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SULFUR DIOXIDE EMISSIONS FROM PRTMARY COPPER SMELTERS 1IN THE WESTERN US,
(arolyn A. Mangeng, Los Alamos Scientific Laboratory, P.O. Box 1663, Los
Alamos, NM 87545 and Richard W. Mead, Department of Chemical and Nuclear
Engineering, University of New Mexico, Albuquercue, NM 87131

The body of information presented 1is directed to environmental scientists and
policy makers without chemical or metallurgical engincering backgrounds. This paper
addresses the problems of reducing sulfur dioxide emissions from primary copper
smelters in the western United States and projects the future impact of emissions
within a framework of legal, technological, ani economic considerations. Methodology
used to calculate historical sulfur dioxide emissions is described. 3ulfur dioxide
emission regulations are outlined as they apply to priasry copper smelters. A discus-
sion of available sulfur dioxide control technology and copper smelting processes sum-
marizes the technological and economic problems of reducing copper smelter emissions.
Based upon these technological and economic consideraticns, projections of smelter
emissions indicate that compliance with existing legirlative requirements will be
achieved by 1990. Three smelters are projected to close by 19E5.
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Introduction

The US Environmental Protection Agency has estimated that in 1970, 34
million tons of sulfur dioxide were introduced into the atmosphere by US
sources. Although the greatest source of sulfur dioxide emissions was
coal-fired electric power generation, primary copper smelters emitted
about 10.6% of the total for that year. 1In addition, the impact of
smelter emissions is pgreater in the western half of the country where
most of the US primary smelters are located (see Table I).

Emissions Trend

We calculated historical sulfur dioxide emissions from copper smelters
in the western US to illustrate recent trends. Our cclculations were
based upon published emissions inventories, when available, and upon metal
production data, sulfur balance data, rated smelter capacities and sulfur
dioxide control, With the enactment of federal and state clean air leg-
islation, state air pollution control agencies have required emission
data from major sources, including primary copper emelters, and have main-
tained records of air quality mcasurements. The public records can be
used to determine the magnitude of smelter emissions for recent vyears.
Unfortunately, emissions inventories in most states are available only
for the past five to ten years., However, emissions tor earlier years can
be calculated from metal production data provided that the sulfur content
of the ore and the level of sulfur dioxide control installed at a smelter
are known. 1In 1974, the A.D. Little Company reported average sulfur con-
tent in copper concentrates at all of the smelters included in this study.
To use these figures to calculate earlier emissions, we mcde several as-
sumptions described Yelow.

Most of the smelters received concentrated ores from the same mines
over the vyears 1965-75, However, several smelters received varying
amounts of concentrates from dirferent sources. We assumed that the over-
all averrage sulfur content of these concentrates did not change sipgnifi-
cantly. In addition, we assumed no change in the efficiency of the
process employed to remove other sulfur containing minerals from copper
sulfide minerals in the ore. Variations in the amount of iron »ulfides,
in particular, would affect the amount of sulfur dioxide produced during
smclting.

We assembled data on sulfur dioxide control firom geveral suurces. 1In
some cases, where the overall sulfur capture was not reported, we estima-
ted the level of control from the type of air pollution control techuolapy
and the plant configuration. We did not attempt to discinguish hHetween
stack emissions and fugitive emissions in our estimates. Because our
sulfur dicxide emission esiimates are based upon the tonnage of copjer
metal produced, we did not consider the approximately two percent input
sulfur captured in the oslag as contributing to overall sulfur dioxidr
control. This 2% is approximately equal “o that associated with the un-
recovered copper.

Our calculations of sulfur dioxide emins.ons from western copper
smeliers for the years 1965-1975 are presented in Table 11. With the
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TABLE I. Doamestic primary copper smelters currently in operation.

