace 

Process: Producing molten high-temperature a l l o y s  
Raw m a t e r i a l s :  Cu-Ni p i t  scrap, i r o n  ore,  l imestone, 

f l u o r s p a r  
Maximum batch capac i t y :  5,000 pounds 
Typ ica l  batch t ime: 2 hours 

Contro l  Equipment: 

Baghouses: 10,000 ACFM, 2,500 fpm, 175°F 
E f f i c i e n c y :  r a t e d  99.9 pe rcen t  
Con f igu ra t i on :  3 baghouses se rv ing  a swing-away hood v i a  f i x e d  

i n t a k e  p o i n t  i n  duc t  above hood 

Emission Po in t :  

Stack: no data 
Con f igu ra t i on :  one o f  t h r e e  s e r v i n g  baghouses 

Sampling In fo rma t ion :  

Date: 052671 Run No: 01 
Sampling P o s i t i o n :  s tack t o p  (emission c o n t r o l )  
Product ion Rate: ca 20,000 poundslday 

Sample Resul ts:  

T o t a l  p a r t i c u l a t e s :  c o n t r o l l e d ,  repo r ted  a t  1.36 l b / h r ;  
uncon t ro l l ed ,  repo r ted  a t  2.5 l b / h r .  
Corresponding annual f i gu res  c i t e d  a t  

0.34 and 0.63 tons/yr ,  r e s p e c t i v e l y .  

Comments : 

It i s  assumed, a l though n o t  s ta ted ,  t h a t  t he  values c i t e d  a r e  
averaged over an e n t i r e  batch pe r iod .  
more than 1 baghouse serves a s i n g l e  hood, and whether t h e r e  
a re  o t h e r  s tacks se rv ing  o t h e r  baghouses. 

It i s  n o t  c l e a r  whether 

F igu re  4-2. Typ ica l  Example o f  Formatted Tes t  Resul ts  

0 
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I 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

SOTDAT, s ince  t h e  i n f o r m a t i o n  cou ld  be t r a n s c r i b e d  d i r e c t l y  from 

t h e  data source onto t h e  PES form. 

The t a s k  o f  coding t h e  source t e s t  data i n t o  SOTDAT, w h i l e  
s i m p l i f i e d  by the  standard t e s t  r e s u l t  format,  s t i l l  r e q u i r e d  a 
g r e a t  deal o f  e f f o r t .  For  t h e  most p a r t ,  source t e s t  i n f o r m a t i o n  

was incomplete. Most of t he  r e p o r t s  presented o n l y  i n f o r m a t i o n  
such as p o l l u t a n t  tested,  date o f  sample, measured emission ra te ,  
gas f l o w  r a t e  and temperature, and occas iona l l y  i s o k i n e t i c  sampling 
percentages. To p rov ide  a complete ana lys i s ,  p r o j e c t  engineers 

were coded f o r  pr imary sme l t i ng  sources and about 70 t e s t s  coded 
f o r  secondary sme l t i ng  processes. 

coded a l l  t e s t s  onto SOTOAT coding forms (Ref. 19) .  I n  a l l ,  about 120 t e s t  

F i n a l l y ,  a l l  emission r e s u l t s  were compiled i n  t a b l e s  f o r  
each o f  t he  i n d i v i d u a l  processes. These t a b l e s  i nc luded  source 
t e s t  r e s u l t s ,  as w e l l  as o t h e r  types o f  emission est imates (from 
m a t e r i a l  balances, f o r  instance) .  The r e s u l t s  de r i ved  from these 
t a b l e s  w i l l  be discussed i n  more d e t a i l  i n  f o l l o w i n g  sec t i ons  f o r  
t he  pr imary and secondary sme l t i ng  processes. 

4.2 EMISSION FACTORS FOR PRIMARY SMELTER PROCESSES 

Tables 4-1 through 4-3 present  emission f a c t o r s  f o r  pr imary 
copper sme l t i ng  sources. A l l  e n t r i e s  i n  the  t a b l e s  a r e  g iven i n  

weight  o f  emissions per  u n i t  o f  concentrate which en te rs  the  sme l te r .  
The emission r e s u l t s  a re  shown f o r  var ious smel ter  con f igu ra t i ons  

and f o r  va r ious  c o n t r o l  systems t o  d e t a i l  t he  e f f e c t  o f  these para- 

meters on the  emissions. 
are unweighted, and maximum and minimum values a re  i nc luded  t o  i n d i -  

c a t e  the  range o f  emissions observed. 

Average emission f a c t o r s  f o r  each case 

The t a b l e s  show f a r  more t e s t s  t o  determine c o n t r o l l e d  emissions 

than uncon t ro l l ed .  Th is  i s  c o n s i s t e n t  w i t h  the  f a c t  t h a t  no t e s t  
r e s u l t s  were received from the  smelters o r  f rom p ro fess iona l  

0 4-6 
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organizations f o r  use i n  t h i s  project .  Since the majority of the 
t e s t s  were obta ined  from governmental agencies, they were primarily 
run  fo r  compliance determination purposes. As such, r e su l t s  were 
measured a t  points o f  emission t o  the atmosphere, a f t e r  combining 
gas streams from various processes and after application of control 
systems. 

The following spec i f ic  comnents apply t o  the information in 
the tables:  

1 .  Converters 

0 ESP control achieves an average control eff ic iency of 
88 percent for  par t icu la tes ,  while ESP’s combined w i t h  
the gas cleaning systems included in su l fu r i c  acid 
plants y ie ld  98 percent eff ic iency.  

0 Par t icu la te  emissions can potent ia l ly  be as high as 
40 pounds per ton of concentrate and can be controlled 
t o  a level of 0.05 pounds per t o n .  

0 Part iculate  emissions from converters a r e  potent ia l ly  
s l i gh t ly  larger  i n  smelter configurations which include 
roasters .  

0 SO2 emissions a re  reduced by approximately 97.4 percent 
by s ingle  contact su l fu r i c  acid plants ,  and by 99.9 per- 
cent by double contact plants .  

0 Potential SO emissions from converters a r e  smaller i n  
smelting configurations which include a roasting step. 

0 Although only one tes t  r e su l t  was recorded f o r  NO,, i t  
indicates t ha t  these emissions are very small. 

+ O . .  \ 

A? 

2. Reverberatory Furnaces 

0 No r e su l t s  were recorded f o r  reverberatory furnaces 
which are operated i n  conjunction with a multiple-hearth 
roasting furnace. In a l l  cases i n  this configuration, 
reverberatory furnace gases a re  combined w i t h  those of 
the roaster  before exhausting the atmosphere (see Roaster/ 

0 SO2 emissions from the reverberatory furnace depend on 
smelter configuration, s ince roasting will remove a por- 
t ion of the su l fur  i n  the  feed t o  the furnace. Listed 

Reverb). t 
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r e su l t s  show t h a t  these emissions a re  4 times greater  
when no roasting i s  done as compared t o  the case where 
a flui6-bed roaster  i s  used. 

0 SO2 emissions from reverberatory furnaces alone a re  not 
controlled emissions shows only 60 percent col lect ion 
eff ic iency for  an average ESP. 

0 Potential NOx emissions appear t o  be very small, based 
upon a limited number of tests. 

Mu1 tiple-Hearth RoasterjReverberatory Furnace Combined Stream 3. 

0 

0 

As mentioned previously, t e s t  r e su l t s  in a l l  of the 
smelters which operate multiple-hearth roasters  and rever- 
beratory furnaces were measured a f t e r  the two exhaust 
streams had been combined and a f t e r  the application of 
par t icu la te  control equipment. 
A t  present there a re  no SO2 controls applied t o  these 
gases a t  U.S. smelters. 
Par t icu la te  emission fac tors  f o r  the combined stream 
cannot be analyzed i n t o  the component contributions.  
The reported emission fac tor  with control by electro-  
s t a t i c  prec ip i ta tor  seems inconsistent w i t h  the fac tor  
(Table 4-2) fo r  the reverberatory furnace alone w i t h  
s imi la r  control .  
One would expect the combined gases t o  have a higher 
par t icu la te  emission, b u t  the figures indicate t h a t  the 
gases from the furnace alone have emissions almost 5 
times greater .  Both figures a re  based upon a comparable 
number of tes t  r e su l t s  taken a t  a number of d i f f e ren t  
plants.  
applied t o  the furnace gases were older ,  l ess  e f f i c i en t .  
o r  poorly maintained units. 

A possible explanation would be t h a t  the ESP's 

Data items were a l so  gathered for other emission points i n  the 
These data smelter, but were not su f f i c i en t  t o  warrant tabulation. 

can be found i n  the  background f i l e s  (Ref. 20) fo r  the following 
operations: 

0 Concentrate and Flux Preparation 
0 Multiple-Hearth Roasters 
0 Fluidized-Bed Roasters 
0 Electric-Arc Smelting Furnaces 
0 Fire-Refining Furnaces 
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Table 4-4 conta ins emission f a c t o r  i n fo rma t ion  which has 
been compiled from o t h e r  data sources (Refs. 21 and 22). 

