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ABSTRACT '

This report briefly examines the major sources of sulphur dioxide
(S0p) and its effects on the environment. Because of the harmful effects of
SO, many countries have formulatedairpollution control regulations to Timit
emissions and provide for certain ambient air quality standards. These are

given in outline for several countries.

Various smelting technologies used in the copper and nickel in-
dustries are discussed in terms of the matte grade produced and its implica-
tions on the strength, volume and continuity of the major gas streams in the

smelter.

The various methods of removing particulate material from the gas
streams prior to S0, capture and fixation are described. Sulphur dioxide
emission control technology, either under development or in various stages of
commercialization, is described, both for concentrated process gas streams
and for the weak gas streams which emanate from fugitive emissions, acid plant
tail gas and dilute process gas streams such as from the reverberatory fur-

nace.

The by-products produced from fixation of sulphur may be used at
the smelter site for conversion into other products, sold directly into vari-
ous markets, or disposed of as stable waste materials after neutralization.

The various alternatives are briefly reviewed.

The disadvantages in the traditional primary smelting processes
are discussed in terms of their inability to utilize efficiently the inherent
energy contained in the concentrate and the production of low gas strengths

involving relatively high treatment costs.

The development of more energy-efficient processes, combined with
the use of tonnage oxygen, coincidentally led to the production of gas strengths
more suitable for capture and fixation of S0,. The imposition of more stringent
emission controls and their impact on smelters is discussed in relation to pro-
cess changes, engineering requirements and associated costs.



11

TABLE OF CONTENTS

ABSTRACT
LIST OF FIGURES
LIST OF TABLES

CONCLUSIONS
1 INTRODUCTION
2 SULPHUR OXIDE EMISSIONS

General

Sources of SOy Emissions
Effects of SOy Emissions
Health

Vegetation

Property

[NSEASEACR LS NSRS
wWwwL o
w o

AIR POLLUTION CONTROL REGULATIONS

w

General

Definitions

Gaseous Emissions

U.S.A.

S0, Ambient Air Quality Standards
Emission Standards - as sulphur
Japan

National Ambient Air Quality Standards
Emission Standards

European Economic Cormunity (E.E.C.)
Republic of South Africa

West Germany

.1 SO, Ambient Air Quality Standard
Otner Areas

Particulate Emissions

SN S WP
~n — n =

WWWWWWWwWwWwWwWwwWwWwwWwwwWwwwwww
D EREDEPRPDEPRPPLWWWLWWWWWWLWWWWN

1 U.S.A.
A1 Ambient Standard - as suspended particulates
1.2 Emission Standards - as suspended particulates
.2 Japan
.2.1 National Ambient Standard
2.2 Emission Standards
.3 European Economic Community (E.E.C.)
4 MAJOR SMELTERS - LOCATION, CAPACITY, SOZCONTROL

Page

36



—_— e OO OO P W —
L] L] - . .

wn—0O

w Ny —

OO O ORI oTTIgl
. L) ) L] - . L] [ ] L] L] L] [ ] [ ) [ ] [ L] L ] ]

_l:—l_l_l._l_l
e o o o o
g wrno -

w N —

.
g wnrn -

.
RN NDNMNOMNDN
L] . - .

e o o s » . .
WWWLwwWwwWwwwwwwwwwmrnmrrPNn -~
L] L] L] L] L] . * L] L] L] [ ] . . - L] L]

L]

NO oW —

. . . - L] . . . L] L) . . .

SMELTING TECHNOLOGY

Roasting

Sintering

Blast Furnace

Reverberatory Furnace Smelting

" Electric- -Furnace Matte Smelting -
Flash Smelting

Outokumpu Flash Sme]t1nq

Inco Flash Smelting

Furukawa Flash Smelting
~Mitsubishi Continuous Smelting and Convert1ng
Noranda Process

Top-Blown Rotary Converter
Kivcet Process

Peirce-Smith Converter

Hoboken Converter

Comparative Gas Strengths

PARTICULATE EMISSIONS -

Particulate Emission Control Technology
Settling Chambers

Cyclones

Bag Filters

Electrostatic Precipitators

Wet Scrubbers '

GASEOUS EMISSIONS

Sulphur Dioxide Emission Control Technology
Concentrated Gas Streams

Elemental Sulphur Production

Liquid SO, Production

Sulphuric™Acid Production

Weak Gas Streams

Regenerative Absorption Systems

Magnesium Oxide Concpntrat1on Systeri

USBM Citrate Process

Flakt-Boliden Citrate Process

Cominco Ammonia Scrubbing System
Wellman-Lord Process

Nonregenerative Absorption (Scrubbing) Svstems
Onahama Lime/Limestone Scrubbing Systerm
"Duval Sierrita Lime Scrubbing System
Palabora Scrubbing System

Sodium Carbonate Process

Aqueous Carbonate Process

Double Alkali Process

Chiyoda Thoroughbred 101



NN N

[eeNeclocNocRooNooNooNocNooNooNoo oo oo 00}
N =

OO RRRERWN -

W N

NeRVoRNe]
W N =

10

10.
10.
10.
10.
10.
10.
10.
10.2.
10.

WRMNIMNNMN NN
YO B WM

11

11.
11.
11.2.
11.2.
11.
11.
11.
11.2.
11.

PPN N =
~NO O wWwNE

REFERENCES

iv

MARKETS, USE OR DISPOSAL OF SULPHUR FIXATION PRODUCTS

General Considerations
Elemental Sulphur

Liquid SO2

Sulphuric Acid

Sale as Sulphuric Acid
Neutralization and Discard as Gypsum
Dry Process

Wet Process

Manufacture of Chemicals
Phosphoric Acid

Ammonium Phosphate Fertilizers
Potassium Sulphate
Miscellaneous Chemicals

IMPOSITION OF MORE STRINGENT EMISSION CONTROLS

Deficiencies of Traditional Smelting Processes
Changes in Smelting Technology
Engineering Requirements

CAPITAL COSTS

Alternative Smelting Technologies

Sulphur Containment Plants - Concentrated Gas Streams
Sulphuric Acid Plant

Sulphuric Acid Neutralization

Elemental Sulphur Plant

Liquid SO2 Plant

Combined Sulphur Fixation Plants

Capital Cost Summary

Sulphur Containment Plants - Weak Gas Streams

PRODUCTION COSTS

Alternative Smelting Technologies

Sulphur Containment Plants - Concentrated Gas Streams
Sulphuric Acid Plant

Sulphuric Acid Neutralization and Gypsum Impound1ng
Elemental Sulphur Plant

Liquid SO Plant

Production Cost Summary

Sulphur Containment Plants - Weak Gas Streams

Cost of Sulphur Containment per Pound of Metal Recovered

Page
126

126
127
128
134
135
138
140
142
142
144
144
145
146

148

148
149
154

156

156
158
158
160
161
162
163
166
167

173

173
173
173
175
175
175
175
180
180

189



i

]
4 G &5 SN T O O S Sy 0 0 o N9 O Om A M Um
Sy
:

LIST OF FIGURES

Figure.

B

2

10

11

12 .

13

‘14

15
16

17

18
19

20
21

22

‘THE EFFECTS DF SOéaBEARING GASES- ON- VEGETATION ' .
: GENERAL‘FLON DIAGRAM OF A COPPER SMELTER

GENERAL " FLOW DIAGRAM OF A NICKEL-COPPER SMELTER

FLOWSHEET FOR RECOVERING ELEMENTAL SULPHUR FROM SMELTER
GASES

t

COMINCO ABSORPTION PROCESS

'DMA PROCESS
- SINGLE AND DOUBLE CONTACT SULPHURIC ACID PLANT SCHEMATIC

FLOWSHEET OF REMODELLED ACID PLANT

FLOWSHEET FOR MgO SYSTEM AT ONAHAMA SMELTER

FLOW DIAGRAM FOR THE BUREAU OF MINES CITRATE PROCESS
FLOW DIAGRAM FOR THE FLAKT-BOLIDEN CITRATE PROCESS

GREENVCHARGE REVERBERATORY FURNACE OFF-GAS FLAKT CITRATE
SOZ CONTROL SYSTEM

‘CALCINE CHARGE REVERBERATORY FURNACE OFF GAS FLAKT CITRATE

502 CONTROL SYSTEM

FLOW DIAGRAM COMINCO AMMONIA SCRUBBING PROCESS
FLOW DIAGRAM-FOR WELLMAN-LORD PROCESS

FLONSUEET ONAHAMA LIME/LIMESTONE TO GYPSUM SYSTEM

-DUVAL STERRITA ROASTING-SCRUBBING FLOWSHEET (ONE SIDE OF
DUPLICATE SYSTEM)

- PALABORA GASCSCRUBBING PLANT SIMPLIFIED FLOW DIAGRAM

SULPHURIC ACID NEUTRALIZATION - DRY PROCESS

SULPHURIC ACID NEUTRALIZATION - WET PROCESS
COPPER SMELTER - AVERAGE TOTAL INSTALLED COST (GREENFIELD SITE)

DOUBLE ABSORPTION ACID PLANTS - TOTAL INSTALLED COST

/

' Page

12

74
75
78

81
82
85
94
97
100..-
103"
105

106

109
112
115 -
118
121
141
143

157

159



23

24
25

26

27
28

vi

TOTAL CAPITAL INVESTMENTS FOR SO, GAS COOLING AND CONDITIONING FOR
BOTH REGENERABLE AND NONREGENERABLE (SCRUBBING) SYSTEMS

TOTAL CAPITAL INVESTMENTS FOR SO, REMOVAL USING REGENERABLE SYSTEMS

TOTAL CAPITAL INVESTMENTS FOR SO, REMOVAL USING NONREGENERABLE
(SCRUBBING) SYSTEMS

TOTAL ANNUAL OPERATING COSTS FOR SO GAS COOLING AND CONDITIONING FOR
BOTH REGENERABLE AND NONREGENERABLE (SCRUBBING) SYSTEMS

TOTAL ANNUAL OPERATING COSTS FOR SO» REMOVAL USING REGENERABLE SYSTEMS

TOTAL ANNUAL OPERATING COSTS FOR SO REMOVAL USING NONREGENERABLE
(SCRUBBING) SYSTEMS

Page
169

171
172

183

184
185



n
|

i - " N . L

P

¥

S viid

LIST OF TABLES

- I\2

Table
1

CURRENT NATIONWIDE EMISSIONS OF SOy AND NOy IN THE U.S. AND CANADA
~U.S. AMBIENT SO STANDARDS.. - |
- U.S. S02 EMISSION STANDARDS

ARIZONA SULPHUR EMISSION LIMITS (1979)
REGULATION ON SULPHUR. OXIDES EMISSION (K-VALUE) IN JAPAN

SMELTING AND SO EMISSION CONTROL PRACTICE IN JAPAN

HEALTH PROTECTION STANDARDS FOR S0, AND SUSPENDED PARTICULATES IN

- URBAN ATMOSPHERES (E.E.C.)

10
11
12
13

14

15

16-

17 -
18
19
20
21

EXCEPTIONAL CONCENTRATIONS FOR SOZ AND SUSPENDED PARTICULATES IN
URBAN ATMOSPHERES (E.E.C.):

U.S. AMBIENT SUSPENDED PARTICULATE STANDARDS .

- U.S. PARTICULATE EMISSION STANDARDS

JAPANESE PARTICULATE EMISSION STANDARDS
LOCATION AND CAPACITY OF MAJOR SMELTERS

TYPICAL COMPARATIVE GAS STRENGTHS

METHODS AND EQUIPMENT 'FOR AIR POLLUTION CONTROL

~ ESTIMATED UPPER IMPURITY LIMITS (DRY BASIS) FOR CLEANED 7% SO2

GAS
PALABORA SCRUBBING PLANT DATA
WESTERN WORLD BRIMSTONE PRODUCTION FORECAST 1975-1990

- BRIMSTONE PRODUCTION BY TYPE .

WESTERN WORLD PYRITE PRODUCTION FORECAST 1975-1990 .

WESTERN WORLD SULPHUR-IN-OTHER-FORMS PRODUCTION FORECAST 1975-1990

WESTERN WORLD : SULPHUR-IN-ALL-FORMS SUPPLY FORECAST 1975-1990

Pagé :

S 18- .

20
22
24
26
z
27
31
32
-35
37
61

64.
86

120
129 -
129
130
130

131



22
23
24
25
26

27

28
29
30

31

32

34
35
36
37
38

39

viii

WESTERN WORLD : BRIMSTONE SUPPLY/DEMAND BALANCE
END-USE PATTERN OF ELEMENTAL SULPHUR, U.S. 1977
END-USE PATTERN FOR SULPHURIC ACID, U.S. 1977
SPECIFICATION AND TYPICAL ANALYSIS OF SULPHURIC ACID

COST OF FIXING SULPHUR AS SULPHURIC ACID FROM SMELTER GASES
USING DOUBLE CATALYSIS ACID PLANT

COST OF NEUTRALIZING SULPHURIC ACID FROM A DOUBLE CATALYSIS ACID
PLANT WITH LIMESTONE AT THE SMELTER SITE

COST OF RECOVERING ELEMENTAL SULPHUR FROM SMELTER GASES
COST OF RECOVERING LIQUID SOp FROM SMELTER GASES

TOTAL COST FOR SULPHUR RECOVERY FROM SMELTERS WITH VARIABLE LOW-
STRENGTH GAS FLOW

TOTAL ESTIMATED CAPITAL COSTS FOR VARIQUS SULPHUR CONTAINMENT
PROCESSES

PRODUCTION COST OF FIXING SULPHUR AS SULPHURIC ACID FROM SMELTER
GASES USING DOUBLE CATALYSIS ACID PLANT

PRODUCTION COST OF NEUTRALIZING SULPHURIC ACID FROM A DOUBLE
CATALYSIS ACID PLANT WITH LIMESTONE AT THE SMELTER SITE

PRODUCTION COST OF RECOVERING ELEMENTAL SULPHUR FROM SMELTER GASES

PRODUCTION COST OF RECOVERING LIQUID SO FROM SMELTER GASES
TOTAL PRODUCTION COSTS FOR SULPHUR BY-PRODUCTS FROM SMELTER GASES

PRODUCTION COST OF SULPHUR FIXATION FROM ALL MAIN SMELTER GAS STREAMS
PRODUCTION COST OF SULPHUR FIXATION WITH NEUTRALIZATION AND GYPSUM

IMPOUNDING

PRODUCTION COST OF SULPHUR FIXATION PER POUND OF METAL PRODUCED,
COPPER AND NICKEL

Page
132
133
136
139
161

162

164

165
167

168

174

176

177
178
179
181
182

187



B

I .
g . g b - - , . . . . | N
o O G & ¢ a5 & S 0um s o o o v & M o .

—

CONCLUSIONS

v The harmful effects of su]phur d1ox1de (502) on the environment,
i.e. on hea]th,_vegetat1on and property, has and w1]1 continue to lead to the
imposition of-more-stringent air p011ut1on ‘control’ regu]at1ons on the copper
and nickel smelting industries, part1cu1ar1y in the developed countries and
in the developing countries when- international financing is required for
smelter projectsv This w111 cont1nue to have a profound effect on the 1ndustry,
especially in the older sme1ters using the traditional, outdated technology
(multi-hearth roasters and ‘reverberatory furnaces) which is neither energy :

. efficient nor suitable for recovering more than about 70% of thevsulphur in
the feed to the smelter. Future emission standards are 1ikely to reguire that
at least 90% of the su]phur is captured although this may be more than is

" required to meet proposed ambient air qua11ty standards. (Some areas 1n Japan
a]ready require a 99% sulphur recovery from copper smelters. )

Modern sme1t1ng techno]ogy is based on- the concept of ut111z1ng
part of the inherent energy of the concentrate to produce a higher than
'natural' grade of matte in the primary smelting furnace. In “f]ash" smelting,
which includes the Outokumpu’and‘Inco basic variants, su]phide.mineral part-
icles are simultaneously roasted (oxidized) and smelted in the furnace reaction
shaft to produce an upgraded matte, although in the Inco case.this'fs Timited.
In the Noranda process, upgrading of the 'natural' matte grade is brought about
by oxidation of the matte by blowing with-oxygen?enriched'air'through submerged"
tuyereé In the Mitsubishi continuous smelting process, upgrading of the 'nat-
ural' matte 1s achieved by top-blowing w1th oxygen-enriched air. In all cases
the matte grade produced is a function of the oxygen : concentrate ratio and
concentrate grade. The remainder of~ the inherent energy contained in concen-
trates is utilized in oxidation of the matte in converters. The use of oxygen-
enriched reaction air in these processes results in economic and technical
benefits in that by replacing part or all of the inert nitrogen, the gas vol-
ume is reduced, its SO strength is increased and fuel requirements are decreased.
The use of tonnage oxygen in the industry will therefore continue to increase.

There is now a tendency in the copper 1ndustry to produce as high
. a matte grade as is techn1ca11y feasible (i.e. generally depend1ng on impurity



content) to maximize the production of a continuous, constant volume and stren-
gth of gas from the primary smelting furnace, thereby minimizing the intermit-
tent and variable gas stream from the converters. In nickel smelting, however,
the inherent energy in the concentrate cannot be fully utilized in the primary
smelting furnace because production of a high grade matte would result in un-
acceptably high nickel losses to the slag. Gas streams from all these modern
processes are high in S0,, and when combined with converter gases, permit re-
covery of sulphur as sulphuric acid, the accepted control approach in the in-
dustry, and achieve better than 90% sulphur recovery. The use of a double ab-
sorption acid plant, scrubbing of acid plant tail gas, and collection and scrub-
bing of fugitive emissions (which contain 1-2% of the sulphur input to a smelter)
permit better than 99% sulphur recovery, as evidenced at several modern copper

smelters, particularly those in Japan.

Production of sulphuric acid is likely to remain the accepted con-
trol approach in the industry. Production of liquid SO, is feasible from high-
1y concentrated off-gases such as from an Inco oxygen flash furnace. Reduction
of 502 to elemental sulphur is technically feasible but is unlikely to be an

economic proposition because of the high cost of reductants. However,
the production of elemental sulphur has advantages in that it is a stable
product which can be easily and safely stockpiled and transported for use
at a later date.

Technology for the control of weak gas streams, such as those from
reverberatory furnaces, is not so advanced. Whilst these processes are likely
to find increasing application in the control of fossil fuel-fired power plant
off-gases, a more attractive proposition in the smelting industry is likely to
be the replacement of outdated technology by new, more energy-efficient proces-
ses which produce concentrated gas streams amenable to production of sulphuric

acid.

In order to meet more stringent environmental legislation in
the older smelters, it will be necessary to replace the outdated primary smel-
ting processes by one of the more modern processes previously mentioned, or
make modifications such as sprinkle smelting and installing oxy-fuel burners,
and at the same time install new or additional pollution control equipment
such as an acid plant. The costs of these modifications and additions are
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likely to be prohibitive, and may place the economic viability of the smelter in
jebpardy for the reason that there is frequent]y no financial return on such an

investment unless it is accompanied by an increase in metal production. However,
in“countries where ehvironmenta1’1egis1atién does not exist, the installation of

po11ut1on contro] equipment will not be necessary.  Oxygen enrichment ‘may be used —

" to increase throughput and reduce fuel requirements, rather than to increase the

502 content of the gas streams for pollution control reasons. Credit, if any,
from the sale of sulphur-containing by-products may not be sufficient to cover

the incremental smelter operating costs attributed to their production as well
as amortization of the investment. The key factor in determining the viabil-
ity of process changes and installation of air pollution control equipment is
likely to be the availability of markets ‘for the by-products of sulphur con-
tainment. Because each smelter is unique in terms of the techno]dgy it employs
and its location relative to by-product markets, each case has to be evaluated,
both technically and economically, on its own merits, taking all factorsxinto
consideration. The ihcreased production of acid which_is”expeéted to accompany

- sulphur containment programmes will be one of the major problems facing the

smelting industry. In many cases, smelters that are not near major markets for
acid will have to neutralize the acid and discard waste product gypsum, an ex-
pensive proposition. In certain extreme cases it may be more attractive to

build a new smelter employing modern techno]ogy in a different location with

ready access to markets for sulphur by- products, than it is to make extens1ve

' modifications and additions to an ex1st1ng srmelter.



1 INTRODUCTION

Because of the potentially harmful effects of sulphur dioxide
(502) on all aspects of the environment, i.e. health, vegetation and property,
many countries, particularly the industrialized ones, have formulated legisia-
tion to limit the amount of SO» that may be emitted to the atmosphere. Whilst
the major source of SO» pollution is from fossil fuel-fired power plants inter-
nationally, the total amount of SO, emitted from copper and nickel smelters is
also significant and in certain countries (eg. Canada, Chile) may be the major

source. On an individual plant basis, because of the large amount of sulphur in

the feed to a smelter (from 25 - 35%), the effect of uncontrolled SO? emissions
on the neighbouring environment can be a substantial problem.

In many countries, air pollution control regulations have been de-
veloped covering ambient air quality standards (to protect public health and
welfare) and emission standards (which Timit the absolute quantity of pollu-
tant which may be emitted to the atmosphere).

Many of the older copper and nickel smelters are based on outdated
technology (multiple hearth roasting and reverberatory smelting followed by
converting) where there are frequently no facilities for capture and fixation
of S0», all gases being vented to atmosphere. These plants are often located
in remote, arid regions where damage to the environment is perhaps less severe
and more acceptable. The smelters were designed to meet the standards of the
time when it was accepted practice to disperse gases into the atmosphere via a
stack. There was therefore little incentive for sulphur containment. In cases
where roaster and/or converter gases were converted to sulphuric acid, sulphur
recovery varied from around 50 to 70%.

Over the Tast 30 years more energy-efficient smelting processes
have been developed which utilize the inherent fuel value contained in the sul-
phide content of concentrates. Coincidentally, these developments have en-
abled concentrated gas streams to be produced where the S02 content can range
from about 10% SO02 up to 80% SO» in the case where technical oxygen as opposed
to oxygen-enriched air is used. The use of tonnage oxygen has played an import-
ant part in developing new smelting technology to the extent of decreasing the
requirement for hydrocarbon fuels to provide the thermal energy for smelting,
and in producing concentrated gas streams suitable for the capture and fixation
of S02.



Production of sulphuric acid is the accepted control approach in
the industry.  Other possibilities are the production of 1iquid SOy, which is
feasib]é‘from highly concentrated (80% S02) ‘gas streams as in the case of the
Inco- oxygen flash smelting process, and the product1on of elemental sulphur.
The latter is techn1ca11y more complicated and because of the expense of the
reductant required, is in any event, not presently an economic proposition.
Whi]e‘the production of sulphuric acid:from smelter gases is well established
and technically proven, the economics of so doing are dependent on the location
of the smelter relative to markets forithe acid, which determines freight costs,

and also the price which can be obtained for the acid, which is determined by
alternative sources of supply to the consumer.