Years of Tnitial Process
Smelter Location Operation Roasters Furnace Converters
ASARCO, Inc. El Paso, Texa. 1905 Multiple Hearth Reverh Pierce-Smith

Hayden, Arirona 1912 Mulriple Hearth Reverh Pierce-Smith

Tacoms, Wes'..ngton 1890 Multiple Hearth Reverb Pierce~Smith
Anaconda Ansconda, Montana 1906 Fluid Bed Electric Pierce-Smith
Cities Copperhill, 1845 Fluid Bed Elecrrie Pierce-Smith
Service, Co. Tennesoee
Inspiration Mismi, Arizona 1015 - Electric Hoboken
Consolidated
Kennecott Carfield, Utan 1907 - Noranda -
Copper Cn. Hayden, Ariiona 1958 Fluid Bed Reverb Pierce-Smith

Hurley, New Memico 1939 - Reverb Pierre-Samith

McGill, Nevada 1907 - Heverb Pisrce-Saith
Magma Copper San Manuel, Arigonas 1936 - Reverb Pierce-5Smith
Co.

Phelps Dndge Ajo, Aritona 1930 - Reverb Pierce-Samith
Corp. Douglas, Arizona 1910 Multiple Hearth Reverb Pierce-Smitt
Morenci, Arizona 1042 Fluid aded Reverh (2) Pierce-Smith
Greenfeed
Reverb (3)

Flavas, New Mexico 1776 - Flash Pierce-Smith
white Pine Wiite Pine, 1959 - Reve: h Pierce-Smith
Copper Co. Michigan

TABLE 11, Calculated Sulfur dionide emianions from primary copner

smelfers 1n the vest 196%-197%, (Kilvtons/fr).

_State 1965 Joe6 1967 J36R 1960 )eT0 18] 1077 87y jev, 1o
Arirons 1615 1734 99¢  11DR 1700 JRES  134Y 2059 2247 1Y 11me
Montana Wl Y192 263 370 4id 6 1Y W MR 262
New Henico 198 228 135 206 4O 174 1% 439 NuR D2 4t
Nevada 9% 107 (¥ 8 ns a2 (ST T B PR DTV 6
Tenas 1% 0% 119 1% e 20 17 1 204 40 e
Viah VR LP R TS 2 PVREYS D AR 1) TR A 7T M %
washington 200 200 )16 14l 186 20% 181 107 |8 g7 100

Totsl 2961 3206 18AT 2325 3218 J4ld 3077 WAD 2079 2804 205k

exception of the mnjor strike in 1967 and a lesser strike in 1971, de-
cieases8 in emissjons can be atcributed to emissions reduction efforts by
the smelters.

Regulatory Consideratiors

To project future emissions, we have examined regulatory, technologi-
cal and economic considerations. Based upon historical evidence, the mosat
important factor in determining the magnitude of aulfur dioxide emiasions
is the regulatcry enviromment., After a brief description of fedeval and
state legislation and of the issues that have arisen, wa will deacribe

te:hnological and economic difficulties in complying with clean air
legislation.

The presrnt regulation of atmoapheric pollution produced by nonferrous
me)ters drrives from the 1967 Clean Air Act and its Amcodments of 1970
and 1977, in which Congress established a national legislative framework
designed to protect air quality.
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In 1971, the EPA promulgated National Anbient Air Quality Standards
(NAAQS) for six criteria poliutants including sulfur dioxide. Section
110 of the 1970 Clean Air Act Amendments requires states to submit a State
Implementation Flan (SIP) designed to improve the air quality in areas
already in violation of NAAQS (nonattainment areas) and to maintain these
standards throughsut the state. State ambient air quality standards
adopted in the SIP must be at le-st as strict as NAAQS., Strategies to
reduce emissions from stationary sources, including copper smelters lo-
cated in nonattainment greas, are included in the SIP. The ultimate emis-
sion limitations must be designed to maintain NAAQS regardless of the
costs or technological feasibility. Smelters have reduced NAAQS viola-
tions by building tall stacks, and by using supplementary control systems
that curtail production when meteorological conditions would interfere
with the normal dispersion of emissions. However, the 1977 Clean Air Act
Amendments specify that emission limitations must reduce the overall at-
mospheric pollution loading on a continuous basis; dispersion techniqucs
cannct be substituted for continuous emission reduction technology to
achieve NAAQS. Compliance with the ultimate emission limitation may be
postponed until January 1, 1983, or possibly until January 1, 1988,
through the Nonferrous Smelter Order (NSO) program. Nonferrous smelters
unable to comply with the permanent emission reduction requirement, either
for technical or economic reasons, may continue c¢o use dispersion cech-
niques under an NSO granted by the EPA. During the interim, NAAQS must
nevertheless be maintained and research efforts to develop appropriate
emission control technology must be undertaken.