4.3 EMISSION FACTORS FOR PARTICULATES FROM FURNACES USED I N  
SECONDARY COPPER SMELTING PROCESSES 

Table 4-5 presents emission f a c t o r s  f o r  p a r t i c u l a t e s  f o r  

secondary copper sme l t i ng  sources. 

The emission f a c t o r s  l i s t e d  have been est imated from the 

r e s u l t s  o f  source t e s t s ,  o r  from r a t e s  o f  product ion and waste 
accumulation accord ing t o  mater ia l -ba lance p r i n c i p l e s ,  o r  by o the r  

means which, i n  some instances,  have n o t  been i d e n t i f i e d .  

Records a v a i l a b l e  f o r  i n s p e c t i o n  rega rd ing  these f a c i l i t i e s  

were almost always fragmentary and u n v e r i f i a b l e ,  and t h e i r  i n t e r -  
p r e t a t i o n  i n  terms o f  emission f a c t o r s  t h e r e f o r e  i nvo l ved  a sub- 
s t a n t i a l  component o f  engineer ing judgment. Fur ther ,  est imates 

regard ing p o t e n t i a l  emissions f rom u n c o n t r o l l e d  equipment have i n  
some cases been est imated by  a p p l y i n g  a nominal emission c o n t r o l  
e f f i c i e n c y  f a c t o r  t o  t h e  observed l e v e l  o f  emissions from the  con- 

t r o l  equipment. 

Another problem was t h a t  i n  some o f  t he  r e p o r t s  o f  emissions 

t e s t s ,  w h i l e  i t  was ev iden t  t h a t  emissions measured were de r i ved  
from two o r  more processes c o n t r o l l e d  by  t h e  same systems, i t  was 

n o t  c l e a r  which u n i t s  were be ing  operated a t  the t ime o f  t he  t e s t .  
Because o f  these and o t h e r  d i f f i c u l t i e s ,  t h e  emission f a c t o r s  
presented can be g i ven  a r a t i n g  no h ighe r  than average. 

I 

Where n o t  o therwise s p e c i f i e d ,  i t  i s  reasonable t o  assume 
t h a t  a major f r a c t i o n  o f  t he  p a r t i c u l a t e  ma t te r  (50 percent o r  

more) c o n s i s t s  o f  oxides o f  heavy metals,  commonly z inc ,  copper, 
lead,and t i n .  
i s  r e l a t e d  t o  the  composi t ion o f  t h e  m a t e r i a l  charged i n t o  the  f u r -  

nace; sme l t i ng  o f  a l l o y s  c o n t a i n i n g  z i n c  i s  e s p e c i a l l y  l i k e l y  t o  

T h e ' d e t a i l e d  composi t ion o f  t he  p a r t i c u l a t e  ma t te r  
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produce large quant i t ies  of par t icu la te  matter which, in t h i s  case,  
contains a high proportion of zinc oxide. 

Other circumstances which a f f e c t  the r a t e s  of emission and 
the composition of the par t icu la te  matter are  the type of furnace 
used, the operational procedures, the r a t e  of heating and the tem- 
perature a t ta ined ,  the physical form of the materials fed t o  the 
furnace, and others .  Available information i s  no t  su f f i c i en t  t o  
permit complete evaluation of the quant i ta t ive  e f f e c t s  of these 
variables on emission r a t e s .  The emission fac tors  l i s t e d  i n  
Table 4-5 below a r e ,  therefore ,  c l a s s i f i ed  only w i t h  respect t o  the 
type of furnace involved and to  whether the feed metal contains 
or  does n o t  contain zinc.  

Types of furnaces encountered i n  secondary copper smelting 
are:  

1 .  Cupola ( o r  b l a s t  furnace) 
2. Reverberatory 
3 .  Rotary 
4. Crucible (or pot) 
5. E lec t r ic  Arc 
6. Induction ( e l e c t r i c ,  h i g h  o r  low frequency) 

The following sect ions discuss emission fac tors  f o r  furnaces of 
these types a s  indicated by emissions data and production data fo r  
both zinc-free and zinc-bearing feed metals. 
i s  avai lable ,  PES reports emission fac tors  b o t h  f o r  actual and  poten- 
t i a l  emissions, the l a t t e r  corresponding t o  weights of material 
which would be emitted t o  the atmosphere i f  no emission control 
equipment were provided. 

Where the information 

The following notes apply t o  the information shown in 
Table 4-5 for spec i f ic  furnace types. 

4-20 
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Cupolas 

230 pounds s r  t o n  was estimated (by s t a t e  personnel) 
fo r  a smelting operation i n  which insulated copper wire 
was recycled. Presumably most of the par t icu la te  matter 
generated originated from the insulation materials and 
contained l i t t l e  copper oxide .  An appropriate emission 
fac tor  fo r  copper oxide alone would be much smaller than 
120 pounds per ton. 

Reverberatory Furnaces 

Of 12  f a c i l i t i e s  reviewed, only one indicated potential 
emissions larger  than 10 pounds per ton. 

Rotary FurAaces 

The lower emission ra tes  from control equipment a t  the 
foundries apparently r e f l e c t  higher eff ic iency of con- 
t ro l  by baghouses, which were i n  use a t  some foundries, 
than by the equipment used a t  the smelters, which in- 
cluded scrubbers and e l e c t r o s t a t i c  prec ip i ta tors .  

Crucible and Pot Furnaces 

Constituents more v o l a t i l e  than copper included arsenic 
and cadmium in  one case,  beryllium in another. 
fac tor  f o r  potential  emissions occurred with a copper-arsenic 
a l loy containing no zinc. 

Electr ic  Arc Furnaces 

Products include refined copper (castings and shot) and 
various copper a l loys ,  including bronze, t i n se l  bronze, 
beryllium copper, and high-temperature a l loys containing 
cobal t ,  nickel,  chromium, molybdenum, tungsten, and 
manganese. 
0.002 k g / K  o r  0.004 lb/short  ton. 

E lec t r ic  Induction Furnaces 

This table  includes b o t h  high-frequency and low-frequency 
induction furnaces. 

Emission control was e f fec ted ,  in a l l  cases c i t ed ,  through 
the use of fabr ic  co l lec tors  ( o r  baghouses). 

The la rges t  

Beryllium emission factors  appear t o  be about 

0 
4-21 

~ 



'e 

0, 

5.0 FUGITIVE EMISSIONS 

5.1 INTRODUCTION 

Both gaseous and par t icu la te  fugi t ive  emissions a r i s e  from 
operations a t  primary copper smelters while those from secondary 
smelters a re  essent ia l ly  limited t o  par t iculates .  
these emissions r e s u l t  from materials handling and storage,  from 
process equipment and industr ia l  exhaust from system leakage, and 
from unconfined operations such as  furnace tapping and metal pouring. 
Problems of the respective industr ies  a re  discussed below. 

Generally, 

5.2 PRIMARY COPPER SMELTERS 

5.2.1 POLLUTANTS 

All the pollutants discharged from primary point sources, such as  
uncontrolled s tacks,  par t icu la te  control equipment, and acid plants ,  
a re  a l so  found as fugi t ive  emissions. 
generated dusts from storage and t ransfer  of ore concentrate, f luxes,  
and s lag ;  metallurgical fumes from furnace operations, su l fur  dioxide, 
and su l fur  t r ioxide ( a l so  i n  form of acid fume). 
many of the materials and compounds which a re  found a s  fug i t ive  
emissions . 

These include mechanically 

Table 5-1 l i s t s  

These fugi t ive  emissions a re  generally released a t  o r  near 
g round  level and are  d i f f i c u l t  t o  quantify. 
par t icu lar ly  d i f f i c u l t  in the case of par t iculates  because there 
i s  n o t  good material-balance approach fo r  estimating losses and 
almost no d i r ec t  t e s t s  have been conducted. 
oxides, fug i t ive  emissions have been estimated as the difference 
between the to t a l  su l fur  charged t o  the smelting process and the 
to ta l  su l fur  known t o  be collected a s  acid by product, discharged 
through s tacks,  and present in s lag .  The amount of fugi t ive  su l -  
fur-compound emission has been estimated by th i s  technique t o  be 
approximately 6 percent of the to t a l  su l fur  charged (Ref. 3 ) .  