Control of weak gas streams (containing less than about 2% S0,)
which arise from the collection of fugitive emissions, acid plant tail gas, or
reverberatory furnace gases, is less well established. However; several pro-
cesses have been dévé]oped to various degrees of commercialization and re]iabi]-
ity, either to concentrate the gas streams to a level suff1c1ent1y h1gh that
they can be fed to an existing acid plant, or alternatively to neutra11ze the
gases by scrubbing to produce discardable or salable by-products. In certain
cases it may be feasible to blend weak gas streams with concentrated'streams'
for processing in an acid plant.

By combining modern smelting technology (generally flash sme]fing)
with production of sulphuric acid, many copper smelters are achieving well in
excess of 90% sulphur recovery. Several Japanese smelters, by using double
absorption acid plants and scrubbing of weak gas streams, are achieving better
than 99% sulphur capture (1). Compared with many other smelters in the world,
the Japanese copper smelters are fortunate in that they are frequently located
in a seaport industrial complex which offers advantages in ready accessibility
to supplies and markets. Liquid and gasedus fuels and chemicals may be avail-
able from an adjoining petrochemical plant, that in turn, is a user of squhuric
acid. Adjacent fertilizer and pigment plants also may be ready customers for
acid, and nearby wa]1board and cement plants may be customers for by-product
gypsum and sme]ter s]ag However, a constraint on such a location is that the
smelter will be required to capture at least 90% of the input sulphur but this



is not a problem when modern technology is employed. The necessity to install
pollution control facilities will increase both the capital and operating costs
of the smelter compared with others that have no such requirement imposed upon
them. Japanese copper smelters, being custom smelters, frequently adopt a pur-
chasing policy whereby they buy concentrates substantially free from deleterious
impurities and high in inherent energy content, i.e. high in iron and sulphur.
This allows treatment of smaller quantities of more heavily contaminated mat-
erial if advantageous penalty rates can be negotiated.

The imposition of air pollution control regulations on smelters
which do not have sulphur capture and fixation facilities already installed will
adversely affect their economics, even to the extent of their viability being
in doubt. However, the uniqueness of each smelter in terms of its location,
smelting technology employed, and available markets for sulphur containing by-
products, means that the impact of the costs of modifying or replacing processes
by new technology and installing pollution control facilities can only be asses-
sed on an individual basis. In certain cases, when taking all factors into con-
sideration, it may be as financially attractive to build a new smelter, perhaps
in a different location, as it is to make extensive modifications to an exist-
ing plant.
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2 SULPHUR OXIDE ‘EMISSIONS

2.1 General

» The .control of gaseous -emissions, part1cu]ar1y sulphur d1ox1de '
(502), is one of many pollution-related problems fac1ng industry in general.
Gaseous effluents most frequently result from combustion processes, includ-
ing the oxidation of mineral sulphides in smelting processes, aé‘we11 as fuels.
The principal 1mpur1t1es in combustion flue gases generally include sulphur

dioxide (502), n1trogen oxides(NOy), carbon dioxide (COp), and particulate
material. ' ' -

Although contro] of solid and 11qu1d effluents are 1mportant the
most serious problem facing the copper and nickel sme]t1ng industries is the
control of gaseous S0, emissions. Su]phur is a major component in the concen-
trate feed to the smelting processes, varying in the general range of 25 35%S.
In relation to the metal content in concentrates, the mass rat1o of su]phur to
copper varies between O &-1.6 in copper concentrates, and 2.2-4.8 in the case
of nickel concentrates (2). Dur1ng the various unit operations su]phur is oxi-
dized to SO», although small amounts - of sulphur trioxide (503) may be formed
under certain conditions of temperature and oxygen partial pressure.

In many countries, particularly the industrialized ones, it is no
longer admissible to discharge gaseous emissions from the smelting process dir-
ectly to the atmosphere via a stack without some measure of 502 capture and fix-
ation because of the harmful effects of SO, on the environment.

2.2 Sources of SO, Emissions

Some 90 - 95% of po]]utiOn related sulphur ox1de.em1ss1ons are in
the form of SO, (3). Man-made emissions of S0 discharging to the environment
originate from a var1ety of sources,_the d1str1but1on of which var1es from one
country to another depend1ng on its degree of 1ndustr1a]1zat1on and, in parti-
cular, the‘s1ze of its non-ferrous smelting industry. These differences are
illustrated for the U.S. and Canada in Table 1 which gives the current nation-
wide distribution of SO, emission sources in those countries (4). NOy emissions



are also shown in the table and it is worth noting that they are not a problem
in non-ferrous smelters. The reason is that compared with the quantity of S0,
emitted from smelting sulphide concentrates, the quantity of SOy and NOy emitted
from burning fuel in the furnaces is very small.

TABLE 1 CURRENT NATIONWIDE EMISSIONS OF SOy AND NOy IN THE U.S. AND CANADA
(106 stpa) (4)

U.S.A. (1980 Estimated) Canada 1979* Total

NOy N NOy SOX NOX SOy
Utilities 6.2 19.5 0.3 0.8 6.5 20.3
Industrial
Boilers/ 7.1 7.3 0.6 1.1 7.7 8.4
Process
Heaters/
Residential/
Commercial
Non-ferrous
Smelters 0.0 2.0 0.0 2.2 0.0 4.2
Transportation 9.0 0.9 1.1 0.1 10.1 1.0
Iron Ore Processing - - - 0.2 - 0.2
Other - - 0.2 0.9 0.2 0.9
TOTAL 22.3 29.7 2.2 5.3 24.5 35.0

* Inco, Sudbury at 1980 emission rate.

In the U.S., utilities (the majority of which use coal and oils as
fuel) are responsible for 66% of total SOy emissions, while in Canada this
source accounts for only 15% of the total. The concentration of populations
into large metropolitan areas, with the resulting energy needs and industrial
activity, results in many small emission sources accumulating in these areas
which in themselves then become large sources of SOy (and NOx) emissions.



Table 1 indicates that this source (comprising industrial boilers, process
heaters, residential and commercial properties) accounts for 25% and 21%

of total SO, emissions in the U.S. and Canada, respectively. The non-ferrous
smelting industry in the U.S. accounts for nearly 7% of total SOy emissions
in that country, while in Canada the contribution is 42%. Except for trans-
portation sources (which includes motor vehicles, vessels and railroads),

over 97% of the man-made sources are stationary.

The problem in smelting is that virtually all the sulphur input
to the smelter leaves in the gas phase, with relatively minor amounts contained
in the solid phase products or discarded materials. In addition, because of
the high sulphur content in the feed material, a copper or nickel smelter is a
point source of high SO7 emissions and therefore at a given location the smelter
will likely be the major contributor to air pollution.

In order to protect the environment, it is therefore necessary to
capture and fix the SO» as some marketable product, or one which can be safely
stored, to an extent determined by environmental legisiation and/or economic

factors.

2.3 Effects of S0, Emissions

Sulphur dioxide is one of several forms in which sulphur circulates
globally. The sulphur cycle also includes hydrogen sulphide gas, sulphuric
acid aerosol, and several sulphate salts in aerosol form (3). An aerosol can
be considered as a suspension of liquid droplets or solid particles in a gas.

Sulphur, in a free or combined state, occurs in practically all
fossil fuels as well as in copper and nickel sulphide concentrates which are
smelted and refined to produce the pure metal. Sulphur compounds released
to atmosphere ultimately give rise to sulphurous or sulphuric acid or ammonium
sulphate, depending on the reactions. Acids formed in the atmosphere fall with

rain and affect crops and plants.



10

Sulphur dioxide may also oxidize in the atmosphere to form sul-
phates, a particulate form of sulphur compounds. These compounds may have
adverse effects on human health and property, depending upon particle size,
the particular form of sulphate present, dispersion as affected by weather
conditions, and the presence of other pollutants which may magnify the ef-
fects.

Sulphur dioxide emissions, through the formation of acids and

other compounds in the atmiospnere can cause damage to human health, vegetation
and property. Some of these effects are outlined below.

2.3.1 Health

High levels of sulphate concentrations are said toaggravate asthma,
Tung and heart disease (3). Sulphur dioxide in the presence of photochemical
oxidants and by-products such as sulphuric acid and hydrogen sulphide has been
shown to affect the respiratory tract. It is also widely believed that long
term exposure to sulphates may increase the 1ikelihood of respiratory illnes-
ses such as bronchitis, emphysema and asthma. This effect is more probable
when high concentrations of particulates are present.

2.3.2 Vegetation

Sensitive vegetation can be severely damaged even by Tow levels of
sulphur dioxide (3). These levels are lower than those said to cause distress
to pulmonary disease patients. Such effects result from the synergistic act-
ion of sulphur dioxide with low levels of ozone or nitrogen oxide which may be
present. Wheat, barley, oats, white pine, cotton, alfalfa, buckweat, sugar
beets, and other crop plants have been reported damaged by relatively low lev-
els of sulphur dioxide fallout. Studies made in the U.S.S.R. during the past
decade showed that pine trees growing in an atmosphere having SOp concentra-
tions of 500 pg/m3 had a growth Toss of 48 percent in comparison with pine
trees growing in an atmosphere free of 30,. - |
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Figure 1 shows the harmful effects of SOp-bearing gases on vege-
tation which increase with increasing SO, concentration and exposure time
(5). Since lichens, for example, store'acid in their roots and then die,
they are sometimes used as indicators of SO fallout. In certain areas (eg.
westekn Canada and U.S.A.) soils are deficient in sulphur, in which case the
effects of .S02 in the soil may have a beneficial effect on p]antt1ife.

2.3.3 - Property.

Sulphur 0x1de$.and their acid'by—products'wi11 attack many ex-

‘posed metal surfacesm(3). Reactions will also occur on other substances such

as marble, brick, stonework and granite. ‘Plastics, rubber, paper, and many
other similar materials will become discoloured and brittle when exposed.
Buildings, bridges, steel girders, automobiles and highways are all affected
by -excessive SO, emissions. ‘ ‘ ' '
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3 | AIR POLLUTION CONTROL REGULATIONS

3.1 Genera]

Growth in industrial activity has 1ncreased air po]]ut1on consider-

ably with coal and oil-fired power plants be1ng the major contributors. This
has led to a general demand for some degree of control over air pollution.

_Emissions caused.by smelters are only a small paft of the overall problem

but in certain areas they are the major source of S0p emissions Which have
caused considerab]e_damage to vegetation-and property.

Although air pollution problems created by the smelting of cop-
per and nickel sulphide ores and concentrates are not new, it is only during
the last 20 years that air pollution control regulations have been formulated
and become legislation in certain countries. In the past, legal
actions instituted by individuals against smelter operators generally sought
claims for damage to property. ‘These were often settled by purchase of af-
fected land or by cash payments to the claimants. Prevention was sought by
building high stacks that dispersed the 502 fumes and part1cu1ates in a man-
ner that obviated any gross damage to far- 1y1ng property.

3.2 _ Definitions

Air pollution control regulations and 1e§is]ation have been de-
veloped principally in the industria]-countries.. Specific terminology is used
and the following definitions (6,7), largely of U.S. derivation, will serve to
give the reader a better understanding when interpreting the various regulations.

(i) Ambient Air

Ambient air means that portion of the atmosphére, external to build-
ings, to which the general public has access. -



(iii)

(vii)
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Ambient Air Requirements

Ambient air requirements refer to pollution in the air at the property
boundary of the smelter operation, generally at ground level. They
are usually designated as maximum SOp concentrations for various time

intervals.

Emission Standards

Emission standards limit the amount of sulphur that can be discharged
to the atmosphere, and are expressed as a percentage of the total sul-
phur charged to the smelter or as a mass of sulphur that can be emitted
over a given time period.

Air Pollution Control Equipment

Air pollution control equipment means equipment used to eliminate,
reduce, or control the discharge of air contaminants into the ambient

air.

Units of Measurement

The unit in most common use to express the concentrations of SO2 in the
air is in terms of weight per unit volume of air, i.e. micrograms of
S0» per cubic metre of air (pg/m3). Where analytical results are given
in parts per million (ppm) of SO», the data can be converted by using:

1 ppm SOp = 2850 pg/m (at N.T.P.)
This conversion factor applies to SOp only, and will not apply to any
other substance having a different molecular weight.
Opaci ty

Opacity means the degree, expressed in percent, to which emissions
reduce the transmission of light and obscure the view of an object
in the background.

Fugitive Emissions

Fugitive emissions means emissions which escape from various points
inaprocessdue to Teakage, materials charging and handling, transfer
and storage, or other causes.
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(viii)

(ix)

(xii)

(xiii)
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Pollution

Pollution may be defined as the addition, from either natural or man-
made sources, of any foreign substances to the air, water or land
media in such quantities as to render such medium unsuitable for spe-
cific or established uses. |

Capture System

A capture system means the equipmént (including ducts, hoods, fans,
dampers, etc.) used to capture or transport particulate matter or
gases generatéd_by a process source to the air pollution control de-
vice.

Continuous Monitoring System

A continuous monitoring system means the total equipment, required
under the emission monitoring regulations, used to sample and cond-

ition (if applicable), to analyze, and to provide a permanent record
of emission or process parameters.

Dust | .

Dust means finely divided solid particulate matter occurring natur-
ally or created by mechanical processing, hand]ing'or storage of
materials in the solid state.

Effluent

Effluent means any air contaminant which is emitted and subsequently
escapes into the atmosphere. ‘

Emission

Emission means the act of passing into the atmosphere an air contam-
inant, visible or invisible.
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(xiv) Episode Stage

A prescribed level of air contaminants or meteorological conditions
where certain control actions are required to prevent ambient pollu-
tant concentrations from reaching levels which could cause significant
harm to the health of persons. (In Canada this is called the Air
Pollution Index).

3.3 Gaseous Emissions

Many countries, particularly the industrialized ones, in which
copper and nickel smelters are located, have strict air pollution standards
for SOp, both for ambient air quality and for allowable emissions. Legislation
is aimed at reducing air pollution to defined levels, although as will be
seen later, sulphur containment policies impose at times, severe economic and
practical constraints on existing smelters, to the extent that their economic
viability may be questionable.

Emission standards apply to allowable concentrations at the source,
such as stacks, ventilating systems and other discharge points. Measurement
of the amount of pollutant emitted is necessary for identification of specific
pollution sources and design of remedial works (3).

3.3.1 U.S.A.

Primary copper smelters are located in the states of Arizona, Utah,
Michigan, Montana, Nevada, New Mexico, Tennessee, Texas and Washington. There
are no sulphide nickel smelters in the U.S.A. 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 (7). In all cases, however, State regulations must
at a minimum, provide for the attainment and maintenance of the Federal ambient
air quality standards. In the same year, the Environmental Protection Agency
(EPA) was given authority to deal with national air pollution problems. This
led to the establishment of the following Federal primary and secondary ambient
air quality standards:
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. 3.3.1.1 302 Amb1ent Air Qua11ty Standards (3,6,8)

‘Federal Standards (NAAQS)

_'1. Primary Standarde.

Pr%hary standards, which protect the pubTlic health, define
how clean the ambient air must be so that it w111 not be
harmful to human health.

(a) 80 Fg/m (0.03 ppm), annual arithmetic mean.

(b) 365 )Jg/m3 (0.14 ppm), maximum 24-hr concentration, not
to be exceeded more than once per year.

2. Secondary Standards

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.

(a) 60 pg/m3 (0.02 ppm), annual arithmetic mean.

(b) 260 }xg/m3 (0.09 -ppm), maximum 24-hr concentrat1on, not
to be exceeded more than once per year.

(c) .130O }Jg/m3 (0.5 ppm), maximum 3-hr concentration, not -
to be exceeded more than once per year. s

State Standards

L

In general, the various States have adopted the same ambient air
‘quality standard as the mational (federal) standard. However, four States
have adopted more stringent standards as shown in Table 2 (6,8).

3.3.1.2  Emission Standards - as sulphur

Federal Standards :

There are curreht]y no Federal.Standards applying to existing
smelters. However,: the New Source Performance Standard (NSPS) for sulphur ‘
oxide emissions from new pr1mary copper zinc and lead sme]ters is 650 ppm (6,8).
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State Standards

Some States have regulations on existing smelters, while others
have set general standards covering all facilities producing sulphur oxide
process emissions. In some cases, States have set standards on new facili-
ties in addition to the Federal NSPS. Table 3 presents the S0, emission stan-
dards in the various States (8). Depending on the jurisdiction, control is
based on regulating the ‘total amount of sulphur released, or on concentration
of sulphur in the stack gas, or on percent removal from the sulphur originally
present in the feed. The strictest standards require 90% sulphur removal.

The ambient air quality and emission standards are frequently under
review and the latest supplements of the Environment Reporter, State Air Laws,
published by The Bureau of National Affairs, Inc., Washington, D.C., shouid be
consulted for the latest revisions to the regulations. Several U.S. copper
smelters are under Titigation at the moment. As an example of the changes
that are being made, Table 4 gives sulphur emission 1imits for Arizona cop-
per smelters as published on May 14, 1979 (6). However, because compliance
with the ultimate emission 1imits in all but two of the sme]ters*'(refer_to
Tab]e 4) hgs been shown to be currently either economically unreasonable or
techhoTogica]ly unsound, considering the pollution control equipment already
installed, interim 1imits have been established as shown in the table. The
ultimate sulphur emission limits have been set such that compliance can only be
maintained by the continuous operation of each smelter's sulphur removal equipment
at its maximum feasible efficiency. Compliance with the interim limits is conditional
upon all presently installed sulphur removal equipment being operated at its
maximum feasible efficiency, and upon a supplementary control system being op-
erated such that the state ambient air quality standards are maintained.

3.3.2 Japan
3.3.2.1 National Ambient Air Quality Standards

These standards prescribe that the 24-hour average of hourly SO2
concentrations must be 0.04 ppmor less and that the maximum hourly concentra-
tion permitted is 0.1ppm(1,8). The Japanese standards are therefore some-
what more restrictive than those in the U.S.A., including the four States

which have adopted more stringent standards than the NAAQS.
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TABLE 4 ARIZONA SULPHUR EMISSION LIMITS (1979) (6)
Average stpd S

COMPANY SMEL TER in any calendar month

Ultimate Interim
Magma San Manuel 148 448
ASARCO Hayden 82 301
Phelps Dodge Douglas 120 561
Phelps Dodge Morenci 145 407
Phelps Dodge New Cornelia 32 39
Kennecott* Hayden 68 N/A
Inspiration* Inspiration 85 N/A
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Japanese prefectural and local governments may have even more strin-
gent 502 standards than the national standards.

The Japanese government issues an emergency warning advising a 30%
reduction in S0, emissions if any of the following ground level S0, concentra-
tions are met: 0.2ppm(3 hours), 0.3 ppm (2 hours), 0.5ppm (1 hour), 0.15 ppm
(48 hours). A 60% reduction in emissions is advised if the S0, concentration
reaches 0.5ppm (2 hours). A special emergency is issued ordering an 80% re-
duction in SOX emissions if the ground level concentration reaches 0.5 ppm(3
hours) or 0.7 ppm (2 hours) (8).

3.3.2.2 Emission Standards

The Japanese national 802 emission standard for each SOZ-emit-
ting facility is determined by applying the formula (7, 8):

q = K. 1073, He?
where q = volumetric gas flow rate (Nm3/h of SO, )
He = smoke assent height (i.e. height of stack + plume
rise above stack) in metres.
K = a constant, established by Government order for each

of the air control regions in Japan.

Instead of a single standard, the standard to be applied at any
given smelter is a function of the region in which it is located (the K-value)
and its effective stack height. The K-value inversely determines the degree
of regulation, with more heavily industrialized and polluted regions being
assigned a Tower K-value. The value of K ranges from 17.5 in outlying areas
to 3.0 in major industrial centres. Special standards applicable to new con-
struction in heavily industrialized areas have K-values ranging from 2.34 to
1.17. The K-values for the various areas in Japan are shown in Table 5 (9).

As in the case with ambient air quality standards, the emission
standards in Japan are more stringent than those in the U.S.A. A1l major smel-
ters in Japan are required to capture at least 90% of the sulphur in the smelter
feed and several are required to capture 99% of the sulphur (1). These high
rates of 302 control are obtained by utilizing generally flash smelting tech-
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TABLE 5 REGULATION ON SULPHUR OXIDES EMISSION (K-VALUE) IN JAPAN (9)

a) General Standasds

Arca K value
1 6 arcas: Central Tokyo, Yokohama-Kawasaki, Nagoya, 3.0
Yokhaichi, Osaka-Sukai, Kobe+Amagasaki ’
2 21 areas: Chiba, Fuji, Kyoto, Himeji, Mizushima, Kita-Kyushu 35
and others :
3 1area: Sapporo ) 4.0
4 4 arcas: Hitachi, Kashima and others 4.5
S 3arzas: Toyama, Kure, Tohyo 5.0
6 9 areas: Annaka, Niigata, Okayama, Shimonoscki and athers 6.0
7 3 arcas: Temakomai, Hachioji, Kasaoka 6.42
8 6arcas: Sendai, Fukui, Hiroshima apd others 7.0
9 8 arcas: Asahikawa, Utsunomiya, ‘Mihara. Tokushima and 8.0
otliers ’
10 8 areas: Akita, Kanazawa, Ohtsu, Fukuoka, Nagasaki and 8.76
others
11 6 areas: Takasaki, Urawa, Narita, Naha and others 9.0
12 4 arcas: Shizuoka, Sascbo and others 10.0
13 15 areas: Hakodate, Gifu, Takamatsu, Minamata and others 11.5
.14 6areas: Mishima, Kurume and others 13.0
15 20 areas: Aomori, Morioka, Yamagata, Nagano, Kagoshima 14.5
and others )
16  Other dareas 17.5

b) Special Standards

5 arcas:  Central Tokyo, Osaka-Sakai, Yokohama+Kawasaki,

Kobe+Amagasaki, Yokkaichi, Nagoya K=1.17

8 arcas:  Chiba, Fuiji, Himeji, Mizshima, Kitakyushu and
others K =175

14 arcas:  Kashima, Toyama, Kyoto, Fukuyama, Ohmuta,
Ohita and others K =234

Note: Special standards are applied to newly constructed facilities only.
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nology in conjunction with sulphuric acid manufacture for most of the 505, with
acid plant tail gas scrubbing to yield salable gypsum and sodiumsalt by-products.
Final tail gas S0, concentrations of 50 ppm'or less are reported at some plants
(8).  In addition, spec1a1 hooding is 1nsta11ed on converters, tappinq and other
transfer points to capture fugitive em1551ons which are then scrubbed at

some smelters achiev1ng the highest 1eve1 of- 502 contro] " Table 6" gives data

on smelting ‘and emission control . practice at eight major Japanese copper
smelters (10). |

In addition to meeting an emission standard; all sources mus t
also pay a penalty for any sulphur oxide emissions, even if they are in
compiiance with the appropriate emission standards (8). The assessment
rates are calculated each year on the basis of the costs of compensetion
benefits to respiratory victims and the nationwide emission volume. The
assessment rates thUs‘match the pollution conditions found in certain re-
gions. However, to encourage pollution control, the government provides
various financial incentives including construction loans and subsidies,
accelerated depreciation, and tax reductions for nonpo]]utingdequipment(8).