In states where the copper smelti-ig induscry constitutes a large seg-
ment «f the economy, emission regulacions have become a sensitive politi-
cal issue, Environmentalists and industry disagree on the economic feas-
ibility of complyiug with the ultimate emission limitations, which for
most smelters require approximately 9C% contrc]l of sulfur dioxide. The
appropriate methodology used to determine acceptable emission limits a’ 0
is disputed. In several states, these issues are curreuntly being lit:ga-
ted., Sulfur emission limitations adopted by states to control nnnferrous
smelters have been submitted for EPA approval, although in most cases
this approval is still forthcoming, Incompatibilities between state and
federal requirements have not yet becn resolved and thus, the ultimate
level of air pollut.on control to be required remains in dispute. Until
the iscues ar¢ resvlved and SIP emission l.mits are approved by EPA,
smelters must comply with the existing state regulations.

New major stationary sources, including primary nonferrous smelters,
wust comply with New Source Performance Standards (NSPS) defined by EPA
under provisions of the Clear Air Act Amendments. Modified or reconstrur-
ted sources whose emissions would exceed those of the old source must
aiso comply with NSPS. 1These standards in effect require all stack gas
rtreams and fugitive emissions to be controlled by 992 removal of sulfur
dio:ide.

In addition to NSPS, new major sources must comply with Prevention of
Significant Deterioration (PSD) regulations established wunder Secs.
160-169 of the amended Clean Air Act. PSD regulations are intended to
protect acreas in which ambient air is cleaner than vequired to mect NAAQS
and will limit the number of mites available for construction of a new
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("grassroots") smeiter. New facilities must demonstrate that the
projected emissions will not exceed PSD increments or violate NAAQS, and

that the best available control technology will be applied,

Technological Considerations

For certain smelters in this study, there are technological and eco-
nomic difficulties in complying with the current regulations. These dif-
ficvlties are associated with reducing sulfur dioxide emissions from
reverberatory furnaces (raverbs), operated by ten of the fourteen smelters
in the western US. Pollution control techuology has not been installed
at any of these reverbs. Electric furnaces, flash furnaces, and contin-
uous smelting processes are new and more efficient types of systems for
amelting copper. Among the advantages offered by the newer technologies
are reduced operating costs, reduced fugitive emissions, more easily con-
trolled process emissions, and more streamlined materials handling. How-
ever, replacement of reverbs requires an enormous capital investment, an
alternative that companies must weigh agairst the costs of retrofitting
reverberatory furnaces to comply with strict emissions regulations.

The problems of reducing sulfur dioxide emissions from reverbs can
best be described within the context of the entire smelting process. The
copper containing ores smelted in the US are primarily sulfide ores, the
most abundant being chalcopyrite. The low copper content of the ore,
typically less than 1%, is increased before smelting by a concentration
process that selectively recovers metal containing particles from the
matrix rock. Copper concentrates typically contain 18-.8% copper, 23-33%
iron, 23-38% sulfur, varying amounts of silica, magnesium, calcium, and
aluminum, and trace amounts of arsenic, lead, zinc, nickel, and other
metals.

About half of the US copper smelters roast the dried concentrates
before smelting. During roasting, volatile metal impurities escape and a
portion of the sulfur is oxidized and released as sulfur dioxide, (see
Table III). Roasting reduces the water content and thus improves smelting
efficiency, increases the capacity of the furnace, and lowers its opera-
ting cost, In the smelting furnace, the concentrates are melted to sep-
arate the copper containing layer (matte) from the slag. Some impurities,
including sulfur, are oxidized and escape with the furnace offgases. The
molten copper matte iz transferred to the converters and there undergoes
a series of exothermic chemical reactions that ultimately remove the
temaining sulfur, iron, and other metal impurities to produce 97-99% pure
blister copper containing less than 0.1X%X sulfur. Fire refining removes
the remaining sulfur and yields & copper product that may be marketed or
sent to an electrolytic refinery for removal of trace metals.

