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WORLD COPPER SMELTER SULFUR BALANCE-1988

By Stewart w. Towle1

ABSTRACT

In 1989, the U.S. Bureau of Mines initiated a contract to gather engineering, operating, and
envionmental cost data for 1988 for 30 major foreign primar copper smelters in market economy
countries. Data were collected for 29 of the designated smelters together with inormation on applicable
envionmental regulations. Materials balance data obtaied were used with avaiable data for the eight
U.S. smelters to determine the approxiate extent of copper smelter sulr emission control in 1988.

A broad characterization of the status of sul emission control regulation was made. The 37 U.S. and
foreign smelters represented roughy 73.2% of world and 89.3% of market economy primar copper
production in 1988. The 29 non-U.S. smelters attaied 55.3% control of their input sulfr in 1988.
Combined with the 90.4% control of U.S. smelters, an aggegate 63.4% sulf control existed. Roughy
1,951,100 mt of sul was emitted from the 37 market economy smelters in 1988. Identifable S02

control reguations covered 72.4% of the 29 foreign smelters, representing 66.5% of smelting capacity.
Includig U.S. smelters, 78.4% of the major market economy smelters were reguated, representing
73.1 % of smelting capacity. Signcant changes since 1988 that may increase sulr emission control are
noted.

lEnvironmental engineer, Minerals Availability Field Office, U.S. Bureau of Mines, Denver, CO.
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INTRODUCTION

The Minerals Avaiabilty Program (MA) of the U.S.
Bureau of Mines monitors present and potential mineral
supply and constraits that may afect such supply. En-
vionmental, and health and safety regulations have in-
creasingly affected the avaiabilty of mineral from both
domestic and foreign sources. In 1989, the Bureau inti-
ated a MA contract to gather engieering, operating, and
envionmental cost data on major primar copper smelters
outside the United States. Emphasis was placed on the
reguatory requiements for those smelters and the effects
of such reguation. Where smelters were integrated with
a refinery, data were gathered for both operations. Thity
smelters were studied in Western market economy coun-
tries. The mai selection criterion was a minum pro-
duction capacity of roughy 100,00 mt/yr of new copper
production. Smaler smelters havig either location prox-
imity to the United States or new smelting process tech-

nology representative of current industry trends completed
the selection list.

The firm of Pincock, Alen & Holt, Inc. was contracted
to do the study. The year 1988 was selected as the base

for operating data, costs, and reguatory status. Signcat
projected changes through 1994 also were covered. Data
collection efforts included site visits, followup inquiries,
and the development of inormation on applicable regua-
tions from operators, governmental agencies, and other ap-
propriate sources. The contractor produced a separate

summar report for each smelter, or smelter-refmery com-
plex, and a fmal report comparing the covered operations
and the applicable reguations (1).2 Data collection prob-
lems resulted in dropping the Lumbumbashi smelter in
Zaie from the origial list of 30 smelters and in obtaig
less than the desired data from listed Canadian and Yugo-
slavian smelters. The 29 foreign smelting operations ex-

amined are lited in table 1. The smelting technologies

used at each operation are listed in table 2.

2Italic numbers in parentheses refer to items in the list of references

at the end of this report.

Smelting operation

Table 1.-Foreign primary copper smelting operations examined-1988

1. Mount lsa, Australia . . . . . . . . . . . . . .
2. Port Kembla, Australia . . . . . . . . . . . .
3. Camacari, Brazil ................
4. Horne, Canada . . . . . . . . . . . . . . . . .
5. Copper Cliff, Canada ............
6. Kidd Creek, Canada .............
7. Chuquicamata, Chile. . . . . . . . . . . . .
8. Potrerillos, Chile ................

9. Caletones, Chile ................
10. Hernan Videl Ura,l Chile . . . . . . . . . .
11. Las Ventanas, Chile .............

