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CONTROL OF SULFUR OXIDE EMISSIONS IN COPPER, LEAD,
AND ZINC SMELTING

by

Staff, Bureau of Mines, Washington, D.C.

ABSTRACT

.Air pollution control regulations already implemented or being considered
for implementation require substantial investment of capital to remove the sul­
fur oxides from copper, lead, and zinc smelter gases. There will be an attend­
ant increase in production costs and possibly an associated increase in the
price of these metals to the consumer. The total investment and any resultant
metal price increa.se will depend upon the control regulations that ultimately
will be adopted by the individual States.

Controversy has arisen between the metals industry and governmental con­
trol agencies rega.rding the status of stack gas desulfurization technology and
the ability of industry to control sulfur oxide emissions to the degree pro­
posed by some of the more stringent regulations currently under consideration.

This paper evaluates the problems involved in achieving various degrees
of control over smelter sulfur oxide emissions and the technology available to
accomplish the task of assuring clean air. The estimated cost of compliance
is reviewed for the copper, zinc, and lead industries, but principal attention
is given to the copper situation.

MAJOR FINDINGS

The domestic base-metal-producing industry has been challenged with the
task of reducing the amount of sulfur oxides and other pollutants emitted by
smelters treating sulfide ores and concentrates. This challenge has been
imposed by legislation aimed at reducing ai~ pollution. Standards for both
ambient air quality and allowable emissions have been proposed and already are
in effect in some States.

Current Federal standards refer only to ambient air. There are two sets
of standards. Primary standards, which protect the public health, define how
clean the ambient air must be so that it will not be harmful to human health.
Secondary standards, which protect the public welfare, define how clean the
air must be in order to protect against the known or anticipated effects of
air pcllution on property, materials, climate, economic values, and personal
comfort. States are required to implement plans to achieve primary standards
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by 1975. No such time limitations have been legislated with regard to meeting
the more stringent secondary standards.

The proposed and established State and local standards generally concern
both ambient air quality and actual smelter emissions. Emission standards
limit the amount of sulfur that can be discharged to the atmosphere, and are
expressed as a percentage of the total sulfur charged to the smelter. Several
States have established a la-percent limit for the amount of sulfur that can
be emitted as oxides from copper smelters. Montana has a 5- to la-percent
standard for lead and zinc smelters, depending on the feed rate to the smelter.
Several other States are considering similar emission standards.

Currently, there is a wide range of opinions concerning the mlnlmum time
in which an acceptable solution to the problem of sulfur oxide emissions can
be achieved, while still maintaining our essential supplies and the strong com­
petitive position of the United States as a primary producer of copper, lead,
and zinc. The industry expects to be able to comply with the national primary
ambient air quality standards within 3 years. The la-percent sulfur emission
limit may be more than is necessary to meet the ambient air standards. There
may be serious and numerous difficulties; collection of gases from copper
smelters is particularly troublesome. Of major concern is the fact that in
order to comply with some State emission standards the companies must make
capital investments to utilize process technology that has not yet been demon­
strated on a commercial scale. Hence, within a few years, the industry may be
faced with the problem of new plant~ using obsolete, outmoded, or costly non­
competitive methods.

Production of sulfuric acid is the only proven technology for removing
sulfur oxides from smelter gases. Most smelters are planning to install acid
plants to capture as much of the sulfur dioxide as possible. However, acid
production in the conventi.onal copper smelter is practical only from converter
gas. With tightly hooded converters, 50 to 70 percent of the sulfur oxides
can be removed, at best. To achieve 90-percent removal of the sulfur, innova­
tive or developing technology for smelting, ha.ndling, and concentrating the
normally dilute gases generated in the reverb,~ratory furnace will have to be
incorporated. One process is a new version of the Asarco (American Smelting
and Refining Co.)l brimstone process which is being tested in a pilot plant at
the company's El Paso, Tex., smelter to produce elemental sulfur from gas con­
taining 14 percent or more sulfur dioxide. Other possibilities include
methods for separating and concentrating sulfur dioxide by scrubbing with
absorbents such as ammonium sulfite-bisulfite or anhydrous dimethylanaline.
Substituting flash smelters or electric furnaces for the reverberatory furnace
is one approach to providi.ng a strong total smelter off gas for conversion to
acid. It is thought that enough sulfur will be removed in these plants to
approach the la-percent emission standard that has become law in Arizona,
Nevada, Montana, and the Puget Sound area.

lReference to specific company names is made for identification only and does
not constitute endorsement by the Bureau of Mines.
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Some kind of neutralizing scrubbing system probably will be necessary to
absorb the sulfur oxides from the weak gases from reverberatory and acid plant
effluents at some smelters. Lime or limestone wet-scrubbing may be tried,
since they are flexible methods and applicable to variable gas flows and sulfur
oxide concentrations. A tandem system, perhaps first scrubbing with limestone,
then Kith caustic soda, may be required. None of the alkaline scrubbing sys­
tems have been used on smelter gases, and difficulties have been encountered
in pilot-plant operations on gases from coal-fired furnaces. It is doubtful
that smoothly operating scrubbing units will be on-stream in less than 5 years.

lhe expanded production of acid which is expected to accompany the sulfur
dioxide control efforts is causing considerable concern. In many cases,
smelters are not near major markets for sulfuric acid, and it is likely that
unmarketable acid will have to be neutralized and disposed of by impounding.

Collectively, the copper smelting industry estimates that capital expend­
itures of about $600 million will be required to make the changes necessary to
achieve compliance with a 10-percent sulfur emission standard. This invest­
ment, combined with the attendant operating costs, will result in an average
increase in smelting costs of about 4 cents per pound of blister copper over
the current cost, which is estimated to range from 4 to 6 cents per pound.
The individual company estimates were examined by Bureau of Mines engineers
and were judged to be reasonably accurate.

A study made of the copper industry by an independent engineering firm
estimated that the capital investment required to implement controls at
12 western smelters that would allow compliance with Federal ambient air qual­
ity standards would be approximately $600 million. This includes the capital
cost cf new plants necessary to maintain industrywide levels of production,
assuming some operations are curtailed to meet the most stringent and univer­
sal err.ission standards.

The Environmental Protection Agency has estimated that capital cost would
range from $250 million to $270 million. The difference in the cost estimates
is a rratter of the interpretation; the industry and the Environmental Protec­
tion Agency differ with respect to how much of the capital expenditures should
be appropriately charged to pollution control and how much to facility improve­
ments or new copper production capacity.

A detailed, industrywide study of control costs for limiting sulfur oxide
emissions from lead and zinc smelters has not been made. However, a partial
survey made by the Bureau of Mines indicates at least a $100 million capital
investment will be required. Smelting cost, currently estimated to be 2 cents
per pcund of lead and 6 cents per pound of zinc, probably will increase 2 to
4 cents for lead, and about l~ cents for zinc.

The industry may find it difficult to pass the additional costs on to the
ultimate consumer because of the worldwide pricing structure of copper, lead,
and zi.nc. If the costs must be absorbed by the companies, corporate profits
could be so seriously reduced that the continued operation of some smelters
may not be economic.
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There is reasonable assurance that, given the necessary time for develop­
ment and demonstration, an engineering capability will emerge that can cope
with smelter gases in an efficient and effecti~e manner. In the meantime, con­
certed effort should be made to develop improved technology and to formulate
time schedules that reflect a reasonable balance between what must be done
eventually and what can be done now. This position is fortified by the magni­
tude of the capital investment that will be required to make necessary smelter
modifications and to incorporate gas treatment facilities.

INTRODUCTION

Sulfur oxides have been designated as one of the more severe air pollut­
ants, and consequently, air pollution standards for sulfur dioxide have been
promulgated which encompass the domestic copper, lead, and zinc smelters which
treat sulfide ores and concentrates. The evolution of sulfur dioxide at these
base metal smelters is inherent to conventional smelting practice. Moreover,
a reduction in the amount of sulfur dioxide emitted poses many difficult tech­
nological problems which are taxing the ingenuity of industry for a satisfac­
tory solution.

The implications of the problem are shown by the fact that supply-demand
forecasts for copper, lead, and zinc in the United States consistently show
demand exceeding domestic production. The United States leads the world in
copper production and is a major producer of lead and zinc. Collectively, the
value of smelter output for the three metals amounts to $2.3 billion yearly.
The extent to which domestic sources can meet future requirements is likely to
decrease. As copper, lead, and zinc are key commodities in the industrial
economy, increased production should be encouraged, although it is recognized
that imports will have to supply an increased percentage of future U.S.
demand. Cost reductions at every stage from exploration through fabri-
cation will have to acconunodate not only the continuously decreasing tenor of
raw materials but also be effective enough to assure a viable competitive posi­
tion with respect to foreign operations.

This study provides an evaluation of the possible impact of sulfur diox­
ide control on sulfide smelting, including a review of the existing or pro­
posed regulations for controlling smelter pollution, the magnitude of the
problem as it affects the domestic smelting industry, the state of the art of
sulfur dioxide emission-control technology, and the efforts that are being
made by industry to develop acceptable technology for abating or controlling
smelter pollution.

SIGNIFICANCE OF THE INDUSTRY

Salient statistics on copper, lead, and 2:inc primary smelting operations
are shown in table 1. In summary, copper, lead, and zinc smelters produced
2.4 million tons of metal in 1960 and 3.2 million tons in 1970. It is antici­
pated that growth will continue for copper and lead smelter production and
that by 1980, total smelter output will increase to more than 3.6 million tons.
During the decade 1960-70, the value of nonferrous smelter output increased
from $1.1 billion to $2.3 billion annually.
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TABLE 1. - Primary nonferrous smelter operations

(Thousands of tons and millions of dollars)

1960 1970 19751 19801

Smelter output) primary:
Copper .. . -................ ......... 1)234 1)641 1) 940 2)250
Lead ..••.•.• •-..•..••...•.•.•••...• 385 667 734 793
Zinc .............................. 800 878 600 600

Tota 1 .........•.............. 2)419 3)186 3)274 3)643
value of smelter output: 2

Copper ..•...................•..•.• $793 $1) 895 $2)240 $2)600
Lead .......•..•....•.•....•••..... 92 180 198 213
Zinc ................ eo, •••••••••••• 207 269 184 184

Tota 1 ........................ $1)092 $2)344 $2)622 $2)997
'::;ulfur contained in smelter feed: 1

Copper ............................ 1)490 1)805 2)035 2)500
Lead ••.••.....••........•.•..••.•. 60 101 102 110
Zinc .............................. 400 439 300 300

Tota 1 ........................ 1,950 2)345 2 437 2,910
~l EstImated by the Bureau of MInes.
:3Market value of metal--1970 market prices used for 1975 and 1980.

The supply of a host of byproducts and coproducts as shown in table 2
depends upon the rate of copper) lead) and zinc production and the technology
of processing and refining. In one instance) production of copper from the
porp~rry deposits in the Western United States provides the only domestic
sourcI= of rhenium) a metal of increasing importance as a catalyst for reform­
ing gasoline. Collectively) the 1970 value of byproducts and coproducts recov­
ered :trom domestic base metals operations amounted to more than $250 million.
Any r(=duction in smelter production would have a like effect on supply of
these elements.

The growth of the base metals industries has been accompanied by numerous
problems. One of the most pressing of these problems is disposal of sulfur)
an integral part of the ore) without harmful effects to the environment. The
quant:Lties of sulfur contained in the smelter feeds are indicative of the mag­
nitude of the problem. In 1960) smelter feeds contained less than 2 million
tons of sulfur; by 1970) this had increased to 2.3 million tons. It is esti­
mated that by 1980) 2.9 million tons of sulfur will enter nonferrous smelters
annually in copper) lead) and zinc concentrates. Of the sulfur entering the
smelters in 1960) 387)000 tons or 20 percent was recovered as sulfuric acid;
in 19"/0) 600) 000 tons or 26 percent of feed sulfur was recovered as acid.

Copper

~)ignificant production of copper began in the United States about 1845.
Until World War II) production exceeded consumption and major quantities were
exported. During the period from 1915 to 1939 the United States was the larg­
est e~,porter of n~fined copper in the world. About 1940) the United States
shifted from a net exporting nation to a net importing nation. During the
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period, 1966-70, 17 percent of domestic demand has been supplied by net
imports, principally from Chile, Peru, and Canada.