The quant i f icat ion i s  

In the case of su l fur  

5- 1 
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Table 5-1. POSSIBLE FUGITIVE EKISSIONS FROM PRIMARY COPPER SMELTERS 

Dusts 
Concentrates 
Ferric Oxide (Fe203) 
Magnetite (Fe304) 
Refractory Dust (Alumina, Magnesia) 
Slag 
Zinc Oxide ( Z n O )  
Disturbed S o i l  

b Arsenic Trioxide (As203) 
Antimony Trioxide (Sb203) 
Lead Oxide (PbO) 
Zinc Oxide (ZnO)  
Sulfur ic  Acid Mist 
Sulfates  

b 

Gases - 
Carbon Monoxide 
Sulfur Dioxide 
Nitrogen Oxides 

IO' 

asmall amounts of other elements and compounds such a s  mercury, 
selenium, chlorides,  and f luorides  may be present depending upon 
concentrate source. 

bGenerally will condense on waste heat boi lers  if  present. 
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Sometimes, pr imary copper smel ter  f u g i t i v e  emissions have been 

cha rac te r i zed  as "ground smoke," because o f  the smoky appearance o r  

o p a c i t y  o f  t he  emissions. 
sence o f  small  aerosols,  i n  the 0.4-1.0 micrometer diameter s i z e  
range, which a re  very e f f e c t i v e  i n  s c a t t e r i n g  v i s i b l e  l i g h t .  Yany 

m e t a l l u r g i c a l  fumes a re  known t o  b e  i n  t h i s  s i z e  range. 
p a r t i c l e s  a re  smal l  i n  diameter because t h e  metals o r  metal  oxides 
o f  which they a re  composed a re  condensed from the  vapor s t a t e .  

Th is  appearance i s  l i k e l y  due t o  the  pre-  

These fume 

Another mechanism o f  "ground smoke" format ion i s  thought t o  

i n v o l v e  t h e  r e a c t i o n  o f  a smal l  f r a c t i o n  o f  t h e  f u g i t i v e  s u l f u r  

d i o x i d e  emissions w i t h  atmospheric oxygen t o  form s u l f u r  t r i o x i d e .  
As  t h e  t r i o x i d e  i s  formed i t  combines r a p i d l y  w i t h  water  vapor t o  
form smal l  aerosols .  Th i s  combinat ion takes p lace  even a t  low 

r e l a t i v e  h u m i d i t i e s .  

The submicron s i z e d  f u g i t i v e  emissions a r e  e a s i l y  capable o f  
be ing  t ranspor ted  over l o n g  d is tances,  w h i l e  a t  l e a s t  some of t he  
mechanical ly generated dusts  w i l l  s e t t l e  r a t h e r  r a p i d l y .  

5.2.2 SOURCES 

P o t e n t i a l  sources o f  f u g i t i v e  emissions from pr imary copper 

smelters a re  l i s t e d  he re in :  

0 Roaster 

0 Reverberatory Furnace 

Hot  c a l c i n e  t r a n s f e r  p o i n t s  

Mat te  tap  holes 
Matte launders 

S l a g  tap holes 
Slag skim bays 
Slag launders 

Charging p o i n t s  
View p o r t s  
B r i c k  work leaks 
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0 Converters 
Converter mouth 

End j o i n t s  
Hood 

0 Miscel laneous 
Ladles (matte and s lag )  
Matte and s l a g  hand l i ng  opera t i ons  

Leaking ducts,  flues,and s tacks 
Other l e a k i n g  process equipment 
Ho ld ing  and r e f i n i n g  furnaces 

The p r i n c i p a l  source o f  f u g i t i v e  emissions f rom r o a s t e r s  i s  the pro-  
cess o f  removing h o t  s o l i d  c a l c i n e  f rom t h e  roas te r .  Both d u s t  and 

r e s i d u a l  s u l f u r  d i o x i d e  can be released. When the  process i nvo l ves  
dumping the  c a l c i n e  i n t o  ca rs  f o r  t r a n s f e r  t o  the  reve rbe ra to ry  
furnace, as i s  t h e  case w i t h  some m u l t i p l e - h e a r t h  roas te rs ,  t he  
sudden d i s s i p a t i o n  o f  k i n e t i c  energy as the  c a l c i n e  s t r i k e s  the  c a r  
causes the  generat ion o f  a p u f f  o f  d u s t  and trapped gases. 

from leaks  i n  t he  r o a s t e r  can a l s o  be present;  t h e  losses from f l u i d i z e d -  
bed roas te rs  a re  g e n e r a l l y  sma l le r  than those from mu1 t i p l e - h e a r t h  
r o a s t e r s  because o f  d i f f e r e n c e s  i n  c o n s t r u c t i o n .  Because i n t e r n a l  
pressures a re  h ighe r  i n  f l u i d i z e d - b e d  roas te rs ,  leakage can become s i g -  

n i f i c a n t  i n  a f l u i d i z e d - b e d  r o a s t e r  i f  leakage p o i n t s  e x i s t .  

Reverberatory furnaces produce mol t en  matte f rom e i t h e r  "green" 

Emissions 

charge o r  c a l c i n e .  
mat te  b o t h  a r e  c a r r i e d  o u t  i n t e r m i t t e n t l y  w h i l e  m e l t i n g  cont inues. 

Even though the  furnace operates a t  s l i g h t l y  l e s s  than atmospheric 
pressure ( g e n e r a l l y  about -0.05 t o  -0.1 i n c h  w.c.),  t he  charg ing 

opera t i on  i s  conducted through openings i n  the  furnace from which 
some dust,  fume, and s u l f u r  d i o x i d e  my escape. 

Charging and tapp ing  o f  t h e  furnace f o r  t he  

Molten matte i s  removed from the  furnace through tap  holes 

which a r e  normal ly  plugged. Dur ing  tapping these a r e  opened and the  

5-4 
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matte flows through channels cal led launders t o  ladles .  
naces have two or three matte t ap  holes on each s ide.  
matte i s  s t i l l  close t o  furnace temperature as i t  is  removed, the 
remaining su l fur  i n  the form of su l f ides  can continue to  oxidize 
outside the furnace for  a time, forming su l fu r  dioxide. 
of vo la t i l e  metals may a l so  be emitted from the launders and the 
lad le .  As the lad le  i s  transported t o  the converters,  emissions 
can continue. These emissions produce the earl  ier-described ground 
smoke. The l e s s  dense s lag  which  f l o a t s  on top of the matte in  the 
reverberatory furnace is a l so  removed periodically through s lag  
tap holes and launders. 
b u t  they a re  not generally a s  intense a s  those from the matte. 

Most fur- 
Because the 

Oxides 

Some emissions r e su l t  from this operation 

Reverberatory furnaces a re  constructed of refractory bricks. 

Also, i n  the case of 
Because of the need t o  allow room f o r  thermal expansion, i t  i s  
d i f f i c u l t  t o  achieve a leakproof cond i t ion .  
furnaces b u i l t  w i t h  suspended roofs,  a gap exists between the fur- 
nace walls and the  roof which must be packed with a heat-resis tant  
material .  
points.  
roof construction. 
refractory.  

Any imperfections i n  th is  packing will result i n  leak 
The sealing problem i s  not as d i f f i c u l t  w i t h  sprung-arch 

Leaks may be sealed by spraying on a s lur r ied  

Fugitive emissions associated w i t h  copper converting generally 
r e su l t  from ineffect ive capture o f  fumes and su l fur  dioxide during 
cer ta in  phases of the converter operation. 
exhaust hood placed over each converter generally f i t s  ra ther  t i gh t ly  
and emissions are exhausted w i t h  l i t t l e  loss. 
however, a s  there must be some gap between the hood and the opening 
t o  prevent freezing of the hood t o  the converter as a consequence of 
splashing of molten copper. 
a t  the edge of the hood t o  minimize the opening while s t i l l  providing 

During blowing, the 

The f i t  i s  not perfect ,  

A chain-curtain closure I s  sometimes used 
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durabi l i ty  and f l e x i b i l i t y .  A metal skirt is sometimes used to  
improve the seal an'.minimize de te r iora t ion  of the converter.  In 
a properly designed system i t  i s  possible  t o  c o l l e c t  nearly a l l  
the emissions d u r i n g  the " ro l l - in"  and blowing phase. 

Automatic damper controls  a r e  generally used t o  prevent excess 
d i lu t ion  a i r  from being drawn i n t o  the system while a t  the same 
time maintaining e f f ec t ive  fume col lec t ion  from most phases of con- 
ver te r  operation. I f  the  damper control point i s  improperly s e t  
or i f  the charge level in the converter i s  higher than normal, 
fug i t ive  emissions can r e su l t .  

When the converter i s  ro l led  out fo r  pouring e i t h e r  s lag  or 
b l i s t e r  copper, the hood d r a f t  i s  usually shut off by dampers. The 
main reason for  this i s  t o  maintain a higher concentration of su l fu r  
dioxide i n  gases t h a t  a r e  fed t o  the  by-product acid plant  ( i f  such 
a plant i s  provided). When the dampers a r e  closed the converter 
emissions a r e  uncaptured and discharged d i r ec t ly  to  the atmosphere. 
The ro l l -out  operational phase can amount to  3 t o  6 hours o u t  Of 

every 24-hour period fo r  each converter.  

A variety of other  fugi t ive  emission sources can be present 
i n  a smelter,  most of which involve leaks i n  waste heat bo i l e r s ,  
heat exchangers, and f lues  and ducts .  Another minor source of 
fugi t ive  emissions i s  f i r e  ref ining.  The residual su l fu r  content 
of b l i s t e r  copper i s  only about 2 percent and any small amounts of 
impurit ies remain. Therefore, when f ina l  blowing i s  conducted the 
potential  quantity of emissions i s  small. These furnaces a r e ,  
therefore ,  n o t  hooded and any emissions resul t ing from the operation 
can be c l a s s i f i ed  as fugi t ive .  