In Japan, emission control is based on regu]ating the tota] am- .
ount of sulphur released. '

3.3.3 European Economic Community (E.E.C.)

On March19 1976, theE.E.C. proposed a directive on hea]th pro-
tection standards for SO2 concentrations associated with suspended partic—
ulates for urban atmospheres in Europe The regulations cover health pro-
tection standards and exceptional concentrations and are shown in Tables
7 and 8 (9).

3.3.4 Republic of South Africa

The Palabora copper smelter is located in the Republic of South
Africa, as are the Rustenburg, Impa]axand Marikana nicke]-copper sme]ters.

Em15510n standards at the Palabora smelter require that 70%;of
" the suiphur fed to the reverberatory smelter is recovered. Pa]abora fixes
a total of 724 of the total sulphur fed to the smelter by treating converter

://f_'
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TABLE 7 HEALTH PROTECTION STANDARDS FOR SULPHUR DIOXIDE AND
SUSPENDED PARTICULATES IN URBAN ATMOSPHERES (E.E.C.) (9)

SULPHUR DIOXIDE

Reference period Maximum concentrations Associated concentrations
of suspended particulates
Year Median of daily means Annual median of daily
SO#g/m' means > 40 fLg/m’
Year Median of daily means Annual median of daily
120 g/m’ means < 40 pp/m’
Winter Mudian of daily neans Winter median of daily
(October to March) [ 130 gg/m’ means > 60 g/m’
Winter Median of daily means Winter median of daily
(October to March) 180,1, g/m’ means < 6()/1, g/m’
24 hours Arithmetic mean 250 g/m* | Arithmetic mean of con-
centration over 24 hours
: > 100mg/m'
24 hours Arithnietic mean 350 g g/m* | Arithmetic mean of con-
centration over 24 hours
< 100 g/m'

SUSPENDED PARTICULATES

Reference periad Maximum conceatrations
Year Median of daily mcans 80 grg/m’
Winter {October to March) Median of daily means 130 g g/m’
24 hours Arithmetic mean 250 g ¢/m’

TABLE 8 EXCEPTIONAL CONCENTRATIONS FOR SULPHUR DIOXIDE AND
SUSPENDED PARTICULATES IN URBAN ATMOSPHERES (E.E.C.) (9)

SULPHUR DIOXIDE

Reterence period Maximum concentrations A.‘\socimcd cnnccn!mlions
of suspended particulates

24 hours Arithmetic mean 350 g/m’ | Arithmetic mean of con-
centration for 24 hours
> 100pg/m’

24 hours Arithmetic mean 500 g ¢/m' | Arithmetic mean of con-
centration for 24 hours
< IOOFg/m'

SUSPENDED PARTICULATES

Reference period Muaximum concentrations
24 hours Arithmetic mean 300 g ¢/m’

Between 1982 and 1987, if unfavourable meteorological conditions exist,
the daily levels given in Table 7 may be exceeded for 3 consecutive days

before measures must be taken to reduce emissions, provided the levels

given in Table 8 are not exceeded.
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gases in two single absorption acid plants (51.5% S recovery as acid) and by
scrubbing surplus gases with alkaline mill tailings (19.5% S fixation). A
further 1% sulphur is contained in discard slag while 28% of the input sulphur
is released to atmosphere.

3.3.5 West Germany

The Norddeutsche Affinerie copper flash smelter is located in
Hamburg.

3.3.5.1 S0, Ambient Air Quality Standard

The Federal ambient air quality standard (9) is 140)19502/Nm3
on a yearly average, and 400 ug SOZ/Nm3'for (undefined) short-term exposure.

The valid ambient air quality and emission standards were not
used as the basis for local government's permission to Norddeutsche Affinerie
to build and operate the smelter. It was necessary to erect a 150m high
stack downstream of the double contact acid plant in order to disperse emissions
which must beless than 240kg/h. The stack is higher than would have been
necessary to meet the Federal standards. Some 99.45% of the total sulphur
entering the smelter is captured; asacid (95.3%), in slag (1.7%), in flue
dusts and by products (1.3%), and in washing acid to the neutralization
plant (1.15%). It is estimated that 0.40% of the sulphur is contained in
the stack off-gas and 0.15% is lost in in-plant emissions.

3.3.6 Other Areas

Countries such as Chile, Peru, Zambia and Zaire have a well-
established copper smelting industry employing, in general, traditional tech-
nology. Certain plants are, however, equipped with flash furnaces or electric
furnaces. Whilst these countries are significant producers of copper, air
pollution control regulations have not been formulated. However, where grass-
roots or expansion smelter projects are funded by international financing
agencies such as the World Bank, conditions are likely to be imposed whereby
compliance with regulations similar to those in the U.S. will be required.
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Canada produces the major share of the world's nickel supply from
smelting nickel-copper sulphide concentrates. The study of Canadian smelters
is outside the scope of this report. Other sulphide nickel-copper smelters
are located in Australia, the Republic of South Africa, Botswana and Zimbabwe.

Regulations in these countries, where they exist, are not as
severe as those in the U.S.A. or Japan. Some of these smelters treat off-
gases in an acid plant whilst others discharge all gases to the atmosphere.

3.4 Particulate Emissions

As in the case of gaseéous emissions, several countries have de-
veloped standards for ambient particulate concentrations and emissions in
order to protect the workplace and environment. Regulations in some of the
more important areas are outlined in the following sections.

3.4.1 U.S.A.

In the U.S.A. the following standards have been formulated:

3.4.1.1 Ambient Standard - as suspended particulates {6,8)

Federal Standard

The U.S. Department of Health, Education and Welfare estimates
that adverse health effects begin when the dust content is higher than 80 ug/
m3, while adverse effects on materials and vegetation can begin at 60 pg/m3
(11). This forms the basis of the following EPA guidelines:

1. Primary:
(a) 75Fg/m3, annual geometric mean of 24-hr concentrations

(b) 260Fg/m3, annual maximum of 24-hr concentrations

2. Secondary

(a) 150yg/m3, maximum 24-hr concentration, not to be ex-
ceeded more than once per year.

(b) 60Pg/m3, annual geometric mean (as a guide to be used
in assessing implementation plans to achieve the 24-hr
standard).
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State Standards

In general, the various States have adopted the same ambient
standards as the national standard. Three States have adopted more strin-

gent standards as shown in Table 9 (8). The standards in Arizona are the
most severe.

3.4.1.2 Emission Standards - as particulates (6,8)

Federal Standard

As in the case for gaseous emissions, the Federal government sets

the standard for new sources, and the various States regulate existing sources.

The New Source Performance Standard (NSPS) for copper smelters is O.Ong/m3.

State Standards

The States have chosen different ways to regulate particulate emis-
sions. A few States have standards aimed directly at smelters, but in most
cases, smelters are included in a general category of industrial processes.
Eleven of the sixteen States with non-ferrous smelters set the standards for
existing industrial processes by the following formulae:

E=4.10 (PO'67) (process weight rate up to 30 st/hr)
E=55.0 (Po'll)-40.0 (process weight rate over 30 st/hr)
where E = allowable emission rate (1b/hr)

P = process weight rate (s.t/hr)

Table 10 (8) presents the particulate emission standards for the
five States with smelters that do not adhere to the above formulae. The U.S.
regulations are typically based on the production rate and not the volume of
particulate in the exhaust gas. New Mexico and Washington have set their em-
ission standards in a manner similar to the Japanese, i.e. on the particulate
content of the exhaust gas, and both States have more stringent standards than
the Japanese national standards.
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TABLE 10 U.S. PARTICULATE EMISSION STANDARDS (8)

Illinois

New sources are regulated by the following formulas:
0.534

E = 2.54 (P ) (Process weight rate up to 450 tons/hr)
E = 24.8 (Po'l6) (Process weight rates over.450 tons/hr)
where E = allowable emission rate (lb/hr), and
P = process weight rate (tons/hr)

New Mexico

Particulate emissions from nonferrous smelterg cannot exceed
0.03 grain per standard cubic foot (0.074 g/m~)

Pennsylvania

All industrial sources are regulated by the following

formula:
A =0.76 0-%2
where A = allowable emissions
E = emission index (F x W lb/hr)
F = process factor (lb/unit)

W = production or charging rate (units/hr)

The process factors (F) are given as follows for primary
lead and zinc smelting:

Process Primary lead Primary zinc
Roasting 0.004 1b/ton ore feed | 3 1lb/ton ore feed
Sintering-windbox 0.02 lb/ton sinter 2 1lb/ton product
Reduction 0.5 1b/ton product 10 1b/ton product
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TABLE 10 (CONTINUED)  U.S. PARTICULATE EMISSION STANDARDS (8)

Tennessee

New sources are regulated by the following formulas:

3.59 (PO'62) (Process weight rates up to 30 tons/hr)

0.16

E

E =17.31 (P ) (Process weight rate over 30 tons/hr)

Texas

All sources not covered by other standards are regulated
by the following formulas:

0.985

E = 3.12 (P ) (Process weight rate up to 20 tons/hr)
E - 25.4 (P0'287) (Process weight rate over 20 tons/hr)
Utah

85 percent particulate control is required for process

units or systems emitting one ton or more of particulate
annually, based on zero control.

Washington

Particulate emissions from industrial sources cannot exceed

0.10 grain per standard cubic foot (0.25 g/m3).
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3.4.2 Japan
3.4.2.1 National Ambient Standard - as suspended particulate (8)

The Japanese national standards for suspended particulate matter
are:

(a) Average of hourly values as measured in 24 consecutive hours

should be 100 pg/m or Tess.

(b) Any hourly value should be ZOOyg/m3 or less.

The Japanese standards are more stringent than the U.S. national
standards, as in the case with the NAAQS for 502. More stringent standards

may exist in Japanese prefectural and local standards than at the national
level.

3.4.2.2 Emission Standards

The Japanese national particulate emission standards are given in

Table 11 (8). The standards depend on gas emission rates, and for smelter pro-
cesses they are:

0.40 g/Nn> for less than 40,000 Nm3/hr gas
0.30 g/Nm3 for more than 40,000 Nm3/hr gas

New sources in heavily polluted districts must meet the special
emission standard of 0.209/Nm3. These source standards are probably not ade-
Quate to meet the present ambient standards, although regulation at the pre-
fectural and Tocal levels is more severe.

3.4.3 European Economic Communi ty (E.E.C.)

The standards covering concentration of suspended particulates
have been referred to in Section 3.3.3 and are given in Tables 7 and 8 (9).
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TABLE‘ll JAPANESE PARTICULATE EMISSION STANDARDS (8)

(June 24, 1973)

(in g/Nm3)
New Siundard
Oxdin-ury Speciul
Name of [Facility Emission Emission
Standard Standard
——— u - ‘ -
Large Small Large Small
Scuale Scule Scale J Scale .
Boiler (Heavy oil is used as fuel) 0.10 0.20 0.30 0.05 0.20
(Coal is used as fuel) 0.40 ] 0.20
Blust furnace : . 0.10 0.05
Converter (combustion furnace)
Open-hearth furnace ' 0.30 0.40 - 0.20

Roasting furnace, sintering furnace,
calcination furnace

Heating furnace
Cement sintering furnace, smelting
furnace .

Electric furnace for steel-making
Direct fire furnace, reaction
furnace, drying furnace

0.20 0.40 0.10 0.20

Waste incinerator (continuous : '
furnace) 0.20 0.70 0.10 0.20

Waste incinerator (others) 0.7 0.40

Notes:

1. Nm3 denotes normal cubic meters (a1t 0°C and 1 atmospheric
pressure).

2. The new standards specify standard values for each scale. Facilities are
classfied into two scales (three scales for heavy oil boiler). Strict
standards are applied 10 large scale facilities.

3. The gas emission rate of 40,000 Nm?/h is the criterion used for scale
classification. However, heavy oil boilers alone are classified into three
scales with the criteria of 200,000 Nm3/h and 40,000 Nm3/h for
ordinary emission standards. ’

4. The special emission standards apply to those facilities which are
‘newly installed in polluted districts.
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4 MAJOR SMELTERS - LOCATION, CAPACITY, SO, CONTROL

The Tlocation, capacity (greater than 25,000 tpa) and methods of SO2
control at many of the major world copper smelters are given in Table 12 (5,8).
Nickel and nickel-copper smelters are also shown in the table. Only those
smelters treating sulphide concentrates are listed.

The greatest concentration of copper smelters occurs in Japan and in
Arizona and that State's immediate neighbourhood. Other major copper smelting
areas are Chile, Peru, Zambia and Zaire. Canada and the U.S.S.R. also have
major copper smelters. Other smelters, generally of smaller capacity, are
scattered worldwide.

The major nickel and nickel-copper sulphide smelter capacity is
located in Canada. Other significant nickel smelters are located in South
Africa, the U.S.S.R. and Australia.

Table 12 illustrates that production of sulphuric acid is the accepted

control approach for recovering SO2 from smelter gases. Older smelters, con-
sisting of reverberatory furnaces and Peirce-Smith converters, are able to
capture from 50-70% of the sulphur entering the smelter in concentrates when
converter gases are treated in an acid plant. Modern flash smelters are able
to capture in excess of 99% of the sulphur in feed material when flash furnace

and converter gases are treated in an acid plant and tail gases from the latter
are scrubbed.
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5 SMELTING TECHNOLOGY

In general, the pyrometallurgical processes and technology used
for the extraction of nickel from sulphide concentrates are similar to those
used in copper smelting, although in the latter, a far wider range of smelt-
ing processes are in use, due mainly to the structure of the industry and
number of process licensors vending technology. The continuous smelting pro-
cesses have not yet been applied to the nickel industry.

Common thermodynamic principles apply in the smelting of copper
concentrates to blister copper, regardless of which smelting process is em-
ployed. The principal difference between processes is of an engineering
nature, i.e. the design and characteristics of the particular furnaces used.
The overall smelting process is divided into a number of unit operations.

With the exception of roasting and sintering where desulphuriza-
tion of concentrate takes place in the solid state, concentrate is first
smelted to produce a liquid copper-iron sulphide matte of varying grade, de-
pending on concentrate composition and on the characteristics of the process
used. In certain cases, matte grade is determined by metallurgical constraints
such as impurity content. The resulting matte is further oxidized to blister
copper, generally in another furnace or converter. Both smelting and convert-
ing are essentially iron removal and desulphurization processes. In smelting,
the sulphur present in concentrate as complex mineral sulphides (and occasion-
ally as labile sulphur) is oxidized to S0, while in converting the sulphur
present as a constituent in lTiquid sulphide matte is also converted to SOp. At
the same time as desulphurization is taking place, iron sulphides are oxidized
to Fe0 (and a certain amount of magnetite) whiéh enters a slag phase on the
addition of fluxes. In certain smelting processes, the quantity of iron in the
matte can be controlled by adjusting the degree of oxidation of the charge.
After the oxidation of any labile sulphur present, the amount of sulphur re-
moved as 302 is proportional to the amount of iron oxidized.

In the case of nickel smelting, the metal is also present in as-
sociation with iron and sulphur, and usually copper and cobalt are present
to a varying but lesser extent. The thermodynamic properties of the sulphides
and oxides of these metals are such that in the presence of oxygen, each of



42

the sulphides is unstable with respect to its corresponding oxide (13). In
addition, iron has the greatest affinity for oxygen, followed by cobalt,
nickel and copper. This thermodynamic relationship explains the minor dif-
ferences that exist between copper and nickel smelting technology. The fur-
naces used to smelt nickel concentrates to matte are similar to those used

in the copper industry. However, because of the relatively high affinity of
nickel for oxygen, on conclusion of the slag blow metallic nickel can only

be produced from the remaining nickel sulphide under conditions of high temp-
erature (1500°C), an oxygen atmosphere and intimate contact between the
reactants. These conditions would be very difficult to achieve in the con-
ventional (Peirce-Smith) converter used in the copper industry. The reaction
conditions in the Peirce-Smith converter would favour the formation of nickel
oxide which would enter a slag phase and could only be reduced to metallic
nickel with great difficulty, the end-point being difficult to control. The
favoured treatment route in a nickel smelter is the production of a high-grade
Bessemer matte (essentially a nickel sulphide containing any copper and cobalt

present as sulphides, and a residual amount of iron) in a Peirce-Smith converter.
This matte undergoes further treatment and refining to produce metallic nickel.

Metallic nickel can be produced from nickel sulphide directly in a top-blown
rotary converter (TBRC) which uses an oxygen atmosphere and a reaction temper-
ature of around 1500°C.

This review of smelting technology addresses itself to the princi-
pal differences between the various smelting processes in terms of the matte
grade produced, the resulting tenor (% 502)’ volume and continuity of the gas
streams emitted from the oxidation reactions taking place in the various fur-
naces, and the effect thereof on 502 pollution control technology.

5.1 Roasting

In the pyrometallurgical extraction of copper, Tow grade concen-
trates (i.e. those concentrates containing less than 20% Cu and correspond-
ingly large quantities of pyrite) are generally partially roasted to form a
calcine prior to being smelted in a reverberatory furnace or an electric fur-
nace. Roasting, which involves oxidation of any labile sulphur present fol-
lowed by partial oxidation of iron sulphides, increases the concentration of
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copper in the matte produced from smelting the calcine, as compared with smelt-
ing 'green' concentrate where a 'natural' matte grade is produced. A further
benefit of roasting is that the charge is dried and preheated prior to smelt-
ing, which'resultSEin reduced fuel or power requirements for smelting. Typically,
from 40 to 50% of the -sulphur present in concentrate is oxidized during partial
roasting by control of the'air:concentrate ratio. Roasting may be carried eut'
in multiple hearth or fluid bed roasters, .the latter being more modern, at a
temperature in the range of 500 - 700°C. Roasting is often autogenous, depending

3on the degree of oxidation and matte grade desired, but-the heat balance may

dictate the add1t1on of hydrocarbon fue] to the roaster to compensate for a heat

~deficit,

?Roasting of su]phide copper concentrates is also carried Qut prior to
the extraction of copber'by-hydrometa]1urgica1'metheds. The sulphide minerals of "cop-
per are not easily leached but its sulphates (partial roast) are.soluble in water -
and its oxides (dead roast) are soluble in dilute sulphuric acid. Thus a controlled
roasting of sulphides can produce a readily leachable calcine. Gas strength is
typ1ca1]y in the range of 3-7% S0p in these fluid bed roasting processes

_ Due to Tow Ongen ut111zat1on and the ingress of dilution air into .
multiple hearth roasters, much of wh1ch is de11berate in order to control roast-

ing cond1t1ons, the effluent gas. strength is typically less than 5% 502, whereas

in fluid bed roasters, where oxidation conth10ns are more c1ose]y controlled

due to high gas solids contact'efficiency, the off- gaSInaycontainHIO-15% 592

Above 5% 502, the gas strength is suff1c1ent1y high for economic conversion to
su]phur1c acid. The gas vo]ume is essent1a1]y constant and continuous.

The design of mu1t1p1e hearth roasters, with their many openings at .
each hearth level, is such that the fugitive dust and gaseous emissions can be-
come particularly severe in the plant, especially when accretions of sticky
sulphates adhere to the‘f]ues causing a back pressure in the system. As a re-
sult of this andllow-unit‘eapacity, the-multiple hearth roaster has been grad-
ually replaced by the fluid bed roaster which is a fully eneapsulated vessel
which also produCes a higher'strength gas. Advances in minera1 dressing tech-
niques in recent years have enabled concentrates to be upgraded consfderab1y
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by the rejection of pyrite. The introduction of flash and other new, energy-
efficient smelting technologies which incorporate the roasting stage in the
primary smelting process, have reduced the need for separate roasting units.
In a few cases, where low-cost power is available, roasting followed by
electric smelting may be competitive with other modern smelting processes
and would merit serious consideration. In addition, when concentrates
contain significantly large amounts of volatile impurities (eg. Bi, As) a
roasting stage is 1likely to be required. These impurities are volatilized
and collected in flue dust which is not recycled to the smelting process.
(Bi and As dissolve readily in matte during smelting and are subsequently
difficult to eliminate by volatilization during converting once the for-

mation of copper commences) .

The multiple hearth roaster is fed with filter cake whereas the
fluid bed roaster may be fed with either filter cake or slurry. In the lat-

ter case, owing to the large amount of water vapour in the gases, the 502
concentration is lower on a wet basis.

Similar conditions prevail in roasting of nickel concentrates, al-
though slight oxygen enrichment of reaction air is sometimes used. This re-

sults inanoff-gas strength at the upper part of the range previously mentioned.

In the partial roasting of nickel concentrates, it is mainly pyrrhotite (Fe7Sg)

that is oxidized.

5.2 Sintering

Sintering, which is essentially a partial roasting and agglomer-
ation operation carried out on a travelling grate, is used to prepare charge
for smelting in a blast furnace. The process is now virtually obsolete in the
copper and nickel smelting industries and would not be considered for any new
smelter because of the environmental problems associated with fugitive dust and
gas emissions and also because of the difficulty of capturing high strength
gases from the sinter machine for sulphur fixation. In addition, the blast
furnace has largely been replaced by more efficient, economical, and environ-
mentally acceptable smelting processes, thereby rendering the sinter machine

obsolete for this application.
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In certain cases, mixed sulphide-oxide ores'(of around 1 ansize

~and 1es§) used to be sintered for desulphurization prior to being smelted in

a blast furnace. Flotation concentrates need to be'pe11e;ized before being
sintered -to prevent 1arge dust 1esses oh‘theisinter strand and in the blast
furnace and to keep the charge in the latter open. Desulphurization is typ-
ica11y around 40 to 50% and undersize material from the sinter‘strand is re-
cycled in order to contro] temperature "and sulphur content of the final sinter
product. The large 1ngressof:a1r around the sinter strand leads toa heavily
dust-laden off-gas containing about 2% SO2 wh1ch is too lean for economic su]-
phur capture and fixation. The few rema1n1ng sinter strands are generally at

. small operat1ons in 1esser developed countries where environmental regulations
are not in existence.

. 5.3 Blast Furnace

- As mentioned in the‘previous'sectioh, blast furnace smelting in
both the copper and nicke]findustries'has largely been superseded by more en-
ergy-efficient, economic and environmentally acceptable processes. The occur-

~ence of high-grade Tump ores, suitable for direct smelting in a blast furnace,

has also diminished significantly and with the advent of flotation technology
for sulphide ores, blast furnaces have been replaced by more energy-efficient

" and modern sme1ting processes capable -of treating fine-grained concentrates.