TABLE 111.  Average sulfyr dletribution in traditiona' copper smelting processas.
Pource Calcine Gmelting Greenfeed Bmel:ing
Rosater 20% -
Reverberatorvy furnace 23X 402
Converter 301 5%
B1sp and Pugitivee €. 0.5%

— e e i

SOURCE . Referance 1.
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Pollution Control Technology

The most widely employed technology for controlling sulfur dioxide
emissions from copper smelters is the contact sulfuric acid plant. All
but two smelters in this study have installed at least one acid plant to
control converter gas streams. The gas stream is passed through a series
of catalyst beds where most of the sulfur dioxide is catalyically oxidized
to sulfur trioxide. The gas stream is then passed into an absorption
tower containing 982 sulfuric acid and 2% water; there the sulfur tiioxide
reacts with water to produce ‘00% sulfuric acid. The efficiency of sulfur
dioxide conversion is increased from 97-98% in a single contact plant to
99%Z in a double contact plant by returning the gas stream to the acid
plant converters after the .irst pass through the absorption tower. It
should be noted that these efficiencies are based on the amount of sulfur
in the gas stream treated by thte acid plant, not che total amount of sul-
fur dioxide producec at the smelter, The tailgas containing unreacted
sulfur dioxide and unabsorbed sulfur trioxide is usually treated to remove
acid mist and then vented to the atmosphere. The product acid may be
marketed directly, neutralized for disposal, or used to leach metal from
oxide ores.

Several process requirements have a direct bearing upon economic acid
plant operation. The gas stream entering the acid plant must be cleaned
end dried. During the catalytic oxidation step, it is very important to
maintain the gas temperature at 425-455© C. 1If the concentration of
sulfur dioxide in the process gas stream is less than about 47, supplemen-
tary heat must be provided. The size of the catalyst bed is directly
proportional to the volumetric flow of gas. Large volumes of offgases,
therefore, require large acid plants that are more expensive to operate
than acid plants treating concentrated gas streams of small volume.

The concentration of sulfur dioxide in the offgas stream from reverbs
is too low to be controlled directly and economically by acid plants be-
cause the gus stream requires supplemental heating for the catalytic
oxidation step. At this time, none of the gases exhausted from copper
converters and roasters can be controlled efficiently, Exhaust gases
from the newer smelting processes such as Noranda, Mitsubishi, and flash
smelting also are very suitable for control in acid plants, as shown in
Table IV,

TABLE 1V, Sulfur dioxide concentration in process of (gases.
Procesees Average S0, Concentretion

Multiple Rearth Rossters $-101
Pluid Bed Roasters 12-142
Plash Roaster 9-10%
Pierce~Smith Converter {tightly hooded) 6-92

Noboken Converter [}
Reverberatory Furnace 0.%-2.52
Rlectric Purnece 7-10%
Plssh Purnace (Outokumpu Oy) 11-14%
Mitsudbiehi 102
Noranda 10-20%
Renngcott Bystem at Garfield, Utah [ K

BOURCES: References 2, ), 4, and 3,
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The elemental sulfur plant is another type of air pollution control
technology that produces a marketable by-product. Although elemental
sulfur plants have been commercially available from Allied Chemical in
the US and from Outokumpu Oy in Finland since the early 70s, there are
limitations to this process that make it uneconomical for many smelters
to install and operate. For the process to work efficiently, particulates
must be removed from the gas stream and the reaction temperature must be
carefully maintained. The temperature is affected by the ratio of sulfur
dioxide to oxygea in the gas stream and by the concentration of sulfur
dioxide. Consequently, the only offgas streams from smelter processes
that may be controlled economically by elemental sulfur plants and without
preconcentration are those discharged from fluid bed roasters (12-147%
sulfur dioxide, 1-3% oxygen) and flash smelting furnaces (10-14% sulfur
dioxide, 1-3% oxygen). For the elemental sulfur technologies to be ap-
plied to a weak offgas stream such as the gas from a reverberatory fur-
nace, the sulfur dioxide would have to be preconcentrated, thereby
increasing both capital and operating costs. An elemental sulfur plant
has not been operated on a commercial scale by a smelter in this study.