5.3 SECONDARY COPPER SMELTERS 

Fugitive emissions from secondary copper smelters a re  generally 
limited t o  dusts ,  fumes, and smoke because the su l fur  content of the 
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scrap charge i s  very low. 
larger  par t icu la tes  c l a s s i f i ed  as d u s t  can be expected from materials 
handling and from furnace charging. 
ra ther  rapidly,  the impact depends upon how well these operations 
are  protected from the wind. 

As i n  the  case of primary smelters ,  

Because these materials s e t t l e  

The other  fug i t ive  emissions r e s u l t  from uncaptured o r  uncon- 
t ro l l ed  contaminants generated by the furnaces. These include metal 
fumes (zinc and other  v o l a t i l e  metal oxides) and smoke from o i l y  or  
insulation-covered scrap. 
charging, s lag removal, metal tapping o r  pouring, chage mixing, and 
a i r  lancing. 
hood design and effect iveness  can vary subs tan t ia l ly .  

Most of these emissions a r i s e  during 

Because a wide var ie ty  of  furnace types a r e  used, 

5.4 FUGIT IVE EMISSION CONTROL 

Fugitive emissions control techniques can be divided i n t o  two 
major categories:  . ( l )  process changes t o  eliminate or minimize 
generation of emissions, and ( 2 )  i n s t a l l a t i o n  of equipment to  c o l l e c t  
the emissions. 
ment and industr ia l  vent i la t ion  be designed and maintained to  con- 
t ro l  1 ea kage. 

A requirement i n  e i t h e r  case i s  t ha t  process equip- 

In primary copper smelting, several  types of process changes 
a r e  possible.  
furnaces,  automatic control of furnace pressure could be incorporated. 
This could involve the i n s t a l l a t i o n  of pressure transducers t o  pro- 
duce a signal which would control dampers or fans t o  maintain the 
desired negative pressure.  In the case of converters,  techniques 
m i g h t  be devised t o  reduce the time during which the converter 
opening i s  ro l led  out away from the hood opening. 
roas te rs  could be subst i tuted fo r  multiple-hearth roas te rs .  

To reduce emissions while charging reverberatory 

Fluidized-bed 

Ins t a l l a t ion  o f  additional or improved systems f o r  co l lec t ing  
emissions would involve changes in  some present industry pract ices .  

5-7 
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A t  present most furnace operat ions a r e  l o c a t e d  i n  l a r g e  b u i l d i n g s  

w i t h  some open s ides and openings (moni tors  o r  o t h e r  vents) i n  the  
r o o f .  I n s t a l l a t i o n  o f  a d d i t i o n a l  hoods and v e n t i l a t i o n  equipment 

cou ld  be compl icated by e x i s t i n g  support  s t r u c t u r e s  and cranes. 
On t h e  o t h e r  hand, r e d u c t i o n  o f  emissions i n s i d e  these b u i l d i n g s  

cou ld  improve the work environment. 

The c o l l e c t i o n  o f  f u g i t i v e  emissions does n o t  n e c e s s a r i l y  

mean t h a t  a l l  c u r r e n t  discharge o f  f u g i t i v e  emissions would be 
e l im ina ted .  The a c t u a l  r e d u c t i o n  o f  emissions would be i n f l uenced  
by t h e  o v e r a l l  abatement p l a n  f o r  each source and a p p l i c a b l e  regu- 
l a t i o n s .  I n  t h e  case o f  c o l l e c t e d  b u t  u n c o n t r o l l e d  emissions, i t  

i s  s t i l l  l i k e l y  t h a t  ambient p o l l u t a n t  concentrat ions would be 
reduced because o f  t he  discharge through e leva ted  s tacks i n  p l a c e  
o f  ground l e v e l  d ischarge. 

Table 5-2 summarizes f u g i t i v e  emission p o i n t s ,  q u a n t i t i e s  

emitted, and p o s s i b l e  c o n t r o l  techniques f o r  pr imary copper s m e l t i n g  

sources. 
d i r e c t l y  discussed i n  t h i s  sect ion,  many o f  t he  same techniques 

considered f o r  pr imary smel t e r s  would be app l i cab le .  

Whi le c o n t r o l s  f o r  secondary smel ters  have n o t  been 
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6.0 RECOMMENDATIONS FOR FURTHER SOURCE TESTING 

Both the primary and secondary copper smelting industr ies  
involve a rather wide var ie ty  of processes and equipment types. 
I n  the case of primary copper smelting the su l fur  content of the 
ore varies s ign i f icant ly .  
nature and composition of scrap feed varies widely. 
was made t o  develop emission fac tors  f o r  the major processes and 
combinations of processes i n  these industr ies .  Insuf f ic ien t  
valid test  data were avai lable  t o  cover a l l  the poss ib i l i t i e s  of 
feed composition, nature of spec i f ic  process or  equipment, and 
type  of a i r  pollution; therefore accurate emission factors  could 
n o t  be developed f o r  a l l  these combinations. 
done, b u t  often important data elements were missing, such as  feed 
r a t e  or composition. 
i s  t ha t  t e s t s  were performed on combined gas streams and not on 
streams from i n d i v i d u a l  items of equipment. 

I n  the secondary smelting industry the 
An attempt 

Many t e s t s  had been 

Another complication with primary smelters 

Because of these d i f f i c u l t i e s ,  i t  was decided t h a t  emission 
factors  for uncontrolled su l fur  dioxide emissions should be based 
upon an average su l fur  content in copper concentrate and on a dis-  
t r ibu t ion  of this su l fur  found in a large number of tests.  The 
su l fu r  content used is  specif ied so tha t  corrections can be made 
where su l fur  content d i f f e r s  and is  known. However, there a re  
only 15 primary copper smelters in the United S ta tes ,  each one 
having a d i f f e ren t  configuration. 
should probably not be used t o  estimate potential emissions from 
any given plant .  
used instead. ) 

Therefore, these emission factors  

(Latest  data spec i f ic  t o  the plant should be 

Emission fac tors  fo r  par t icu la tes  and fo r  controlled emissions 
must be based upon tes t ing .  
sect ion,  i t  i s  obvious tha t  a major program o f  t es t ing  smelter swrces  
i s  needed i f  precision and accwacy of these factors  is to  be improved. 

As will be discussed in more de ta i l  i n  th i s  
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6.1 PRECISION OF E M I S S I O N  FACTORS 

To formulate any program t o  supplement the  e x i s t i n g  t a b l e s  

o f  emission f a c t o r s ,  i t  i s  impor tan t  t o  examine the  p r e c i s i o n  o f  
t he  data i n  those t a b l e s .  A system f o r  examining p r e c i s i o n  has 
been promulgated by EPA. C a l l e d  "Source Inven to ry  and Emission 

Factor  Ana lys i s "  (SIEFA), i t  i s  intended t o  p rov ide  est imates o f  
t he  p r e c i s i o n  o f  a l l  t h e  elements o f  an emissions i nven to ry ,  i n c l u -  

ding, i n  p a r t i c u l a r ,  t h e  emission f a c t o r s  which may be necessary i n  
q u a n t i f y i n g  i n d u s t r i a l  emissions. 

Tables 6-1 and 6-2 p rov ide  est imates of standard d e v i a t i o n  

and p r e c i s i o n  f o r  t h e  emission f a c t o r s  (presented i n  Sec t ion  4.0) f o r  
pr imary copper sme l t i ng  processes. For  p a r t i c u l a t e  emissions, 

est imates o f  t h e  p r e c i s i o n  o f  t h e  emission f a c t o r s  range from 0.07 
t o  0.34; t h a t  i s ,  t he  standard e r r o r  o f  t he  emission f a c t o r  i s  
between 7 and 34 percent  o f  t h e  f a c t o r .  
equal t o  the  standard d e v i a t i o n  d i v i d e d  by the  square r o o t  o f  t h e  

number o f  observat ions accepted.) 
f a c t o r s ,  p r e c i s i o n  est imates range f rom 0.09 t o  0.73 - somewhat 

l a r g e r ,  on the  whole, than those f o r  p a r t i c u l a t e s .  

(The standard e r r o r  i s  

For s u l f u r  d i o x i d e  emission 

Considered s o l e l y  i n  the  l i g h t  o f  these p r e c i s i o n  est imates,  
i t  may be reasonable t o  suggest t h a t  a d d i t i o n a l  a t t e n t i o n  be 

d i r e c t e d  toward those f a c t o r s  w i t h  p r e c i s i o n  poorer - i.e., l a r g e r  

- than 25 percent .  
emissions from conver ters  i n  t h e  c o n f i g u r a t i o n ,  reve rbe ra to ry  
furnace fo l l owed  by  conver te r ,  and from reve rbe ra to ry  furnaces i n  
another smel ter  c o n f i g u r a t i o n ;  a l s o ,  s u l f u r  d i o x i d e  emissions un- 
c o n t r o l l e d  and from s i n g l e - c o n t a c t  a c i d  p l a n t s .  