TABLE 2. - Coproducts an.d byproducts from copper, lead, and zinc
production in 1970

Source
Copper Lead Zinc

tons •• - 981 -
·...... (1 ) - -
·....... - (1 ) -
...... It • - - 1,778
·..... - 15,000 4,000
·...... - - 14
nces .• 553,000 59,000 36,000
· ...... - - 202,000
tons .• 297,000 - -
·..... 245 - 50,000
·....... 16,969 - -
·..... 2,670 - -
nces .• 11,000 - -
·..... 2,000 - -
tons •. 3 - -
·..... 1+88 - -
nces •. 15,871,000 9,310,000 3,224,000
tons .. (1 ) (1 ) -
·...... 29,000 111, 000 -Zinc do

Product

Rhenium.•••....••• short
Selenium..•••••..•••.• do
Silver •••.••.••.. troy ou
Tellurium••.•••••• short

Platinum II •• do

Copper ...••••.••.•• ~ •• do
Germanium..•••••••.•.. do
Gold •.••••••.•••. troy ou
Indium.....•.•...•••.•do
Iron ..••.••.•...•• short
Lead ..........••... " .• do
Molybdenum.•.••••..••. do
Nickel .•••.•••••••••.. do
Palladium•••••.•. troy ou

Bismuth .•..••.••..• " .• do
Cadmium.•••.•••..•• " .• do

Ant imony •••••••... short
Arsenic c> •• do

1Withheld to avoid disclosing individual company confldentlal
data.

Because U.S. production is inadequate for all needs, copper is designated
as one of the strategic materials to be stockpiled for U.S. protection in case
of war. Return of the United States to a position of self-sufficiency is not
likely under foreseeable conditions, and further deterioration of the domestic
copper mining industry could be disastrous in times of emergency. The indus­
try has been confronted with economic problems relating to all phases of
activity--resource development, mining extraction, marketing, and pollution
abatement.

The United States has been the leading copper-producing country in the
world since 1883. Arizona was the leading copper-producing State in 1970 with
54 percent of total domestic output, followed in order of production by Utah,
New Mexico, Montana, Nevada, and Michigan. These six States accounted for
97 percent of the 1.7 million tons of 1970 mine production. Open pit mines
supplied 84 percent of mine output and underground mines 16 percent.

Virtually all copper ore is treated at concentrators near the mines. Con­
centrates are processed at 16 smelters--eight in Arizona and one each in Utah,
Michigan, Montana, Nevada, New Mexico, Tennessee, Texas, and Washington. In
1970, copper smelting capacity in the United States totaled 9.2 million tons
of charge, estimated to represent 1.8 million tons of smelter product. Four
companies accounted for nearly 80 percent of the smelter capacity.
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Refinery capacity is estimated to be 2.7 million tons, of which 88 per­
cent is electrolytic refining capacity and 12 percent is fire-refining. About
60 percent of the electrolytic refinery capacity is accounted for by six
plants on the Atlantic coast in New York, New Jersey, and Maryland. Arizona,
Missouri, Montana, Texas, Utah, and Washington each have one electrolytic
refinery, which in total account for the remaining 40 percent. Fire-refined
copper is produced in Michigan, New York, New Jersey, New Mexico, and Texas.

In 1970, consumption of refined copper was 2.0 million tons. An addi­
tional 0.7 million tons was consumed as scrap in production of alloys, chemi­
cals, and other products. The refined consumption was 61 percent by wire
mills, 37 percent by brass mills, and 2 percent by others. Scrap copper was
consumed by smelters to produce refined copper and copper alloy ingots, and
also by brass mills.

The largest use of copper is in electrical equipment and supplies, which
accounts for about one-half of demand. The manufacture of electric motors,
power generators, motor-generator sets, electrical controls, and related appa­
ratus requires the use of copper for the best performance. Copper is vital to
industrial and military needs in many other use areas such as in construction,
transportation, industrial machinery, and ordnance.

Table 3 shows the salient components of domestic supply and demand for
copper for 1960 and 1970. Also shown are projections for 1975 and 1980.
These projections assume that the Federal Ambient Air Quality Standards will
be implemented without significant disruptive effect on normal domestic supply
patterns.

TABLE 3. - Copper supply-demand relationships

(Thousand short tons of copper)

1 Es timated by the Bureau of Mines.

600 700
980 1,100

Components of U.S. supply:
Mine production ••••••••••••••
Smelter production, primary ••
Imports:

Concentrates •••••••••••••••
Blister .
Ref ined .

Secondary materials:
Ref ined .
Oth.er •••••.•...•.•.•.••••••

Distribution of U.S. supply:
Consumption:

Refined .
Oth,er •••••.••••••••••••.••.

Refined exports •.••••••••••••
Ore concentrates and matte •••

1960

1,080
1,234

22
264
143

291
579

1,350
579
434

11

1970

1,720
1,641

33
224
132

512
736

2,043
736
221

62

1,900
1,940

550

2,800
980
200

50

2,200
2,250

700

3,400
1,100

150
50
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The major copper-producing countries of the free world, other than the
United States and Canada, are emerging nations which have a cri.tical need for
employment that the copper smelting and refini.ng industry provides. Also,
these countries are in need of hard currency exchange credit which they obtain
by the export of copper.

Prior to 1970, U.S. smelting capacity was greater than required for treat­
ing domestic materials and part of the excess capacity was used to treat sub­
stantial quantities of foreign crude materials. This condition was reversed
in 1970. In mid-1970, a major copper smelting company, which provides custom
smelting service, notified all customers that new pollution restrictions made
it necessary to invoke the force majeure clause in their contracts to the
extent of reducing the amount of ore and concentrates accepted by 15 percent.
Thus, the demand by domestic producers for smelter capacity exceeded avail­
ability, and arrangements were made to treat the concentrates in foreign
smelters. The copper content of the concentrates exported for treatment
increased from 979 tons in 1969 to 58,450 tons in 1970. Although the increase
in exports cannot be attributed solely to pollution regulations, it reflects a
reduction in effective capacity at domestic smelters when demand is high.

Lead

In 1970, U.S. mines and smelters accounted for 572,000 and 666,730 tons
of lead, respectively, which represents 15.3 percent and 18.3 percent of the
world's output, indicating the strong position of this country as a lead pro­
ducer. Some 120 domestic mines reported lead ore production in 1969, many of
which produced coproducts of copper, zinc, silver, and other elements. Mis­
souri is the leading lead ore-producing State, followed by Idaho, Utah, Colo­
rado, and other States. The domestic lead-mining industry is backed by ore
reserves estimated to contain 36 million tons of recoverable lead.

Domestically produced lead ores and concentrates, often comingled with
similar raw materials imported notably from Canada, Mexico, Peru, and Aus­
tralia, are treated in seven smelters; three in Missouri and one each in Idaho,
Montana, Texas, and Utah. An eighth smelter, in California, was recently
closed. Four of the operating smelters have access to ancillary facilities
for refining. Two separate lead refineries treating domestic and imported
base bullion are opperated in Nebraska and Illinois.

In 1970, the industry consumed 1.36 million tons of new and reclaimed
lead. Approximately 42 percent of this went to manufacture of storage bat­
teries, 28 percent to various metal products, 20 percent to gasoline additives
and other chemicals, and 7 percent to pigments.

Salient components of the domestic supply and demand for lead in 1960 and
1970, together with projections for 1975 and 1980, are given in table 4.
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TABLE 4. - Lead supply-demand relationships

(Thousand short tons of lead)

1960 1970 19751 19801

Components of U.S. supply:
Mine production •.........•... 247 572 600 650
Smelter production, primary •• 385 667 730 800
Imports:

Ore and concentrate •••••••• 146 112 120 130
Metal farms ................ 214 251 270 300

Secondary materials •••••••••• 470 597 650 750
Distribution of U.S. supply:

Consumption .•....•........... 1,021 1,360 1,630 1,820
Exports, all forms, except

scr.ap ......•................ 2 8 10 10
1Estimated by the Bureau of Mines.

Zinc

Of the total 1970 U.S. supply of zinc, 31.6 percent was from domestic
mine production and 31.1 percent was from imported zinc concentrates. The
mine production and imported concentrates supplied the raw material feed for
four electrolytic refineries and eight smelters. Since 1953, zinc smelters
and refineries have been dependent on foreign concentrates for about half of
their supply.

Competition has increased for these foreign concentrates because of the
recent erection of zinc plants in other countries. As a result, during 1970,
companies paid higher prices for concentrates while operating under pressure
for a lower zinc price because of slackening demand. During the first half of
1971, four plants were closed, including three retort operations and one elec­
trolytic refinery., reducing domestic annual capacity from 1,251,000 to 993,500
tons.

Influence of the zinc industry extends to other industrial activities
which depend upon zinc for their products, including die-casting plants, gal­
vanizing operations, and brass mills. Salient components of the domestic sup­
ply and demand for zinc in 1960 and 1970, together with projections' for 1975
and 1980, are given in table 5. The estimated projections assume a decline in
annual zinc production capacity to 700,000 tons, resulting from additional
closures of smelting facilities and lack 6f foreign concentrates for refinery
feed.
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TABLE 5 .. - Zinc supply-demand relationships

(Thousand short tons of zinc)

1960 ,-+~19:...:7...;;0,--+=19:...:7...::5_1--+-~19:..:8:..:0,"-1
Components of U.. S. supply:

Mine produc tion •.•.••.•.••.••
Smelter production, primary ..
Imports:

Concentrates •..... o ••••••••

Zinc metal." ... Co. It •••••••• 0

Compounds. It " ••••' •••• 0 ••• 0 ••

435
800

457
121

12

534
878

526
270

21

400 500
600 600

200 100
800 1,000

30 30

50
400

60
360

77
264

69
198

5

Secondary:
Refined zinc ••• ~ •••••••••••
Alloys and other •••••.•••••

Government release •••••••••••
Distribution of U.S. supply:

Consumption:
Metal. •• • • • .. • .. • . • • .. • . • • • 1,159 11,572 1,750 l 1,960
Compounds ; . 120, 125 2001 220

Ex~:~~~~..................... 75 I I ;--
Compounds •.•••• ~ ••••••••••• L-- 2~~ 5~~ .~

lEstimated by the Bureau of Mines.

DIM1:'~SION OF THE PROBLEM

Air.Pollution Regulations

Air pollution problems created by smelting sulfide ores and concentrates
are not new, but date back to the very inception of smelting. Nor have they
been ignored by either the industry or the public. The history of smelting is
replete with examples of legal actions instituted by individuals against
smelter operators, in which claims for damage to property were the basis of
action. Generally, these were settled by purchase of affected land or by cash
payments to the claimants. Prevention was sought by building high stacks that
dispersed the fumes in a manner that obviated any gross damage to far-lying
property.

The growth in industrial activity throughout the Nation and the prolifer­
ation of automobiles has increased air polluti.on throughout the United States,
though primarily in the cities. This has led to a general demand for some
sort of national control over air pollution. Emissions caused by smelters are
only a small part of the national situation, but the nonferrous smelting indus­
try was inevitably drawn into the larger problem because the smoke and sulfur­
bearing gases contribute to the total air pollution burden and are the major
contributors in certain regions of the country.

The demand for some form of national control over air pollution subse­
quently led to the enactment of a series of FE~deral statutes dating back to a
basic law of 1963. These have since been amended and revised several times.
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The latest rev~s:um, the Clean Air Act of 1970, established the principle
that the Federal Government promulgate ambient air quality standards and the
States bear the responsibility for the development of plans for implementation.
In all cases, however, State regulations must at a minimum provide for the
attainment and maintenance of the Federal ambient air quality standards.