The US Bureau of Mines has developed a modified sulfur reduction
system, which has “een demonstrated at pilot plants at the Bunker Hill
lead smelter in Idaho ~nd at the Magma Copper Company smelter in Arizona.
The advantage of this system is that it can control sulfur dioxide at the
very low concentrations typical of reverb offgas streams with greater
thar 90% efficiency. However, the cost of natural gas required by this
process amounts to more than one-fourth of the annual operating costs.b
The process has thus far been considered by the industry to be an unaf-
fordable alternative, and no commercial scale plants have been built.

Dimethylaniiine (DMA) scrubbing and the Wellman-Lord process are
technologies that separate and concentrate sulfur dioxide from weak gas
streams, making a proress gas stream more suitable for treatment in acid
plants or elemertal sulfur plants. These processes also may be used to
desulfurize tailgases from other control processes. The advantage of DMA
scrubbing is its efficiency over a lurge range of sulfur dioxide concen-
trations (from 3-10%), and it has been operated by ASARCO at the Tacoma
smelter since 1974. Although the Wellman-lord process has not bteen in-
troduced at any smelter in this study, it is attractive for its simplicity
and SGp recovery of greater than 90X from power plant gas streams con-
taining less than 1% SOp., For copper smelters, however, either system
is an additional control and its costs, both capital and operating, are
added to the costs of other sulfur dioxide control equipment. Energy
costs are large in these systems, comprising up to 5027 of the total
operating cost. DMA scrubbing has an additional disadvantage in that the
toxicity of the DMA itself makes containment quite critical.

Weak concentrations of sulfur dioxide in gas streams may be scruhbed
by nonregenerative processes. There are several systems that have been
developed, all of which capture sulfur dioxide as a salt precipitated
frem the scrubbing liquor. The scrubbing liquor may be regenerated but
the captur'd sulfur is either marketed or thrown away. Disposal of un-
marketable sludge (3-4 1lbs sludge/lb S0;) is a major disadvantage of
lime/limestone and double alkali scrubbing systems. Althoueh these
systems have not beer installed at any US reverb smelter, 1lime scrubbing
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has been introduced at the Onahama reverb smelter in Japan. The
by-product gypsum is marketed.

Environmental and economic problems currently face developers of am-
monium bisulfite (ABS) scrubbing. Efficiency of the process must be
maximized to reduce the loss of unreacted ammonia to the atmosphere as a
visible plume. While the ABS scrubbing process achieves high recoveries
of sulfur dioxide from weak offgas streams, commercial scale operations
depend upon the economic vse of recovered ammonium sulfate. Although
pilot plant studies have tested these processes, not has been introduced
on a commercial scale by a smelter in this study.

Pyrometallurgical Technology

The major problem involved in reducing sulfur dioxide emissions from
reverberatory furnaces is the need to treat tremendous volumes of offgases
that contain very low concentrations of sulfur dioxide. Reverbs heat the
concentrates by means of burners at one end of the furnace. These burners
are fueled by natural gas, pulverized coal or oil and require large vol-
umes of air for proper combustion. The enormous volume of gases in the
furnace dilutes the sulfur dioxide produced by smelting to concentrations
of less than 2% by volume. Although scrubbers can efficiently remove
sulfur dioxide at such concentrations (see Table V), operating costs of
scrubbing the high volume reverb offgases makes them unattractive
al ternatives.

Some plant modifications can b~ made to treat reverb offgases in acid
plants already introduced to reduce sulfur dioxide emissions from con-
verters. The addition of fluidized bed roastin, can reduce the rroportion
of sulfur dioxide produced in the furnace. Ccn.rol of roaster and con-
verter emissions cap recover up to 70% of the sulfur in the concentrates.
A portion of the furnace offgas may be blended with the roaster emissions
to produce a gas stream containing over 4% SO, that can be sent to an
acid plant for treatment. The overall sulfur capture can be raised to
about B80%. Oxygen enrichment of the combustion air in the reverb can
effectively increase the concentration of SO, in the furnace oftgases
to make them suitable for acid plant treatment. It has been estimated
that fluidized bed roasting, oxvgen enrichment, and tightly hooded con-
verters could deliver 85-90% of the feed sulfur to the acid plant at
suitable strength.8 It should be emphasized that modifications such as
described above would require substantial expansion of existing acid plant
capacity,