These would i n c l u d e  u n c o n t r o l l e d  p a r t i c u l a t e  

However, t he  p r e c i s i o n  o f  t he  emission f a c t o r  i s  n o t  u s u a l l y  

the most impor tant  e r r o r - b e a r i n g  i t e m  i n  determin ing the  accuracy 
o f  emission est imates,  s ince  t h e  p r e c i s i o n  i s ,  b a s i c a l l y ,  inde- 
pendent o f  accuracy. That i s ,  an est imate can be q u i t e  p r e c i s e  

6-2 
0 



0 

0 

0 

0 

e 

e 

e 

0 

n e m N p : * m  - C I - N N r  

3 0 0 0 0 0  
. . . . . .  

.I- 
PI: . \  
mcn 

Y 

. g  
L L 1  

.Is) 
w 2. 

VI 
VI 
W c ,  
v .r o s  
L 3  n 

N ~ V )  
N V ) V ) N N N  

n - - 0 0 0  
. . . . . .  

7 

m a ) -  m y " -  . .  
3 h N 0 0 0  m -  

0 0 - N N N  

- N r r N P ?  

N - U  - - m  
0 0 0  
. . .  

U 

N N N  
V ) N  

N 

w.:  - 
N 

o r -  

N N F ?  

h 
0 

3 0  

- - . .  

h 
7 J l - l  

n o  
. .  

? = ?  
u -  

m 
h r  

- 0  
. .  

= ? ?  
N O  

h 

W 
V 

E 
L 
a 
'I- 

m 

2 
0 
c, 
m 

- 
0 
L 
c, 
E 
0 
V 

. a J  
Y 

6- 3 



e 

e 

e .  

0 

0 

e 

e 

e 

e 

' ) C u C O m m  

3 0 0 0 0  

4 d Y r - N  . .  . .  
8 

0 m 
I N  * ? ? ?  

"r. m 0 
c w c  

N 
w 

d 
P - h -  

o m w o  
I N m  

w 

. . .  

- m 

c N c N e -  

3 m  

> o  
- -  . .  

w 
- '0 
I N  

3 1 0  
o w  
U 

m 
o m  n -  

3 0  

N m  

2 
0 
c, 

L w w  
n u  L m  
> L  
CTLL 

m 

w a  

m 
0 

0 

0 
Lo 
d 

m m 

0 m 
N 

0 

x 

01 
U 
C 
L 
S 
v- 

m 

2 
0 
U 

h L 
0 
U 
m 
L 
a m  
D L  
L L W  
w a n  
> + L  
w w w  L m >  

o w  
O L L  e 

c c  L m  w *  + w L  w u w  
o e w  
L L l U  
a 0  

c+ L 
U 

m o v  

m m c ,  

c,+ 

0) o n  m m  
= + I  u-- 
I m u  a n n .  

W L W  u 
c O ) N  m U U  a n  .r L .r .r 
' F L U  w u u  
*a,.? a m m  
c > 3  

E L +  w u u  
c m m  

V I V I w  o u +  
0 0 0  
7 - 7  V I U U  
c-7 w l  I 
0 0 0  ' - m a  v-++ +-- 

.r m n  
L L L  T e 2  
w ala m.- 0 + u +  'rVIu 

w w w  > > >  0 -N  c c c  
0 0 0  u u u  .. 

U 

? N m  W 

0 0 0  -7 
.r .r .r 3 
+ c , w  CT 
m m m  w 
L L L  
3 x 2  - 
.r .r .r L 
+ v - +  c, c c c  c 
0 0 0  0 
v o v  u 

22% c c  

a w -  o w +  

3 3 3  e g g  

L L L  w . ) ^  

. . I ^  

c c c  E 

m m m  o 

m n 

0 

e 
6-4 



0 

0 

0 

0 

0 

0 

0 

0 

and nevertheless wrong, because of e r rors  and uncertaint ies  not 
re la ted t o  precision. 
emissions, a large and i r reducible  source of variation in  uncon- 
t ro l l ed  emissions can be due t o  var ia t ions i n  the composition of 
the ore or other feed material .  I t  follows t h a t ,  f a r  improved 
accuracy, su l fur  emissions should be expressed i n  re la t ion  t o  com- 
posit ion of the feed. 
long been routinely expressed in  t h i s  manner, emissions from copper 
smelters have not been so expressed. 

In par t icu lar ,  with respect t o  s u l f u r  

Although emissions from fuel-burning have 

Unfortunately, the data made avai lable  t o  PES i n  t h i s  project 
were f a r  too fragmentary to  permit the u t i l i za t ion  o r  even explora- 
t i o n  of t h i s  approach. None of the data fo r  this study were fur-  
nished d i rec t ly  by smelter firms. 
t h a t  some smelter companies may have obtained such data f o r  t h e i r  
own use i n  pr ivate  s tud ies  unrelated t o  a i r  qua l i ty  compliance 
tes t ing.  Tests conducted t o  ver i fy  control equipment e f f i c i enc ie s ,  
for  example, would be very valuable as a supplement t o  the ex is t ing  
data base. 

Nevertheless, i t  seems l ike ly  

Of interest a s  indicat ing a special need f o r  new source tests 
i s  a recently discovered problem re la t ing  t o  su l fu r  compounds i n  
the copper smelter stack gases and their re la t ionship to  the 
measurement of par t icu la te  matter. 
formed on primary smelters i n  Arizona i n  l a t e  1975 (Ref. 2 3 ) ,  i t  was 
found tha t  the EPA Method 5 test for determination of par t icu la te  matter 
suffered serious interference from su l fu r i c  acid mist which con- 
densed i n  the probe and f i l t e r  holder or passed through the f i l t e r  
a s  a mist. Two questions arose from t h i s  circumstance. F i r s t ,  
should t h i s  acid material be counted a s  par t icu la te  matter? This 
would depend on whether the material was in a gaseous form i n  the 
stack and was l a t e r  condensed i n  the  probe and f i l t e r  o r  whether i t  
was i n  the  form of acid mist, which i s  considered par t icu la te .  
Second, how can reproducibi l i ty  i n  the use of Method 5 be assured? 

When compliance tests were per- 
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With t h i s  v o l a t i l e  material condensing i n  the t e s t i n g  apparatus 
i t  was d i f f i c u l -  . i f  not impossible, t o  secure reproducible 
t e s t  r e su l t s .  

A j o i n t  research program i s  being carr ied out by the Arizona 
Bureau of Air Quality Control (Ref. 241, the  Magma Copper Company, 
and the Phelps Dodge Corporation t o  discover some method of tes t ing  
which will separate ,  quantify,  and ident i fy  the condensible and so l id  
par t icu la te  matter. 

6.2 RECOMMENDATIONS FOR ADDITIONAL TESTING 

Based on scrut iny of the  emission fac tors  reported above, 
together w i t h  consideration of the  estimated precision of those 
fac tors  and the appl icat ion o f  engineering judgment, i t  i s  
recommended t h a t  the processes l i s t e d  i n  Table 6-3 be s tudied.  
Par t icu lar  a t ten t ion  should be given t o  the problem of determin- 
i n g  potential  uncontrolled emissions, i .e . ,  the emissions which 
would en ter  the atmosphere i f  no control systems were in  use. 
Table 6.2-1 a l so  l i s t s  primary smelter plants  which a r e  known 
t o  operate the pa r t i cu la r  processes mentioned and which m i g h t ,  
therefore ,  be considered a s  possible  t e s t  s i t e s .  

Additional t e s t i n g  would a l so  be des i rab le  fo r  secondary 
copper smelting and  a l loying p lan ts .  
number of plants  in the  United S t a t e s  the development of s t a t i s -  
t i c a l l y  valid average emission f ac to r s  fo r  various types o f  furnaces 
seems appropriate.  The p r i o r i t y  of t h i s  work wi l l  have t o  be deter-  
mined in consideration of ava i lab le  resources and t h e  impact of any 
iinprovement i n  f ac to r  accuracy t h a t  might r e s u l t .  

Because of the large 

Determination of fug i t ive  emissions represent y e t  another 
problem, regarding which l i t t l e  information i s  avai lable .  
o f  the d i f f i c u l t y  of measuring them, l i t t l e  e f f o r t  has been made 
by the indus t ry  t o  quantify these emissions. 

Because 

Sulfur  dioxide 
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fugi t ive  emissions a re  usually estimated by a material balance. 
All measurable su l fur  outputs a r e  summed and compared t o  the to ta l  
su l fur  input. with the difference being assumed t o  represent fugi- 
t ive emissions. 

Three basic s t r a t eg ie s  can be considered for  sampling of 
fug i t ive  emission sources. These s t r a t e g i e s ,  i n  order of decreasing 
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probable accuracy, are:  

1. Mock-up Stack: Emissions a r e  captured in  a temporary 
hood-duct-fan system and measured by essent ia l ly  standard 
stack sampling methods. 

2 .  Roof Monitor: Roof monitors and other vent openings in 
buildings containing fug i t ive  emissions a re  evaluated 
with appropriate instrumentation t o  determine airflows 
and material balances t h r o u g h  these openings. 