FrioI' to the effective date of Reorganization Plan No. 3 of December 2,
1970, the authority for Federal investigation and regulation was invested in
the hands of the ~mtional Air Pollution Control Administration (NAPCA) of the
Department of Health, Education, and Welfare. Because the problem of air
pollution from nonferrous smelters posed a problem that was unique, NAPCA
negotiated a contract for technical services with Arthur G. McKee and Company
in December 1967, to prepare a comprehensive evaluation of the problems exist­
ing in this industry as related to air pollution. A report on this subject
was published in June 1969 CD. 2

late in 1970, a general reorganization of Federal pollution-related funo­
tions placed the national problem of air pollution under the direct authority
of the Environmental Protection Agency (EPA). Section 109 of the Clean Air
Act, as amended December 31, 1970 (Public Law 91-640), directed the Adminis­
trator of EPA to establish national primary and secondary ambient air quality
standards. Proposed standards were published in the Federal Register, v. 36,
No. 21) January 30, 1971. The final standards were issued April 30, 1971, and
constitute the cri.teria on which future State and local regulations must be
based. Each State is required to adopt regulations and submit implementation
plans to EPA by January 30, 1972. Within 4 months of that date, or by May 30,
1972, EPA will either approve or disapprove each State plan. The schedule for
submission of plans to achieve primary air quality standards is fixed, but may
be extended an additional 18 months for secondary standards. The plans must
provide for compliance to a primary standard as expeditiously as possible, and
in no instance later than 3 years from the day of approval, or May 30, 1975,
and for complianCE! to a secondary standard within a reasonable time. In the
case of a primary standard, EPA may grant a 2-year extension beyond May 30,
1975, if technology is not available.

In the meantime, the various State and local agencies concerned with air
pollution have been engaged in proposing and establishing regulations of their
own. As might be expected, they have differed widely, both as to scope and
degree of regulation. Some are comprehensive, others are meager in detail.

Current Federal standards refer only to ambient air. There are two sets
of standards. Primary standards, which protect the public health, define how
clean the ambient air must be to protect human health. Secondary standards,
which protect the public welfare, define how clean the air must be in order to
protect against the known or anticipated effects of air pollution on property,
materials, climate, economic values, and personal comfort.

2 Under lined numbers in parentheses refer to items in the list of references
preceding the '3'.ppendix.
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The proposed and established State and local standards generally concern
both ambient air quality and actual smelter emissions. Ambient air standards
refer to pollution in the air at the property boundary of the smelter operation,
generally at ground level. As with the Federal standards, they are usually
designated as maximum sulfur dioxide concentrations for various time intervals.
Emission standards limit the amount of sulfur that can be discharged to the
atmosphere, and are expressed as a percentage of the total sulfur charged to
the smelter. Several States have established a lO-percent limit for copper
smelters. Montana has a 5- to lO-percent limit for lead and zinc smelters,
depending on the feed rate to the smelter. Several other States are consider­
ing similar emission standards.

Ambient air quality standards generally prOVide for fluctuation in the
smelter operation. They have allowed for short periods of time in which
ambient air limits for sulfur dioxide may be high, provided that the average
over a longer period of time is within prescribed limits of tolerance. Con­
versely, emission standards based on sulfur burden to the smelter are more
restrictive in that they limit the alternatives for achieving an acceptable
sulfur oxide concentration in the ambient air.. Further, they may fail to con­
sider how the unique or unusual characteristics of each smelter relate to
local or regional pollution.

To some extent, State and local regulatory agencies have recognized that
time must be allowed for the industry to fully comply with established stan­
dards because of the technological problems that must be solved, and the lead­
time required to construct the necessary air pollution control facilities.
For the most part, this has been set at about 3 years. However, the time
allowance is contingent upon serious, continued action on the part of the
smelter operators to change their operation to meet set standards.

The Federal ambient air quality standards and the proposed and estab­
lished State standards applying to sulfur emissions at copper, lead, and zinc
smelters are summarized in the appendix.

Smelting Practice

Copper

Copper, as it occurs in ore, can be classed as three main types--native,
OXide, and sulfide. Most of the world copper production comes fron low-grade
sulfide ores from which the sulfide copper minerals are readily concentrated
by flotation. The finely ground flotation concentrates consist of copper sul­
fides, iron sulfide, and residual gangue. The purpose of smelting is to sepa­
rate the copper from the iron, sulfur, and gangue. The thermodynamic
relationships between these principal ingredients form the basis for the three
major steps: roasting to remove excess sulfur, smelting in a reverberatory
furnace to remove gangue and to form a copper·-iron-sulfur mixture called matte,
and oxidation of the matte in a converter to form a separable iron slag and to
burn the sulfur away from the copper. Each of these steps generates sulfur
oxides.
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Two types of equipment are used for roasting--multiple-hearth and fluo­
solids roasters. Operation of the fluosolidsroaster generally is autogenous
in th,lt no fuel is required other than that needed for preheating of the
roastar prior to start-up. Operation of multiple-hearth roasters, on the
other hand, mayor may not be autogenous, depending primarily on the ratio of
coppeT to sulfur in the material roasted. Owing to the wide variation in com­
position of concentrates and other copper-bearing materials treated at primary
coppeT smelters in the United States, the sulfur dioxide content of roaster
gases may range from as low as 1 percent when it is necessary to burn auxil­
iary Euel to as high as 12 percent in autogenous fluosolids roasting.

The capacity of a multiple-hearth roaster ranges from 150 tons of feed
per day to as high as 800 tons per day. The fluosolids roaster, a fairly
recent development, can have a higher capacity; a single roaster may handle as
much as 1,200 to 1,500 tons of feed per day.

lNhen sulfur content of the smelter feed is high, more sulfur than copper,
roasting to reduce sulfur content before smelting is attractive and may reduce
the alnount of sulfur discharged from the reverberatory furnace to less than
10 pe:~cent of the total feed sulfur. When less sulfur than copper is in the
feed, roasting is not practiced, and the sulfur discharged in the reverbera­
tory ,)ff gas may be as high as 30 percent of the total sulfur.

Calcined concentrates, if roasting is practiced, or unroasted concen­
trate:, (green feed) are smelted in a reverberatory furnace fired with oil, gas,
or pulverized coal. The large volume of gas generated by the burners produces
an off gas containing only a dilute concentration of sulfur oxides. The sul­
fur dioxide content of the furnace gas generally ranges from 0.25 to 1 percent
when :;melting calcines or low-sulfur feed. When concentrates rich in sulfur
are fed directly to the furnace, the sulfur dioxide content of the gas may be
as high as 2.5 percent. The strength of the gas also depends upon the fuel
used and the operating conditions of the furnace.

~fue process of removing iron and sulfur from copper in a converter is a
controllable operation, but unlike the roasting and smelting steps, it is a
batch process. The sulfur dioxide content of the off gas may range from 3 to
12 pel:cent during the converting cycle.

lfuen multiple converters are in use, the cycles can be staged to hold the
strength of the combined off gases within a range of 4 to 6 percent, which is
suitable for sulfuric acid manufacture.

Lead

])omestic primary lead is derived from the sulfide mineral galena. This
mineral contains slightly less than 14 percent sulfur by weight, and the over­
all sulfur dioxide problem is not as acute as for the copper smelter.

Lead smelting is the same at the seven primary lead smelters in the
United States; sintering of concentrates, reduction of the sinter in a blast
furnace to obtain bullion, and refining. In the smelting process only the
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sintering step evolves enough sulfur dioxide to create a serious air pollution
control problem. Sintering converts the sulfide concentrates to the oxide
form, and simultaneously produces a strong, porous feed for the blast furnace.

Older sintering machines are of the downdraft type, where the air is
drawn through the charge by windboxes located below the continuous conveyors
made of grate-bar pallets. The combustion of the sulfides provides enough
heat to sustain the reaction with the temperature controlled at about 1,400° F.
Essentially unrestricted infiltration of air generally dilutes the sulfur diox­
ide gas from the machines to about 1 percent.

Newer smelters use updraft sintering machines which have the advantage of
producing a 4- to 6-percent sulfur dioxide gas which can be fed into a sul­
furic acid plant. Sintering removes about 85 percent of the sulfur from the
charge. Only about 1 percent of the remainder is discharged as sulfur dioxide
from the subsequent furnacing operations; the balance reports to the slag.
The off gas is cooled and the dust load is recovered by bag filters or by elec­
trostatic precipitators. Three smelters use the clean gas for sulfuric acid
production.

The sulfuric acid produced at lead smelters is generally dark in color
because of organic impurities introduced into the gas stream. These impuri­
ties result from burning of the residual flotation reagents on the concen­
trates during the sintering step. Because the acid is colored, its market
value is generally less than that of the clear acid produced from sulfur or
copper smelter gas.

Calcine from the sintering machine is reduced with coke in a vertical
blast furnace. The furnace product is lead bullion, 95 to 99 percent lead.
It is refined primarily by a series of drossing steps in large kettles. Slag
from the blast furnace is treated to recover lead and zinc or it is recycled
to the sintering machine after granulating. Blast furnace off gas is cooled
by air dilution and then filtered to recover particulate matter.

Zinc

Most zinc and zinc oxide is produced from sulfide ores, although occasion­
ally some oxide ore is available for processing along with the sulfide mate­
rials. In the smelting process the flotation concentrates are first roasted
to convert the sulfides to oxides. The roasted product is frequently sintered
or calcined to obtain a desired physical condition. The zinc is extracted by
selective vaporization in retorts and then condensing, or by dissolving the
oxide in sulfuric acid for e1ectrowinning.

A typical concentrate contains approximately 60 percent zinc, 30 percent
sulfur, and 5 to 10 percent iron. In roasting zinc sulfide concentrates,
90 percent of the sulfur is eliminated. Some of the zinc oxide reacts with
sulfur gases to produce zinc sulfate, the quantity being controlled by temper­
ature and other equilibrium conditions. When the roasted ore is used for dis­
tillation methods, sulfur in any form will tie up approximately twice its
weight in zinc in the residues, therefore roasting is carried on to eliminate
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as much sulfur as possible (dead roast). When used in the electrolytic method,
it iE: desirable to have the calcine contain 2 or 3 percent of the sulfur as
sulfc.te to replace the sulfate ion lost with the sulfuric acid in the leach
residues.

Roasting is accomplished in several different types of equipment ranging
in c8,pacity from 40 to 350 tons of concentrates per day. The newer types-­
suspEnsion or flash, fluidized bed, or fluidized column--have larger capaci­
ties and yield treated off gases rich enough in sulfur dioxide for use as feed
to ar. acid plant" The sulfur dioxide content of the off gas from these units
rangE.s from 10 to 13 percent, but generally this is decreased to 6 to 8 per­
cent in subsequent cooling and cleaning operations. Ropp roasters and
multiple-hearth roasters are among the older types still in service. The off
gases from these types of roasters contain only about 1 percent or less of
sulf~.r dioxide. These gases are too dilute for efficient conversion to acid
in a contact plant, and therefore are discharged to the atmosphere.

The subsequent steps in zinc extraction generally represent insignificant
sources of sulfur dioxide, and in none of them is sulfur recovery practiced.
The sulfur content of calcine from roasting ordinarily does not exceed 3 per­
cent and may be as low as 0.1 percent. Only when sintering is conducted with
raw concentrates as a part of the feed does some step other than roasting pro­
duce significant quantities of sulfur dioxide. The waste gases from sintering
contain 0.1 to 2.4 percent sulfur dioxide, while in calcining the sulfur diox­
ide range is 0.1 to 2 percent.

Reduction of the calcine or sinter to metal by retorting produces very
little sulfur dioxide and production of metal by leaching and electrolysis pro­
duces essentially none.

Of 12 operating plants, including four roasting facilities, eight have
sulfuric acid plants operating on roaster gases. Some of these plants are
currently meeting ambient air quality standards, and a few will meet the emis­
sion standard which allows no more than 10 percent of the feed sulfur to be
discharged into the atmosphere.

Horizontal retorts for distilling zinc are faced with a difficult air
pollution problem, in that the effluent from the condensers of the retorts
contains minute particles of condensed zinc oxide. These particles appear as
a white smoke. Although little sulfur oxide is contained in this gas, strin­
gent requirements for reducing particulate emissions could be prohibitive for
horiz~ntal retorting. Systems for collecting the many small gas streams for
cleaning, or for cleaning each individual stream have not yet been devised.
One cJmpany has reported a test being conducted to determine if particle col­
lectiJn is practical, but because of the complexity of the problem, it is
doubtEul that satisfactory collection technology will be developed in the near
futur=.
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Smelter Gas

Handling the gases discharged from smelter furnaces presents major engi­
neering problems. This is particularly the case in copper smelting. Large
volumes of hot gas containing rock dust and other particulate material must be
cooled, cleaned, and channeled, either to an acid plant or to the stack for
venting.