12. Harjavalta, Finland ..............

13. Besshi, Japan. . . . . . . . . . . . . . . . . .
14. Naoshima, Japan ...............
15. Onahama, Japan ...............
16. Saganoseki, Japan ..............
17. Tamano, Japan. . . . . . . . . . . . . . . . .
18. Cananea, Mexico ...............
19. La Caridad, Mexico. . . . . . . . . . . . . .
20. 110, Peru ......................
21. Pasar,2 Philppines ..............
22. Palabora, South Africa, Republic of . .
23. Onsan, Korea ..................
24. Huelva, Spain .... . . . . . . . . . . . . . .
25. Ronnskar, Sweden ..............
26. Hamburg, Germany, F.R. .........
27. Bor, Yugoslavia. . . . . . . , . . . . . . . . .
28. Mufulira, zambia . . . . . ~. . . . . . . . . .
29. Nkana, zambia . . . . . . . . . . . . . . . . .

Totals. . . . . . . . . . . . . . . . . . . . . . . .
lAlso known as Palpote.
2Also known as IsabeL.

Source: Pincock, Allen & Holt, Inc.

Smelter produc-
tion, mt Cu

160,850
34,033

147,80
180,00
115,00
105,00
392,00
119,751
373,00
n,349

107,095
79,022

158,00
170,520
185,700
261,20
159,620
45,06
75,824

189,500
132,183
120,466
123,135
115,90
94,30

221,50
146,300
215,600
149,213

4,454,929

Smelter capac-
ity, mt/yr Cu

174,00
40,00

190,00
220,00
118,00
100,00
460,00
125,00
375,00
75,00
95,00

100,00
185,00
198,00
230,00
300,00
169,00
60,00

180,00
275,00
135,00
133,00
150,00
160,00
105,00
240,00
160,00
240,00
240,00

5,232,00



This report presents conclusions based upon the project
reports and additional U.S. smelter inormation to exaine
the 1988 status of sulr dioxide (SOi) emission control for
major foreign market economy copper smelters and for
such smelters as a whole, includig U.S. smelters (table 3).
This is done using sul balances.3 The apparent state of

reguation in 1988 applicable to such control is alo ex-
amined. Finaly, known major foreign smelter changes
since 1988 are noted.

The status of smelter S02 emissions control and regua-
tion of such emissions is of interest as a factor afecting

3A sulfur balance is a chemical balance of sulfur entering a smelter

with sulfur exiting the smelting process.

3

the relative competitiveness of copper smelters. It also

is of interest in exaing global S02 atmospheric emis-
sions. Envionmental concerns have resulted in increased
reguation of copper smelter emissions in the United

States and in many countries abroad at real or perceived
added production cost. As the global trend to increased
envionmental awareness continues with accompanyig
reguation of smelter emissions, reguation-related cost

dierences should narrow. The importance of copper

smelters as a source of atmospheric S02 should alo
diinsh.

Table 2.-Smelting technology of foreign smelters examined-1988

Smelting operation

1. Mount Isa, Australia. . . . . . . . . . . . . .
2. Port Kembla, Australia . . . . . . . . . . . .
3. Camacari, Brazil ................

4. Horne, Canada ... . . . . . . . . . . . . . .
5. Copper Cliff, Canada ............

6. Kidd Creek, Canada .............

7. Chuquicamata, Chile. . . . . . . . . . . . .

Refinery

No
Yes
Yes
No

Yes
Yes
Yes

8. Potrerillos, Chile ................ Yes
9. Caletones, Chile .. . . . . . . . . . . . . . . No
10. Hernan Videl Ura,l Chile . . . . . . . . . . No
11. Las Ventanas, Chile ............. Yes
12. Harjavalta, Finland .............. No
13. Besshi, Japan . . . . . . . . . . . . . . . . . . Yes
14. Naoshima, Japan ............... Yes
15. Onahama, Japan ............... Yes
16. Saganoseki, Japan .............. Yes
17. Tamano, Japan. . . . . . . . . . . . . . . . . Yes
18. Cananea, Mexico ............... No
19. La Caridad, Mexico. . . . . . . . . . . . . . No
20. 110, Peru ...................... No
21. Pasar,3 Philppines .............. Yes
22. Palabora, South Africa, Republic of .. Yes

23. Onsan, Korea ........... . . . . . . . Yes

24. Huelva, Spain .. . . . . . . . . . . . . . . . . Yes
25. Ronnskar, Sweden .............. Yes
26. Hamburg, Germany, F.R. ......... Yes
27. Bor, Yugoslavia. . . . . . . . . . . . . . . . . Yes
28. Mufulira, Zambia. . . . . . . . . . . . . . . . Yes
29. Nkana, Zambia . . . . . . . . . . . . . . . . . Yes
lAiso known as Paipote.
2Aash Smelting furnace with Furnace Electrodes.
3A1so known as Isabel.