3. Environmental Sampling: Outdoor a i r  i s  monitored d u r i n g  
prescribed meteorological conditions using a network 
of sampling s i tes  upwind and downwind of the source t o  
determine pol lutant  f lux.  

Of these three approaches, the f irst  i s  preferred from an 
engineering standpoint because i t  o f f e r s  the most d i r e c t  and veri- 
f i a b l e  accounting f o r  the e f f luen t s  t o  be measured. 
i t  requires the highest degree of cooperation and assistance from 
the smelter operating s t a f f  and causes the grea tes t  d i f f i c u l t i e s  
i n  avoiding interference w i t h  normal process operations. 
a t  roof monitors i s  less d i r e c t  and more d i f f i c u l t ,  b u t  involves 
l e s s  interference with plant operations,  Outdoor sampling i s  typical ly  

A t  the same time, 

Sampling 

a l a s t - r e so r t  measure, w h i c h  would only be attempted i f  i t  were 
necessary t o  estimate emissions from a plant t o  which no access could 
be obta ined;  very low accuracy would be expected from th i s  technique. 
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Figure 7 . 3 - 1 .  Typical Primary Copper Smelter Flowsheet 
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flux (often a low-grade ore)  t o  produce the roas te r  charge material. 
The roasted product, cal led calcine,  serves as a dried and pre- 
heated charge f o r  the smelting furnace. 
fluidized-bed roaster  furnaces a r e  used f o r  roasting copper concen- 
t r a t e .  
t ions a re  present in fluidized-bed roas te r  gases than i n  multiple- 
hear th  roaster  gases. 

Either multiple-hearth or 

Because there i s  l e s s  air  d i lu t ion ,  higher SO2 concentra- 

The second s tep  i s  smelting. In  this process, hot calcines 
from the roaster ,  or raw, unroasted concentrate a r e  fused w i t h  
limestone and s i l iceous  f lux ,  i n  reverberatory o r  e lec t r ic -a rc  
furnaces,to produce copper matte. Copper matte i s  primarily 
miscible l iquid su l f ides  and some heavy metals. In reverberatory 
furnace operation, heat is supplied by combustion of o i l ,  gas, or  
pulverized coal,  and i s  ref lected from the roof of the  furnace onto 
the charge. As the  charge is melted, copper, i ron ,  and su l fur  form 
cuprous su l f ide  (Cu2S) and ferrous su l f ide  (FeS). Other minerals 
combine with fluxes forming slag. Slag f loa t s  on top  of the molten 
bath and i s  removed contlnuously. Copper matte remains i n  the 
furnace untll  poured. 
a matte which contains 40- to.45-percent copper. 

Normal smelting furnace operations produce 

For smelting In e lec t r ic -a rc  furnaces, heat i s  generated by 
a n  e l e c t r i c  current passing through carbon electrodes w h i c h  a r e  
lowered in to  the slag layer o f  the  molten b a t h .  
do not  produce fuel combustion gases, therefore,  gas flow rates 
are lower and SO2 concentrattons are higher  f n  e l e c t r i c  furnace 
e f f luent  streams than those In reverberatory furnace gases. 

Electric furnaces 

The f inal  step i n  t h e  production o f  b l l s t e r  copper i s  con- 
verting. Converting i s  normally performed In Peirce-Smith con- 
ver te rs .  The converter consis ts  of a cyllndrical  steel s h e l l .  
The shell  i s  mounted on trunnions a t  efther end and rotated about  
i t s  major ax i s .  An opening i n  one side of the converter functlons 

0 
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as a m o u t h  t h r o u g h  which molten matte, s i l i ceous  f lux ,  and scrap 
copper are  charged t o  the  converter and gaseous products are  
vented. Air or  oxygen-enriched a i r  i s  blown t h r o u g h  the metal; 
FeS i s  oxidized and combined w i t h  the  f lux t o  form a s lag which 
f loa t s  on the surface.  
metal") i s  collected i n  the  bottom of the converter.  After re- 
moval of s l ag ,  a renewed a i r  b l a s t  oxidizes the su l f ide  su l fur  
t o  SO2 leaving b l l s t e r  copper In the  converter. 

Relatively pure Cu2S (ca l led  "white 

Hoboken converters have recent ly  been ins ta l led  a t  one U.S. 
smelter t o  replace t h e  standard Peirce-Smith converters.  
metallurgical operations of the Hoboken u n i t  a r e  the same as those 
of the Peirce-Smith uni t .  However, t o  prevent d i lu t ion  a i r  from 
entering the exhaust gas  stream, the  Hoboken converter i s  f i t t e d  
with a s ta t ionary  s ide  f l u e  instead of a movable hood. 

The 

In a newer process, roast ing and smelting a r e  combined i n  one 
operation to  produce a high-grade copper matte from concentrates 
and  f luxes,  u s i n g  a f lash  furnace. 
combustion react ions,  b u t  most of t h e  heat necessary for smelting 
i s  generated autogenously by t h e  oxidation of the su l f ides  i n  the  
concentrate. 

Fuel i s  supplied t o  sustain 

The f lash  smeltlng opera t ion  has a l so  been applied t o  the 
oxidation of matte t o  b l i s t e r  copper i n  the contlnuous smelting 
process. 
foreign smelters Include the Noranda, WORCRA, Mitsubishi, and  
TBRC (top-blown rotary converter)  processes. 

Continuous smelting systems which have been operated a t  

B l i s t e r  copper usually contains from 98.5- t o  99.5-percent 
pure copper. Impurities nay include gold, s i l v e r ,  antimony, 
a rsen ic ,  b i smuth ,  i ron .  lead,  nlckel ,  selenium, su l fu r ,  tel lurium, 
and  zinc.  To fur ther  purify the  b l i s t e r  copper, f i r e  ref ining 
and e l e c t r o l y t i c  ref ining a re  used. 
blown through the metal t o  oxidize remaining impurit ies;  these 

In f l r e  re f ln ing ,  a i r  i s  
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are removed as a slag, and the remaining metal bath is subjected 
to a reducing atmosphere to reconvert cuprous oxide to copper. 
The fire-refined copper is cast into anodes and further refined 
electrolytically. 

Electrolytic refining involves separation of copper from 
impurities by electrolysis in a solutlon containing copper sul- 
fate and sulfuric acid. Metallic impurities precipitate from 
the solution and form a sludge which is removed and treated for 
recovery of precious metals. 
percent pure. 

The copper produced is 99.95- to 99.97- 

Hydrometallurgical processes are usually applied to recovery 
of copper from oxide ores, but their application in U . S .  plants 
is limited. 

7 . 3 . 2  Emissions and Controls 

Particulates and sulfur dioxide are the principal air con- 
taminants emftted at prlmary smelters. In some cases, these 
emissions are generated directly as a result of the processes 
involved, as in the liberation of sulfur from the ore as SO2 
emissions, or the volatilization of trace elements to oxide 
fumes. 
ted from material handling operations and during the charging 
and tapping of furnaces. Actual quantities of emissions from a 
particular smelter unit depend upon the configuration of equip- 
ment in the smeltlng plant and the operating parameters employed. 
Table 7.3-1 sumnarizes the emission factors for the major units 
f o r  various smelter configurations. Other potential emission 
sources, which have not been quantified, include ore crushing 
and preparation, flux crushing, ore storage, concentrate drying, 
slag dumping, fire refining, and copper casting. 

Significant quantities of fugitive emissions are genera- 

II 
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T a b l e  7 . 3 - 1 .  EMISSION FACTORS FOR PRIMARY COPPER SMELTERSavd e 

e 

e 

e 

e 

Smelter 
Conf igu ra t i on  

:everberatOry fumacf  
f o l l w e e  b i  
conver ters  

l u l  t i p l c -  hear th  roaste l  
f o i l w e d  by reverber. 
a t o r y  furnace and 
converters 

: luidized-bed roaster 
fol lowed by r e v e r k r  
story furnace a n d  
c.anrrrr_p 

Fluidized-bed roaster 
f o l l w e d  by e l e c t r i c  
t w n a c e  and 
converters 

Reverb. NOW : 36 18 
LSP 1 22 11 

ESP ! 2.5 1.3 
Converter None 42 21 BE0 433  

%P 4:.28 1 0.14 I 2 1  1 14 1 0.06 
22.5 410 205 Roaster None 

- 1.5 Roaster an None 450 230 

naghouse : 0.2 0.1 

reverb.( ~ I ESP , 4.8 2.4 

I S m a v  I I I I I 
1 .4  0.7  

Converter 1 None I 42 I 21 1 540 1 270 

j ESP , 2 . 9  I 1.5 I I I I 

0.38 0.19 0.62 0.31 
Reverb. I LSP 2 . 4  1.2 66 33 0.22 

Roaster None 55 28 540 270 
Baghouse t 0.1 0.5 2 1 

SCAP 
Converter ESP + SCAP 1.1 0.53 
Roaster None 55 28 YO 270 

Baghouse + 1 SCAP I :l I 0.05 1 1:1 1 ;: 1 ; E l e c t r i c  
furnace none 

Converter Hone u 4  

66.5 1.234 ' 627 Totd l  u n t ~ n t r o l l e d  s m l t e r  None 135 

aLmission f a c t o n  are C X D P C S S ~  as un l ts  pcr unit  wight o f  concentritcd ow PrDCesSed by the mltrr. A p p m i n a t e l y  
4 u n i t  n i g h t s  o f  concentrate ave required t o  pmduce 1 unit w i g h t  Of coppcr . r t d l .  