The gases normally contain a small amount of sulfur trioxide. Most pro­
cesses proposed for removing sulfur dioxide require a preliminary step where
the sulfur trioxide is removed from the gas stream. In the past, the smelter
stack was considered adequate for dispersing the smoke. Inasmuch as unre­
stricted discharge of smelter gases will no longer be permitted, the smelter
operators must now implement processes to substantially reduce the sulfur
oxides discharged into the atmosphere. Extensive gas handling and cleaning
systems will have to be installed and acid plants will have to be erected to
capture the gases and convert them to sulfuric acid for use or disposal. Fig­
ures 1, 2, and 3 show aerial views of copper, lead, and zinc smelters, respec­
tively, two of which have facilities for acid production.

To prevent dilution of furnace gases, the hoods, flues, and other duct­
work must be as airtight as practical. For the copper converter furnace, this
is a particularly expensive installation because of the high temperature of
the exit gas and the nature of the converting operation. Figure 4 shows con­
verters equipped with waffle-pattern, air-cooled hoods. During operation, the
temperature of the gas emerging from the furnace is lowered by permitting air
to enter the system between the furnace and the hood. The cooling air pre­
vents damage to the hood and the supporting superstructure, but also dilutes
the concentration of sulfur dioxide in the collected gas. Figure 5 shows sim­
ilar converters with water-cooled hoods designed to capture the gases for acid
manufacture. With these hoods, a relatively tight seal can be made between
the converter and the hood because it is not necessary to mix the furnace
gases with cooling air. Once collected, hot converter gas is generally passed
through large balloon flues where the heavy particles settle out and are recov­
ered for return to the reverberatory furnace. Figure 6 shows a balloon flue
being constructed at a copper smelter to handle 500,000 cubic feet of gas per
minute. The lighter particles in the gas are recovered by electrostatic pre­
cipitators; a recently installed precipitator is shown in figure 7.

At lead smelters the hot gases from the sintering operation and the blast
furnace are channeled through a baghouse to recover the particulates. A typi­
cal baghouse is shown in figure 8.

After collecting and cleaning, the gases are fed to a sulfuric acid plant,
shown in figure 9. Figure 10 is a view of a total acid plant complex recently
constructed at a western copper smelter.
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FIGURE 6. - Balloon Flue With Capacity of 500,000 cfrn of Gas at 6000 F.
-----~-~~-_~_ (Courtesy, Magma Copper Co.)
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CURRENT PRACTICE FOR SULFUR DIOXIDE CONTROL

Currently, there are three methods in use for reducing the sulfur dioxide
concentration in the atmosphere surrounding a smelter. They are: (1) the
tall stack; (2) the tall stack coupled with a contact sulfuric acid plant;
and (3) closed-loop control.

Of the three methods, the tall stack is the simplest. It discharges the
sulfur dioxide at such heights that the gas is diluted when dispersed into the
lowe]: atmosphere. The trend has been toward taller and taller stacks. For
example, the average height of stacks for coal-burning powerplants in the
United States has been reported to have increased from slightly less than
250 feet in 1960 to more than 600 feet in 1969. Even now, the International
NickE!l Company of Canada is constructing a stack 1,250 feet tall at Copper
Cliff, Ontario, to meet the air quality standard of the Ontario Air Management
Branch. Even if other processes for removing sulfur dioxide from the smelter
gas are adopted, the tall stack will still be an important control method.
It i~: not likely that any process will emerge in the near future that will
allo~r discharge of the tail gas at or near ground level.

The second rrrethod of reducing the sulfur dioxide concentration in the
atmo~phere couples the tall stack with a contact sulfuric acid plant.
Production of sulfuric acid by the contact process is well established and
is de only procE~ss now being used at smelters to remove sulfur dioxide from
stack gases. Acid plants require at least 3~ to 4 percent sulfur dioxide in
the feed gas and cannot economically treat weaker gases. The requirement of
stror.g gas for acid production is one reason why many processes have been
investigated for concentrating the sulfur dioxide from dilute gas streams.
With current copper smelting practice, production of acid from the roaster
and converter gases could reduce the sulfur oxides emitted to the atmosphere
by 55 to 70 percent. Recovery at lead and zinc smelters will vary, depending
on the type of sintering and roasting equipment used.

The third method of controlling sulfur dioxide pollution is production
curtailment when adverse weather conditions prevail. This "closed-loop
control" employs a number of sulfur dioxide monitoring devices which are
strategically located at different distances in the area surrounding the
smelter. These nlonitoring devices sense the rise or fall of sulfur dioxide
concentration in the atmosphere and report to a control center where the
information is analyzed with respect to short-term weather forecasts. Based
on this information, the smelter operation is adjusted to reduce the discharge
of sulfur dioxidE! below the allowable level of contamination.

State standards prohibiting sulfur emissions greater than 10 percent of
that contained in the smelter feed may at this time be met by only a few
plants. If less restrictive emission standards are adopted, there are several
smelters that may approach or meet primary and secondary ambient air quality
standards because of location, meteorological conditions, sulfur content of
the concentrate being smelted, and the smelting practice.
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STATUS OF TECHNOLOGY FOR REMOVING SULFUR DIOXIDE FROM SMELTER GASES

The distinction between the two types of air pollution control standards-­
air quality (or ambient air) and emission--are important considerations when
examining the state of the art for controlling smelter gas discharge. The air
quality standard permits alternatives for the smelter operator to meet the
standard; the emission standard demands removal of a specified percentage of
sulfur in the smelter feed.

In 1958 the Bureau of Mines published (l) a compilation of information on
the chemistry of sulfur dioxide, emphasizing reactions having application to
the problem of air pollution. The publication also reviewed both existing and
proposed technology for removing sulfur dioxide from industrial waste gases.
Although the publication was oriented toward dilute gas streams from coa1­
burning powerp1ants, technology for treating richer gas streams, such as those
from nonferrous smelting, also was reviewed.

In 1969, Arthur G. McKee & Co. published an evaluation (1) of the prob­
lems existing in the nonferrous smelting industry for controlling sulfur
dioxide air pollution. This report included a review of the technology for
removing sulfur dioxide from smelter stack gases, and concluded that of the
host of proposed processes, only five had been sufficiently tested to provide
enough data so that costs could be estimated for application to a range of
smelter conditions. The five processes were the contact sulfuric acid
process; the Cominco absorption process; the Asarco process for producing
elemental sulfur; the lime wet-scrubbing process; and the limestone wet­
scrubbing process. A few other processes currently are being developed and
may eventually prove superior to those cited by the Arthur G. McKee & Co. Of
these new processes, the citrate absorption process, under development by the
Bureau of Mines, appears attractive, especially for lean gas streams CD.

Processes for removing sulfur oxides from gas streams are based on
(1) conversion of S02 in gas to 803 for production of H2S04 , (2) separation
and concentration of S02' (3) reaction of S02 to yield solid sulfur compounds,
and (4) reduction of S02 to elemental sulfur. Process selection will be
dictated by economic conditions for sulfur byproduct disposal and by variation
in the nature of the off gases, such as sulfur dioxide concentration, impuri­
ties carried over from smelting operations, and fluctuations in gas flow
rates. Other factors, both economic and noneconomic, such as geographic loca­
tion, nearness of markets for sulfurous products, available land for product
disposal, and potential water pollution problems will influence the choice of
method for controlling emissions.

Conversion of 802 to S03 for Acid Production

The contact sulfuric acid process is the only well-established chemical
process for removing sulfur dioxide from smelter gases. Basic steps in the
process are shown schematically in figure 11.

After the smelter gas has been cleaned of particulates, sulfur trioxide
is removed in a mist Cottrell precipitator and the gas is dried with strong
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sulfuric acid. The sulfur dioxide in the dry gas is then oxidized to sulfur
trioxide in a catalytic converter. Finally the sulfur trioxide is absorbed
in strong (98 percent) sulfuric acid to yield the product of the plant. The
tail gas is treated to remove droplets of acid and normally is vented to the
atmosphere. Tail gases will contain from 0.2 to 0.5 percent sulfur dioxide.
In some cases the tail gas must be treated to lower the concentration of
sulfur dioxide before discharging.

Strong gas is a prime consideration for acid production, although this
is not a technological limitation, but a matter of economics. Acid plants
can be designed to operate on gases containing only a fraction of a percent
of sulfur dioxide, but they are too expensive to build and operate under
normal practice. The normal economic minimum concentration of sulfur dioxide
in acid plant feed gas is 3~ to 4 percent.

The major factor limiting production of sulfuric acid from smelter gas
is marketability of the acid. Eighty-seven percent of the sulfur consumed
in the United States during 1970 was converted to sulfuric acid, and about
90 percent of this was produced from Frasch sulfur. Most of the acid plants
are located close to centers of sulfuric acid consumption in the eastern
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part of the United States. Over 90 percent of all sulfur discharged to the
atmosphere as oxides from nonferrous operations is from smelters west of the
Mississippi River, with copper smelters accounting for the major portion.
Acid production to reduce sulfur dioxide emissions at the western smelters
would be in excess of what could be internally consumed in company operations
or sold at nearby markets. Disposal of the excess as a waste material would
be necessary.

To safely dispose of sulfuric acid, it must first be neutralized with
lime or limestone to produce gypsum, an inert compound. This gypsum must then
be impounded. Neutralization of the acid entails a series of steps including
mining, hauling, and grinding the limestone before it is mixed with the acid.
The limestone must be finely ground, otherwise consumption is excessive owing
to the formation of calcium sulfate which occludes the limestone particles.
Because of the inefficient utilization of the limestone, about 2 to 3 pounds
of limestone probably will be required for each pound of sulfuric acid that
must be neutralized. If the limestone is converted to lime before neutraliza­
tion, the added cost of calcining must be included.

Disposal of the neutralized acid poses serious problems for some smelters.
If cheap land is not available, disposal could eliminate acid production as a
control process for sulfur dioxide emissions. Moreover, a potential water
pollution problem exists where overflow or seepage from the impoundment might
occur. Either limestone or lime, which is produced from limestone, almost
inevitably contains magnesium in amounts ranging from a few tenths of one
percent to several percent. Neutralizing waste sulfuric acid with lime or
limestone often creates water-soluble magnesium sulfate, which could contam­
inate local water supplies. The magnesium can be rendered insoluble by using
excess lime, but it is questionable that excess limestone will give the
same results.

Because production of sulfuric acid will not solve the pollution problem
for all smelters, several cyclic absorption systems have been developed and
used for gas streams. The concentrated sulfur dioxide can be used as such,
or converted to acid, or it can be reduced to elemental sulfur. The simplest
procedure for regenerating the absorbent employs stripping with steam, but
chemical regeneration methods are also used. The choice of absorbent is
dependent upon the initial concentration of the sulfur dioxide in the gas
stream. Absorbents that afford favorable equilibrium and capacity for
removing sulfur dioxide from gas streams of high concentration do not work
well with dilute gas streams. Absorbents favorable for dilute streams
tend to require excessive amounts of steam for regeneration.

There are two principal regenerative absorption processes in commercial
use for separating and concentrating sulfur dioxide from smelter gases. One
uses a solution of ammonium sulfite-bisulfite as the absorbent; the other uses
anhydrous dimethylaniline. Both have found only a limited application.
Developed by the Consolidated Mining and Smelting Company of Canada, Ltd.
(Cominco), the ammonium sulfite··bisulfite absorption process employs chemical
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regeneration with sulfuric acid to release sulfur dioxide and form ammonium
sulfate. A simplified flowsheet for the process is shown in figure 12.

Sulfur dioxide-bearing gas, free of sulfur trioxide and particulates, is
absorbed by an an~onium sulfite-ammonium bisulfite solution. The sulfur
dioxide in the gas reacts with ammonium sulfite to form the bisulfite.
Ammonia is added to convert part of bisulfite to sulfite and recycled to the
absorption scrubbers. The remainder of the bisulfite solution is diverted
to the stripper, acidified with sulfuric acid, and stripped with air to
produce about a 25-percent sulfur dioxide gas and a solution of ammonium
sulfate containing about 10 percent of the feed sulfur. The process will
recover 90 percent of the sulfur dioxide from dilute flue gases, even at
concentrations aE: low as 0.5 percent. Tail gases contain as little as
0.03 percent sulfur dioxide. A serious disadvantage of the process is the
high cost of ammonia.