The unacceptably high fugitive dust and gas emissions from sinter machines used
for partial roasting and an]omeration of chakgeffor the blast furnace, and
from the blast furnace itself, have contributed towards closure of most blast
furnace - sinter plants. The‘high cost of meta]]urgica1 coke, which typica]]y‘

“comprises about 10% of the blast furnace burden, has adversely affected the

economics of the process. Productivity in blast furnaces is low compared with

that in the modern smelting processes.

'.bAir is injected through tuyeres above the blast furnacefcrucible
for combustion of the  coke which provides the heat for smelting the charge.
Some desulphurization of the iron sulphides also takes place, thereby increas-
ing the'matte’grade s1ightfyrabove the 'natural’ gréde. The degree of de$q1g

~phurization is, however, only moderate and because of the large volume of air
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blown through the tuyeres together with the large amount of dilution air in-
gressed into the top of the furnace through the charging doors and into the
off-gas flue, the gas strength is low and generally in the range 2 - 5% SOZ'
Oxygen enrichment of tuyere air to about 26% 02 has been practised which,
with minimum ingress of dilution air, produces a gas strength at the upper
1imit of this range. Theoff-gases are heavily laden with dust which is re-
covered in cyclones and electrostatic precipitators. The gases are gener-
ally unsuitable for sulphur capture and fixation and the low gas temperature
does not permit recovery of waste heat. The Momoda-type blast furnace,
which incorporates modifications to design and charging practise, has en-
abled 502 to be recovered as sulphuric acid.

Blast furnaces may be circular or rectangular in cross-section.
In copper smelting blast furnaces, matte and slag are tapped separately from
the forehearth, whereas in copper-nickel smelting, it is more usual to em-
ploy an external forehearth where increased residence time and more quies-
cent bath conditions improve the settling of matte from slag and reduce metal
losses in the slag accordingly. Since the forehearth requires external heat-
ing, adequate off-gas handling and ventilation systems are required.

5.4 Reverberatory Furnace Smelting

Reverberatory furnaces, for many years, until the development of
flash smelting technology was fully commercialized, were the mainstay of the
copper smelting industry. Many of these older smelters are still in exist-
ence and it is principally these smelters which are unable to comply with am-
bient air quality and emission standards. As a result, many plants are under
pressure to adopt modern technology or to curtail production.

Reverberatory furnaces are either fed with flotation concentrate
filter cake (green charge) or with calcine from roasters (hot charge). Melting
of the fluxed charge takes place by firing with hydrocarbon fuel, separately
from the material being smelted. Only a minor amount (10-15%) of desulphur-
jzation of the charge takes place in the freeboard, and in the bath from re-
duction of magnetite, and so effectively a 'natural' matte grade is produced.
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Because the\process does not make use of the inherent energy in the concen-
trate by oxidation of iron sulphides, as in modern processes, the gas
strength is low in SO, (0.5-2%). Theoff-gas esséntia]]yrﬁsu]tsfrom com-
bustion of the fuel and from the ingress of dilution air which can be con-
siderable. Rigidly controlling furnace draught'and tight sealing of flues
and dust collection systems minimizes the 1nfi1tration of dilution air, but
the effect on gas strengthris not generally significant. Gés flow is con-
tinuous and the gases are suitable for waste heat recovery due to their high .
volume and témpérature (12509C) but they are too lean to permit economic re-
covery of 502 as sulphuric acid. The gases are therefore generally vented
directly to atmosphere after dust removal. As an alternative to discharging

- furnace gases to the'atmosphere, if a high degree of oxygen enrichment of

combustion air is used, it may be feasible to combine the gases with converter
and/or roaster gases to achieve an aggregate concentration of about 5% SO2
which is suitable for sulphuric acid manufacture. However, the inclusion of

a large volume of dilute reverberatory furnace .gases would greatly increase
the size of the acid p1ant.’.0xygen enrichment of combustion air (to about 30%
02) is frequently employed but the increase in gas strength is pn]y marginal.
The Onahama sme}ter'in Japan produces reverberatory furnace gas at 21/2%502
using this technique and recovers the 502 as sulphuric acid in a modified acid
plant, but uneconomically (14). ‘

In smelting of nickeT concentrates, the charge'is generally roasted
first to produce a calcine but the gas strengths are similar to those in cop-
per smelting. S
| The process is thermally 1neffic1ent because the energy content of.
the concentrate is not utilized, despite the recovery of waste heat from the

- off-gases which carry up to 50% of the heating value of the fuel as sensible

heat.

In copper smelting, the matte grade varﬁes'in the range 25 - 60% Cu:
which-means that a large part of the overall oxidation to blister copper must
take place in the converters, a batch operation with variable and intermittent
gas flow. Innickel smelting, matte grades are in the range 15-20% Ni + Cu.
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New smelting capacity, either greenfield or plant expansions, is
unlikely to include reverberatory furnaces because the process represents a
serious pollution problem. In addition, because the process relies on large
amohnts of high cost hydrocarbon fuel to melt the charge, process economics
are poor. Exceptions are likely to be very small capacity plants of around
20,000 tpy Cu in countries where there are no environmental regulations and
where fuel is relatively cheap and isolated from world prices.

5.5 Electric Furnace Matte Smelting

Electric furnaces treat either concentrate or calcine, performing
a similar function to the reverberatory furnace, and smelt to matte of 'natural’
grade in the range of 35-60% Cu, or in the nickel industry in the range 15 - 30%
Ni+Cu. The energy for smelting is generated in the form of resistance heating
produced by the passage of electric current through electrodes submerged into
the slag layer. Because fuel is not burnt in the furnace, gas volumes should
be Jow compared with reverberatory furnace and other smelting methods. However,
in order to maintain sufficient furnace draught, a certain amount of dilution
air is ingressed through furnace openings. The amount of infiltration air de-
termines the 502 content of the effluent gases because the SO2 is derived from
desulphurization of charge in the freeboard as well as from magnetite reduction
in the bath. The 502 content of effluent gases may vary in the range 0.5- 5%
SOZ, depending on the amount of infiltration air and whether calcine or concen-
trate is charged. The higher strength gas may be combined with roaster and/or
converter gases for recovery of SO2 as sulphuric acid. Electric furnaces oper-
ating in South Africa smelting low-grade nickel-copper concentrates typically
have a gas strength of around 0.5% S0o (5).

Electric smelting will continue to be attractive in locations where
the power cost is low and where there is a projected Jow cost escalation factor
compared with fossil fuels, and where high temperatures are required to effect
smelting, as in the case of concentrates containing significant quantities of
Mg0 or Al1p03 which demand high slag temperatures. Electric furnace matte smelting
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is very versatile in that it can sme]t all materials.

Dried charge is fed through the roof of an e]ectr1c furnace to
form 'black top" cond1t10ns, i.e. a complete cover1ng of the slag 1ayer ‘such -

' that the furnace gases are at a low temperature (400 c) and maximum heat
' transfer between the slag and the charge takes place. This is generally easy

to achieve when charging ca1c1ne but in the case of dried concentrate 'black
top' conditions may be difficult to maintain, part1cu1ar1y if the concentrate
exhibits pyrophoric prOperties In this instance, the gas temperature may
rise to 800°C due to roasting of sulphides in the charge in the furnace free-
board. The ingress of dilution air promotes roasting and the 'stack effect'
produced by'the long charge pipes and hot gases can lead to serious fugitive
dust and gas emission prob]ens above the furnace in the building. In add1t1on,
because electric furnace gases are at a Tow volume and low temperatures, gas
cooling and waste heat recovery fac111t1es are not provided.. Combustion may
therefore arise in the e1ectrostat1c prec1p1tator if the gas temperature rises

'too high:

The principal technical disadvantage of electric smelting, as in
the case of reverberatory smelting, is that is does not make use of the energy'
which is potéhtia]]y available from okidizing the sulphide minerals of the
charge. Production Of a 'natural’ matte grade also means that most of the oxi-
dat1on, and hence Tliberation of 502, takes place in the converters ‘a batch pro-
cess: w1th variable and intermittent gas flow. Compared with other modern pro-
cesses, electric furnace smelting is not the most suitable for capture and re-

covery of 502 as sulphuric_acid and 1ts app]1cat1on will probab]y be determ1ned‘
on economic rather than techn1ca1 grounds

5.6 ’ Flash Sme1tfng

Two basic flash smelting processes have been deve]oped 1ndependent1y
by Outokumpu in Finland and Inco in Canada The Outokumpu process 1is be1ng used |

. to smelt Cu, Ni and Cu-Ni concentrates in var1ous parts of the world. Variants

of the basic process are in use in Japan (Furukawa) and Australia (Western Mining).
The Inco process smelts Cu concentrates although a successful campaign sme1t1ng Ni

- concentrates has been reported.
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A common feature is that the processes make use of the energy
available from oxidizing part of the sulphide minerals in the concentrate.
This results in upgrading of the matte above its 'natural' grade and in the
production of a continuous stream of effluent gases suitable for the recov-
ery of SO2 as sulphuric acid, elemental sulphur or 1iqu1d302. Energy costs
are considerably lower than those in reverberatory and electric smelting.
The quantity of iron in the matte (and hence the matte grade) canbe con-
trolled by adjusting the degree of oxidation of the charge (i.e. the oxygen:
concentrate ratio). The amount of sulphur removed as S0, is proportional to
the amount of iron oxidized. It is possible, by suitable adjustment of the
oxygen:concentrate ratio, for the smelting reactions to become autogenous,
i.e. oxidation is carried to the point where smelting is sustained without
the addition of fuel to the furnace. Oxygen enrichment of combustion airis
used to achieve autogenous smelting and the gas strength is increased accord-
ingly because of the reduced nitrogen input in the air to the furnace.

5.6.1 Qutokumpu Flash Smelting

Qutokumpu have continuously developed flash smelting technology
since 1949 when their first commercial furnace was built in Finland. This
process is generally regarded as the modern standard against which other
processes are compared and flash furnaces have accounted for most of the new
smelting capacity since 1965.

Concentrate is smelted in the furnace reaction shaft in associa-
tion with air (which may be preheated), or oxygen-enriched air. Matte and
slag separate in the furnace settler. Depending on oxidation conditions,
the matte grade varies between 45 - 65% Cu, with modern practice tending to-
wards the upper part of the range. Fuel may be burnt in the reaction shaft
and settler depending on the heat deficiency as determined by the respective
heat balances. The autogenous point is reached when combustion air contains
about 35% 02 when smelting a chalcopyritic copper concentrate. When smelting
nickel concentrate, the autogenous point occurs at about 55% O2 in air,
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Dust-laden off-gases leave the furnace via an uptake shaft which
leads into a waste heat boiler where the gases are cooled and part of their
sensible heat content is recovered. Electrostatic precipitators collect the
dust for recycling to the furnace.

Oxidation to as high a matte grade as practicable in the flash
furnace, consistent with impurity elimination constrainté, magnetite form-
ation and smooth converter operation, is desirable from emiséion control
considerations. The maximum amount of,SO2 will be evo]Ved in the primary
smelting process giving a continuous, relatively high strength gas flow.
Effluent gases from the Outokumpu flash smelting process contain from 10 -
15% 302, or if oxygen -enriched combustion air is used, up to 30% SO2 can be
ach1eved. These gases are eminently suitable for SO2 capture and fixation.

5.6.2 - Inco Oxygen Flash Smelting

- The Incobokygen flash smelting process differs in detail from
the Outokumpu process. In the case of the Outokumpu process, oxygen is em-
ployed to.give a selected matte grade, while in the Inco process, the matte
grade is .a consequence of nsing tonnage oxygen (98% 02) and"the-concentrate
composition. The process uses only tonnage oxygen instead of air to bring
about oxidation. Concentrate and oxygen are blown horizontally into the
furnace above the molten bath at each end.of the furnace whi]st theoff—gases :
leave the furnace via a central offtake. The sme]ting'reactions are auto-
genous and, because the nitrogen content of air is entirely replaced by oxygen,
together with the absence of fuel combustion products, the gas volume (peh
tonne of charge) is much lower and of higher strength (70 - 80% SOZ)'than in
the 0utokumpu variant of flash smelting.

The Inco flash furnace is steel- encased and so it is v1rtua11y
gas-tight. This prevents cooling of the gases due to air infiltration ‘and
maintains the effluent gas at high strength. A]thdughtheoff—gas temperature
is high (IZSOOC), the small gas volume means that the sensible heat content

' of the gases is not 1arge enough to Just1fy a waste heat boiler to cool the

gases and recover heat.
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Because nitrogen in the combustion air is replaced by oxygen,
there is naturally no nitrogen in the waste gases. As a result, the Inco
flash furnace is unable to dissipate in waste gas the heat generated from the
oxidation reactions to the same extent as the Outokumpu furnace. The total
heat content of the gases is much less and so the autogenous point is reached
at a matte grade of between 45 -50% Cu, as compared with 60 -65% Cu in the
Outokumpu furnace with about 35% Op in air, depending on concentrate comp-
osition. This means that in an Inco flash smelter, a greater amount of
oxidation has to be carried out in the converters. Depending on the amount
of dilution air ingressed into converter hoods,. the overall gas velume in an
Inco flash smelter may be larger than lin the Outokumpu case. However, the
high strength gas from an Inco furnacel is suitable for collecting as liquid
S0, or for conversion to sulphuric achd after conditioning and dilution.

The Tow gas volume results in a lower 'dust carry-over into the electrostatic
precipitators which accordingly can be of smaller rating.

5.6.3 Furukawa Flash Smelting

The Furukawa flash furnace is very similar in design to the
Outokumpu furnace except that there are three electrodes in the settier.
This practice may eliminate the need for a separate slag cleaning furnace
when operating at moderate matte grade, since reducing conditions can be
maintained in the settler. Electric power is used to maintain control over
slag temperature and viscosity which obviates the need to burn fuel in the
settler to maintain bath temperature. However, considerable quantities of
fuel are used in the process in the reaction shaft and in preheating com-
bustion air to 450°C. The matte grade at the Tamano smelter in Japan, where
the Furukawa process is in operation, averages 50% Cu. The gas strength is
around 10% 502. A similar furnace with electrodes in an extended settler

smelts Ni concentrates at the Western Mining smelter in Australia.

5.7 Mitsubishi Continuous Smelting and Converting

Most copper smelting processes comprise several unit operations,
some of which are batch in nature, in producing blister copper from sulphide
concentrates. The result is that certain gas streams are discontinuous and
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gas volumes and strengths from the various stages are variable. This is
undesirable with respect to the capture and fixation of SOZ'

The Mitsubishi process is a continuous, multi-step process,
which produces a continuous, uniform strength of effluent gas permitting
efficient collection for SO2 recovery. The smelting, stag cleaning and
converting furnaces are interconnected by heated, enclosed launders, there-
by eliminating matte tapping and transfer by crane and the fugitive emis-
sions that emanate therefrom. Liquid products flow by gravity from one fur-
nace to another along the launders.

The Mitsubishi process is in operation on a small commercial scale
in Japan and the first full-scale (65,000 tpy) plant will be brought into op-
eration in Timmins by Texasgulf in 1981.

Dried concentrates are smelted in an oxygen-enriched (35% 02) air
blast in an oval-shaped furnace which is also fired with oil to compensate for
the heat deficit. Both charge materials and oxygen-enriched air are blown
through vertical. lances above the bath. A matte (65% Cu) - slag emulsion flows
by gravity into an eliptical-shaped electric slag cleaning furnace where dis-
card slag is produced and granulated. After settling, the matte flows to a
converting furnace for continuous oxidation into blister copper. In this
furnace, oxygen-enriched air (26% 02) is blown through vertical lances above
the bath.

The gas strengths from the smelting and converting furnaces are
about 17% and 19% 802, respectively, and since the gas flows are continuous,
they are suitable for recovery of 502 as sulphuric acid. The gas strength
entering the acid plant, after dilution, would typically be 14% 302 with a
range of 10 - 16% 502. Because matte transfer by crane is eliminated, the
Mitsubishi process would appear to offer one of the best solutions in over-
coming the problems associated with process and fugitive emissions.

The Mitsubishi continuous smelting process has been developed for
smelting copper concentrates. Impurity content of concentrates may limit wide-
scale application of the process.
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5.8 Noranda Process

The Noranda process was originally conceived as a single-step
process to produce blister copper from flotation concentrates. The process
is currently operating at Noranda's Horne smelter and at Kennecott's
Garfield smelter, but in each case a high-grade matte (70 -75% Cu) is being
produced for further oxidation to blister copper in converters. In the Horne
smelter, the process still operates in conjunction with reverberatory fur-
naces and converters which existed prior to the installation of the reactor.
The Noranda process is capable of operating in the matte mode or blister
mode (if the concentrates are relatively free from deleterious impurities)
but for impurity reasons, it is only operating in the matte mode at present.

Concentrates containing about 9% H20 are charged by belt slinger
through one end wall of the reactor where they are dried and smelted in the
furnace freeboard. The molten particles separate into matte and slag in the
bath, the former being oxidized by oxygen-enriched air (23.5% O2 at Noranda,
34% 02 at Kennecott) blown in through tuyeres to a high-grade matte (73% Cu
at Noranda, 70% Cu at Kennecott). Matte is tapped intermittently without in-
terrupting reactor operationand transferred in ladles to converters. Slag is
skimmed from the opposite end-wall to the charging end and is slow-cooled be-
fore being retreated to produce a flotation concentrate to recover entrained

copper.

As in all smelting processes which in part utilize the energy con-
tent of the concentrate, the control parameter in the Noranda process is the
oxygen:concentrate ratio which can be set to produce matte of the desired
grade, or copper. Fuel is added as required to compensate for the heat defi-
cit. Depending on concentrate composition, the smelting reactions become
autogenous at about 40% oxygen enrichment.

Effluent gases leave the reactor via a close-fitting hood, their
strength depending on the degree. of oxygen enrichment. At Noranda, gases
contain about 10% SO2 before dilution, whilst at Kennecott, the gas strength
is about 21% 502 due to the higher level of oxygen enrichment. Infiltration
of air around the hood is unavoidable and is about 75-100% of the process gas
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volume. At Noranda, reactor gases are cooled in an evaporative cooler and
then combined with converter gases. After dilution the gases are discharged
to atmosphere containing about 4% 50,. At Kennecott's Garfield smelter, the
reactor gases are cooled in a waste heat boiler and then combined with con-
verter gases. They pass to a sulphuric acid plant in a stream containing
about 8% SOZ' Dust is removed from the gas streams by electrostatic precipi-
tators. Careful design of reactor and converter hoods can minimize the di-
Tution effect of infiltrated air such that the combined gas streams are suit-

able for the recovery of SO2 as sulphuric acid.

5.9 Top-Blown Rotary Converter

The top-blown rotary converter (TBRC) was developed in the nickel
industry to achieve the higher temperatures (1500°C) required using tonnage
oxygen to produce crude nickel by the oxidation of molten nickel sulphide
matte. The high temperatures are required to minimize the formation of nickel
oxide. In copper smelting the same high temperatures are not required, as has

previously been discussed.

The TBRC is a cylindrical vessel, similar to the BOF used in steel-
making, which is rotated about its longitudinal axis. Air or oxygen is blown
onto the surface of the liquids via a suspended water-cooled lance. Since cop-
per converting is autogenous without Oxygen enrichment of air, the TBRC is
unlikely to be applied extensively in the copper industry. It has found appli-
cation in scrap melting and in converting bismuth-contaminated mattes.

The TBRC was installed at the Peko-Wallsend smelter in Australia
to facilitate impurity elimination (Bi, As) from copper matte. Off-gases con-
tained about 15% 802. After a period of closure, the smelter is understood to
be reopening with Peirce-Smith converters having replaced the TBRC units.

A unique application of the TBRC is in the smelting of high-grade
chalcocitic concentrates associated with native copper, as practised at Afton
Mines in British Columbia. The vessel is used as the primary smelting unit,
but because the sulphur input to the process is very low, the off-gases only
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contain about 7% 502 during the oxidation stage. After scrubbing, the gases
are discharged to the atmosphere.

At Boliden, in Sweden, the TBRC is used to smelt complex copper
concentrates containing several deleterious impurities (Bi, As, Sb, Zn, Pb)
so that their elimination in the vapour phase can be maximized. The original
vessel was installed for the treatment of converter slags, thereby alleviat-
ing the need to return them to the electric furnace for copper recovery. Sub-
sequently the process was extended to treat concentrates as well as cleaning
of converter slags (15). Off-gas strength is variable, depending on the in-
put sulphur and the stage of the converting cycle. After cleaning, the gases
ultimately flow to a sulphuric acid plant.

At Inco, the TBRC is used to treat nickel sulphide residues in an
oxygen atmosphere to produce crude metallic nickel. Effluent gases contain
up to 15% 302, depending on the stage in the blowing cycle, input sulphur, and
amount of dilution air.

5.10 Kivcet Process

The Kivcet process was developed in the U.S.S.R. for smelting
copper concentrates. The dual compartment furnace design was developed in
response to the requirement for smelting copper concentrates with high Tead
and zinc contents. Two furnaces are in operation in the U.S.S.R. smelting
some 600 tpd (at Irtysh) and 1000 tpd of copper concentrates and a third
plant of 2000 tpd capacity is understood to be in the construction stage.

Smelting of concentrates takes place in a cyclone above the fur-
nace bath using a 100% oxygen atmosphere. As a result, the effluent gas is
rich in 502’ (about 80 -85%), as in the case of Inco oxygen flash smelting
(16). Gases leave the furnace via a large uptake shaft at one end of the
furnace. Because of the high zinc content of the concentrate, the matte
grade is Timited to 50% Cu, but the range would normally be 45 -60% Cu, depending
on process conditions. As in the case of the Inco flash furnace, the matte grade
produced, and hence the proportion of sulphur removed in the smelting stage, is
related to the heat removal capacity of the furnace.
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A water-cooled partition wall adjacent to the cyclone opposite
to the gas uptake separates the reducing zone from the rest of the furnace.
Here the slag is reduced by three electrodes hefore being tapped for discard

and any zinc may be removed as a vapour.

The Kivcet process, along with the other modern processes, would
appear to offer a suitable solution to environmental problems. The Kivcet
process produces a gas of particularly low volume and high strength which may
be converted to liquid SOZ’ sulphuric acid, or elemental sulphur. However,

the process has a limited operating record and compared with other alternatives
the furnace is of complex construction. '

5.11 Peirce-Smith Converter

The Peirce-Smith converter is a well established and proven unit
for converting copper and nickel-copper mattes to blister copper and Bessemer
matte, respectively, and was developed at a time when there was less concern

with S02 emissions.

The vessel is cylindrical, generally 4 - 4.3m diameter, by 9 - 10.5m
Tong, and air or oxygen-enriched air (up to 30% 02) is blown in through tuyeres
Tocated horizontally along the shell. Copper matte, of varying grade (25 - 65%
Cu) depending on the primary smelting process, is converted to blister copper.
Iron sulphide in the matte is first oxidized into a slag phase with the addi-
tion of silica flux. Molten converter slag may, or may not, be returned to the
primary smelting furnace for recovery of entrained copper, depending on the
smelting process.