TABLE V, EBfficiencies o. sulfur dioxide control technolopies.
Frocees Efficiency® Concentration of SO~ Treated
Single Contact Sulfuric Acid Plant 97-90% 4-9%
Double Contact Sulfuric Acid Plant 991 4-91
Elemental Bulfur Plant 90-95% 2%
DMA Liquié 80 [ 2} W-82
US Bureau of Mines Citrate Process 1 1 12
Wellman-Llord Process 971 1N
Lime/Limestone Bcrubdbing 901 1
Double Alkel{ Processes 97 1
ABS Bcruhbing L 2} 17

SEf{iciency rating based on rewoval of sulfur from the pes etreas characterined in Column 3.

SUURCES: References &, 6 and 7,
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Extensive modifications at the Onahama reverb smelter in Japan have
achieved approximately 99% control of SO,. Converter gascs are treated
in a double contact sulfuric acid plant. Reverb S0, emissions are
preconcentrated by magnesium oxide scrubbing for ftreatment in a remodeled
sulfuric acid plant. 1In addition, combustion air is oxygen enriched, air
infiltration into the furnace offgas has been effectively controlled, and
acid plant tailgases are scrubbed.

Rather than modify existing smelting processes to improve sulfur
dioxide control, several smelters in this study have introduced new
smelting processes. Kennecott Copper Corporation replaced the reverbera-
tory furnaces at the Garfield smelter with a modified Norandia system.
Reverbatory furnaces operated by Anaconda and Inspiration were replaced
by electric furnaces. Phelps Dodge elected to build a flash furnace at
their new Playas, New Mexico, facility. The principal advantages offered
by these newer technnlogies are reduced operating costs and more economi-
cally controlled process emissions than obtainable from & retrofitted
reverb smelter.

The characteristics of electric furnace smelting are similar to those
of the reverb. Whereas thermal energy from fossil fuel combustinn is
used in reverbs to melt concentrates, electrical resistance heating is
used in electric furnaces. Roasted concentrates and fluxes ave distribu-
ted on the bath surface and melted by heat generated as an electric cur-
rent is passed through the slag layer. (fonvective currents allow the
molten layers to separate, the copper matte layer settling to the bottom
where it is tapped and transferred to converters. Electric furnaces
remove about the same percentage of sulfur from the concentrates as do
reverbs. However, the sulfur dioxide produced is not diluted by the large
volume of combustion gases typical of revarbs., The 7-10% concentration
of sulfur dioxide in electric furnace nffgas is suitable for treatment in
sulfuric acid plants or elemental sulfur plants. Efficient sulfur re-
covery, minimal particulate emissions, and lower heat losses make electric
furnaces attractive, particularly where favorable contracts for electric
power can be obtained.

More energy efficient than either reverbs or electric furnaces are
flasih furnaces, in which heat for smelting is derived from exothermic
chemical reactions produced in the concentrates. Two different processes
have been developed, one by the International Nickel Company (Inco) of
Canada and the other by Outokumpu Oy of Finland. The Outokumpu process
was installed at the Phelps Dodge smelter at Playas, New Mexico. Although
roasting is not necessary for flash smwelting, concentrates must be dry
(less than 0,1% moisture) when they are introduced into the vertical sec-
tion of the furnace. As the particles fall to the surface of the molten
bath, they are ignited by a stream of preheusted air (Outokumpu process)
or oxygen rich (Inco process) air. Oxidation reactions of iron and sul fur
contained in the concentrates produce enough heat to melt the particles.
Because the process gas wvolume is relatively low, sulfur dioxide concen-
trations in the offgases range from 1i-14% in the Outokumpu process and
75-80% in the Inco process. Such high concentrations and lcw process gas
volumes can be treated efficiently and economicaily in acid or elemental
sulfur plants. One of the disadvantages oi both types of flash cnelters
is the need to recover copper from the furnace slag, which contains more
than 11 copper by weight,
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Other smelting processes designed by Mitsubishi Metal Corporation of
Japan and Noranda Mines Ltd. of Canada reduce copper :ulfide concentrates
direc'ly to blister copper in one continuous operat.on. Both processes
take dvantage of the heat producing cnemical reactions in the smelting
process and thereby reduce fuel counsumption. The energy requirements are
similar to those of flash smelting. Continuous smelting, however, is not
appropriate for dirty concentrates because such a system is unable to
reduce the level of metallic contaminants as well as can be done in a
separate conversion process.