The Cominco absorption process has been used to treat zinc roaster gases
containing as much as 6 percent sulfur dioxide, but its most important appli­
cation has been in recovering sulfur dioxide at concentrations of 1 percent
or less from lead sintering machine gases and from sulfuric acid plant tail
gases. The economics of the process are largely dependent upon the existence
of adequate markets for the ammonium sulfate produced and if no market exists,
production and disposal costs must be viewed as additional smelting expense.
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The dimethylaniline (DMA) absorption process developed by the American
Smelting and Refining Company has been used for recovering sulfur dioxide from
smelter gases containing from 4 to 10 percent sulfur dioxide. Basic steps of
the process are shown in figure 13. After the gas is cleaned, the sulfur
dioxide is absorbed by dimethylaniline in a bubble-cap tower which contains an
absorption section, a soda scrubber and an acid scrubber. Tail gases from the
DMA absorption section in the bottom of the tower are scrubbed with a dilute
sodium carbonate solution in the middle section of the absorption tower,
thereby recovering residual sulfur dioxide froIn the gas stream. However, the
sodium carbonate serves the more fundamentat purpose of neutralizing the sul­
furic acid used for DMA vapor recovery as well as any acid formed through
sulfur dioxide oxidation. Neutralization of this acid is essential to permit
recovery of dimethylaniline which otherwise would be lost as water-soluble DMA
sulfate in waste water discharged from the stripping column. In the upper
section of the absorption column tail gases are scrubbed with dilute sulfuric
acid to recover DMA vapor which would otherwise escape to the atmosphere.

The loaded DMA solution is stripped with stearn in the stripper section of
the stripping column. Dimethylaniline and sulfur dioxide are recovered from
the combined aqueous scrubber solutions, by steam distillation in the lower
section of the stripping tower. The hot gas stream leaving the stripper, con­
taining sulfur dioXide, steam, and dimethylaniline vapor, is cooled in the
upper or rectifier section of th.e stripping column. In the presence of the
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sulfu:c dioxide, dimethylaniline vapor is recovered as water soluble dimethyl­
aniline sulfate. This leaves essentially pure sulfur dioxide which can be
liquefied. The process can recover from 90 to 95 percent of the sulfur
dioxide from a gas stream containing 2 to 4 percent sulfur dioxide, and as
much a.s 95 to 98 percent from a gas stream containing 8 to 10 percent sulfur
dioxide.

The equilibrium between dimethylaniline and sulfur dioxide is unfavorable
for el~onomic recovery of sulfur dioxide from gas streams containing less than
1.5 tl) 2.0 percent sulfur dioxide. The capacity of the solvent is good, how­
ever, when initial sulfur dioxide concentrations are high. In the United
State;~, the DMA process has found limited use for production of liquid sulfur
dioxide from lead and copper smelter gases.

,\nother process proposed for smelters to concentrate sulfur dioxide is
the W,~llman-Lord process (~). In the absorber section the gas is contacted
with ~ sodium sulfite-sodium bisulfite solution which absorbs the sulfur
dioxide to form additional bisulfite. The enriched solution is then boiled
by iniirect stearn heating in an evaporator-crystallizer to decompose the
sodium bisulfite solution into a wet gas of sulfur dioxide and steam and a
precipitate of sodium sulfite crystals. The resulting slurry containing the
precipitates is centrifuged. The solids subsequently are dissolved in water
for r~cycling. Part of the liquor from the centrifuge is returned to the
evaporator for solids-density control. The gas passes through a condenser to
conce~trate the sulfur dioxide. This process currently is being used on the
tail sases of the Olin Corp. sulfuric acid plant at Paulsboro, N.J. However,
appli:ation of the Wellman-Lord process to smelter gas is only speculative
and C)st estimates recently published are discouraging (~).

,\ variation of reacting sulfur dioxide with an absorbent has been devel­
oped':>y the Chemical Construction Corp. and Basic, Inc. (~). In this process,
a slurry of magnesium oxide is used to remove sulfur dioxide from gas streams
in a venturi scrubber. The magnesium sulfite product is then decomposed
therm~lly to yield concentrated sulfur dioxide for acid production and magne­
sium ,)xide for recycling. A pilot plant to test the absorption and decompo­
sitio:~ steps of this process is being constructed at Boston Edison's Mystic
Station No. 6 powerplant. No data are available to evaluate application of
the process to smelter gases.

The market for sulfur dioxide as an end product is limited, accounting
for o~ly 1 percent of the domestic consumption of sulfur. Unless new markets
are d,~veloped, processes that separate and concentrate sulfur dioxide must be
considered as preliminary steps to obtain suitable feed for the production of
acid, elemental sulfur, or inert sulfur compounds for disposal.

The Cominco and Asarco DMA processes have found limited application but
have~ot been demonstrated as viable processes for treating large volumes of
dilut~ smelter gas. It is doubtful that either could be developed and
engin'~ered to a scale for implementation at an operating smelter in less
than 3 years. The fruition of other processes that separate and concentrate
sulfuT dioxide will be several years later, perhaps as long as 5 to 10 years
from :~ow.
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Reaction of SO~ To Yield Solid Sulfur Compounds

Typical of the processes for reacting the sulfur dioxide gas streams to
form solid sulfur compounds are the lime and limestone wet-scrubbing processes
that yield a waste product, as shown in figure l~.. In the lime wet-scrubbing
process, burnt lime obtained from limestone is slaked and the slurry is used
to absorb sulfur dioxide from the gas stream. Calcium sulfate and calcium
sulfite are formed and are separated by thickenin.g into a sludge which must
be impounded. In limestone wet-scrubbing, finely ground limestone is used
instead of lime. Limestone is not as efficient as lime for scrubbing and,
in addition, it may not be suitable for gases deficient in oxygen. It has
been suggested that a high recovery of sulfur dioxide might be obtained by
operating the two scrubbing systems in series; the tail gas from limestone
scrubbing would be treated by a lime or caustic scrubber before discharging.
A good grade of limestone will be required, and substantial costs will be
entailed in mining, hauling, grinding, and calcining. Disposal of the final
product will entail problems similar to those previously mentioned for dis­
posing of neutralized acid. For smelters located in desert regions, water
losses by evaporation may limit: application of wet-scrubbers.

In recent years both lime and limestone wet·· and dry-scrubbing have
been investigated for removing sulfur oxides from the stacks of powerplants
burning high-sulfur coal. Troubles encountered have included buildup of
gypsum deposits, which causes plugging in various parts of the systems, low
sulfur dioxide removal, and difficulty in collecting particulate matter
from the exit gas.
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::n spite of the difficulties encountered, the lime and limestone wet­
scrubbing processl=s are flexible and applicable to variable gas flows and
sulfU1: dioxide concentrations. They may well be the first processes applied
to dLute smelter gases and could conceivably be on-stream within 5 years.
The Snelter Control Research Association, Inc., is currently evaluating the
appli(~ation of limestone scrubbing of copper smelter gases at a western
smelter.

Reduction of S02 to Elemental Sulfur

I~eduction of sulfur dioxide to elemental sulfur has been investigated at
a number of smelters. Typical of the reduction processes is the American
Smelting and Refining Company's sulfur or brimstone process shown in figure 15,
which was developed to a semicommercial scale in the early 1940's. In this
proceE:s, smelter gases are cooled, cleaned, and reacted by combustion with
natural gas (CH4 ) to generate a flame temperature of approximately 2,300 0 F.
In thE~ combustion stage of the process, oxygen in the gas stream is consumed
and natural gas reacts with the sulfur dioxide to yield a gaseous mixture
containing sulfur vapor, hydrogen sulfide (H2S) carbonyl sulfide (COS),
res ideal sulfur dioxide, carbon dioxide, water vapor, and nitrogen. After
cooling the gases to approximately 840 0 F, carbonyl sulfide and part of the
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residual sulfur dioxide are reacted in the presence of a bauxite catalyst to
yield additional sulfur vapor. Gases from the carbonyl sulfide converter are
cooled to condense the sulfur vapor and the resultant liquid sulfur is col­
lected in an electrostatic precipitator. Sulfur-bearing gases present in
the gas stream leaving the precipitator are principally hydrogen sulfide and
sulfur dioxide in a volume ratio of 2 to 1. After reheating to about 400 0 F,
the gases are passed through an activated alwnina catalyst to react the
hydrogen sulfide and sulfur dioxide to form additional sulfur vapor. The
sulfur formed by this reaction is cooled to about 250 0 F and then is collected
in a second electrostatic precipitator.

The process was applied to gases containing from 5 to 7 percent sulfur
dioxide. Actual pilot plant recovery of elemental sulfur was approximately
90 percent. Through provision of a second stage hydrogen sulfide converter
operated at a temperature somewhat lower than that of the single stage hydro­
gen sulfide converter of the pilot plant, it is estimated that sulfur recovery
could have been increased to approximately 95 percent.

The Asarco brimstone process, as conceived and operated 25 to 30 years
ago, was complicated and expensive. A much simplified and improved version
of the process is now being investigated jointly by two copper companies with
a test unit having a capacity of 20 tons of sulfur per day. Information
available to the Bureau of Mines indicates at least 2 more years of develop­
ment work is needed before the process can be demonstrated successfully.

The Bureau of Mines currently is developing a method for recovering and
producing elemental sulfur from stack gases (~). The method is referred to
as the citrate process and is shown schematically in figure 16. The gas is
scrubbed with an aqueous solution of sodium citrate and citric acid, which
absorbs the sulfur dioxide. Hydrogen sulfide gas is then introduced into
the solution where it reacts with the absorbed sulfur dioxide to form
elemental sulfur, which is easily filtered from the solution. Part of the
sulfur that is produced is reacted with natural gas (methane) to form the
required hydrogen sulfide needed for the sulfur dioxide reaction step. The
process was tested in a small unit having a gas flow capacity of 350 cubic
feet per minute at the Magma Copper Co., San Manuel, Ariz., smelter. Test
results from this unit indicate that the sulfur dioxide can be removed from
lean gas streams satisfactorily and that the sulfur is readily recoverable.
Over 90 percent of the sulfur was recovered from reverberatory furnace gas
containing about 1.5 percent sulfur dioxide. The data obtained during the
test indicated that the capital and operating costs of a large plant would
increase the cost of producing copper by 2 to 3 cents per pound of copper
smelted with no credit for sale of sulfur. It is estimated that a plant
using this process could be operable in 4 to 5 years. The process has not
been evaluated for lead and zinc smelter gases.
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APPROACHES TO SOLVING THE PROBLEM

Individually, every primary copper producer and several lead and zinc
producers have implemented programs that will lead to at least partial compli­
iance to both air quality and sulfur emission standards. These programs vary
according to smelter age and location, capability to consume or market acid,
sulfur content of the feed, and smelting practice. Companies operating old
smelters are faced initially with the problem of collecting and channeling
their off gases into a flue system for subsequent treatment. This step is
essential for compliance with stringent emission standards, and poses costly
and time-consuming modifications.

For some smelters, both old and relatively new, different charging prac­
tices will need to be developed. For some, only installation of new furnaces
will give the required high-sulfur off gases. Announcements have been publi­
cized for replacement of reverberatory furnaces with flash-smelting or elec­
tric smelting equipment to produce matte and an off gas rich enough in sulfu­
rous oxides for the production of acid.

Almost every smelter operator is either planning or already constructing
new capacity for making sulfurie acid as an approach to reducing smelter emis­
sions. It is realized, however, that this is only a partial solution since
neutralization and disposal of excess acid introduces other problems. The
construction of an acid-making facility involves more than the addition of a
conventional acid plant. In most cases the cost of the plant will be exceeded
by the expense of installing new water-cooled hoods on the converters or the
other gas-collecting systems, tightening up or installing new flues and duct­
work, and providing extensive gas-cleaning equipment. For example, one copper
company has spent $17 million for a l,OOO-ton-per-day acid plant to remove
from 50 to 60 percent of the smelter's sulfur dioxide emission. Of this
amount, almost two-thirds was attributed to gas collection and cleaning equip­
ment. A company producing lead and zinc at a common site recently completed a
program that allows conversion of 80 percent of the sulfur to acid. This pro­
gram was started in 1954, and reportedly cost $20 million, of which $6~ mil­
lion was spent in the last 2 years, equivalent to the company's net income for
that period.

Even though acid production is a proven technology for removing sulfur
dioxide from the richer smelter gases, the installation of acid plants will
require considerable time. This time will range from 2 to 3 years for the
modern smelter with favorable conditions and possibly longer for old smelters
where considerable gas collection and cleaning equipment must be installed.
Moreover, the pace for constructing the treatment facilities will be slow if
serious curtailment in production is to be avoided.