In the case of reverberatory and electric furnace smelting, molten
converter slag is returned to the smelting furnace. In Qutokumpu flash smelt-
ing, converter slag is either returned molten to an electric slag cleaning fur-
nace, or slow cooled, crushed, milled and returned to the flash furnace as a
slag concentrate. In the Noranda process, converter slag is also returned to
the reactor as a slag concentrate. Following iron removal, the remaining cop-
per sulphide or 'white metal' is oxidized to blister copper which contains from
98.5-99.5% Cu, the balance being oxygen, sulphur and a minor amount of impur-
ities. Blister copper is transferred to anode furnaces for fire refining into
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anode grade copper which is subsequently electrolytically refined. The oxi-
dation reactions take place at a temperature of 1150 - 1250°C and are auto-

genous with atmospheric oxygen.

The gases leaving the converter after dilution by air infiltrated
around the hood typically contain from 5-12% SOZ,depending on the stage in
the blowing cycle, the degree of oxygen enrichment and the amount of dilution
air ingressed. At the end of the copper blow, the SO2 content gradually falls
to zero on a per converter basis. Converter operations are scheduled and
blending of gases in common flues minimizes fluctuations in gas volume and SO
content, maintaining the latter at about 5% SO0;.

Converter hoods may in time fall into a state of disrepair and al-
low progressively increasing amounts of dilution air to infiltrate the main
process gas stream. With tight-fitting, water-cooled converter hoods, as in-
stalled in modern smelters, dilution may be kept below 100%, but where con-
siderable inleakage occurs, particularly in older smelters where ingress of
air is allowed in order to cool the gases, this may increase to 300 or 400%.
In the case where gases are treated in a sulphuric acid plant, dilution must
be kept to a minimum so that the gas strength can be maximized in order to
keep the size and cost of the acid plant to a minimum. Flue dust is first ex-
tracted from the gas stream by settling in a balloon flue, settling chamber or
cyclones and then by electrostatic precipitators.

Peirce-Smith converters used in the nickel industry employ the
equivalent of the slag blow (i.e. for iron removal) in the copper industry,
the end point occurring just before all iron is removed. Typical gas strength
also varies between 5 -12% 302 depending on the amount of dilution and the
stage of the blow.

In smelters where the matte grade produced from the primary smelt-
ing furnace is Tow, the major portion of the oxidation of matte to blister cop-
per is carried out in the converters. From an environmental standpoint, this
is clearly a disadvantage. Converting is a batch process which means that the
gas flow is intermittent. Volumetric gas flow and strength are variable, the
latter in particular, varying with the stage in the blowing cycle. As a result,
scheduling of converter operations is critical when there is an acid plant, be-
cause it depends on a constant gas volume and strength for efficient operation.
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In such a case, smelter operations may appear to be geared more for the pro-
duction of acid than for copper. Unavoidable dilution of the gas strength
from infiltration of air around the‘converter hoods and in the flues are a
further disadvantage in that the size and cost of sulphur fixation facili-
ties are increased. It would appearyto be advantageous to opt for a primary
sme]ting process which produces as high a matte grade as bracticab]e and use
oxygen enr1chment of reaction air in order to produce a cont1nuous, high ‘
strength gas of m1n1mum volume as the major source of- SO2 f1ow1ng to sulphur
fixation facilities. In this way, the environmental control problems associ-
ated with converter operatibns will be minimized Computer contro1 is used |
in several modern smelters to schedule converter operations in order to pro-

duce a continuous flow of gas to an acid plant.

Because converters have to be rotated in and out of the 'stack'
position for charging of matte, and pouring of Slag'and‘blister cepper, a low
matte grade increases the number of occasions of rotation. ’The'use of large
1ad1es,‘competib1e with overhead crane capacity will, however, assist in re-
ducing crane méVements Since converter operat1ons are the maJor source of
in-plant fugitive emissions, product1on of high matte grades in the pr1mary
smelting furnace is advantageous in that the number of matte taps and crane

- movements is minimized.

5;12 'HobokenvConverter

_ The Hoboken syphon converter was developed in Belgium and attempts
to offer an 1mproved solution in overcoming the fugitive emissions and dilution
of the process gas stream problems encountered in the Peirce- Sm1th converter

Similar in shape, but different in dimensions from the Peirce-

"~ Smith converter, the Hoboken converter draws off the gases through a flue con-

nected axially to'the.converter by a syphon. The latter enables the gases to
flow from the converter into the flue during all phases of operation while re-

" ducing toaminimum, liquid spi]]ége through ‘splashing into the gés-co]]ectibn

system. The design does not incorporate a hood over the converter mouth, as

~in the case of the Peirce-Smith converter. The gas collection system is regu-

Tated such that zero pressure is maintained at the converter mouth.. This
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prevents 502 escape as fugitive emissions and minimizes dilution of the con-

verter gases by infiltrated air. Charging of matte, reverts and copper scrap
can be carried out during the blow which increases converter availability and
results in a less interrupted gas stream for acid-making. However, pouring

of products still necessitates rotation of the vessel during which time bTow-
ing ceases. The Hoboken converter depends on a critical tuyere velocity for

its successful operation (i.e. to minimize splashing) and this is achieved

at a lower blowing rate (and therefore, productivity) than in its traditional
counterpart. Overall, for similar sized units, production capacities of the

Hoboken and Peirce-Smith converters are comparable.

Whilst the smaller sized Hoboken converter in Belgium operates
in a generally trouble-free mode, operating techniques with the larger size
vessels at Inspiration (U.S.A.) and Glogow (Poland) have caused problems with
molten material splashing into the syphon and gas-tight joint. Build up of

accretions in the syphon restricts draught in the flue system and converter and

can result in fugitive emissions and disruption to acid plant operations.
The problems experienced at Inspiration have resulted in a decision being
taken to remove the syphon and replacing it with a gas offtake and hood sys-
tem. Gas strength is typically in the range 7-11% 50, (Inspiration) and
13 - 17% S0, (Glogow) prior to gas cooling which is carried out in radiation

cooling towers.

The Hoboken syphon converter would appear to offer an improved
solution to environmental control over the Peirce-Smith converter. However,
significant differences in design principles necessitate its being operatedin
a different manner to the Peirce-Smith converter in order for the benefits to

be realized.

5.13 Comparative Gas Strengths

Table 13 summarizes typical gas strengths (% S0,) from the various
smelting processes used in the copper and nickel smelting industries.
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TABLE 13  TYPICAL COMPARATIVE GAS STRENGTHS

% S02 BY VOLUME
~ Copper Smelting Nickel Smelting
- Roasting - multiple hearth ‘ 2.0 - 5.0 _ .2.0 - 5.0
- fluid bed - 3.0 - 15.0 ' 3.0 - 15.0
“Sintering ' 1.0 - 2.0 1.0 - 2.0
Blast Furnace 2;0 - 5.0 2.0 - 5.0
Reverberatory 0.5 - 2.5 0.5 - 2.0
Electric Furnace 0.5 - 5.0 0.5 - 2.0
Flash Smelting - Outokumpu - 10.0 - 30.0 10.0 - 15.0
-~ Inco 80 o N/A
| - Furukawa 10 . ~N/A
Mitsubishi Process 15.0 - 20.0 N/A
Noranda Process 10.0 - 20.0 N/A
TBRC ' 1.0 - 15.0 1.0 - 15.0
Kivcet Process 80.0 - 85.0 N/A
Peirce-Smith Converter 5.0 - 12.0 5.0 - 12.0
Hoboken Converter .0 - 17.0 N/A

The SO contained in off-gases is at the high end of a range in
processes where oxygen enrichment of reaction-air ié used. Figures at the
low end of a range . represent- the worst case of ingress of dilution air. Pro-
cesses emp]oyihg oxygen smelting have a gas strength around 80% SOp. 'Because
converting is a batch process having two distinct blowing cycles, the gas flow.
is discontinuous and varies in strength within the range shown in the table. |
As.kemova1 of sulphur from the molten bath progresses, the S0y content of the
gas falls énd approaches zero for each 1nd1viduai cbnverter. In a multi-unit
operation f1uctuations in gas strength are evened out and careful scheduling
of converfer operations enables a gas of nearly constant volume and strength

(5% S0,) to be delivered to an acid plant.
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6 PARTICULATE EMISSIONS

6.1 Particulate Emission Control Technology

Before 502-1aden gases from copper and nickel smelting processes
can have their 802 content fixed as a stable product, it is first necessary,
after capturing the gases emitted from the processes, to remove the dust or
particulate content as completely and efficiently as possible. Particulate
emission control technology also constitutes a significant part of overallair
pollution control technology as evidenced by the allowable emissions in the
regulations.

A11 particulate collection mechanisms involve either a gravita-
tional or an applied force, the simplest one being gravitational force as oc-
curs in a settling chamber (17). If this is insufficient, centrifugal force
may be exerted on the particles in cyclones. In filtration, three separate
primary effects, all force-related, are involved: impaction, interception
and diffusion. The same collection mechanisms also occur in wet scrubbers.

The three collection mechanisms involved in filtration can be il-
lustrated by considering an individual fibre in a fabric filter. If a part-
icle is so large that it cannot follow the gas streamline around the barrier
(fibre), the particle impacts on the barrier. Interception is a collection
mechanism in which the smaller particles just graze the barrier, enter the lam-
inar boundary layer which surrounds each element of the barrier, lose kinetic
energy, and are thus removed from the gas phase. Diffusion is generally ef-
fective for particles below 1}m1in aerodynamic diameter. This mechanism gov-
erns removal of particles which are so small that they can be affected by the
motion of the molecules in the gas stream. Diffusion is not very important

for the major mass of particles.

The other primary particulate removal mechanism involves electro-
static forces. The particles, whether solid or as liquid aerosol, are first
charged and then immediately collected in the same equipment after migration
to an oppositely charged electrode. This is the basic principle of both elec-
trostatic precipitators and charged droplet scrubbers. In the former, particle
collection occurs strictly by application of an electric field. In the



latter, removal occurs by the combined effects of impaction, interception,
diffusion and electrical interaction. The charging of the water droplets en-

‘hances_the ability of the water drop]et to capture fine particles by, attract-
- ing them to-the interface so that diffusion and 1ntercept1on occur more ef-

fect1ve1y

The methods and équipment, and characteristics of the latter,
used for air pollution control are summarized in Table 14 (17). The equip-
ment described in this study is shown aga1nst the air contam1nants 'dust
fumes, smoke, mist'. '

6.1.1  Settling Chambers

For gravity settling chambers, (e.g. balloon flues) to be effect-
ive, a long residence time is necessary so that the part1c1es have time to
settle out of the gas stream. The gas flow in such devices should be essen—

't1a11y laminar, Turbulence would cause re- entra1nment of the particulates.

This approach ‘is.restricted to part1c1es greater- than 50}m11n diameter. Gra—-
vity settling is a very S1mp1e techn1que.and if large masses of large size
particles must be controlled (e.g. a‘burden of 100 - 1500 gm/m3), this
approach is a good choice for an initial separation 1f the necessary

space is available and temperature 1055 permits. These units have no

moving parts. Periodic cleanout or a hopper on the-bottom-for particle
removal by a screw-conveyor, drag-link COnveyor'or even a simple -dump -

~ hopper is all that is necessary for a properly sized chamber.

Use of a baffled settling chamber can increase the collection ef-
ficiency with very little increase in cost. This approach increases the op-
portunity for particles to be collected by impaction. Large part1c1es will
impinge on the baffles and thereby lose enough kinetit energy to drop out of
the'gas‘stream. These units are best suited for particles larger than 20 to .
30}ML The advantage of the baff1ed'chamber over the simple open chamber is
the decrease in size of the equipment as a result of adding the impaction sur-
faces. There is virtually no difference in the pressure drop between the open
chamber and the baffled chamber. | ' '
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METHODS AND EQUIPMENT FOR AIR POLLUTION CONTROL (17)

Name of Device Optimum Size Optimum Temperature Utiity Face Velocity
Air Particles— Cancentration Limitations Requirements -
Generat Specific Type Oescription Contaminants Micron gr/cu ft F HP, Water, KW, BTU FPM Location
Industrial Cloth bag Bags mace of synthetic or >o03 > (o] 0-180-500 1-30 Fabric
Filters natural fiber fabrics
Cloth envelope Envelopes made of natural > 0.3 > 0.1 0-180-500 1-30 Fabric
or synthetic fibers, tabrics
over screen cages
;
Electrostatic Single stage fonizing { -) wires between > 0.3 > 0.1 0850 0.2-0.6kw/1000 cfm 180-600 Plates
Precipitators {plate) parallel collecting (+) V
(High Voltage) plates '
Single stage lonizing { ) wires inside | > o3 > 0. a-1200 0.2-0.6kw/1000 cfm 180 600 Pipes
(pipe) concentric collecting i
(—1) pipes i
I |
!
Dry Inertial Settling chamber Straight chamber expansion > 50 > 5 0-700 60-600 Chamber
Callectors {without baffles}
Battle chamber Straight chamber expansion > 30 > 5 0-700 1000-2000 Inlet
(with baffles)
Skimming Scroll shaped chamber ! | < 20 > 1 0 700 2000-4000 (nlet
chamber w/penpheral slots 1
Cyclone Chamber with spiral flow | > 10 1 0 700 2000 4000 Inlet
Multiple cyclone  Small cyclones in parallet > 5 1 0 700 2000 4000 Intet
Impingement Alternate stages of baffles ; 10 1 0-700 3000.6000 Nozzles
and nozzles
Dynamic > 10 > 1 0-700 %hp/1000 cfm 2000-4000 Inlet
Scrubbers Cyclone Cyclone collector same as > 10 > 1 40-700 2-10 gpm/1000 cftm  1500-3000 inlet
dry inertial type with
coarse sprays
Impingement Impingement collector .. > 210 > 1 40-700 3-5 gom/1000 cfm 4000-6000 Nozzles
w/wetted baffles z ! ! 2-4 hp/1000 cfm
Submerged Dynamic collector w/coarse - I k > 1 > 1 40-700 1 gpm/1000 cfm 2000-4000 Inlet
sprays o b
Fog Cyclone collector w/tine é i < 2 > 0.1 40-700 3.5 gpm/1000 cfm 3000 4000 Inlet
tangenhal sprays 9:1 " - 350 psig sprays
Pebble bed Tower w/counler-ct»nkr_rcmlv ; s | :E ; > 5 > (8] 3.5 gpm/1000 cfm 500-100Q0 B8ed
wetted coarse packing , 2
Multi dynamic Power driven normal and [ N < 05 > 0.1 40 700 10-30 gpm /1000 cfm 2000 3000 Inlet
reverse flow fan stages | w - 10-20 hp/1000 cfm
w/codrse sprays s E
Ventur Ventur w/coarse sprays | S Z < 2 > 0.1 40-700 3-5 gpm/1000 ctm 12000- Throat
at throat | 0 24000
Crosstlow Packed bed, liquid and | > 3 0.1 40-250 1500-3000 Bed
gas tlows at 90° ‘ >
Jet Water activated jet pump > 2 > 0.1 40-700 50-100gpm/1000 cfm 2000-3000 Inlet
Afterburners Direct Combustion chamber with Any Combustible 2000 1.1 Bru/ctm® AT 500-1000 Chamber
supplementatl fuel firing Only
Cataly tic Combustion chamber with Any Combustibla 1500 500-1000 Chamber
catalyst with supplemental Only
fuel finng l
Gas Absorbers Spray tower Vertical up flow chamber 1 Molecular > c.001 40-100 2-10 gpm/1000 cfm 120 {superficial)
with downward sprays |
Packed tower Tower with counter-currently Molecular > 0.001 40-100 3-6 gpm/1C00 cfm 60 (superficial}
wetted Rashig rings, berl
saddles, ete, packing
Fiber cell One or mora stages of Molecular > 0.001 40-100 5.156 gpm/1000 cfm 200 (suporticial)
cocurrently wetted fibers
celts
Gas Adsorbers Deep bed Acuvated charcoal bed in Molecular > 0.001 125 30-100 Bed
(1.3 f1) regenerafive recovery
equipment
Shallow bed Activated charcoal beds in Molecular < 0.001 125 50-120 Bed
(% 4 in) cells or cartridges
—_J
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TABLE 14 (CONTINUED) METHODS AND EQUIPMENT FOR AIR POLLUTION CONTROL (17)

Name of Device

Air
Resrstance . Dascription of Collacted R
General Spaecific Type WG (inches) Weight Spaco Polhtant ' Application . Limitations
tncustrial Cloth bay >a > 99 Lirge reverse type Discharged int hoppres whon Dry collection possible Sensitivity to tiltering vetocity
Filters . pulse ty pe modaerate distodaed from baas Dccreass of perlformance is High temmperature gases must be
Cloth envelope, >4 > 99 Large Discharged into hoppaer when noticeable ° coaled to 200F to 550F
. distodgod from tabric face Coliection of srnall particles Affected by refative humidity
possible {condensation)
. High etficiencies possible Susceptibility of fabric to
chemical attack
Electrostitic Sinyle stage <| . > 99 Large Dry dust on plates—dislodged | 99+ percent efficiancy obtainable  Ralatively high initial cost
Precipitators {plate} into hopper Very small particios can be Precipitators are sensitive 1o
(High Valtage) " collected variahle dustioadings or
Single stage < > 99 Large Dry dust on pipe —dislodged Particles may be collocted wet flow rates
(pipe) . into hopoeer or dry Resistivily couses some ma
) Pressura drops and power requira- 10 be economically
ments are small compared tn uncollectibie
other highefliciency collectors  Precautions sre required to
Maintenance is nominal unless safequard personnel trom
. - . corrosiva or adhesive materials high voltage
. arg handied ‘Collection efficiencies can )
Few moving parts deteriorate gradually and
imperceptibly
Dry Inertial Settling chamber |, < 0.3 < 50 Larye Dry dust or liquid into hopper Low pressure loss, simplicity of Much space required
Collectors design and maintenance Low collection efficiency
Baffle chamber < 05 < 50 Large Dry dust or liquid into hopper Simplicity of design and Much head room required
. . maijntenanca Low callection afficiency of
Skimming < 1.0 < 70 Moderate Dry dust or liquid into hopper Little floor space required small particles
chamber - . Dry continuous disposal of Sensitive to variable dust
collected dusts loadings and flow rates
Crvelone 20 30 Mo derata Ory rlust or hquid into hopper  Low 1o moderate prassure loss
Multiple a6 90 Moderate Dry dust or liquid into hopper  Handles large particies
Impinyement 46 80 Small Ory dust or liquid into hopper Haandtes high dust loadings
' . R Temperature independent
Dynamic -8 developed < 80 Maodwrate Dry.dust or liquid into hopper
Scrubbers Cyclone 1.5.3 < 90 Large Slurry sliudge with water ) Sunultaneous gas absorntion and  Corrosion, erosion probleims
) . particle removal Added cost ol wastewater
' Ability to caol and clean high. treatment and reclamation
Impingement 2/stage < 95 Large _Slurry studge with water trmperature, moisture-laden Low efficiency on submicron
- qases particles
Submerged 36 < 95 Small Slurry sludye with water Corrosive gases and mists can Contamination of etfluent
. . . : be recovered and neutralized stream by liquid entrainment
Fog > 2.0 < 99 Modecrate Slurry sludge with water Reduced dust explosion risk Freezing problems in cold
N . Etfficiency can be varied weaner
Pebble bed >a0 < 90 Large Slurry sludge with water Reduction in buoyancy and
X ) - plume risa
Multi-dynamic 24 <99 Small . Slurry sludge with water Water vapor contributes 10
' . . visibie plume under some
. ! X atmospheric conditions
Venturi > 10 99 small Sturry sludge with water .
Crossflow Lt 95 Small Siurry siudge with woter Gas and particuilate removal
Jet -8 developed 20 Small , = Slurfy sludge with water, . oI
Atterburners Direct <1 < 95 Moderate innocuous flue gas out stack High removal efficiency of High operational cost
: submicron ador.causing Fire nazard
Catalytic > < 95 Moderate Innocuous tiue gas out stack particulate matter Removes only combustiblas
Simultaneous disposal of com- Catalysts subject ta
bustible gaseaus and particulate poisoning
. .omatter Catalyslis require reactivation
Diruct disposal of nontoxic gases N
and wastes to the atmosphere
. after combustion
Passible heat recovery N
- Relatively small space requirement -
. Low maintenance -+ )
Gas Absorbers  Spray tower < 1 < 95 Laryge Solution in water
Packed tower  1.5.4in. WG/ > 98 - Compact .Solution in water N .
. ft of packing .
Fiber cell a < 95 Moderata Solution in water
Cory e L0 Vg [T I I R IRTE | Teent meowey
gt * .
Shidlow bed 052 9% Sl Disctvarged w/charcoal Reovat ol toxic/odarous

4.n.)

Ot ganics

* 2 textended surface packings)

20 30 {(hlamentous packings)
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The balloon flue is the most common form of settling chamber used
in the copper and nickel industry and is the first item of equipment in the
gas cleaning plant, occasionally after reverberatory furnaces, but most often
after converters where dust particle size is comparatively Targe. Sometimes
spray cooling nozzles are instalied at the inlet of a settling chamber to cool
the gases. The radiation chamber of a waste heat boiler acts as a settling
chamber because the large cross-sectional area causes sufficient decrease in
gas velocity to cause fall-out of the largest size particles. Settling cham-
bers may collect up to 50% of the total dust loading in a gas stream. There
has been a trend on the part of some smelters to replace balloon flues with high
velocity flues (with no settling) and cyclones because of corrosion problems,
fugitive dust handling and high maintenance costs. Balloon flues, because of
their large surface area, frequently give rise to a large fall in gas tempera-
ture. Modern smelters are usually equipped with high velocity flues.

6.1.2 Cyclones

In cyclones, the primary mode of collection is centrifugal accel-
eration of the gas stream which throws the particles to the wall. The velo-
city steadily increases as the gas descends from the cylindric body into the
conical section of the cyclone. The increasing centrifugal force causes smal-
ler particles to enter the viscous fluid zone at the wall where they also suf-
fer a decrease in kinetic energy. Such particles and those already falling
down the inner wall, are unable to make the turn into the inner spiral and are
removed from the bottom of the conical section.

Cyclones are low efficiency devices for small particles. They have
higher efficiencies for large particles. The cut diameter is about 10 um but
may range from 5 to 15pn1 depending on the cyclone type, diameter, body length,
taper, inlet velocity, etc. The cut diameter is defined as that diameter at
which 50 percent of the particles of that size are coliected and 50 percent
are not.