In the Mitsubishi system, the molten material passes through a series
of three specialized furnaces. Since the composition of the concentrates,
the mat_.rials balance, and the flow must be very carefully managed, the
Mitsubishi system may not be an appropriate substitute for the more fle:u-
ible reverberatory furnace smelting in the US. However, this proces:z is
being installed at the Timmins, Ontario, operations of Texmsgulf, Canada,
and is expected to begin production in 1980, From the standpoint of sul-
fur dioxide contrnl, the system is very attractive--a continuous low
volume stream of about 10X sulfur dioxide is emitted from eacli furnace,

The Ne¢randa process produces molten slag, matte, and blister copper
in cne smelting vessel, thereby minimizing material handling, fuel con-
sumption, and capital investment costs. As in the Mitsubishi system,
concentrates and flux are introduced continuously., The gas stream emitted
from a Noranda reactor cnntain~ from 10-20% sulfur dioxide and may be
efficiently and economically treated by acid plants or sulfur rocovery
flants. The fuel consumption 1is approximately the same a8 in flash
smelting. However, the slag contains 9-12% copper and must bz reprocessed
to recover the copper., Furthermore, the blister copper contains 1-2%
sulfur and may contain a greater concentration of other impurities than
blister produced by other smelting systems. Some concentrates are not
suitable for smelting with this process because of their high impurity
content.?

Kennecott Copper Corporation (RCC) has adapted the Noranda system to
their Gerfield, Utah, operations to reduce operating coste end sulfur
dioxide »missions. Matte containing 70-75X copper is produced by 3} modi-
fied Woranda recctorr: the matte is then treated in converters to remove
the remaining impurities. The KCC system produces a strong gas atream
averaging 87 sulfur dioxide that is controlled by acid plants to provide
an overcll sulfur recovery of 867.

A summary of the technological alternatives to reduce sulfur dioxide
emissions is presented in Table VI. Costs of proposed technologies are
estimates for installation of new facilities. Until operating data are
obtained from large-scale plants, the firm design information concerning
corrosion, material handling problems, and process control cannot be
determined.

Economic Considerations

The projection of future copper production must take into account
certain economic factors, among which are incustiial structure and the
international market.
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Vertically integrated corporations are able to absorb a high cost
processing step if they are able to reduce costs elsewhere. Capital spent
to increase the efficiency nf the mine anrd concentrator, for example,
allow higher smelting and refiring costs to be tolerated. Nonintegrated
corporations, on the other hand, must pay a fixed charge for smelting and
refining. If these charges are increased, profits from the independent
operations are reduced. The custem, or toll, smelter passes on the in-
cregsed crsts of smelting to mines that supply the smelter, therety as-
suming a risk that the indzpendent miners will ship concentrates abroad
for smelting.

Although there is lirtle competition between smelters within the US,
there is increasing competition from foreign smelters. From 1964 to 1974,
US copper smelter capacity decreased from 267% to 187 of the world capa-
city. This declining trend is likely to continue. New foreign operations
are brought on stream with the best new technology, and fewer occupational
safety and envirommental protection regulations in Third World countries
result in lower smelting costs.?

To prediect domestic primary copper production, we examined the
forecasts of the US Bureau of Mines, the A.D. Little Company, and the US
Department of Commerce and compared these forecasts to recent trends in
domestic mine production., Since 1975, mine production has not folloawed

TABLE VI, Process alternatives for rupper mmelting,
Capitsl Cost Operating Cost
Process Approximate (1975 §/Ton Instailed) (1975 $/Ton ine, Use
Description Sulfur Cont.nl Capecity) Prodyced) (Million Bru/Ton Producee)
1. Reverb-Converter 0 625 175 18.3
2. Reverb=Converter with
ecid plant on converters
s. eingle contact acid
plant 532 100 186 19.6
b. double contact acid
plent 952 710 188 19.8