Source: Pincock, Allen & Holt, Inc.

Smelter technology
Roast-Reverberatory. Isasmelt reactor: pilot.
Blast furnace.
Outokumpu flash furnace.
Oxy-fuel reverberatory. Noranda reactor.
Inca flash furnace.
Mitsubishi continuous.
Oxy-fuel reverberatory. Teniente modified conv.

Outokumpu flash furnace.
Oxy-fuel reverberatory. Teniente modified conv.
Oxy-fuel reverberatory. Teniente modified conv.
Reverberatory furnace.
Reverberatory furnace. Teniente modified conv.

Outokumpu flash furnace.
Do.

Roaster-Reverberatory. Mitsubishi continuous.
Reverberatory furnace.
Outokumpu flash furnace.
Outokumpu flash (FSFE)2.
Reverberatory furnace.
Outokumpu flash furnace.
Reverberatory furnace.
Outokumpu flash (FSFEf
Reverberatory furnace with ConTop cyclone.
Outokumpu flash furnace.

Do.
Roast-Electric furnace. Kaldo furnace.
Roast-Blast furnace. Outokumpu flash furnace.
Roast-Reverberatory .
Electric furnace.
Reverberatory furnace.
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Table 3.-U.S. primary copper smelting operatlons-1988

Smelting operation

1. Asarco, EI Paso, TX . . . . . . . . . . . .
2. Asarco, Hayden, AZ . . . . . . . . . . . .
3. Copper Range, White Pine, MI ...

4. Cyprus Miami, Claypool, AZ .....

5. Kennecott Garfield, Magna, UT ...

6. Magma, San Manuel, AZ . . . . . . . .
7. Phelps Dodge, Hurley, NM ......

8. Phelps Dodge, Hidalgo, NM .....

Smelter capacity, 1988: 1,282,00 mtfyr Cu
Smelter production, 1988: 1,043,00 mt Cu

Refinery

No
No

Yes
Yes
Yes
Yes
No
No

Smelter technology

Roast-Reverberatory.
Inco flash furnace.
Reverberatory.
Electric furnace.
Noranda reactor.
Reverberatory to July, then Outokumpu flash.
Inco flash furnace.
Outokumpu flash furnace.

Source: U.S. Bureau of Mines.

SULFUR BALANCE DATA

The smelter sulfr balance is the generaly recogned
means used to measure SOi emission control. Smelter
S02 emissions are not wholly measurable, so the practice
is to use the diference between the measured smelter

sul input from the materials balance and the measured

sulfr content of solid and liquid smelter products to get

the quantity of sul assigned to S02 emission. Sulf
emitted thus consists of the measured S02 emissions and
any unaccounted sulf balance loss as S02' Sulfr enters
a smelter as a major natural constituent of the ore and
concentrate feed materials. Fuels and fluxes may also con-

tribute relatively minor amounts to input sulr. On aver-
age, sightly more than 0.9 ton of sulfr was introduced for
each ton of copper for the 37 smelters covered in this
report. The major portion of the input sul enters proc-
ess gas streams when oxidied in roasters and smelting fu-
naces to gaseous sulf oxides, primarily SOi' The SOi-

bearing funace gases are either ducted to a treatment
plant, such as an acid plant, or vented to atmosphere

through a stack. A minor amount of the input sulr,
usualy less than 5%, wi be tied up, fixed, in smelter
products such as discad slag, liquid discharges, and out-
put copper. Variable minor amounts of sul as SOi alo

enter the atmosphere as leakage from funaces and gas
handlig equipment or through oxidation of hot materials
in open tranfers between funaces.

Material balances from contractor reports were used
to caculate sul balances for the foreign smelters (1).