Cyclones can be operated either wet or dry, although the Tatter
prevails in the copper and nickel smelting industries. Wet operation might
be a reasonable approach for the removal of large hygroscopic particles if a
serious water pollution problem does not result. In wet operation water is
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injected into the cyclone inlet. The entering gas velocity diffuses the water
droplets over the entire inside surface of the unit. The wall is continually
flushed clean so that deposits of sticky particulates should not occur.

Cyclones are usually operated in parallel sets of identical units
rather than using one huge collector for treating large gas flows. The pres-
sure drop may be greater through a group of small cyclones, but the local velo-
cities are higher, which results in a lower cut diameter. Cyclonic removal of
small particulates becomes more effective as the velocity through the collector
increases. If the volume rate is increased for a given cyclone, higher gas ro-
tation and viscous energy losses (pressure drop) will result.

As in the case of settling chambers, cyclones are usually the first
item of equipment in the gas cleaning plant and may replace the settling chamber
or balloon flue. Dust collection efficiencies of up to 80% are possible for a
single unit, or up to 90% for a bank of multiple cyclones, depending on particle
size. In smelters where fluid bed roasters are used, some 80% of the product
calcine leaves the roaster as bed overflow and is collected in a bank of cyc-
lones. Dust is removed continuously by screw or drag-link conveyor or by simple
tote box if the amount of material collected is small.

6.1.3 Bag Filters

Bag filters are devices in which particulates are removed from a gas
stream by retention in or on a porous structure through which the gas flows. Fab-
ric filters have the advantage of being positive collectors, i.e. the fibres of
the filter medium are interposed between the particulates and the clean environ-
ment and form a physical barrier to prevent escape of the dust. The mechanisms
of particle capture are impaction, interception and diffusion. Natural or syn-
thetic fibre fabrics are usually used, but woven, pierced or sintered metal bar-
riers are occasionally required for high temperature service. Deep beds of ran-
domly oriented fibre or solid particles may also be effective for particulate
control in special circumstances. The pressure drop through the filter medium
depends on the filter velocity (more specifically, on the ratio of volumetric
gas flow rate to gross filter medium area), the inlet particulate loading, the
filter medium characteristics, and the frequency and effectiveness of the filter
cleaning method in use.
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A new filter cloth is not very effective as a filtering medium
because the true filtering surface is formed only when particles begin to
bridge the open areas between the fibres of the filter. It is impossible to
remove all of the particles which have been deposited on the filter, so even
when the bulk of the particulate mass (>98 percent) is removed in the clean-
ing cycle, most of the interstitial area in the filter remains bridged by
previously collected particles.

The resistance to gas flow steadily increases with time until some
predetermined pressure drop is reached. At that point, the cleaning cycle is
initiated. This gives a sudden decrease in filter resistance which is measured

in terms of pressuredrop. Thereis a small regionwhere the pressuredrop is quite

low, indicating that the cake has not been completely formed. There are some
open interstitial areas through which fine particles can pass. The period be-
tween the end of the cleaning cycle and the reformation of the effective filt-

ering surface is the cake repair period and is a time of low capture efficiency.

The solution for this potential loss of control is to divide the dirty gas

flow into a number of compartments. The compartments are then cleaned one by
one, so that at no time will more than one compartment be operating at a low
efficiency as a result of filter cleaning. Cleaning of the filter bags may be
accomplished by a mechanical shaking mechanism, or by means of a reverse air
pulsing mechanism (high pressure or low pressure). An alternative to the pres-
sure drop method of initiating the cleaning cycle is to use a timing device.
The pressure drop method of filter cleaning can lead to uneven wear on the bags
and may, in the event of a torn bag going unnoticed, give no cleaning at all.
This method is more complicated than the timing method and is dependent on
draught conditions.

Filters may be constructed of woven or felted fabrics. These two
classes of filters have vastly different characteristics. To collect a highly
abrasive particle, a slick finish woven fabric would be selected in order to
minimize wear. If the emissions contain some tarry particulates, (an unlikely
occurrence in copper and nickel smelting), a felted (nonwoven) fabric would be
the best choice. Felted fabrics have another advantage in that they have a
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high nap (small fibres projecting frem the surface)‘compared to that on woven
fabrics. The tarry pérticu]ates can be captured on the projecting fuzz fibres
without blinding the bulk of the surface of the filter medium 1tse1f. ATthough
other types of filter medja are used for air pollution control, fabric filters

.are the most important. Copper and nickel concentrates ‘which contain signifi-

cant quantities of 1ead and zinc cause st1cky oxide and sulphate particles
which can 'b11nd the filter fabric.

Bag filters do not enjoy wide application in the copper and nickel
smelting industries. They are best suited to dust and fume collection from gas
Streams conta1n1ng highly vo1at11e 1mpur1t1es such as Pb Zn, As, Bi, etc. Bag
houses are more common]y used for removal of dust from in- p]ant fugitive emis-
sion gas streams where dust loading is small and particle size is very. fine.
Tney are a]so installed on concentrate and flux storage bins when pneumatic

" transport of these materials is used. Dust is removed from hoppers at the bot-

tom of a bag house by means of a screw-conveyor, drag-link conveyor, or tote
box. Collection efficiencies of bag filters may be upwards of 99% and even as
high as 99.9%. ' Depend1ng on the filter fabric, operat1ng temperature is lim-
1ted to about 260°C. This necessitates- cooling the gases before the gas:f11ter
1n1et. '

6.1.4 E1ectrostatic‘Precipitators

Electrostatic precipitators are devices in which a high-density |
electric field is created, causing any particulates in the gas stream to ac-
quire an electric charge and to migrate sUbsequent]y to a collecting surface
where the charge is neutralized. The field causes large numbers of oxygen
molecules in the gas to become charged As the gés ions' dr1ft from the.
generation (discharge) e]ectrode to the collection electrode, some fract1on
of the ions co]]ide with the particles in the gas stream. Eventua]]y, most
of the dust becomes negatively charged to an equ1]1br1um va]ue '

As the charge on the part1c1e builds up, it ‘begins to repe] the neg-
atively charged 'gas..ions' because they have Tike charges. Thus there is a Timit
to the amount of charge which can be transferred- to any particle. The particle
is accelerated in the electric fie]d towards the collection electrode (plate)
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which has zero or opposite polarity. In simple terms, when the charged particle
reaches the collection electrode, the charge is neutralized and the particle falls
into a collection hopper beneath the unit.

Particles continually arrive at the collection electrode. If the
rate of charge neutralization is too low, other particles arriving at the plate
can create a 'fishnet' effect. The second wave of particles may be attracted
so strongly to the collection electrode that they tend to keep the first group
of particles from falling into the collection hopper. Layers of particles be-
gin to build up on the collection surface. In this situation, the driving
force for charge neutralization is decreased because of the finite amount of
energy needed to transfer a charge across any particles which are being held
on the surface. The effective collection potential decreases as the thickness
of the dust layer on the plates increases. The result is a steadily increas-
ing power loss to maintain efficiency which is unacceptable froman operational
point of view or a collection efficiency which approaches zero for fine part-
iculates. To prevent this problem, the collection plates and the discharge
wires are periodically agitated by striking them with mechanically or pneu-
matically operated hammers called rappers. The intensity and the frequency
of rapping are adjusted to match the particle characteristics (hygroscopic-
ity, density, resistivity, etc.).

Electrostatic precipitators have very wide application in the cop-
per and nickel smelting industries and are installed at virtually all smelters.
They are the penultimate dust collecting unit on roaster, primary smelting and
converter gas streams when sulphuric acid or other sulphur fixation product is
manufactured. Electrostatic precipitators are suitable for recovery of ultra-
fine dust and fume particles from large volumes of gas at high efficiencies,
from 98 - 99.9%. Dust is continuously conveyed from the hopper bottom, gener-
ally for recirculation to the primary smelting furnace, depending on volatile
impurity content. Typical operating temperature is 350°C, so it is necessary
to cool the gases to this temperature by water sprays or by radiation heat
lToss from the flues. Water sprays are frequently used since this conditions
the particles for more efficient collection.
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6.1.5 Wet Scrubbers

" The last major class of particu]ate“co11ectors is‘the.wet scrubbers.
Wet scrubbers are devices in which the primary means of collection is a liquid
which is introduced into the unit and deliberately conve%téd'into countless
microdroplets. Conversion of the scrubber liquid into an aerosol provides a
large surfacé.area for the collection of any sp]Ub]e contaminants and also
creates a large number of targets for any particulates present in the gas phase.
A-very 1mpbrtéht variable is the relative ve]dcity of the particles with re-
spect to the droplets. " The particulates must have the higher velocity in order
to increase the ’probabi]ity of collection. If the partic1e is moving fast
enough, the droplets are relatively motionless, as are the filters in a fabric
filter. Even small particles will be unable to follow the streamlines around
the droplets and will impact on the surface or be collected by interception.

Wet scrubbers operate by the contacting power principle which
states that the smaller the particles being removed, the greater the energy

which must be expended. If very small (submicron) particles are to be col-

lected, a correspdndﬁng]y.high particle velocity must be attained which re-
quires that the entire gas stream be accelerated. In any equipment with fixed-
dimensions, the pressure drop increases drastically with increasing velocity.
Of major importance is that portion of the available fluid energy (pressure .
drop) which is actually used to achieve particle-droplet interaction. As the

~particles and the gas stream are accelerated, part of the available driVing

force (pressure drop) is expended in the viscous losses associated with get-
ting the bulk gas stream through the control device. ' That part is Tost as
far as particle collection is concerned. Only that portion of the pressure
drop which is converted into fluid energy to give the relative increase in
particle velocity is applicable to particle removal.

Several varieties of wet scrubbers are available, such as packed
towers, plate towers, spray chambers, venturis, crossflow units, etc. When
a simple or baffled spray chamber is used for removal of pértic]es 1arger"
than 25 pm, the sprays serve two functions. They condition the gas stream °
by adjusting its humidity to promote agglomeration and by coolingit. At the
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same time, the sprays prevent particle buildup on the interior of the chamber.
The spray chamber wet scrubber can be fairly effective for large particles but
is ineffective for small particles.

Other scrubber designs have been developed to provide high removal
efficiency in different particle size regions. For 10 to 20}m1 particles, eq-
uipment more efficient than a spray chamber is needed, e.g. a wet cyclone.

These units combine the operating characteristics of both a cyclone and a spray

chamber. Increased particle collection efficiency is achieved as a result of
added centrifugal motion. For 5 to 10 pm particles, a low energy device is
needed, one which operates at a pressure drop of 25 to 50 cmwg. For smaller
particles (e.g. 1 to SP)’ self-induced scrubbers or other medium energy col-
lectors are required. At 1umand below, high energy devices such as venturi
scrubbers are necessary. The pressure drop through such units can be 150 to
200 cmwg.

Wet scrubbers are generally followed by a mist or entrainment sep-
arator to prevent loss of any scrubber liquid in the effluent. As the gas
velocity is increased, the problem of preventing scrubber liquid carryover be-
comes more severe, which may require a demister. Every wet scrubber and en-
trainment separator or demister must have a sump into which the liquid and
particles drain. The sump must be drained at regular intervals or, prefer-
ably, continually emptied by a slurry pump. The particles must be removed
and the liquid recycled, especially if any reagents have been added to pro-
mote effectiveness in particle capture.

Wet scrubbers have wide application in the copper and nickel
smelting industries, where they are used as the final gas cleaning and cool-
ing step prior to conversion of SO2 into sulphuric acid or other sulphur fix-
ation product. The cleaned gas then passes through a mist precipitator before
entering the acid (or other) plant. Collection efficiency in a wet scrubber
may vary from 90 - 99% depending on type and specific application. Wet scrub-
bers are also used on tail gas streams and for recovering dust from fugitive
emissions.
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7 . GASEQOUS EMISSIONS

7.1 Su]phur'Dioxide Emission Control Technology

* Sulphur dioxide emission control technology in the copper and
nicke]'sme]ting.industrjes has been developed essentially to treat two types
of gas stream: concentrated gas streams which arise from primaryismelting

~ furnaces and converters where the gas strength is greater than about 4.5%

SOz, and dilute gas streams (containing generally less than 2% S02) which

- arise from mu1t1hearth roasters, reverberatory furnaces, fug1t1ve em1ss1ons,

and ta11 gases.

7.¢ Concentrated Gas Stréams

Su]phur dioxide emission control techno]ogy on sme]ter gas
streams is both more techn1ca11y and economically feasible, and most w1de1y
used, in the treatment of concentrated gas streams. Sulphur dioxide may
be captured and fixed as elemental sulphur, (although this is.technically
complicated and eéonomica]1y unattractive), or alternatively used in the
production of Tiquid S0» or sulphuric acid. Manufacture of sulphuric acid
is the accepted control approach in the industry. Figures 2 and 3 (2),
simplified copper and nickel-copper smelter flow sheets, show the disposi-
tion of sulphur fixation facilities in re]at1on to the maJor S0 - conta1n1ng

gas streams. In both flow sheets, roasting of concentrates prior to smelting

may be an opt1ona1 unit operation, depending on smelting process used. A slag
treatment stage may be required prior to discard, depending-on- sme1t1ng process
and matte grade produced.

7.2.1 'E1ementa1 Squhur Production

Reduct1on of S0 in sme]ter gases to elemental su]phur is both’
techn1ca11y d1ff1cu1t to achieve and expens1ve because of the high cost of
reductant, usually: naphtha For these reasons production of e]ementa] sulphur
has .not been w1de1y accepted in the meta]lurg1ca] 1ndustry Commerc1a1 facili-

- ties have been built at Phelps Dodge's H1dalgo copper flash smelter in New
. 'Mexico, BCL S copper nickel flash smelter in Botswana, and at Outokumpu's

pyrite roaster in Kokkola, Finland.  The latter plant.was permanently ¢losed
several years ago because the high cost of naphtha.and.competition from lower
cost sulphur adversely affected the economics of pyrite roasting. Phelps Dodge's
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plant was never put into production owing to the high cost of reductant and was
superseded by a sulphuric acid plant. This elemental sulphur plant would have
had to compete with neighbouring supplies of Frasch sulphur in the marketplace.
Because of technical problems encountered in its flash furnace and the resulting
difficulties in producing sulphur of a commercially acceptable specification,
the elemental sulphur plant in Botswana has not operated on a continuous basis
and is now shut down. Metallurgical process problems and the high cost of
reductant contributed towards closure of Allied Chemical's plant near Falcon-

bridge, Ontario which was designed to treat roaster gases.

The production of elemental sulphur requires a continuous, high
strength (preferably at least 12% S07) gas stream (2, 18). This means that
converter gases are not suitable as feed to an elemental sulphur plant. In
addition, for economic reasons it is necessary to have the lowest possible
oxygen content (not greater than 1% 02) since oxygen increases the consump-
tion of reducing agent. It is customary for primary smelting furnaces to
operate under slight negative pressure which results in the ingress of
varying amounts of dilution air (containing oxygen) into the gas stream.
However, when producing elemental sulphur the furnace has to be designed
to be completely gas-tight so that it can be operated under a slight positive
pressure to avoid ingress of air. Totally enclosing the furnace with steel
casing is then necessary to prevent high strength process gas escaping from
the furnace into the surrounding building. This complicates the design of
the furnace to some extent.

Sulphur dioxide in smelter gas can be reduced by passing the gas
stream through an incandescent coke bed. Processes of this type used to be
operated by Boliden (Sweden), Cominco (Canada) and Orkla (Norway), but the
high cost of coke rendered the plants uneconomic and they were shut down and
dismantled several years ago.

Hydrocarbons such as natural gas, fuel oil, high-grade pulverized
coal (which was used atBCL's smelter in Botswana) and naphtha (at Kokkola)
are more commonly used as reducing agent.
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Elemental sulphur production takes place in three main stageskwhen
using hydrocarbon reductants (5):

(e) Gas purification dtIISOOC, similar to sulphuric acid manufacture.
(b) Catalytic reduction of SO7 at 500°C with hydrocarbbns by reactions of the
' type
4CH4 + 6502.—-4C02 + 4Ho0 + 4H25 + 52 (g)

Liquid elemental sulphur (30-40% of that in the or1g1na1 gas) is condensed
at this point by cooling the gases to 170°C

(c) Cata]ytic.Claus reaction at 2400C (ohe‘br,tWO stages) in which elemental
_ sulphur is produced from the remaining SO2, according to_the reaction.

2H2S + S02 &= 2H20 + 3/2 S2 (g)
and then condensed by coo]1ng

Conversion to elemental su]phur is only about 90% complete which
means that the bas1c process must be improved if it is to be used for compli- |
ance with the most str1ngent ambient air quality and em1ss1on standards.

Other gaseous components are formed through side react1ons which resu]t in
a tail gas conta1n1ng hydrogen sulphide (H2S) and carbon oxysulphide (COS) in

~addition to about 1% SO2. The gas mixture can be passed through additional

catalyst beds at a lower temperature where Hgsvand COS-react with.the remaining

' “S0p if it is required to increase the overall'sulphur yield; This also removes
" the greatest amount of the hazardous side reaction gases which are more toxic
. than S02. In the metallurgical industry, in order to further reduce

emissions, it is usual to oxidize HpS and COS in an incinerator before d1s—

~charging the tail gas to atmosphere, but only at the cost of additional fuel.

In the natural gas and petroleum industries Claus plant technology is well
developed and brocesses are available byfwhieh the Unreacted sulphur'compounds
can be reduced to HyS, absorbed in. sodium carbonate solutions, and oxidized to
e]emental'su1phUr by sodium vanadate. It is estimated that the SOzrconcentration_
can be reduced to 0.03% by these technieues (5). Figure 4 illustrates a tjpica]
flowsheet for'reedvering eleniental sulphur from sme]ter gases by reduction of
50z (5). | | | |

In the Outokumpu flash furnace, partial reduction of S0 is carried
out in the uptake shaft at 13500C by the addition of reductant, upstream of the
sulphur recovery plant.
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The complex technology used coupled with the high costvehergy
requirement (about 500 Nm3 CHyg/tonne of S) for SO7- reduction, mitigate.
against the productlon of elemental sulphur from sme]ter gases ga1n1ng
wide acceptance. However, 1n certain cases the production of e]ementa1

sulphur may warrant serious cons1derat10n when tak1ng into account sme]ter

location relative to acid markets, transportat1on costs, and the ease of
storing e]ementa] sulphur.

7.2.2  Liquid SO, Production

- Gas with the highest poss1b1e 502 content is necessary for the

' econom1c recovery of sulphur in the form of liquid S0, and the gas flow must

be continuous with minimum variations in strength. There are two main types

of liquid SO, recovery processes (2, 18)5

(a) Physica] Recovery Processes

These ihclude processes such as pressure absorption in water and dry com-

' press1on -refr1gerat1on "Because the gas has to be compressed, its SOy
content is the pr1me econom1c factor because of the high.energy requ1re-
ment and costs of compress1on Fluid bed roaster and flash furnace gases
are suitable for econom1c processing by water pressure absorption, as

" practised by Bo]1den in Sweden. Oxygen flash smelting gas can be econo-
m1ca11y processed directly by dry compression and refr1gerat1on as evi-

" denced by CIL's plant at Copper Cliff- which treats gases containing 80%
SO0p from Inco's oxygen flash furnace smelting copper concentrate.

An important consideration in connection with these processes is that the
clean gas must be thoroughly dried before compressing and refrigeration.
The only practical and economic drying agent for this purpose is concen-
trated sU]phuric acid. For this reason it is highly desirable to combine
Tiquid SO, production by physical recovery processes with a sulphuric acid
p1ant> In such a combination the moisture in the smelter gas proVides the
dilution water for the sulphuric acid plant, wh11e the tail gas from the
11qu1d 502 p]ant is processed in the acid p]ant
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Chemical Absorption Processes

These processes are operated at atmospheric pressure and use chemical ab-
sorption for S0» extraction from the gas stream. Of the several processes
in existence the two best known are the Cominco and the DMA (dimethy]l
aniline) processes. The Cominco process uses a solution of ammonium bi-
sulphite as the absorbent and strips the SO7 as a strong (25% SO») gas

by acidifying with sulphuric aicd. Ammonium sulphate is a by-product.
Figure 5 illustrates a simplified flowsheet of the Cominco process (7).
Sulphur dioxide - bearing gas, free from sulphur trioxide and particulates,
is absorbed by an ammonium sulphite-bisulphite solution. The S02 in the
gas reacts with ammonium sulphite to form the bisulphite. Ammonia is

added to convert part of the bisulphite to sulphite and recycled to the
absorption scrubbers. The remainder of the bisulphite solution is diverted
to the stripper, acidified with sulphuric acid, and stripped with air to
produce about a 25% SO, gas and a solution of ammonium sulphate containing
about 10% of the feed sulphur. The process recovers about 90% of the

S02 from dilute flue gases, even at concentrations as low as 0.5%. Tail
gases contain as little as 0.03% S02. A serious disadvantage of the
process is the high cost of ammonia make-up since large quantities of
ammonium sulphate are produced. Because of this it is not an economic

method of producing ammonium sulphate.

The DMA process was developed by ASARCO and is used at its Tacoma, Wash-
ington copper smelter. The process was used at the Selby lead smelter
in California, and is still used by Cities Service Company in Tennessee,
Asturiana de Zinc in Spain, and at Falconbridge's nickel refinery in

Norway.

The DMA process is used for recovering SO» from smelter gases containing
from 4 to 10 percent SOp. Basic steps of the process are shown in Figure

6 (7). After the gés is cleaned, the sulphur dioxide is absorbed by
dimethyl aniline in a bubblecap 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 car-
bonate solution in the middle section of the absorption tower, thereby
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" recovering residual SO from the gas stream. However, the sodium
carbonaterserves'the more fundamental purpose of neutralizing the .. .
“sulphuric acid used foerMA vapour recovery as well as any -acid- '
formed through S02 oxidation. Neutralization of this acid is essen-. .

. tial to permit recovery of dimethyl aniline which otherw1se would be
lost as water-soluble DMA sulphate in waste water discharged. from.
the stripping. column. In the'upner_Section of the absorption‘co]umn
tail gases are scrubbed with dilute su]phuric acid to recover DMA
vapour which wou]d'otherwise escape to the atmosphere.