'ESP - e l e c t r o s t a t i c  p m c i p i t i t o r  
SCAP = s i n g l e  contact  a c i d  p l a n t  
DCAP * double contBct a c i d  p l a n t  
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Multiple-hearth and fluidized-bed roasters a r e  sources o f  
bo th  par t iculates  and su l fur  oxides. 
oxides of the metals which a re  found i n  the concentrate. 
and iron oxides a re  the primary const i tuents ,  b u t  other oxides 
such as those of arsenic ,  antimony, cadmium, lead,  mercury, a n d  
zinc may also be present w i t h  metal l ic  sulfates  and su l fu r i c  
acid.  Combustion products from fuel burning a l so  contribute 
t o  the par t icu la te  emissions from multiple-hearth roas te rs .  
i s  standard practice in the industry t o  control par t icu la tes  from 
roaster  gases because of the recovery value of the copper in  the 
dust a n d  because of the presence of toxic  par t iculates  such as 
arsenic .  Cyclones and scrubbers may be used fo r  coarse pa r t i -  
culate  removal and are  usually followed by e l ec t ros t a t i c  pre- 
c ip i t a to r s  (ESP's)  or fabr ic  f i l t e r s  f o r  col lect ion of f ines .  

Par t iculates  cons is t  of 
Copper 

I t  

Smelting furnaces a lso emit s ign i f icant  quant i t ies  of oxi- 
dized metal par t iculates  and S02. 
for smelting furnaces are s imilar  t o  those used for  roasters .  
Reverberatory furnace offgases a r e  usually routed through low- 
velocity balloon f lues  and  waste heat boilers t o  recover large 
par t ic les  and heat, then routed through e l ec t ros t a t i c  precipi- 
t a to r s .  
ESP systems are  normal for these applications.  
high as 99.7 percent have been reported. 

Par t iculate  col lect ion systems 

Overall col lect ion e f f ic ienc ies  of 95 t o  99 percent for 
Efficiencies as 

Converter f l ue  gases a l so  contain par t iculates  and SO2. 
the standard Peirce-Smith converter,  f l u e  gases a re  captured 
during the blowing phase by movable hooding which covers the con- 
verter'mouth opening. To prevent freezing of the hood t o  the 
converter (caused by splashing o f  molten metal) ,  there i s  a gap  
between the hood and the  vessel. Sophisticated d r a f t  control 
devices have been developed which m a i n t a i n  a negative pressure 
a t  the  gap t o  draw a i r  i n  f o r  cooling and t o  prevent fugi t ive 

In 

0 



0 

emissions. 
fugi t ive emissions may occur when the hooding i s  removed t o  a l l o w  
crane access. 

During charging and p o u r i n g  operations,  s ign i f i can t  
0 

0 

0 

0 

0 

0 

0 

0 

0 

Remaining smelter processes handle material which contains 
very l i t t l e  su l fu r .  
re la t ive ly  ins igni f icant .  
operations,  however, may s t i l l  be of concern. 
does n o t  produce emissions unless the associated su l fu r i c  acid 
tanks are open t o  the atmosphere. 
used in ore ,  f lux ,  and s l a g  processing a l so  contribute t o  fugi t ive 
dust problems. 

Hence, SO2 emissions from these processes are 
Par t icu la te  emissions from f i re - re f in ing  

Elec t ro ly t ic  refining 

Crushing a n d  grinding systems 

Control of SO2 emissions from smelter sources i s  most 
comonly performed in a s ingle  o r  double-contact su l fu r i c  acid 
manufacturing plant .  
smelter e f f luen t  g a s  streams requires  t h a t  gas be f r e e  from par-  
t i c u l a t e  mtter  and t h a t  a ce r ta in  minimum 532 concentration be maintained. 
Table 7 . 3 - 2  shows typical average SO2 concentrations f o r  the 
various smelter un i t  offgases.  These offgas streams may be 
treated individual ly ,  or weak and strong concentration streams 
may be blended. Typically,  single-contact acid plants  achieve 
96.5- t o  97-percent conversion of SO2 t o  acid w i t h  approximately 
2,000 par ts  per mill ion (ppm) of SO2 remaining i n  t h e  acid p l a n t  
e f f luen t  gas .  
the  SO2 and emit about 500 ppm SO2. 
dimethylaniline (DMA) solut ion has a l so  been used i n  U.S.  smelters 
fo r  production of l iqu id  S02. 

Use of a su l fu r i c  acid plant  on copper 

. 

Double-contact acid plants c o l l e c t  98 percent o f  
Absorption of the SO2 in 

Emissions from hydrometallurgical smelting plants a re  gene- 
r a l l y  small i n  quantity and e a s i l y  controlled.  
process, ammonia gas escapes from leach reactors ,  mixer-set t lers ,  
thickeners,  and tanks. 
and vented t o  a packed-tower scrubber which recovers the a m n i a  
and  recycles i t .  

In the Arbiter 

For cont ro l ,  a l l  of these uni ts  a r e  covered 

-8- 



Table 7 . 3 - 2 .  AVERAGE SO2 CONCENTRATIONS IN OFFGASES FROM PRIMARY 
COPPER SMELTING SOURCES 

0 

0 

0 

Unit 
Mu1 tiple-Hearth Roaster 
Fluidized-Bed Roaster 
Reverberatory Furnace 
Electric-Arc Furnace 
Flash-Smelting Furnace 
Continuous Smelting Furnace 
Peirce-Smith Converter 
Hoboken Converter 
Single Contact H2SO4 Plant 
Double Contact H2SO4 Plant 

- 

0 
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No control practices a re  current ly  u t i l i zed  i n  U.S. smelters 
f o r  NO,, CO, or  hydrocarbon emissions, which a re  found i n  the 
offgas streams f r -  uni ts  requiring fuel combustion. 
hearth roas te rs ,  . verberatory furnaces, converters, and 
refining furnaces a re  sources of these contaminants. 
available f o r  assigning emission factors  fo r  NO, emissions from 
reverberatory furnaces and converters i n  only one smelter con- 
f igurat ion (Table 7.3-1). Data fo r  assigning emission factors  
fo r  CO and hydrocarbons are unavailable. 

Multiple- 

Data a re  
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7.9 SECONDARY C O P P E R  SMELTING AND ALLOYING 

7.9.1 Process Description 

The secondary copper industry processes scrap metals for the 
recovery o f  copper. Products include refined copper or  copper 
a l loys in forms such a s  ingots, wirebar, anodes, and shot .  
Copper alloys a re  combinations o f  copper with other mater ia ls ,  
notably, t i n ,  zinc,  and lead. Also, for special appl icat ions,  
combinations include such metals as coba l t ,  manganese, i ron ,  
nickel,  cadmium, and beryllium and nonmetals such a s  arsenic and  
s i l i con .  

\ 

The principal processes involved i n  copper recovery a re  
scrap metal pretreatment and smelting. Pretreatment includes 
cleaning and concentration processes necessary t o  prepare the 
material f o r  the smelting furnace. Smelting involves heating 
and t rea t ing  the scrap t o  achieve separation and purif icat ion 
of spec i f ic  metals. 

The feed material used i n  the  recovery process can be any 
metal l ic  scrap containing a useful amount o f  copper, bronze 
(copper and  t i n ) ,  or  brass (copper and zinc) .  Traditional forms 
a re  punchings, turnings and borings, defective or surplus goods, 
metallurgical residues such a s  slags, skimnings, and drosses, 
and obsolete,  worn o u t ,  or damaged a r t i c l e s  including automobile 
radiators ,  pipe, wire, bushings and bearings. 

The type and qual i ty  of the feed material determines the 
processes the smelter will use. 
possible feed materials avai lable ,  the method of operation varies 
great ly  between plants.  
deals w i t h  l e s s  pure raw materials and produces a more refined 
product, whereas brass and bronze a l loys processors take cleaner 
scrap and do l e s s  purif icat ion and ref ining.  
the major processes t h a t  can be expected in a secondary copper 

Due t o  the large variety o f  

Generally, a secondary copper f a c i l i t y  

A flowsheet depicting 

-1 - 
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smelting operation i s  shown i n  Figure 7.9-1. 
alloying operation i s  shown i n  Figure 7.9-2. 

A brass and bronze 

Pretreatmen' f the feed material can be accomplished using 
several differen,. srocedures, e i t h e r  separately or in combination. 
Feed scrap i s  concentrated by manual and mechanical methods such 
as sor t ing ,  s t r ipp ing ,  shredding, and magnetic separation. Feed 
scrap i s  sometimes briquetted i n  a hydraulic press.  
gical pretreatment may include sweating, burning of insulat ion 
(especial ly  from wire sc rap ) ,  and drying ( b u r n i n g  off  o i l  and  

vo la t i l e s )  i n  ro ta ry  k i lns .  
f l o t a t ion  and leaching, with chemical recovery. 