If sufcient hard data were not avaiable from a report, an

engieerig estimate was made to produce such a balance

for the smelter. In some caes, the contractor balance did

not specifcay cover sul. Nonetheless, it proved pos-

sible to use the contractor's material balances, acid pro-
duction figues, operating data, and estimates of the sulfr

content of by-products and waste to derive sulf balances
for each of the 29 smelters exained. Two of the smelters
exained had shared acid production facilties for co-sited
smelters producing metals other than copper. Only that

portion of the sulr assignable to the copper circuits of

those two operations was considered in this report. As the
data collection contract required only a :t 20% accuracy,
the derived balances are of comparable or slightly lower
accuracy. Inasmuch as certai of the collected data are
proprietar, only an aggegated presentation of the extent
of smelter S02 emissions can be made.

Actual U.S. smelter sulr balance data for 1988 for

the States of New Mexico and Arizona were obtaied from
state reguatory agencies covering five of the eight op-

erating U.S. primar smelters (2-3). Estimates were made
for the other three smelters based upon data gathered for
a 1989 article on domestic smelters (4).

Copper production of the 29 foreign smelters ex-
amined was about 4,455 kmt in 1988. U.S. production was
1,043 kmt, givig a total of 5,498 kmt copper ,for the

37 major market economy smelters. Thi combined total
was roughy 73.2% of world production and 89.3% of mar-
ket economy production as estimated by the Bureau in the
1988 Minerals Yearbook (5). As a result, sulfr balance
data for these 37 smelters ca be used to approxiate the
level of copper smelter S02 emission control for the entire
Western market economy segment of world copper pro-
duction. These 37 major Western copper smelters pro-
duced at 77% of capacity in 1988 (1,5). The overal level

of copper smelter SOi emission control ca be considered
to be roughy constant for diferent capacity utiltions,

but some variance wi occur as control is not proportional
at some plants and operational interruptions may occur.



Table 4 and figures 1 and 2 show the extent of sulfur
control for 1988 and the total estimated emission for the
major Western copper smelters. Sulfur is partially con-
trolled by smelting process fixation in products such as slag
or treated liquid discharges. However, the major control
is through treatment of process gas streams to produce by-
product sulric acid or, infrequently, liquefied S02' u.s.
copper smelter S02 emission control for 1988 was 90.4%

in meeting U.S. regulatory requiements. The 29 foreign
smelters exained had an aggegate S02 control of 55.3%
in 1988. Overal, the combined group of Western market
economy smelters, United States and foreign, fixed 63.4%
of total sul input. Emissions from these 37 Western

smelters, as a group, totaled 1,951,100 mt of sulfur, equiv-
alent to 3,898,200 mt of S02'

Differences in the extent of sulr control among these
market economy copper smelters are primarily due to di-
ferences in the extent of reguation of smelter S02 emis-
sions. This is addressed in the next section. Japan,

the United States, and Western European nations are

Sulfur emitted, 44.7%
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recognized for stringent regulation of S02 emissions.

Other nations with copper smelters have also adopted

similar control regulations, or regulations governig am-
bient air concentrations. The presence of a market for
sulfic acid may also result in increased control through

production of acid for economic reasons. The evolutionar
change in smelting process from the predominant rever-
beratory smelter to newer, high-intensity processes, such

as flash furnace smelting, Mitsubishi Continuous, or

Noranda, results in the production of strong S02 gases,
which frequently must be treated to permit safe release.

Table 4.-Copper smelter sulfur balance-1988

Smelters Produc- Sulfur in- Sulfur Control,
tion, mt Cu put, mt fixed, mt %

United States . . . 1,043,000 1,242,500 1,123,800 90.4
Foreign group . . 4,454,90 4,095,400 2,263,00 55.3

Total. . . . . . . 5,497,900 5,337,900 3,386,00 63.4
Sulfur emitted . . 1,951,100

Sulfur control, 55.3%

Figure 1.-Copper smelter sulfur balance-oreign smelters.
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Sulfur emitted, 36.6%

Figure 2.-Copper smelter sulfur balance-ith U.S. smelters.