" The loaded DMA solution is str1pped with steam in the stripper section
of the str1pp1ng column.” Dimethyl aniline and S0, 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,'containing S02, steam, and dimethyl aniline vapour, is

~cooled in the upper or rectifier section of the stripping column. In
the presence of the SO, DMA vapour.is recovered.as-water soluble
dimethyl aniline sulphate. ‘This -leaves essentially pure S02, which
can be liquefied. | |

_ Chemical absorpt1on processes are cons1derab1y more expensive than
physical récovery processes with respect to both. capital and operat1ng
costs, but they have the advantage of being applicable to gases with
comparatively -low SO2 content, and giving much h1gher extraction y1e1ds
than’ the physical processes. Thus, it is qu1te poss1b1e to extract
98% by chemical absorption processes, whereas it.is on]y,econom1ca11y
feasible to extract 90% by physical recovery processes. |

7.2.3 Sulphuric Acid Production

Sulphuric acid is the most common sulphur- containing product
recovered from meta]]urg1ca1 gases and is the accepted control approach in
the industry. The technology used in the convent1ona1 contact acid plant.is
well proven and there are fewer restr1ct1ons on the characteristics pf gases:
from which acid can be made than in the case of alternative products. Sul- |
',phuric acid is also the most common form in which industry consumes sulphur,
and its manufacture is the least expensive method of efficiently removing
S0, from smelter gases. Compared with sulphur burning plants, the manufac-.
ture of sulphuric acid from metallurgical gases, is however, more difficult

and costly.
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For the manufacture of sulphuric acid by the contact process to

be economic the feed gas strength must normally not be less than about 4%
S0» because below this gas strength the oxidation reaction is not auto-
thermal. In Japan, sulphuric acid is made from weaker reverberatory
furnace gases containing about 2.2% SO, but energy-intensive gas pre-
heating and refrigeration cycles make the process uneconomic (14). Typi-
cally, approximately 2 - 3% of total sulphur oxides are present as SO3

but occasionally copper converter gases may contain as much as 5%, depen-
ding on ingress of dilution air and cooling methods (19). It is important
to minimize SO3 formation in the gases before the acid plant and this is

best achieved by rapid cooling to about 350°C and excluding ingress of air.

Tight-fitting water-cooled converter hoods are generally used to achieve
these conditions.

There are three basic steps in making sulphuric acid from smelter

gases by the contact process as described below (2,5,14,18,19). Figure 7
shows a schematic diagram of a single or double contact acid plant (14).

1. Gas purification - in which gases are first cleaned by
removing dust in electrostatic precipitators. This step
is essential because dust will choke the catalyst beds in
the converter and impurities present in the dust will
poison the catalyst and contaminate the acid. Table 15
shows estimated maximum limits (in terms of total Toading
without reference to particle size distributions) at the
acid plant proper for various objectionable impurities
(20). These limits correspond to the maximum amounts of
catalyst fouling that can be accommodatedwith a plant
shut-down once per year to screen catalyst and repair
equipment. Adding some fresh catalyst to make up for
screening losses normally compensates for any slight
catalyst deactivation which may occur.
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TABLE 15 ESTIMATED UPPER IMPURITY LIMITS (DRY BASIS) FOR CLEANED 7% SO2 GAS (20)

Mg/Nm3
Chlorides (as C1) 1.20
Fluorides (as F) 0.25
Arsenic (as Asp03) 1.20
Pb 1.20
Hg 0.25
Se 50.00
Total Solids (dust) 1.20
HoS04 (mist as 100%) 50.00

Due to harmful effects of mercury and selenium in agriculture,

they are subject to extremely low limits in acid used for fer-
tilizer manufacture.

After preliminary cleaning, the gases are then cooled and
cleaned in wet scrubbers. The gas must be cooled to reduce

its moisture content. Final cooled temperature is deter-

mined by the SO, concentration, producf acid strength desired,
cooling water temperature, and plant elevation above sea

level. The gas then enters mist precipitators for final
cleaning and mist removal to produce an optically clear gas.

A weak acid bleed may be necessary to keep impurities at
tolerable concentrations. The gases are dried by scrubbing
with 93% to 96% HpSO4. The heat generated by the absorption

of water in the circulating acid is removed in heat exchangers
cooled with water, reducing acid temperature to about 40°C.
The main gas blower usually follows the drying tower to provide
sufficient suction to pull the air required through the purifi-
cation system and sufficient pressure to blow the gas through
the converter heat exchange system and the absorption tower.
The gas leaves the blower at about 55°C.
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Conversion - in which S02 is oxidized-to SO3 in contact with
a-catalyst (usual]yvV205) by the exothermic reaction

"2 S0p + 0p &2 S03

‘The conversion is normally carried out in a flowing gas stream

in the approximate'temperature range of 425 to 625°C Wwith excess
oxygen present At temperatures less than about 400 to 4250¢C,
‘the cataiyst is essentially ineffective and reaction does not

~ proceed at any appreciable rate. At temperatures of‘6000C

and above, there.-is a tendency towards lower conversion effi-
ciencies»due to chemical equilibrium 1imitations Catalytic
converters are therefore designed to contain a numbevr of

‘adiabatic catalyst beds in series with gas cooiing and heat
‘exchange between beds to-remove the heat of reaction. In

this ‘way, a stepwise approach to high conversion is achieved.
Conversion is normally about 97%. complete at 4500C. The
catalyst deteriorates over time and the acid plant must be

shut down for cata]yst screening or rep]acement As conver-

sion efficiency decreases, the S07 content of the tail gas
1ncreases Rep]acement of the cata]yst is made when S02

emissions are about 30% above normal. Very di]ute gases . .-

would requ1re supp]ementa] heating prior to . the conver51on

-‘stage

Absorption,— in which the S03 is absorbed in-a c1rcu1ating

- stream of 98.5% H2504, to ‘which water or weaker acid is added

to react w1th 503, to produce 99.6% H2504 according to the
exothermic reaction ‘ R ,
This'reaetion‘broceeds aiwost'compieteiybto the right at tem-
peratures less than about 260 to 300°C. The operation is
typicaliy carried out in countercurrent flow packed towers.

' The reason for using 98.5% H2S04 as an absorbing ‘medium is that’

this concentration is a maximum boiling. pOint azeotrope (i.e.”
has.a minimum vapour pressure.of bothHSO3 and_H20). If water
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or weaker acid were to be used, the water vapour above these
solutions would react with incoming SO3 vapour to form micron
and sub-micron sized particles of HpS04 in the gas phase. Such
particles are not easily absorbed and will pass out of the
exit stack as an objectionable fog or aerosol. Cast iron and
alloy steels do not corrode at these high acid levels which
simplifies pumping and recirculation equipment design. Control
of the acid concentrations is carried out automatically using
electrical conductivity as the control parameter. Gases
leaving the absorbing tower contain sulphuric acid mists which
must be removed by a mist eliminator. Tail gases from a
single contact acid plant generally contain about 0.16% SO02
giving an overall S0, removal efficiency of up to 98%. For
higher conversion efficiencies, double absorption acid plants
are used that canachieve overall S02 conversion efficiencies
in excess of 99% and where the tail gas contains as low as
0.05% SO,. Double-absorption acid plants are necessary where
compliance with the most stringent air pollution control
regulations is required. In this type of plant, gas which

has been partially converted to SO3 by passing through 2 er

3 catalyst beds is cooled, passed through an intermediate

S03 absorbing tower, reheated and then passed through another
1 or 2 catalyst beds to achieve a high overall conversion.

The gas is then passed through a final absorbing tower for

S03 removal. Lime neutralization of acid plant tail gas

can further reduce the last traces of SO» to 0.01%, but
sulphur fixation in this manner is likely to be expensive.
Double-absorption plants are about 10 - 20% more expensive

than corresponding single contact acid plants, and require
more energy and may have lower on-line availability.

High strength acid (up to 99.6% H5S04) is bled from the
absorption system and diluted with water to 93% H2S04
which is the usual market product.
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The operating characteristics of copper and nickel smelters leads
to several important design considerations in an acid plant for treating metal-
lurgical gases, as compared with gases from a sulphur burning plant. This
results from the fact that gases from a smelter may be variable in strength and
flow rate. The gas strength will also be different according to smelting
process and this will lead to a different set of design parameters. Thus, the
design of ani.acid plant is unique to the smelter whose gases it is treating.

A continuously flowing gas containing 5 - 8% S02 and 30 - 50% more oxygen than
SO is normal for a conventional contact acid plant (2). High concentrations
of SO2 are desirable to keep acid plant size and cost to a minimum. With con-
ventional plant designs an upper limit of about 9 - 11% SO2 exists, depending
on oxygen concentration. The major factors limiting the use of higher S02
concentrations are catalyst behaviour and life, and the need for special con-
struction materials to handle high temperatures in corrosive environments. A
gas with intermittent flow or weak in SO2 requires specially designed oversize
heat exchangers and, in some cases, extra heat from external sources. Further-
more, an acid plant must be designed for the maximum or peak flow rate, and
thus intermittent gas flow requires a larger design capacity plant for a given

daily acid production.

Acid plants treating smelter gases are typically supplied with
two gas streams; one from a roaster or modern (i.e. not reverberatory)
primary smelting furnace, and a second from the converters. Reverberatory
furnace off-gases are typically not suitable for acid plant feed because of
their lTow SO and 02 concentrations. However, it is conceivable that
some reverberatory furnace off-gas might be blended with other gases if the
latter are unusually rich in SO2. The determining factor will be maintenance
of a satisfactory acid plant gas composition, typically no less than 4.0%

S0, and with an oxygen concentration no less than SO, concentration (in the

range of about 7% to 11% combined SO and 02) (19). For single-contact acid plants,

the 0p :SO» ratio should be at least from 1.25 to 1.3:1. Double-contact plants

require ratios of at least 1.18 to 1.22:1 (14). The two gas streams mentioned above

are usually of different strength and flow rate. The primary smelting furnace
gas stream is generally of constant composition and flow rate, whilst that from
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the converters, because of their batch and two-stage nature of operation, is
generally of variable flow rate and strength. Acid plant design must take
account of several smelter operating characteristics. The operations of a
smelter, particularly scheduling of converter operations on a staggered basis,
are, to an extent, constrained by the design parameters and operating require-
ments of an acid plant. Where it is not possible to schedule converter
operations to provide as nearly uniform gas flow and strength as possible to
the acid plant, it is necessary either to shut down the acid plant and then
restart it when gas is available (which is not really a viable alternative

in a metallurgical plant), or to provide a continuously operating fired

heater at the acid plant to keep flowing process gas {or air) hot.

Design specifications fix many parameters within the acid plant
which can affect operation once on line. The design basis must be realistic
and allow for normal variations in operation of the smelter. For example,
the maximum design volume governs equipment size, including the acid plant
blower.

The SO0o and 0p contents of the feed gas influence the design
of the acid plant converter and associated heat exchangers. A gas strength
lower than the design minimum, caused by excessive in-leakage or operating
problems, may result in the acid plant being no longer autothermal in which
case fuel must be burned. If the gas strength is too low, there may be
difficulty in makiﬁg acid of acceptable strength. Since the basis used for
designing an acid plant governs the subsequent operation of the smelter, it
is prudent to be conservative in the design of the former.

Conversion efficiency of an acid plant is usually Tower than
normal during start up. It is essential that the operation of the smelter
is stabilized to produce an off-gas that is within the acid plant design
specifications. Depending on the smelting process employed, it could take
from 4 to 16 hours to prbduce an acceptable gas for the acid plant. A further
8 hours are then required to stabilize the acid plant and achieve design
conversion. As a result, the tail gas emission could well exceed the design
level, by a factor of 2 to 4, for 12 to 24 hours after plant start-up. In-
stallation of an auxiliary sulphur burner can be used to control smelter feed
gas composition to maintain the tail gas composition within design Timits (2).
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7.3 L Weak Gas Streams

Weak gas streams originate from the fo]]ow1ng sources in copper
and n1cke1 sme]ters -

1. process gas streams, where the.S0, content is generally
around 0.5 to 2.0% SOy, eg. from sinter machines, blast
furnaces, multihearth roasters, reverberatory furnaces,

h-e]ectric furnaces,_and fire refining furnaces.

2. tail gas emissions from sulphur fiXation pTants treating
in general, the concentrated process gas streams.

3. fugitive emissions, which arise from

transfer of hot calcine from mu1t1hearth roasters to 77'
smelting furnace » |

Teakage. through furnace refractor1es

uncovered tapho]es“and launders when tapping matte,
“‘and from its transport in the converter-aisle

converters whenfrotating in and out of theistaCk
position for charging'and pouring of materials.

Fugitive emissions leak into the smelter building itself.. This

not only creates unp]easant working conditions but also causes- SO» to be

emitted into the outside atmosphere at ground level which may have deleterious
effects in the immediate vicinity of the smelter. The quantity of sulphur lost
as fugitive emissions represents about 1-2% of the total S input to the sme]ter
(5). Fugitive emissions in the bu11d1ng can be m1n1mlzed by adopting the |
fo110w1ng engineering and operat1ng practices:-

- complete sealing of calcine cars and charging system

- 'sealihg_furnace refractories tightly and operating
" furnaces at a slightly negative pressure, or steel
encasing the furnace (eg Inco flash furnace)

- prov1d1ng adequate vent1]at1on around tapholes-and
" launders by installation of gas co]]ectjon ‘hoods ,
covers, ducting and fans
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- maintaining strong draught conditions in converter hoods
and ensuring that hoods and flues are preserved in a
good state of repair. Some smelters (in Australia and
Japan) have installed secondary hooding around the con-
verters to ventilate emissions during pouring. Installing
tight-fitting converter hoods

- enclosing the smelter building sufficiently to permit
collection of Teakage gases through hoods installed in
various parts of the smelter, as practised at some plants
in Japan. These gases can be scrubbed with water followed
by neutralization with lime.

Technology for the control of weak SO, gas streams has been largely
developed for thermal power plants. In some cases certain processes may be
applicable in the metallurgical industry. Although a few systems have been
developed specifically for metallurgical operations, the technology has not
enjoyed wide acceptance or application in the metallurgical industry for
treatment of weak process and tail gas streams, due in part to the fact that
many of the proposed flue gas desulphurization (FGD) systems are not yet com-
mercially proven and secondly, because a salable product generally cannot be
produced economically. The systems are generally expensive to install, par-—
ticularly when considered in terms of the incremental amount of sulphur re-
covered from a metallurgical gas after the majority of sulphur has been re-
covered as sulphuric acid. In addition, at many smelter Jocations (outside
of Japan), air pollution control regulations are not sufficiently stringent
as to necessitate installation of FGD systems. Thus, with few exceptions
outside of Japan where frequently special conditions prevail, weak S02 gas
streams, i.e. those not amenable to direct processing in sulphuric acid

nlants, are currently uncentrolled,

Two overall approaches, either singly or in combination, have been
adopted in efforts to develop applicable technology for the control of weak
S0, gas stream emissions (14). These are:-

1. increasing the concentration of SO by using a regenerative
absorption system, to a range where it is feasible to pro-
duce sulphuric acid or cther usable by-products.

2. neutralizing the effluert as a stable waste product by using
a nonregenerative absorption orscrubbing system.
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The méjqr sourcé of weak, uncontrolled SOy emissions from smelters
is the off-gas generated by the reverberatory furnace. For reasons previously
mentioned, sinter machines, blast furnaces and multihearth roasters are now
virtually obsolete in the industry and are unlikely to be considered'for any
new smelter. The reverberatory furnace is, however, still one ‘of the major
primary smelting units and it is towards contro] of - these gas streams that
technological deve]opments have been addressed. In the' U.S.A., approximately
22% (on-an average basis) of the sulphur input to copper smelters is emitted
from the reverberatory furnace as uncontrolled weak gés streams. For any
given plant, the range can be from 9 to 34%, depending on whether the furnace .
is charged with calcine or-concentrate, respectively (14).

Construction, opération and maintenance of the reverberatory furnace
are important factors in concentrating the SO2 content of the gases. Mini-
mizing dilution effects by sea11ng of all openings in furnaces, flues and
ductwork; close control of draught conditions; reduction of excess burner v
air; and also oxygen enrichment of combustion air and more‘uniformbcharging
practice can increase the gas strength to about 2.5% S0p. While in generaT '
this gas is insufficiently concehtrated for direct processing'to sulphuric

“acid, it is a sufficient increase over conventional practice to provide .

significant reduction in subsequent. size and cOmp]exity of retrofit concen-
tration or neutralization systems.

Using oxygen.enrichment to 60% 02 in air through special oXy-
fuel roof burners, the E1 Teniente smelter in Chile has increased the gas
strength to between 5.8 -7.3%°S02 (14). As in thecase\41th the Ni-Cu reverbera-
tory furnaces at Inco's Copper CTiff smelter where 51m11ar resu]ts have been
obtained, this techn1que was adopted primarily to increase: product1on and reduce
fuél requirements rather than for environmental reasons.

In Japan, from 1971-1973 the OnahaMa smelter used oxygen enrichment
to increase the gas tenor to 2.5% SO2 for direct treatment, without further
concentration, in a single contact sulphuric acid plant of modified design.
However, considerable energy was expended for gaé reheat to promote catalytic
reaction and for refrigeration for water balance to the extent that the acid
plant was not economic.. The plant achieved efficiencies of 96% conversion-of
502 to SO3 even at Tow (1.5%) concentrations of SO2. Product acid strength

was 93-94% HpS04. A simplified flowsheet of the remodelled acid plant is shown
in Figure 8 (14).



(1) INY1d QIJV Q371300W3Y 40 L33IHSMOTd 8 FdNII4

( piok Buippaq of )

PPy 1ang wnsddy YW 3w
nom v
== |
s1abvoyind ,
< 100y K———7 seimayarg BUONAIN ot e d
, S
1qqs) . 13m0} SETY]Y 11313103 oo 2
sugsau i buiqiosqy bukig K— o ” ;_,.%w A“ :_“Mm , osﬁwo).
. 7
Y \\
1194119) 191603 - 321003 10401208 4
_ 1012 2 7/ 0032}
" Py N N pry RLIL3 I A am0)
\ N \\
J D T P M
sob jsaeyr) pro _88&_ 1210a 02§ sob quuy




> - " 3 - - ~ - ) ) -

o

~95 -

In certain cases, reverberatory furnace gas may.be-concentrated

~to a strength which, when combined with converter gases, produces an aggre-

gate gas:strength (greater than 4% 502) which is su1tab]e for treatment in~
a conventional acid plant.

The techno]ogy deve]oped for, and app11ed to, the treatment of
weak reverberatory furnace .gas streams is equa]]y app11cab1e to the treat-
ment of gas streams from multihearth roasters. These gases vary in strength.

- from about 2 - 5% 502, depending on’the amount of dilution air 1ngressed

The multihearth roaster has now 1arge1y been rep]aced by the fluid bed roas-
ter, or the ‘roaster- reverberatory furnace combination has been rep]aced by '
a more modern.and environmentally . acceptab]e pr1mary sme1t1ng process, such

~as flash sme]t1ng

Comb1n1ng a FGD system with an ac1d p]ant ‘even when the gas
strength is high-enough for direct processing in the latter, will tend to
reduce the overall load and design requirements on the acid p]ant Acid

‘plant equ1pment size is reduced by reducing the vo]umetr1c gas- f]ow rate
and the eff1c1ency of convers1on 1s increased by 1ncreas1ng the 502 con-

centration.: For examp]e, when a magnes1um oxide FGD system is used where
10-13% SO07 concentrat1on off-gas is produced overa]] control system size
is greater than when a citrate system with over 90% generated S0 gas is

“used (14).

Several FGD systems developed specifically for control of weak
reverberatory furnace gases, or for gases from utilities, have demonstrated
technical feasibility. With some adjustment in operating conditions, it ‘
has been concluded that there appears to be no major technical reason why
experience with off—gases from utility boilers cannot be applied to rever-
beratory furnace off-gases (14).

-The processes.-developed to control weak SO2 emissions according
to the two overall approaches previously mentioned, and their application
in smelters, are. described below (14).

7.3.1 Regenerative Absorption Systems

The following regenerative absorption. systems have been devé]oped:-
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7.3.1.1 Magnesium Oxide Concentration System

The system developed at the Onahama copper smelter in Japan has
been in use since 1973 and is shown in quantified flowsheet form in Figure
9 (14).

The Mg0 process was selected to concentrate SO2 from the rever-
beratory furnace off-gas for direct acid plant processing because at the
time, in comparison with other processes, less energy was required.

The process employs Mg0 in aqueous slurry as the scrubbing
medium. The three major process areas are absorption, drying and calcining.

In the absorber the Mg0 is converted to magnesium sulphite by
the SO2 in the flue gases according to the following reactions:-

Mg0 + SOp + 3Hp0 —» MgS03.3Hp0 (1ittle formed)

Mg0 + SO02 + 6Hp0 — MgS03.6H20

MgS03 + %0, + 7Hp0—»MgS04-7H20

The magnesium sulphite and small amount of sulphate formed are
then dried to liberate the water of crystallization as follows:-

MgS03.3H,0 —> MgS03 + 3H,0

MgS03.6Ho0 —» MgS03 + 6H,0

MgSQq.7Ho0 ——> MgS04 + 7H0

The sulphite is then calcined where it is converted back to Mg0

and then to the hydroxide for reuse. The SO7 is generated in more concentrated
form (average 10% SO2, maximum 13% SOp) for conversion to sulphuric acid. Coke

is used to reduce any magnesium sulphate which is formed.

MgS03 —_ Mg0 + SOp
MgS0q + %C —> Mg0 + S0, + 3(0,

The initial washing tower and the secondary sea water cooled gas
coolers prior to the absorption tower are those used in the gypsum system at
the Onahama smelter. The gaseous effluent from the absorber, after being
cleaned, is discharged to atmosphere containing about 20 ppm SO».
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The system appears to have considerable capability for absorbing
fluctuations in the SO0 content from the reverberatory furnace. This is in-
herent because of the capacity of the absorbent, the supply of the absorbent,
and the fact that the pH is maintained constant. Below a pH of 6, magnesium
bisulphite begins to form and must be bled from the system, because it is not
regenerable.

In the USA, an Mg0 absorption system has not been used for treating
smelter gas streams although the technology has been applied to power plant
gas streams. Whereas the Onahama smelter uses a TCA absorber, the U.S. plants
use a venturi scrubber. Purchase of the Mg0 in the form of a ready-mixed mag-
nesium hydroxide slurry is preferable to handling and mixing Mg0 and it is
reported that recycled Mgl slurry is more satisfactory from an S02 removal
standpoint.

It appears that there is no major technical reason why the Mg0
system cannot be universally applied in the concentration of weak reverbera-
tory furnace off-gases.

7.3.1.2 USBM Citrate Process

The USBM selected for development a buffered solution of citric
acid and sodium citrate because of its chemical stability, low vapour pressure,
and adequate pH buffering capacity (14). This system was originally designed
on the laboratory scale to produce sulphur by using manufactured HoS as a re-
ducing agent. While pilot plant tests on reverberatory furnace gases at the
San Manuel smelter encountered problems, the potential for absorbing S0, into
the citrate solution was demonstrated, since 93 -99% of the SO» was consistently
removed from a gas stream containing 1.0 -1.5% SOp. Most of the problems occurred
in the S0, to sulphur conversidn circuit, i.e. downstream of the absorption and
regeneration sections of the plant.
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Two other pilot plant tests using the USBM citrate process have
been carried out (14). Stack gases from a coal-fired steam generating station
containing 0.1-0.2% SO were treated where 95 - 97% of the S0 was removed.
Treatment of sinter machine gases containing 0.5% S02 at the Bunker Hill lead
smelter proved inconclusive. In both cases, steady-state conditions were not
achieved either due to-equipment breékdown and/or difficulties with the S0»

reduction system.