("3

Roaster=Reverb=Converter

with double contect acid

plant on stroung gaees 012 750 192 17.%
Reverb~Converter with
single contact acid plant
on converters and sciubber

E

on reverb geses [

a. ABS Acidulation 940 282 ). 0
b, M - Double Alkali anm 264 25,9
¢, Bolium -~ Double Alkalf [ 1.10] m 26.9
d, Weliman-Lord 930 28" 66,8
e, BOM Citrate 880 210 N

3, Roaster-Reverb=Converter
with Acid Plant (ae in ¢ )
vith W =Double Alkali
scrubber on reverb 923 858 242 22.1
Plash Purnace=Converter
vith Doublae Contact Acid
Plant 92X 750 258 16.2
7. Norands-Converter

with Acid Plante " 150 270 19.)
8. Electric~Converter
vith Acid Plante 012 730 300 2.2
Mitsubishi Continuous
with Acid Plant [ }} ] 730 260 14.0

L

-

®The eatimsted capite) coste are no better than 103,

binclules tanes and (nsurance st 2% of capital, depreciation at 101 of eapital, ad capital recovery at 101 of capital
all on ¢ yearly basio,

SOURCES: References ), 9, 10, 1] and 12,
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projections, In addition, no plans have been - rnounced to expand smelter
capacity and few companies have announced -apital expenditures., This
trend and the envirommen*ul difficulties associated with reverbs led us
to predict domestic primary copper production will increase to 2 020 000
tons/yr by the year 2000, an increase of 6A0 000 tons/yr over 1975
production.

Projection of Sulfur Dioxide Emissions

Production levels and the choice of appropriate control technology
for any smelter depend upon tle unique characteristics of the concentrates
smelted, the *ype end age of equipment, and the economic health of the
company. For each smelter in this study we estimated copper production
and sulfur dioxide emissions, taking into account the regulatory,
technological, and economic factors described above, and we made the same
assumptions regarding concentrate sulfur content and efficiency of
pollution control technology outlined earlier. Copper production and
sulfur di:xide emission estimates are summarized by state in Table VII.

We have predicted that the Kennecott McGill smelter in Nevada, the
Phelps Dodge smelter at Douglas, Arizona, and the ASARCO smelter near
Tacoma, Washington, will close by 1985. The Kennecott and Phelps Dodge
smelters are presently operatiag without control technologv and the nearby
mines that have supplied these smelters are now closed. Problems with
arsenic contamination at the Tacoma smelter will prnbably shut down this
toll smelter within five vears,

Conc lusions

The smelting industry faces some problems in complying with air pol-
lution control regulations. The costs ¢ introducing new technology or
of modifying older processes requires large capital investmeuts that are
not readily financible and are not easily absorbed by the smelter., Toll
smelters, in particnlar, cannot remain competitive if they must pass on
increased prodvrtion costs to their clients. However, new metallurgical
processes can be more economically controlled by available air pollution
control technology and afford grenter energy cfficiency than traditional

processes.

The level of cuntrol necessary to protect air quality is disputed,
There are currently unresolved disapreements between EPA and state
agencies, betweey EPA and industry, and between state agencies and indus-
try. Issues have arisen in the choice of methodology for determining

TABIZ V1T, Profections of emeliter S0y eminsions (Kilotons/yr?
1983 19%0 200
Copper

Arigone %)? e | 0k
Atinone (new smeliter) )
Montana 10 \0 13}
Nevada 0 4] 0
Nev Menito a0 L} N
Tenss 1) W %
Utah L} At (34
Washington 0 0 [

Tots) " R ALY
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emission limits, in appropriate dispersion modeling to account for local
meteorological conditions and terrair features, and in the determination
of economic feasibility. The resolution of these and other issues may
not be achieved for several years and perhaps then only through litigation
in federal courts.

We have projected some delays in scheduled attainment strategies
through variances, litigation, or lead-time required for construction of
new facilities. We have also concluded that problems would be
insuperable for several smelters arnd that they will cease operating by
1985. While it is difficult to make any long-range forecasts with any
certainty, we have estimated that the technological improveme.ts will be
deveioped and introduced at smelters and that levels of control presently
required will be installed by 1990,
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