Some smelter operators are seeking solution to the problem through devel­
oping programs that, if successful, will allow production of either liquid
sulfur dioxide or elemental sulfur, in addition to sulfuric acid. It is not
likely that this developing technology will be commercially installed in less
than 5 years, and for some, 10 years might be required before satisfactory
plants are on-stream.
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As mentioned before in the discussion of closed-loop control, several
producers are monitoring both weather patterns and atmospheric sulfur dioxide
concentrations for the area affected by the smelter. Through continuous eval­
uation of the data, the smelter operation is adjusted to hold sulfur oxide
emissions at a level meeting State ambient air quality standards.

A possible alternative to solving the smelter air pollution problem is to
recover the metals by methods other than the pyrometallurgical reduction pro­
cess. Many hydroITletallurgical and other chemical processes have been proposed,
some have been intensively investigated, and a few have been practiced. Acid
leaching of sulfide ores too low in grade to justify milling costs and oxide
minerals that cannot be concentrated is the only hydrometallurgical process
that makes a significant contribution to domestic copper production. The
amount of copper recovered by leaching has increased more than threefold in
the last 25 years, but still accounts for less than 15 percent of the primary
metal produced. However, except for leaching, the nonsmelting methods for
copper have been either too costly to compete against the smelter or lacking in
sufficient technology for engineering full-scale plants. Matte smelting and
converting will continue as the principal process for copper production during
the remainder of this century, as will the pyrometallurgy process for recover­
ing le3.d and zinc. Nonsmelting, pollution-free processes will not emerge as
an alt~rnative to emission control for many years as ready substitutes for
smeltilg. A strong and continuing research effort is needed to develop the
technology, and this must be followed by demonstration on a scale that pro­
duces lneaningful data for both engineering design and cost evaluation. Accord­
ingly, eight copper producers that account for substantially all of the pri­
mary copper production have established a nonprofit research organization to
develop new or improved methods for removing sulfur dioxide and particulate
matter from smelter stack gases. The organization, called Smelter Control
Resear,:h Association, Inc., will conduct research and sponsor investigations
to tes': selected control processes at member plants.

The technology for controlling sulfur oxide emissions in the lead and
zinc industries is well established. Updraft sintering of lead concentrates
for lead and several roasting processes for zinc are capable of capturing
enough of the sulfur dioxide to meet a IO-percent or possibly even a 7-percent
emission standard. In some plants this will require extensive changes in sin­
tering and roasting plants, ducts, the gas-cleaning system, and installation
of an acid plant. The only question that arises is whether some of the
smelter operators are prepared to risk the capital required to install new acid
facilities and make the necessary plant modifications. In light of the
extreme competitiveness of lead and zinc in world markets, and the slim margin
of profit on these metals, the increased cost of compliance will be difficult
to pasH on and may have to be absorbed by the companies.

Unlike the well-defined technology available to the lead and zinc indus­
try f01: capturing the smelter off gases, the alternative choices open to the
copper companies are varied and much more complex. The copper companies are
proposing several different ways in which they intend to capture sulfur diox­
ide from their smelter g&ses, either to comply with the Federal primary and
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secondary ambient air quality standards or the la-percent emission standard
that has already been imposed by several States. Diagrammatic flowsheets
embracing alternative approaches of proven or developing technology which have
been proposed for meeting the needs of individual smelters in complying with
the standards are shown in figures 17 through 21. The simplest flowsheet
(fig. 17) is typical of current smelter operations which either have no sulfur
oxide recovery systems or employ the only recognized proven technology (con­
tact sulfuric acid plant) to achieve partial control of the sulfur oxides.

Without an acid plant all gases generated in the smelter are discharged
to the atmosphere. Green-charge smelting and acid production from the gas
captured from tightly hooded converters can recover about one-half of the sul­
fur dioxide generated in the smelter, which is enough to meet Federal primary
and secondary ambient air quality standards. Depending upon the size of the
acid plant, at least an $18 to $25 million capital investment is necessary to
install the proper water-cooled converter hoods, waste-heat boilers for cool­
ing the converter gas, gastight balloon flues, hot gas precipitators, ducts,
gas-wet scrubbers, and an acid plant to achieve this level of sulfur oxide
control.

Incorporating a roaster, such as a flUidized-bed reactor, to produce a
strong gas which can be combined with converter off gas for acid manufacture,
possibly can approach 85- to 90-percent sulfur oxide removal. The best com­
mercial operation to date employing this system has achieved only 60- to
65-percent sulfur oxide removal, because of inadequately hooded converters and
operating difficulties in roasting.

Figure 18 shows a proposed smelter plant flowsheet designed to meet the
la-percent emission standard. The proposed plant will employ fluidized-bed
roasting of the charge, controlled reverberatory furnace operation to minimize
sulfur oxide generation at that point, special converter slag treatment, and
a tightly hooded converter and duct system. Sulfuric acid will be produced
from the combined gas. It is thought that by using lime-scrubbing of the acid
plant tail gases, the la-percent emission standard may be met. Should the
lime-scrubbing technology, which still is in a state of development, prove
unfeasible, the Cominco process will be considered for removing sulfur oxides
from the acid plant tail gases. However, even with these controls, there is
a likelihood that lime-scrubbing or some other technology as of yet not fully
developed might be needed to scrub reverberatory gases to assure compliance
with the la-percent standard. The cost of such a system, including roasting,
is estimated at $40 to $45 million. This figure relates to a relatively new
smelter and conceivably could run considerably more if incorporated in an old
smelter.

A second alternative proposed for capturing the sulfur oxide gas to
achieve a la-percent emission standard is shown in figure 19. Key to this
technology is use of dimethylaniline to absorb and concentrate the weak gases
generated in the reverberatory furnace, and during low cycles of converting.
The gas absorbed in the DMA process is regenerated as liquid sulfur dioxide
for direct marketing, as a concentrated gas for feed to a contact sulfuric
acid plant, or as feed gas to an elemental sulfur plant.
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The system planned for several smelters will involve absorbing the sulfur
oxide gases from the reverberatory furnaces in a DMA plant on a continuous
basis. Strong gas from the converters will be fed directly to a contact sul­
furic acid plant except during periods of weak gas generation in the convert­
ers. During this period, the gas will be diverted to the DMA plant where con­
tinuous bleed off of concentrated sulfur dioxide will assure a uniform
concentration to the acid plant. Essentially the same procedure will be used
to produce elemental sulfur instead of sulfuric acid, or the concurrent pro­
duction of acid and sulfur.

Success of various systems in meeting 10-percent emission standards will
depend upon applying technology available for the DMA process which heretofore
has not been used for concentrating copper smelter gas. In addition, substan­
tial modification and rebuilding of plant facilities and equipment will be
necessary. Typical changes that will be required are construction of new or
modification of existing reverberatory furnaces and charging systems to assure
off gases containing a minimum of 1.5 percent sulfur dioxide; installation of
waste-heat boilers, new hot gas precipitators, tighter flues, and converter
modifications including tight water-cooled hoods; erection of the DMA, sulfur,
and contact acid plants; and the addition of ancillary equipment such as lime­
scrubbers, acid neutralization systems, and liquid sulfur dioxide storage
facilities. One company has estimated that the capital cost of modifying its
Arizona smelter to recover the sulfur dioxide as elemental sulfur and sulfuric
acid will range from $117 to $132 million. By comparison, the company esti­
mates that the cost of plant modifications which would capture enough sulfur
dioxide from the smelter gas streams to assure compliance with Federal ambient
air quality standards would only be $30 million.

Another proposed installation to capture 90 percent of the sulfur in the
feed will produce sulfuric acid and liquid sulfur dioxide. The capital costs
estimated by the company for this installation will range between $50 and $60
million. By comparison, their estimated costs for removing enough of the
smelter off gases to meet ambient air quality standards would be approximately
$17 million.

Two other smelting systems designed to meet 10-percent emission standards
are shown in figures 20 and 21. In these instances, electric furnaces
(fig. 20) and flash smelters (fig. 21) replace the reverberatory furnaces cur­
rently used.

The electric furnace made by the Boliden Co., Sweden, will provide for a
controlled volume and grade of off gas (4 to 8 percent S02) in the matte­
smelting step. This off gas will be combined with converter gas for feed to
the contact acid plant. Gas collecting and cleaning facilities, as well as
airtight flues and ducts, will be required with the electric furnace to pro­
vide a gas suitable for conversion to acid. Similarly, tightly hooded con­
verters, equipped with waste-heat boilers, and the usual gas wet-scrubbing and
cleaning facilities in conjunction with the contact acid plant will have to be
installed. Although the electric furnace will handle a green charge, in the
interest of power savings and better control of furnace operations the furnace
feed will be dried.
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The estimated capital cost of the modifications incorporating the elec­
tric furnace system in one smelter, which will have an annual copper produc­
tion capacity of 300,000 tons and an 1~800- to 2,000-ton-per-day sulfuric acid
facility, is $75 million, of which $53 million is directly attributable to air
pollution control. Another smelter incorporating this system, having a
110,000-ton annual copper production capacity with a 750-ton-per-day sulfuric
acid plant, is estimated to cost about $28 million.

One domestic copper company undergoing an expansion program will replace
its reverberatory furnaces with two flash smelters (fig. 21) developed by
Outokumpu Oy, Harjavalta, Finland. The flash smelters are expected to produce
a 10- to 14-percent sulfur dioxide gas which will be combined with the con­
verter gas for conversion to acid. Salient features of the plant will be con­
centrate drying and slag-treatment facilities. Slag produced by the flash
smelting process contains about 1 percent copper, and a composite with the
converter slag contains 2.5 to 3 percent copper. The combined slag will be
beneficiated by flotation to recover the copper in a concentrate assaying 20
to 25 percent copper that can be returned to the furnace. The flotation tail­
ing is expected to contain about 0.3 percent copper. When completed, the
smelter will have an annual capacity of 280,000 tons of copper and a 2,800­
ton-per-day sulfuric acid plant. Estimated total cost of the program is $75
million.

SULFUR PRODUCTS

Depending upon the technologies and processes adopted for removing sulfur
oxides from smelter gases, the products obtained will be sulfur, sulfuric acid,
concentrated sulfur dioxide, ammonium sulfate, or solid sulfur-bearing com­
pounds having little market value. As stated earlier, sulfuric acid will be
the major product because technology for its production is well-established.
Disposition of these products will to some extent influence the choice of sul­
fur dioxide control schemes or processes that are ultimately incorporated in
the smelter flowsheets.

From the smelting industry's point of view, marketing of the byproducts,
particularly sulfur or sulfurie acid, to offset at least part of the control
costs is most desirable, and there probably will be keen competition among the
sulfur-sulfuric acid producers and the smelting industry for markets for these
commodities in areas where smelters are located. Furthermore, production of
sulfur, sulfuric acid, and sulfur products from smelter gases will have a far­
reaching effect on the national sulfur oversupply situation. Sulfur now is
being recovered from sour natural gas in increasing amounts both in the United
States and Canada. Even higher production can be expected in the future.
Desulfurization of residual petroleum stocks and products is on the increase
and the removal of sulfur or sulfuric acid from fossil fuel-fired electric
power generating plants and industrial coal or oil burning plants can be
expected to begin within a few years.
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The potential production of Frasch and byproduct sulfur is shown in
table 6. Domestic demand for sulfur in all forms in 1970 was slightly more
than 9 million long tons, about 25 percent of which was byproduct sulfur.
Sulfur present in the coal and petroleum alone, had it been recovered, was
more than adequate to meet demand. This situation is not expected to change
in future years.

TABLE 6. - Domesti~ 1970 sulfur production and demand
and e.s timated potential sulfur surp lus

(Thousand long tons)

1970 Estimated potential sup] lv and demand
production 1970 1975 1980

Domestic supply source:
Frasch sulfur ............ 7,082 7,869 7,869 7,869
Byproduct sulfur:

Coal .•......•.....•.... - 9,233 10,661 12,209
Petroleum.............. 1 790 4,535 5,528 6,960
Natural gas •........... 1659 700 1,250 1,700
Copper ......•.•........ 2 218 1,612 1,817 2,232
Lead ................... e) 90 91 98
Zinc.................... 3 317 391 268 268
Other metal sulfides ... 4483 457 462 467

Total ..............•. 9,549 24,887 27,946 31,803

Domestic demand ...........• - 9,132 11,111 13,517
Potential surplus ..•......• - 15.755 16.835 18,286
lElemental recovered sulfur.
2Sulfur content of byproduct sulfuric acid production from copper smelting

operations.
3 Sul fur content of byproduct sulfuric acid production from lead and zinc

smelting operations combined to avoid disclosing individual company confi­
dential data.