Sulfur control, 63.4%

REGULATION OF SMELTER S02 EMISSION

Sulf dioxide and its derivative products have long

been considered ai pollutants of concern to human health,
not only in the United States but also in other industri-
aled nations (6). Heightened envionmental concerns

eventualy led to regulations governig S02 emissions and
ambient ai concentrations of the gas. The start of major
governmental reguation in the United States and abroad
generaly dates from the 1960's. The Clean Ai Act of
1970 marked the start of present reguation for the United
States (7). Pincock, Allen & Holt, Inc. exained the ex-
tent of governmental regulations controllg S02 emissions
as part of the contract (1). The contractor attempted to
define the reguating authority as well as the nature and
requiements of regulations applicable to the copper
smelters.

A necessar caveat for this discussion of regulation of
smelter S02 emissions is recogntion that the surey did

not include in-depth analysis of the reguations found or of
their effective application. The contractor also had di-
ficulty at times in identifyg applicable reguations, inter-
preting the regulations found, and in establishing their ap-
plicability in 1988. Air pollution regulation was only one
part of the overall smelter regulatory picture compiled by
the contractor. A degree of judgment became necessary

in certai cases to establish whether a smelter did or did

not operate under ai pollution reguation. It is possible
that certain generic antipollution envionmental reguations
were not recogned. An attempt was made to establih
positively that reguations were in place and that they
specifcaly applied to the study copper smelters in makg
the followig comparisons.

Governmental regulation of smelter S02 emissions was
found to be faily widespread, with the majority of copper
smelters examined operating under some form of control
requiements. These reguatory requiements usualy were

in one of the followig forms: quantity liitations for S02
emissions, nonexceedance of ambient ai standards, or a

combination of both requiements. In 1988, it appears
that 21, or 72.4%, of the 29 foreign copper smelters were
operating under recognble S02 control reguations.
This represented 66.5% of the total copper smelting capac-
ity of the foreign smelters (fig. 3). Adding the eight
reguated U.S. copper smelters, the percentage of regu-
lated Western smelters increases to 78.4% and the total
reguated capacity to 73.1% (fig. 4). As discussed in the
next section of this report, technca changes to many of
these smelters have surely increased S02 control since
1988.



Unregulated 33.5% (8)
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Regulated 66.5% (21)

Figure 3.-Regulated capacity of foreign copper smelters (number of smelters In pa-
rentheses).

Unregulated 26.9% (8)

Regulated 73.1 % (29)

Figure 4.-Regulated capacity of U.S. and foreign copper smelters (number of smelt-
ers in parentheses).

MAJOR SMELTER CHANGES SINCE 1988

The first relatively unrestraied production year after
an extended, multiyear (1982-87) period of economic

problems in the copper industry was 1988. In the period
just prior to 1988, the primar copper industry was

characterized by excess market supplies and depressed
prices. Copper demand since 1988 has been positive, re-
sulting in a high degree of smelter utilation. New

smelters are to be constructed, and a number of major
changes have been made in existing smelters to meet

industry smelting requirements and increased envion-
mental protection requiements.

Although not a primar subject of this report, the con-
tractor study. showed increasing envionmental protection
requiements not only among those countries previously
lackig effective regulation, but also in certai countries

aleady known to have strong regulation. It is most liely
in the envionmental and economic cliate now prevalent
that new smelters not only wi choose to use newer
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technology such as flash smelting, but also wi have the
means to fix, or control, a high percentage of their sul
input. A number of the older smelters covered by the
contractor study also have undertaken modication or
technological change to maitai economic viabilty and to
meet current or projected envionmental protection re-
quirements. It is evident that change from the use of the
long-dominant reverberatory funace is continuig. Newer
technologies gaiing recogntion in Western copper smelt-

ers are the Outokumpu and Inco flash smelting processes,
Mitsubishi Continuous, Noranda Reactor, ConTop, Isa-
smelt, and Teniente Modifed Converter.

The major changes underway, or planed, for the 29

foreign market economy smelters afer 1988 are presented
in brief outlie in table 5. These changes are those de-

termined at the time each smelter was visited by the con-
tractor. Some other changes have been reported since, but
remai either tentative or undefied, so have not been in-
cluded. Major changes for the U.S. smelters are noted in
table 6. A quantitative estimate of the effects that the
changes have had on the 1988 SOi control balance is be-
yond the scope of this report; however, it is certai that a

substantial increase in control of copper smelter S02 emis-
sions has occurred since 1988 and wi continue.