Pyrometallur- 

Hydrometallurgical methods include 

In smelting, low-grade scrap i s  melted in a cupola furnace, 
producing " b l a c k  copper" (70- t o  80-percent C u )  and slag; these 
are  often separated i n  a reverberatory furnace, from which the 
melt i s  t ransferred t o  a converter or e l e c t r i c  furnace t o  produce 
" b l i s t e r "  copper which i s  90- t o  99-percent Cu.  

B l i s t e r  copper may be poured t o  produce s h o t  o r  cast ings,  b u t  
i s  often further refined e l ec t ro ly t i ca l ly  o r  by f i r e  ref ining.  
f i re - re f in ing  process i s  essen t i a l ly  the same as tha t  described i n  
the primary copper smelting industry ( r e f e r  t o  Section 7 .3 .1) .  
sequence of events In f i r e - r e f in ing  i s  (1) charging; ( 2 )  melting 
i n  an oxidizing atmosphere; ( 3 )  skimming the  s l a g ;  ( 4 )  blowing 
w i t h  a i r  or oxygen; (5) adding f luxes;  (6 )  "poling" or  otherwise 
providing a reducing atmosphere; (7) resk iming;  and (8) pouring. 

The 

To produce bronze or  brass ra ther  t h a n  copper, an alloying 
operation i s  required. 
charged t o  a melting furnace with al loys t o  bring the resul t ing 
mixture t o  the desired f ina l  composition. Fluxes a r e  added t o  
remove impurities and  t o  protect  the melt against  oxidation by 
a i r .  
composition by oxidizing excess z inc.  

Clean, selected bronze and brass scrap i s  

Air or oxygen may be blown t h r o u g h  the melt t o  adjust  the 

e -2- 
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Figure 7.9-1.  Low-Grade Copper Recovery 

-3- 



0 

0 

0 

Figure 7.9-2. High-Grade Brass and Bronze Alloying 
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With z i n c - r i c h  feed such as brass,  t h e  z inc  ox ide concen- 

t r a t i o n  i n  the  exhaust gas i s  sometimes h i g h  enough t o  make r e -  
covery f o r  i t s  metal va lue d e s i r a b l e .  

by vapor i z ing  the  z inc from the  m e l t  a t  h igh  temperature and 
cap tu r ing  the ox ide downstream i n  a process baghouse. 

Th is  process i s  accomplished 

The f i n a l  s tep i s  always c a s t i n g  o f  the s u i t a b l y  a l l o y e d  
o r  r e f i n e d  metal i n t o  a des i red  form. T h i s  form may be shot,  
wi rebar ,  anodes, cathodes, i ngo ts ,  o r  o t h e r  c a s t  shapes. The 
metal f rom the  m e l t  i s  u s u a l l y  poured i n t o  a l a d l e  o r  a small  pot ,  
which serves t h e  f u n c t i o n s  o f  a surge hopper and a f l o w  r e g u l a t o r ,  

then i n t o  a mold. 

7 . 9 . 2  Emissions and Contro ls  

The p r i n c i p a l  p o l l u t a n t s  e m i t t e d  f rom secondary copper 
sme l t i ng  a c t i v l t i e s  a re  p a r t l c u l a t e  ma t te r  i n  var ious forms. 
Removal o f  i n s u l a t i o n  f rom w i r e  by b u r n i n g  causes p a r t i c u l a t e  
emissions o f  metal  oxldes and unburned i n s u l a t i o n .  D ry ing  o f  
ch lps and bo r ings  t o  remove excess o i l s  and c u t t i n g  f l u i d s  can 
cause discharges o f  l a r g e  amounts o f  dense smoke c o n s i s t i n g  o f  
soot  and unburned hydrocarbons. P a r t i c u l a t e  emissions from the  

t o p  o f  a cupola furnace c o n s i s t  o f  metal  ox ide fumes, d i r t ,  and 
dus t  f rom l imestone and coke. 

The sme l t tng  process u t i l l z e s  l a r g e  volumes of a i r  t o  o x i d i z e  
s u l f i d e s .  z inc,  and o t h e r  undes i rab le  c o n s t l t u e n t s  o f  t h e  feed. 
T h l s  procedure generates much p a r t i c u l a t e  m a t t e r  i n  t h e  e x i t  gas 

stream. 
q u a l i t y ,  e x t e n t  o f  pretreatment,  and s t z e  o f  charge i s  r e f l e c t e d  
i n  a broad spectrum o f  p a r t i c l e  s l zes  and v a r i a b l e  g r a i n  loadings 

i n  the  escaping gases. 
i n  emission r a t e s  i s  t he  amount o f  z inc  present  i n  scrap feed 
m a t e r l a l s ;  t h e  l o w - b o i l i n g  z lnc  evaporates and combines w i t h  a i r  
oxygen t o  g l v e  copious fumes o f  z i n c - o x i d e .  

The wide v a r i a t i o n  among furnace types, charge types, 

One major f a c t o r  c o n t r i b u t i n g  t o  d i f f e r e n c e s  
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Metal oxide fumes from furnaces used in secondary smelters 
have been controlled by baghouses, electrostatic precipitators, 
or wet scrubbers. 
than 99 percent, but cooling systems are needed to prevent the 
hot exhaust gases from damaging or destroying the bag filters. 
A two-stage system employlng both water jacketing and radiant 
cooling is comnon. Electrostatic precipitators are not as well 
suited to thts application, having a low collection efficiency 
for dense particulates such as oxides of lead and zinc. Wet 
scrubber installations are also relatively ineffective in the 
secondary copper industry. 
particles larger than 1 micron, but the metal oxide fumes genera- 
ted are generally submicron in size. 

Efficiency of control by baghouses may be better 

Scrubbers are useful mainly for 

Particulate emissions associated with drying kilns can be 
similarly controlled. Drying temperatures up to 150°C (300'F) 
produce relatively cool exhaust gases, requiring no precooling 
for control by baghouses. 

Wire burning generates much partlculate matter. largely 
unburned combustibles. 
trolled by direct-flame afterburners, with an efficiency of 90 
percent or better If the afterburner combustion temperature is 
maintained above 1 ,OOO°C (1,800"F). 
chlorinated organics such as polyvinyl chloride, hydrogen chloride 
gas will be generated and will not be controlled by the afterburner. 

These emissions can be effectively con- 

If the insulation contains 

One source o f  fugitive emissions In secondary smelter opera- 
tions is charging of scrap into furnaces containing molten metals. 
This often occurs when the scrap being processed is not sufficiently 
compact to allow a full charge to fit into the furnace prior to 
heating. 
metal surface produces significant amounts of volatile and com- 
bustible materials and smoke which can escape through the charging 

The introduction of additional material onto the liquid 
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door.  
the  necessity of such fract ional  charges. 
cannot be eliminated, fugi t ive emissions a re  reduced by turning 
off the furnace burners during charglng. 
exhaust  gases and enhances the a b i l i t y  o f  the exhaust control 
system to  handle the emissions. 

Briquetting the charge of fe rs  a possible means of avoiding 
When fract ional  charging 

This reduces the flow of 

Metal oxide fumes a re  generated not only during melting, b u t  
a lso during pouring of the molten metal i n to  the molds. 
dusts may be generated by the charcoal, or other l i n ing ,  used i n  
association with the mold. 
charcoal i s  a method used t o  make "smooth-top'' i n g o t s .  
cess creates a shower of sparks, releasing emissions i n t o  the 
plant environment a t  the v ic in i ty  of the furnace top and the molds 
being f i l l e d .  

Other 

Covering the metal surface with ground 
This pro- 

Emission fac tor  averages and ranges fo r  s ix  d i f fe ren t  types of 
furnaces are presented i n  Table 7.9-1. 
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Additional footnotes to Table 7.9-1. 

bThe information for Table 7.9-1 was based on unpublished data furnished 
by the following: 

Philadelphia Air Management Services, Philadelphia, Pennsylvania 
New Jersey Department o f  Environmental Protection, Trenton, New 

New Jersey Department of Environmental Protection, Metro field 

New Jersey Department of Environmental Protection, Newark field 

New York State Department of Environmental Conservation, New 

The City of New York Department of Air Resources, New York, 

Cook County Department o f  Environmental Control, Maywood, 

Wayne County Department of Health, Air Pollution Control 

City o f  Cleveland Department of Public Health and Welfare, 

State of Ohio Environmental Protection Agency, Columbus, Ohio 
City of Chicago Department of Environmental Control, Chicago, 

South Coast Air Quality Management District, Los Angeles, 

Jersey 

office, Springfield, New Jersey 

office, Newark, New Jersey 

York, New York 

New York 

Illinois 

Di vi sion, Detroit, Michigan 

Division of Air Pollution Control, Cleveland, Ohio 

Illinois 

California 

0 

0 
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