4 Sulfur content of pyrites combined with sulfur content of hydrogen sulfide
from petroleum refineries and sulfur content of sulfur dioxide recovered
from lead smelting operations and pyrite operations to avoid disclosing
individual company confidential data.

Large-tonnage sulfur production from the potential byproduct supply prob­
ably will not pose a serious problem in the short run. Production will be
limited by the lack of suitable technology for recovering useful sulfur prod­
ucts from coal or flue gases. In the long run, however, this situation may
well change as the industries producing or consuming coal or petroleum begin
to remove sulfur or sulfur products either ·from the raw materials or from flue
gases in compliance with Federal and State air pollution laws. It is not
inconceivable that at that time the entire supply-demand structure of the
domestic sulfur industry could be drastically altered by the dumping of large
tonnages of sulfur or its compounds on the market. The demise of the Frasch
sulfur industries and associated marketing might be one consequence of these
actions.
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In the nationwide picture, sulfur and particularly sulfuric acid recov­
ered by treating smelter gas will be at a distinct competitive disadvantage
because of the transportation costs to the major markets. Uses include ferti­
lizer production, paper manufacture, cellulose fiber manufacture, and petro­
leum refining, the plants for which for the most part are located in areas
remote from the smelters. Sulfur, sulfur dioxide, or sulfuric acid production
in excess of local demand will have to be disposed of in some environmentally
acceptable manner. Under these circumstances, removal of the sulfur oxides
from the smelter gases as elemental sulfur will be advantageous. Sulfur can
be shipped farther economically or it can be stored readily without air or
water pollution and only minor land pollution. If needed at a later time, it
can be recovered easily, and shipped without any unusual precautions. In
either case, there is a good possibility that a substantial quantity of the
sulfur removed from smelter gases will have to be discarded as a waste product.

COST OF COMPLIANCE

Only through a fortuitous set of circumstances will a smelter operator be
able to realize a credit in his ledger for controlling sulfur dioxide emis­
sions. For most companies, large capital investments for control facilities
will be required ~lhich afford little opportunity for return on investment.
These costs, combined with an increase in operating costs, will have to be
balanced by an increase in the price of domestically produced metal or
absorbed by the companies. Consequently, the magnitude of the cost is of
serious concern to both industry and Government. In addition, the time allot­
ted for compliance with the new environmental standards is forcing the compan­
ies to alter smelting practices and to install new processes and equipment,
some of which have not been demonstrated on a connnercial scale. Hence, within
a few years the industry may be faced with the problem of operating with obso­
lete, outmoded, or costly noncompetitive methods.

Estimates have been made of the investment and operating costs that will
be incurred by copper companies to achieve compliance with the air pollution
standards for sulfur dioxide emissions. An early study made for the Environ­
mental Protection Agency based on 1969 cost data and covering nine copper
smelters representing approximately 60 percent of the domestic smelting capac­
ity resulted in a capital cost estimate of $87 million. With regard to these
cost estimates, the Environmental Protection Agency in a connnunication to the
Bureau of Mines has pointed out that when their earlier estimate is updated
and expanded to cover the total copper industry production, and to provide for
other facilities such as site preparation and flue ducting, their current cost
estimates are in the range of $250 to $270 million for capital investment and
between $60 million and $80 million for annualized costs exclusive of any
byproduct credit or disposal costs. These estimates are only for the cost to
control air pollution and do not consider plant replacement needs that are
essential to produce gas of sufficient sulfur dioxide concentration to be
amenable to subsequent treatment by the proposed processes.

The Fluor Utah Engineers and Constructors Corp. was engaged in 1970 by
the Kennecott Copper Corp. to determine the costs to the copper industry of
conformance with the existing and anticipated air quality regulations. The
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study Q) included 12 of the llj· western smelters. To avoid legal difficulties,
Fluor Utah wrote the report on an industrywide basis using published informa­
tion only, and does not reveal optimum action for any particular smelter. The
mathematical model that was used, however, took into consideration variables
in conditions at each smelter. Both capital costs and incremental costs were
estimated for several different methods of controlling smelter emissions.
Capital cost estimates ranged from a high of $607 million to a low of $264
million, and incremental cost estimates ranged from 16.6 to 2.8 cents per
pound of copper produced. The five methods reported for controlling sulfur
dioxide emissions were all considered capable of allowing the smelters to meet
the primary Federal ambient air quality standard with some degree of produc­
tion curtailment when necessary. Only two of the methods,causticscrubbing
in series with limestone scrubbing and caustic scrubbing with sodium sulfate
production, were reported as capable of removing adequate sulfur dioxide to
satisfy the 10-percent emission standard.

The $607 million capital cost estimate was for installation of acid
plants and extensive production curtailment as a method of control. About
one-half of the cost was for new smelters having a total daily copper capaCity
of 2,500 tons. The new smelter capacity was necessary to offset the loss of
copper production during periods of severe curtailment at the existing smelt­
ers because the Fluor study model assumed a constant level of production.
This method of control was one of two methods considered as proven technology,
defined as systems that have been developed to the extent that they could be
put into operation within 3 years. Incremental costs were estimated at 5.2
cents per pound of copper produced. It is questionable that the industry
would be willing to continue the operation of those existing smelters where
severe curtailment would be required. Moreover, it is doubtful that the
industry would be willing to invest in installing the new capacity required to
offset production loss during curtailment.

The other method considered as proven technology was the replacement of
reverberatory furnaces with flash-smelting units and installation of acid
plants for removing the sulfur dioxide. Capital costs estimated for this tech­
nology were $572 million and incremental costs of 2.8 cents per pound of cop­
per produced.

The methods reported as second-level technologies, defined as those not
yet developed to the point that: they could be built in 3 years, were ammonium
sulfate production, production of elemental sulfur via gas concentration and
reduction, caustic scrubbing, and limestone scrubbing. Estimates were
reported for three systems.

Capital costs for limestone scrubbers were· the lowest at $264 million;
The incremental costs were 3.8 cents per pound of copper produced. Capital
costs for caustic scrubbers in series with limestone scrubbers were slightly
higher, $275 million, and the incremental costs ,,7ere 5.6 cents per pound of
copper. The highest incremental cost reported, 16.6 cents per pound of copper,
was for caustic scrubbers and sodium sulfate production. For this system, the
capital costs were $331 million.
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The Bureau of Mines has surveyed the copper smelting industry's plans for
meeting existing standards and has examined the individual cost estimates to
implerrrent these plans for most of the companies. The survey revealed proposed
combinations of new reverberatory furnaces, new converter hoods, electric fur­
naces, flash-smelting units, DMA sulfur dioxide concentrators, acid plants,
sulfUJ~ dioxide reduction plants, lime- and limestone-scrubbers, and acid neu­
trali:dng plants. The proposed combinations were for a variety of control
schemes, each suited to the particular plant where it will be applied.

For 14 smelters operated by seven companies, these representing 98 per­
cent of domestic eapacity for primary copper, the total capital cost was esti­
mated by the companies to be $598 million. Combined with estimated operating
costs:, the average increase in the cost of smelting copper would be about
4 cents per pound.. The individual estimates for the seven companies are
listed in table 7, Except for two of the smelters, the cost estimates are for
control measures that will meet the lO-percent sulfur emission standard. Most
of the cost estimates were in the form of engineering estimates prepared by
reputable and qualified u.s. engineering and construction firms. A few were
in the form of budget estimates which, of course, are subject to some varia­
tion vrhen final costs for construction are prepared. One such instance
occurred while this report was in preparation. For budget purposes, a company
incluc!ed in this study prepared an estimate of $50 million at the time of the
Bureac's examination. The engineering company estimate for design modifica­
tion ".nd construction of the facilities was $75 million. Firm bids for con­
struction will be considerably higher than a number of the estimates included
in thEse capital cost summaries.

The cost estimates studied in the Bureau's survey have not taken any
credit for sale of sulfuric acid or other sulfur byproducts or cost for their
disposal. Some smelters are so situated that they will be able to dispose of
their acid production for some positive value, and thereby reduce the effec­
tive cost of environmental controls. Other smelters, less favorably situated,
either will have to subsidize transportation charges to deliver the acid to a
market or will have to neutralize it at the smelter site. To these smelters
sulfuric acid will be a byproduct debit.

The estimates did not include an allowance for lost production during the
period of constructing the control facilities nor for the costs incurred dur­
ing periods of shutdown for maintenance after the facilities are operating.
Based on the detailed examination of the company estimates, the Bureau of
Mines estimates that the figures are reasonably accurate, probably within plus
or minus 15 percent. It appeared to the Bureau engineers who made the exami­
nation that all of the corporate capital cost estimates were for the purpose
of sulfur dioxide control. There were no clearly identifiable costs that
could be attributed to increased capacity or economy of production. On the
other hand, it was evident that the cost of operating the existing plants, in
conjunction with the new control facilities, would add substantially to the
cost of smelting copper. Assuming that it might be possible in a detailed
review of the capacity of unit operations to determine that certain portions
of the facilities would provide some additional capacity over that of the
existing plants, it is likely that the percent of capital which could be so
identified would be within the accuracy of the capital cost estimates.
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.~ total cost estimate has not been compiled for the lead and zinc smelt­
ing industries, however, from the company cost estimates that were examined by
the Bureau. The capital cost is expected to exceed $100 million and the pro­
duction cost will probably increase by 2 to 4 cents per pound for lead and 1.5
cents per pound for zinc. A comprehensive study of the lead and zinc smelting
industries will have to be made to confirm the accuracy of these cost
estimates.

Regardless of the exact amount of capital expenditure required, outlay of
huge amounts of capital demands careful planning to assure that the control
methods selected will be effective and reliable without transforming the air
pollution problem into one of land or water degradation. In addition, a solu­
tion that minimizes adverse international trade implications will be reached
only if there is tolerance in the time allotted for reducing emissions, par­
ticul~rly for those smelters that cannot readily dispose of sulfuric acid. In
the e:ld, the public interests should be best served if allowances are made for
the difficulty in bringing technology to a working practice.
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APPENDIX.--AMBIENT AIR QUALITY AND EMISSION STANDARDS

The State air pollution standards for sulfur dioxide as listed in this
appendix have beE:n compiled from a survey of the various States where smelters
are located. For' comparative purposes, values for allowable concentrations in
the ambient air where expressed by the State only in parts per million by vol­
ume (ppm) were converted to micrograms per cubic meter using a multiplying
factor of 2860. For an accurate interpretation of the standards the appropri­
ate regulation authorities should be consulted.

Federal Standards

Proposed standards were issued by the Environmental Protection Agency on
January 25, 1971. The final standards were promulgated April 30, 1971, as
authorized by Section 4, Public Law 91-604, 84 Stat. 1969. There are two
basic standards: The primary standards state how clean the air must be in
order for it to be healthful for humans to breathe; the secondary standards
state how clean the air must be in order to protect against the known or
anticipated effects of air pollution on property, material, climate, economic
values, and personal comfort.

Primary--To protect the public health:

Ambient air--As sulfur dioxide:

a. 80 micrograms per cubic meter, annual arithmetic mean.

b. 365 micrograms per cubic meter, maximum 24-hour concentra­
tion not to be exceeded more than once per year.

Secondary--To protect the public welfare:

Ambient air--As sulfur dioxide:

a. 60 micrograms per cubic meter, annual arithmetic mean.

b. 260 micrograms per cubic meter, maximum 24-hour concentra­
tion not to be exceeded more than once per year.

c. 1,300 micrograms per cubic meter, maximum 3-hour concentra­
tion not to be exceeded more than once per year.

State Standards1

Arizona

Established by the State Department of Health pursuant to the authority
granted by 36-1707, Arizona Revised Statutes, and became effective upon the

lState standards of ppm by volume have been converted to micrograms per cubic
mEter.
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date of promulgation. Operations not in compliance with the regulations may
apply for a provisional permit to continue operating. This permit may be
granted if evidence is presented that the operator is diligently pursuing a
course of investigation, design, and construction that will obtain compliance
with the regulations. In any case, full compliance must be met by the year
1973.