Table 5.-Foreign primary copper smelter changes since 1988

Smelter 1988 sulfur
fixation method

Smelter change

Mount Isa . . . . . .

Port Kembla . . . .

Horne ........

Copper Cliff . . . .

Chuquicamata . .

Caletones .....

Las Ventanas . . .

Paipote .......

Harjavalta . . . . . .

Naoshima .....

La Caridad . . . . .
110 ...........

Pasar . . . . . . . . .
Palabora ......

On san ........

Ronnskar . . . . . .

Nkana ........

None

None

None

S02 liquefaction of flash
furnace gas

Acid plants . . . . . . . . . . . . . .

Small 150 mtld acid plant ..

None................. .
Small 200 mt/d acid plant ..

Acid plants and S02 liquefac-
tion

Acid plants, gas scrubbing . .

Acid plant ..............

None................. .
Acid plant ..............

Acid plant, gas scrubbing . . .
Acid plant, S02-S03 liquefac-

tion, gas scrubbing
Acid plant, S02liquefaction

Acid plant for converter gas

Smelter expansion and retrofit to Isasmelt technology. No
fixation.

Smelter expansion and retrofit to Noranda process. Acid plant
and fugitive gas equipment added.

S02 reduction of 50% mandated. Installed acid plant and shut
down the reverberatory furnace.

S02 reduction of 60% mandated. The nickel-copper processes
converted to Inco flash furnace technology. Rash converting
for copper. New acid plant.

Complex multiprocess smelter in expansion, adding Outo-
kumpu flash furnace and acid plant capacity.

Added 1,500 mtld acid plant for EI Teniente converter.
Smelter expansion using EI Teniente converter. Added acid

plant.
Smelter capacity expansion using EI Teniente converter.
Under decree to further decrease emissions (3.5% in 1988).

Smelter replaced with single Mitsubishi Continuous process
plant.

Acid plant on line mid-1988.
Recent decree to add acid plant.
Smelter expansion.
ConTop cyclone, installed in 1988, decommissioned in 1990.
Smelter completed expansion program underway in 1988.

Smelter restructured in 1988-89 with shutdown of certain opera-
tions. Under decree to further reduce S02 emissions.

Smelter retrofit to EI Teniente technology started in 1988.

Table 6.-U.S. primary copper smelter changes since 1988

Smelter

Asrco, EI Paso ......

Cyprus Miami .......
Kennecott, Garfield . . . .
Magma, San Manuel ..

1988 sulfur
fixation method

Acid plant ....

. .do. ........

. .do. ........

. .do. ........

Smelter expansion and retrofit to ConTop technology.
Conversion from electric furnace to lsasmelt technology.
Replace Noranda technology with Outokumpu in a new smelter.
Completed retrofit to Outokumpu furnace in 1988.

Smelter change
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CONCLUSIONS

Completion of a recent Bureau contract, which ex-
amined 29 major market economy foreign copper smelters,
permitted evaluation of the extent of sulr emission

control and reguation of major primary copper smelters

in 1988. The 29 foreign smelters examined, together with

the 8 operating U.S. smelters, represented roughly 73.2%
of world and 89.3% of Western market economy primar
copper smelter production in 1988. The major foreign
smelters attaied 55.3% control of their input sulr in

1988. U.S. smelters attaied 90.4% control in meeting
U.S. regulatory requirements. Sulfr control for the com-
bined group of Western copper smelters was 63.4% in

1988. Roughy 1,951,100 mt of sul was emitted from

these smelters.
Identifable S02 control reguations covered 72.4% of

the 29 foreign smelters, representing 66.5% of their total
smelting capacity. Including the 8 U.S. smelters, 78.4% of
the 37 major Western market economy smelters were

reguated, representing 73.1% of total smelting capacity.
Signcant changes in the smelter technology used have
occurred since 1988 that should serve to have futher

increased the control of sulfr emissions from major

Western primar copper smelters.
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