Emission--As sulfur: 10 percent of total feed of sulfur to smelter, maxi­
mum of 6,500 lb per hour.

Ambient air--As sulfur dioxide, ground-level concentration outside the
boundaries of the operation:

it. 50 micrograms per cubic meter, maximum annual average.

b. 250 micrograms per cubic meter, maximum 24-hour average.

c. 850 micrograms per cubic meter, maximum l-hour average.

d. 120 micrograms per cubic meter, maximum any 3 consecutive days.

Idaho

Established by the Idaho Air Pollution Control Commission, pursuant to
Title 39, Chapter 29, Idaho Code, Section 39-2908, effective January 24, 1969.

Emission--As sulfur dioxide: May not exceed the amount which will cause
a concentration of more than 4,290 micrograms per cubic meter
for 3 consecutive minutes at ground level outside the bounda­
ries of the operation, or which will cause the limits set for
ambient air sulfur dioxide to be exceeded.

Ambient air--As sulfur dioxide: Variable, depending upon the concentra­
tion at ground level outside the boundaries of the property
and the total cumulative daily and monthly exposure duration
in hours. At concentrations of 572 micrograms per cubic
meter, there are no limits to the hours of exposure. At
concentrations of 4,319 micrograms per cubic meter or over,
the cumulative daily exposure allowed is a maximum of 0.05
hour in the day and 0.10 hour at night. At the same concen­
trations, the total maximum cumulative monthly exposure
duration is 1.00 hour between sunrise and sunset, and 2.00
hours anytime during the month.

Illinois

There are no sulfur dioxide standards in effect at this time for smelters.
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Kansas

No sulfur di.oxide standards are presently in force in those areas in
which smelter operations are being conducted.

Michigan

The State has not established any specific standards or regulations
regarding sulfur dioxide emissions at copper smelters. Those ambient air
standards proposed by EPA probably will become those adopted by the State. No
emission standards have been proposed.

Missouri

Established by the Missouri Air Conservation Commission for the St. Louis
Metropolitan Area, effective March 24, 1967, unless otherwise noted, and
revised September 18, 1970. If more than one regulation is applicable, the
most stringent shall govern.

Emission--As sulfur dioxide:

1. Maximum allowable concentration of effluent gas is 5.29 grams
per cubic meter for existing installations and 1.32 grams per
cubic meter for new installations.

2. Emissions shall not create ambient air concentrations at occu­
pied places beyond the boundaries of the property in excess of
the following:

a. 132 micrograms per cubic meter, maximum 24-hour average
concentration, not to be exceeded more than once in any
90 days.

b. 264 micrograms per cubic meter, maximum I-hour average con­
centration, not to be exceeded more than once in any 4 days.

c. 661 micrograms per cubic meter, maximum 5-minute average
concentration, not to be exceeded more than once in any
8 hours.

i\mbient air--As sulfur dioxide, effective January 12, 1970, at places
where people live, or an undesirable effect could result:

a. 53 micrograms per cubic meter, maximum arithmetic average,
24-hour sampling period.

b. 264 micrograms per cubic meter, maximum 24-hour average, not to
be exceeded more than 1 day in any 3-month period.

c. 952 micrograms per cubic meter, maximum I-hour average.
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Established by the Missouri Air Conservation Connnission for areas other
than those covered by regulations for the metropolitan area, effective April 3,
1971. If more than one regulation is applicable, the more stringent shall
govern.

Emission--As sulfur dioxide:

1. Maximum allowable concentration of effluent gas is 5.29 grams
per cubic meter for existing installations and 1.32 grams per
cubic meter for new installations.

2. Maximum emission of sulfur dioxide from anyone source shall not
exceed 1,000 lb per hour, except when such emission does not
cause or contribute to ambient air concentrations at any occu­
pied place beyond the boundaries of the property in excess of
the following:

a. 185 micrograms per cubic meter, maximum 24-hour concentra­
tion, not to be exceeded more than once in any 90 days.

b. 661 micrograms per cubic meter, maximum l-hour concentra­
tion, not to be exceeded more than once in any 4 days.

Note; While there is no specific regulation as such, it is antici­
pated by the Commission that the above regulations will
obtain an annual average ambient air quality of 40 micrograms
per cubic meter, or less.

Montana

Established by the State Department of Health, pursuant to the Clean Air
Act of Montana, Chap. 313, State Legislature, 1967.

Emission--As sulfur; regulation 90-008, effective June 30, 1970, for new
operations and June 30, 1973, for existing operations:

a. Copper smelters-·.. 10 percent of total feed of sulfur, maximum of
10,000 lb per hour.

b. Lead smelter~--Variable allowance from 10 percent when feed rate
is 1,000 lb per hour to 5 percent at feed rate of 20,000 lb of
sulfur per hour, with maximum of 5,000 lb per hour.

c. Zinc smelters--Variable allowance from 10 percent when feed rate
is 1,000 lb per hour to 5 percent at feed rate of 100,000 lb of
sulfur per hour, with maximum of 5,000 lb per hour.
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!cmbient air-·-As sulfur dioxide, ground level concentration outside the
boundaries of the operation:

a. 286 micrograms per cubic meter, maximum 24-hour average.

b. 572 micrograms per cubic meter, maximum 30 minutes per hour,
twiee in 8 hours.

c. 1,430 micrograms per cubic meter, maximum 10 minutes per hour,
twiee in 8 hours, total of 60 minutes in 24 hours.

d. 2,860 micrograms per cubic meter, maximum 5 minutes per hour,
twice in 8 hours, total of 30 minutes in 24 hours.

e. 5,720 micrograms per cubic meter, maximum 2-1/2 minutes per hour,
twice in 8 hours, total of 15 minutes in 24 hours.

f. 5, 7;~0 micrograms per cubic meter, maximum at any time.

Nevada

Established hy the State Board of Health on November 16, 1970, pursuant
to Nevada Revised Statutes 445.400 to 445.595 inclusive. The effective date
of cOILpliance is December 17, 1970. Existing operations not in compliance
with the regulations must submit plans for compliance within 6 months of
receipt of instruc:tions from the Air Pollution Control Authority to submit
such plans. Such compliance plans shall contain specific progress steps that
will ce taken toward achieving compliance. In any case, full compliance must
be attained by Dec:ember 17, 1973.

Emission--As sulfur: 10 percent of total feed of sulfur to smelter, max­
imum of 10,000 lb per hour, effective December 17, 1973.

Ambient air--·No specific standards have been established.

New Mexico

Established by the New Mexico Health and Social Services Board on Janu­
ary 23, 1970, and amended on June 27, 1970, as regards variances, pursuant to
the New Mexico Air' Quality Control Act, Chap. 277, Laws of 1967, and amended
by Chap. 58, Laws of 1970, and again amended on June 26, 1971. Existing oper­
ations were to obtain full compliance by July 1, 1970, unless a variance was
obtained from the board. The amended regulations allow operations to apply
for a variance, stating their reasons for a stay of action in respect to com­
liance. Pending a final decision on an application for a variance, a stay of
action on compliance is allowed at the discretion of the Director of the Board.

Emission--Separate standards are being considered for powerplants, copper
smelters, oil and gas refineries, and other sources.
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Ambient air--As sulfur dioxide:

a. 57 micrograms per cubic meter, nlaximum annual arithmetic ~ean.

b. 286 micrograms per cubic meter, maximum 24-hour average, not to
be exceeded more than once in any 100 consecutive days.

Ohio

Established by the Ohio Air Pollution Control Board,
tion 119.03, Revised Code, Administrative Procedure Act.
ber 30, 1970, with full compliance to be effected by July

Ambient air--As sulfur dioxide:

pursuant to Sec­
Effective Decem­
1, 1973.

a. 40 micrograms per cubic meter, raaximum annual arithmetic mean.

b. 266 micrograms per cubic meter, maximum 24-hour concentration
not to be exceeded 1 percent of the time on an annual basis.

c. 797 micrograms per cubic meter, maximum l-hour concentration not
to be attained more than 1 hour per year.

Oklahoma

There are no existing regulations on either sulfur dioxide emissions or
ambient air standards.

Pennsylvania

Established by the State Air Pollution Commission, pursuant to the State
Air Pollution Control Act, effective 1969.

Ambient air--As sulfur dioxide:

a. 53 micrograms per cubic meter, maximum annual geometric mean.

b. 267 micrograms per cubic meter, maximum 24-hour concentration.

c. 668 micrograms per cubic meter, maximum l-hour concentration.

Tennessee

Established by the State Department of ~lblic Health on June 25, 1969,
pursuant to the Tennessee Air Pollution Control Act, Tennessee Code Annotated
Section 53-3408, and became effective August 9, 1969. In the case of existing
operations which are not in compliance with the regulations, a plan of action
that will insure complianee must be filed within 18 months from August 9, 1969.
Such plans must show that compliance will be attained before August 9, 1973.
Permits for operation pending compliance may be issued for periods of 1 year
or more. Land is classified by usage for purposes of standards to be employed.
The applicable standards below are for industrial areas.
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Emission--Standards are under study.

Ambient air--As sulfur dioxide, air in general area:

a. 572 micrograms per cubic meter, maximum 24-hour average, during
100 consecutive days.

b. 1,430 micrograms per cubic meter, maximum I-hour average, during
100 consecutive hours.

Texas

Established by the Texas Air Control Board pursuant to the Clean Air Act
of T(~xas, 1967, as amended, Art. 4477-5, V.T.C.S., effective January 6, 1968,
with provision for full compliance by July 1, 1968. Existing operations that
cannot fully comply with the regulations without providing new or additional
equipment or facilities, or without modifying existing equipment or facilities,
may apply for a variance from the regulations pending such provisions as are
nece:,sary for full compliance. Land areas are classified by usage for pur­
pose:, of standards to be met. The applicable standards below are for residen­
tial areas.

Emission--No specific standards have been established.

Ambient air--As sulfur dioxide, 3 to 10 feet from ground level, outside
the boundaries of the operation:

a. 572 micrograms per cubic meter, maximum 24-hour average.

b. 1,144 micrograms per cubic meter, maximum 30-minute average,
once during any 12 hours.

Utah

Regulations for Utah are in the process of adoption by the Utah State
Dividon of Health.

Emission--Emission standards have not been established.

Ambient air·--As sulfur dioxide, at any given point:

a. 52 micrograms per cubic meter, maximum annual average.

b. 260 micrograms per cubic meter, maximum daily average.

c. 2,660 micrograms per cubic meter, maximum 30-minute period.

Washington

Regulations as established by the Puget Sound Air Pollution Control
Agency. They are regional regulations for sulfur dioxide based on regulations
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issued by the Washington State Air Pollution Control Board, adopted April 17,
1970, effective June 17, 1970, and amended July 8, 1970.

Emission--

a. As sulfur dioxide: 5,720,000 micrograms per cubic meter, maxi­
mum concentration of flue gases.

b. As sulfur: 10 percent of total feed of sulfur to smelter.

Ambient air--As sulfur dioxide, 10 to 150 feet above ground level, out­
side boundaries of the operation:

a. 57 micrograms per cubic meter, maximum annual average.

b. 114 micrograms per cubic meter, maximum monthly average.

c. 286 micrograms per cubic meter, maximum 24-hour average.

d. 715 micrograms per cubic meter, Inaximum 60-minute average, twice
in any 7 consecutive days.

e. 1,144 micrograms per cubic meter, maximum 60-minute average.

f. 2,860 micrograms per cubic meter, maximum 5-minute average, once
in any 8 consecutive hours.

West Virginia

Established by the West Virginia Air Pollution Control Commission, pur­
suant to the West Virginia Air pollution Law, effective June 6, 1962.

It shall be unlawful for any person to cause statutory air pollution as
defined herein: The term Statutory Air Pollution shall mean and be limited to
the discharge into the air by the act of man of any substances (liquid, solid,
gaseous, organic, or inorganic) in a locality, manner and amount as to be
injurious to human health or welfare, animal or plant life, or property, or
which would interfere with the enjoyment of life or property.

Note: More specific standards have been established for certain
areas, but not for those areas wherein nonferrous smelter
operations are conducted.
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