Figure 10 shows a generalized flowsheet for the USBM citrate
process (14). Gases are cieaned of particulate matter and acid mist and
cooled to between 46° and 659C before passing to a countercurrent absorption
tower. The liquid is an aqueous solution of sodium citrate and citric acid.
Absorption of SO2 in aqueous solution is pH dependent, increasing at higher
pH. Dissolution of SO» forms bisulphite ion with resultant decrease in pH
by the following reaction:- ‘

SOp + Ho0 & HS03 + HY

However, by incorporating a buffering agent in the solution to
inhibit pH decrease, high S0, loading and substantially complete S02 removal
from the waste gases can be attained. The following reaction illustrates the
buffering action performed by the citrate ion:-

M + Hoci(3-n) &=ppyci(2-n)

The cleaned gas from the absorber is exhausted to atmosphere via
a stack. The SO» rich citrate solution from the bottom of the absorber is
fed to a reactor where SO is reduced to sulphur by HpS in aqueous solution
according to the following reaction:-

S0p + 2HpS — 35 + 2H,0

The citrate solution is regenerated. Sulphur is removed by oil
flotation, melted at 125°C, and decanted under pressure. The citrate solution
(top layer) is discharged to a flash drum at reduced pressure. Sodium sulphate
is removed from the citrate solution in a vacuum crystallizer by cooling to
a temperature well above the freezing point of water.
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HZS for regenerat1ng the absorbent and prec1p1tat1nq e]ementa]
sulphur can be produced by react1ng sulphur w1th methane and steam at about
6300C by the fo]]ow1ng reaction:-

CHg + 4S + 2Hp0 —> COp + 4H25

~ Several problems were encountered with the process dur1ng the p110t

- plant test programme. These were:-

”1. comp]ex1ty of .the process affect1ng 1ts re]dab111ty
2. ‘dependence~on methane’whose avéi]abi]ity is nncertain-d7
3.’ nearly 2-‘_3%of"the S0, is oxidized

. htgh.kerosene>consnmpt1on

5." lack of development on the H2S regenerating system and: the
su]phur hand]1ng system '

As an'alternative to sulphur precipitationby HoS, the USBM is.
investigating steam stripping of the pregnant absorbent solution to produce

"strong S0, gas for feed to a sulphur1c acid plant. This a]ternatiVe would

simplify the process and probab]y e11m1nate most of the problems so far en-

"countered. Process economjcs and w1despread_adopt1on of the USBM Citrate

Process will depend primarily on the cost and availability of citric acid.

7.3.1.3 Flakt- Bo]1den Citrate Process

S1nce 1970 Bo]1den has been successfully usinganSO0; contro]
system emp]oy1ng on]y low temperature water as absorbent to treat a blend

of flue gases, varying in strength from 0. 5 3% 302, from multihearth roasters,

two electric furnaces, converters and a lead smelter (14). The absorbed S0»
is stripped by heating with steam to produce 11qu1d SOZ (6t/hr). 1In 1976 a

second, larger p1antlfor-11qujd S0 production (16t/hr) was put into operation.

To give flexibility, the 1iquid SO can also be evaporated and fed to an °
existing acid plant in order to keep feed gas strength to the p]ant approx—.
imately constant. '
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In Tocations where cold water is not available year-round, it is
desirable to improve the S02 absorption properties of water. This led to
development of another absorbent - a brine solution of citric acid and sodium

citrate which improved the flexibility of the system over cold water. The
exact composition of the absorbent depends on a number of factors such as
S0, concentration in the feed, gas temperature and required S0, outlet con-
centration and absorbent temperature. Citric acid has a very low vapour
pressure and shows great chemical stability.

The Flakt-Boliden citrate process is based on an absorption
stripping technique. The pregnant absorbent (brine of citric acid and sodium
citrate) passes to a stripper where a mixture of SO2 and water vapour is driven
off. After condensing the main quantity of water, the SO» may be marketed in
different ways. Since the absorbent is a solution rather than a slurry,
scaling and plugging of equipment is minimized, and is far less than in the
USBM citrate process.

Figure 11 illustrates a simplified flowsheet for the Flakt-Boliden
citrate process (14). The incoming gas is cleaned and then cooled to satura-
tion by direct water injection. In addition to dust, acid mist is removed in
a mist precipitator before the absorption step to minimize sodium sulphate
formation in the absorber which would increase purge requirements.

The reactions occurring in the absorption stripping operation are
given below:

S2(q) = S0,
—_> pt -
Wt n ci(3 ey ei(2on)

The forward reactions take place during absorption, and the
reverse reactions during stripping.

Absorption of S0, in aqueous solution is pH dependent, increasing
at higher pH. Because dissolution of 502 forms bisulphite (HSO3) ion with
the resultant decrease in pH by the second reaction, the absorption of S07 in
aqueous solution is self-1imiting. However, by incorporating a buffering agent
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in the solution to inhibit pH decrease (remove the hydrogen ions formed in
the second reaction), high SO, Toadings and substantially complete SOp re-
moval can be attained. In the citrate process this is accomplished by the
buffering action of the various citrate species by the third reaction. The
buffering capacity is dependent on the concentration of citric acid and
sodium hydroxide and the relation between them. The relationship depends
on the raw gas composition, and generally the absorbent pH is between 4 and
5.

The important process variables at the absorption step are:

1. Tliquid-to-gas flow ratio in the absorber
2. SO0 content of the incoming gas
3. composition of the solution

4. temperature of operation.

The absorption of S0, takes place under atmospheric pressure and close to
equilibrium between the SO2 concentration in the gas and that in the solution.
The absorption efficiency is in the range 95 to 99%. The cleaned gas, after
passing through a demister is passed to atmosphere via a stack.

Stripping is accomplished by steam treatment at reduced pressure
in counter-contact to the liquid flow. Stripped absorbent, containing a
residual amount of SO,, is recirculated to the absorber. The concentrated
502 gas which can be as high as 95% can be used for the production of sulphuric
acid, elemental sulphur, or liquid SOp. The main impurity accumulated in the
closed absorption loop is sodium sulphate which, although small in quantity, is
removed by a bleed stream.

Gases from several sources in the copper and lead smelters were
fed to the citrate process pilot plant at Boliden. The 350, content thus varied
between 0.2 and 6.0% SO» because of the discontinuous nature of the operations.

A typical Flakt-Boliden SO recovery process for green and calcine-
charged reverberatory furnaces is proposed in Figures 12 and 13 (14). Inlet
gas strengths specified are respectively 1.5% and 0.8% S02, the product would
be 1iquid SOy, and 90% removal of SO, from the input gases is predicated.

" g p
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-0perating,eXperience on metallurgical gases, both at full-scale
and particularly at pilot p]antpscaie;vindicate the feasibility of citrate as
an.absorbent. Whilst operation of a full-scale p]ant processing- reverberatory
furnace gases must still be demonstrated for Tong periods of time, problems
encountered in testwork do not represent fundamenta] prob]ems that would elim-

_inate this system from conSideration Salts other than c1trates (eg. phosphateA

buffers) may also be used.

The essential difference betneen'the USBM and Flakt-Boliden pro-

cesses is the method of recovering absorbed SOp; i.e. as_sulphur (USBM) or

concentrated S0s (F]akt-Bo]iden).

7;3.1,4V 'Cominco Ammonia Scrubping System

Ammonia-based scrubbing processes, although- they have been studied

~for a long time, are not amenable to throw away operation because of the cost of

ammonia and the soiubi]ity and nitrogen va]ue (with chemical oxygen demand) of
ammonium salts. '

The Cominco process can achieve high efficiencies of 502 removal-
over a wide range of S02 concentrations well w1thin that encountered by copper
reverberatory furnaces (14) Since the absorbent is a so]ution rather than a
slurry, there are no scaling or p]ugging problems in the process " The system
produces -a concentrated S02 stream which can be used to produce su]phuric acid,

~ elemental sulphur, or liquid S0». The main problem with this process is the

loss of ammonia from the system. ‘The ammonia volatility may limit the minimum
level of S0, emission to 200 to 300 ppm for practical operations and also in-
troduces costs that could produce an economic problem.

A semi- commerc1a] ammonia base absorption plant operating on zinc
roaster gas and a 40 t/day reduction unit went into production in 1936. A
~larger absorption p]ant operating on.zinc roaster gas of 5 5% 502 with taii
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gas less than 0.2% S0,, a plant to treat the lead sintering machine gas of 0.75%
SO2 with tail gas of 0.10% SOp, and two additional reduction units were added,
bringing the total rated capacity to 150 t/day of sulphur.

In 1943, a number of changes were made to meet fertilizer require-
ments. The SO» reduction plants were closed down in 1943, and the 100% SO2
was used to enrich the gas to the contact acid plants and increase the output.
Presently, Cominco converts part of the SO» into sulphuric acid and part into
ammonium sulphate.

The flowsheet of the ammonia scrubbing process for controlling
SO» for the lead sintering plant at Trail is given in Figure 14 (14).

The process consists of absorbing the S0, from the flue gas in aqua
ammonia, forming a solution that is essentially ammonium bisulphite, according
to the following reactions:-

2NH40H + S02 — (NHg)»S03 + H20
(NHg) 2503 + SO + HyO —» 2NHpHSO5

In addition, a small amount of ammonium sulphate is formed.

Gases containing 0.75% SO, pass through a humidifying tower and
dust collector before entering the absorption plant which consists of two
parallel systems. Gases are first cooled in a cooling tower where water and
gas flows are countercurrent. Flow of gas and solution in the absorption towers
is illustrated in Figure 14. Aqueous ammonia containing about 30% Ny is added
to the circulation in the absorption towers. The most significant operating
parameters in the absorption step are:-

1. solution temperature
2. total concentration of S0, and NH3 in solution

3. concentration of individual ammonium salts (sulphite,
bisulphite, and sulphate) which also determines pH

4. vratio of liquid to gas flow
type of internal column construction.

The equilibrium absorption of S02 is enhanced by decreasing the
solution temperature and by minimizing the total SO02 concentration in the
solution. Ammonia losses are reduced by decreasing the solution temperature
and minimizing the total NH3 concentration in solution.
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Mixed ammonium bisulphite solutions from the lead sintering and
zinc roaster absorption plants are filtered, the filter cake being returned
to the smelter, the filtrate being heated by hot ammonium sulphate solution
in a heat exchanger, and then by steam and mixed with sulphuric acid in an
acidifier. The evolved S02 gas and solution overflow into an eliminator
where the remainder of the gas is boiled out of the ammonium sulphate solu-
tion with direct steam. These reactions are represented by the equations:-

2NHgqHSO3 + H2504 — (NH4)2504 + 2502 + 2Ho0
(NH4)2503 + H2504——’ (NH4)2504 + 502 + H20

Ammonium sulphate solution, substantially free of SO2, is treated
with aqueous ammonia to neutralize the free acid and produce a slightly ammon-
iacal solution to minimize corrosion of equipment. The ammonium sulphate
solution is pumped to the fertilizer plant. The gas from the eliminator, con-
taining SO, and water vapour, flow to an acid plant. Flue gas to the stack
contains 0.1% SO,.

Whilst the Cominco ammonia scrubbing process has been used at
full scale to treat metallurgical gases from a lead and zinc plant, it has
not been used to concentrate gases from a copper smelting reverberatory fur-
nace, but indications are that technical feasibility could be established.
However, a serious problem that has been encountered with most of the ammonia
scrubbing systems is the formation of an opaque fume in the exit gas stream.
The fume is partlyattributed to gas phase reactions of NH3, SOz, and water
forming ammonium sulphite, which, due to its small size, is not efficiently
removed by a conventional mist eliminator. Establishing critical pH and
temperature ranges within the primary scrubber can minimize the problem.

7.3.1.5 Wellman-Lord Process

The Wellman-Lord SO, recovery process was developed by Davy Power-
gas in the late 1960's for the thermal power industry. Thirty commercial in-
stallations throughout the world are either in operation or in design or
construction, half of these being in Japan. The process has been success-
fully applied to S0, absorption from sulphuric acid plants, Claus unit tail
gases, as well as oil and coalfired boilers. However, it has never been
applied to the metallurgical industry.
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The installations operating in the U.S. have an S0z removal effi-
ciency of greater than 90%, and an on-stream time of greater than 97% for

the absorption step. The respective figures for the Japanese plants are 95%
and 98% (14).

The process provides a method by whigh the 502 from a weak stream
can be absorbed by chemical reaction with an alkaline scrubbing liquor. The
SO0 is later desorbed by a heating process in which the SO, appears in a
concentrated form and the absorbing solution is regenerated for recycling to
the scrubber. The resulting strong S0 gas can be further processed to sul-
phuric acid, elemental sulphur, or liquid SO».

Even though the Wellman-Lord process has considerable full-scale
experience at power plants and refineries, its use for processing reverbera-
tory furnace off-gas has not been demonstrated and would require additional
confirmatory testwork.

Figure 15 gives the flowsheet for the Wellman-Lord process which
is based on the chemistry of the sodium sulphite/bisulphite system (14).
Flue gas containing SO, is scrubbed with a solution consisting of soluble
NapS03, NaHSO3, and NapSO4. The SO reacts with sodium sulphite to form
sodium bisulphite according to the following reaction:-

S0p + NapSC3 + Hp0 — 2NaHS03

In the regeneration cycle, the above reaction is reversed by
the application of heat, releasing SO2 and regenerating the sodium sulphite:-

2NaHSO3 _ NaSO3 + 502 + Ho0

Following cooling and removal of dust, the flue gas enters the
SOp absorber which is a simple gas-liguid contacting device with two or more
absorption stages. The absorber can be designed to reduce SO» concentration
to the required level and can accommodate a wide range of turndown conditions.
The absorber also produces some nonregenerable and therefore undesirable oxi-
dation products. Contact of the scrubbing solution with oxygen in the flue
gas will yield sodium sulphate, as would the presence of any SO3, and this
has to be purged from the system.



(#T) SSI00¥d QYOT-NVWITIM Y04 WYdDYIQ MOTS ST 3J¥N9I4

WY31S

3vnd
31v4ns

NOI1N10S 1N3Y
dn= iYW WNIQOS | Lyl Aluwm_w
HOLY3Yd3 g -34d SY9
AYINIS
ANYL
~ ﬁl.ll INIAI0SSIC NS
p
Wy3Ls
NOILN10S ¥IT1IHD
h WY3Ls
¥3dd141S 1 v3 ¥
W93Ls ]
AINVL Lo
3LVSNIONOI | wOLY 3933 NOILN10S HOTY
¥ILYM
SY9
p A ¥3940S9v
ANOm YOdYA
- OINVL
NOILNT0S 94N NOILNI0S NY31

Sv9
NY3T1)



S am Sm S5 G2 G= S5 S0 Em &S W W -—‘

113

Sodium b1su1ph1te so]ut1on from .the absorber goes to a forced-
circulation evaporator- crysta]11zer wh1ch is heated by Tow pressure exhaust
steam. Here-the S05 is released from the bisulphite which is regenerated to
the su]ph1te A mixture of- 502 and -steam escapes through ‘the top of the .-
vessel. -This gas. is'cooled to about 500C. -The condensed water is saturated
with S0, and is steam stripped to remove‘the;SOZ. The S0, leaving ‘the stripper.
combines with S0, from the evaporator and may be passed to a su]phuriC‘acid"
plant, elemental sulphur plant, or liquid SO2 plant for: further processing.
The sodium sulphite slurry produced in the- evaporator is recycled to the-
absorber. ‘

"502 absorption. efficiency is controllable by adjusting processing
parameters at the absorber with most operating systems producing.90 -92%

'S0 recovery. The oxygen content in weak smelter gas streams is considerably

higher than in’power plant gases and this, together with the presence of 303
would resu]t in higher sod1um su]phate formation. A]though app11cab111ty to
weak sme]ter gas streams has not been commerc1a11y demonstrated the fo]]ow1ng
advantages to the Wellman Lord process are foreseen -

1. S02 absorption capability is excellent and there are no-
serious operating or maintenance problems. ’

"~ 2. ‘the process generates‘a high purity stream of SO,, around’

| '85%, or higher if appropriate drying facilities are added.

- . This provides options between acid, elemental- sulphur, or
“liquid SO2 production. . -

3. the process has been commercially proven on.treatment of .
power plant gas streams.

4. the process can handle wide variations in S0, concentration.
The principal disadvantages are:-

1. oxidation of absorbent, (Na2504), resu1t1ng in purg1ng and
loss of high cost sod1um ions.

2. energy requirements in S02 regeneration are high.
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7.3.2 Nonregenerative Absorption (Scrubbing) Systems

Whereas the processes described above are based on regenerative
absorption systems which concentrate the SO, for subsequent processing to
sulphuric acid, elemental sulphur or liquid SO», a second category of pro-
cesses are those based on neutralizing the SO, by scrubbing to produce a
stable waste product. These processes are generally simpler, more technically
developed and economical than regenerative absorption processes. Lime/limestone
scrubbing systems in particular are well developed and are in widescale use for
scrubbing gases from thermal power plants, especially in Japan.

The following scrubbing systems have been developed, some speci-
fically in the copper smelting industry (14):-

7.3.2.1 Onahama Lime/Limestone Scrubbing System

The development of the Time/Timestone SOp control system to
produce gypsum from copper reverberatory furnace gases has been carried out
at the Onahama smelter in Japan over the last 20 years. Some 76% of sulphur
input to the smelter is captured in sulphuric acid and 21% in gypsum. Scaling
problems which occurred in the scrubbers and mist eliminators have largely been
overcome by proper control of operating conditions of the absorbent, i.e. pH,
temperature and concentration.

Figure 16 shows the flowsheet for the 1ime/limestone gypsum process
at the Onahama smelter (14). Although the reactions in the scrubber are not
completely understood and are quite complex, the overall effect can be simplified
by the following reactions:-

1. formation of sulphurous acid
S0p + Hp0 — H503

2. formation of calcium sulphite
(a) 1lime scrubbing
Ca(OH)2 + HpS03 — CaS03 + 2H20

(b) Tlimestone scrubbing
CaC03 + H2503 — (aS03 + Ho0 + C02



115

(PT) WILSAS WNSAAD OL INOLSIWIT/INIT YWYHYNO LIFHSMOTA

{s432)m03% v} SyPIy

47eR 4O JunovE 34T IPR(IU} JunBij Shyl)e

ey

-O—

yuel

Sy
wngdfyg

91 3J¥N9I4

®3)34s wr sdAG Byy

vl jrg

(el ) R (W) (W]
anen Buj|oo) ~ —
$4am0)

1eg 4300189

453

paivanjeg

0% z01-8 10 £315009 a1 3sPasdug 01 pasn bujaq A|jiriodsan ) wR1shs ooy N1 wasy Y)le
ad1 050 4amog
wnsdAy 6uy |00) _
43p|OH -
K U014y
Wnypaua) 3198 T
v-0 nd el
71 ey
ey / vojInLNg UK tLeg
VOINT} | RAININ cn ”smwm_-
« .
Q\mu-w“aom SRO2UT| | 35N *
woi§ 433en yur)
padj
2017 F11ITS
Ul (11349) padg Avg/cm 0097
Aeg/cm govz syea YaL s*9 1)ds )
aonsnfpy ud 1935 Gy woug Jajen
uia/ ® 0o¢ ,.IP%IOIJ 031 331%R
AH/ w002
44y ¢ ol
passasdwo) l_-.m
_ 432)a03y U} -3~H _
$3037 4 A ML 0
yue) s4y10
e sapuo] * w3130
na\nl 00f Puaneds) saen
*¥0addy
43qioty
. ' -
| "on i 22°€-5°2
' - 5 Ru0>
| 05 3|y}
* ol P ]
} vie
“ T wd /% 0007
$43100) 3.09 43m0) * s
" (11 Supysep !H

40300iwi 1] IS IH

¥l

Tgs wdd 001

%05 wad 002



116

3. formation of calcium sulphate in the presence of oxygen
CaS03 + %0, —» CaS0y

Unless the last reaction is forced by deliberate oxidation, the calcium sul-
phate content of the (sulphite) sludge will only be around 5 - 7%.

Inlet gas, containing 2.5 -3.2% S0», is washed and cooled to
60°C.and then passed to five seawater-fed gas coolers to maintain absorption
efficiency. The plant was designed so that after this point the gas could be
separated, part going to the Mg0 absorption system (described in section 7.1.2.1)
and part to the lime/limestone scrubbing system. The former system is currently
not in use because of the lack of demand for acid, but its TCA absorber is being
used on the lime/limestone system. Following the two absorbers which are in
series, each absorbing about 50% of the SO, entering the system, the gas passes
through a mist eliminator, blower, and precipitator before finally being dis-
charged to atmosphere via a stack containing 40 - 60 ppm SOj.

Calcium sulphite slurry is taken from the first absorber at pH
4 -5 and pumped into a pH adjuster where acid is added to reduce the pH to 3-4.
Compressed air and slurry are mixed in indirectly cooled oxidation towers,
following which slurry flows to a thickener from which approximately 20% of
the flow is taken to a lime tank -to supply seed crystals which enter the second
of the two absorbers. Gas leaving the top of the oxidation towers contains less
than 200 ppm SO2 and is returned to the‘in]et of the first absorber.

The underflow from the gypsum thickener flows as a 25% slurry to
centrifuges at a pH of 3-4. After centrifuging, the gypsum is stored for
shipment. Thickener overflow passes either directly or indirectly via a
cooling tower to the slaking system.

Any quick T1ime (Ca0), slaked 1ime (Ca(OH)7), or limestone (CaC03),
can be used as absorbent, the reactivity of each decreasing respectively. The
reaction rate of S0, absorption by Time slurry depends on the dissolution rate
of the lime. If limestone is used it should be crushed to 300 mesh. Combina-
tions of absorbent materials can be used, their reactivity and cost depending
on the relative proportions of each present. Corrosion tends to occur when
chlorides enter the system, but a :chlorine ion concentration up to 1000 ppm

in the liquid phase from the cooler can be tolerated.

Y eaE O O TE an o
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The size, shape and colour of gypsum crystals are controlled
according to end use, which in Japan is usually wallboard manufacture or
as feed material for cement manufacture. '

‘The 11me/11mestone scrubbing system is suff1c1ent1y well devel-

*oped in Japan to be genera]]y applicable to the neutralization of weak gas .

streams from reverberatory furnaces. The lower S0 content in the gas from
a calcine- charged furnace "as compared with a green- charged furnace would

“favour th1s process, a]though it has on]y been demonstrated on the latter.

Widespread use of the process w111 ‘depend on markets for gypsum product -and
costs of production. Other Time/1imestone scrubb1ng systems have been devel-

~oped and are used extens1ve1y in thermal power p]ants for scrubb1ng gases

conta1n1ng 302

7;3.2{2A1_ ‘Duval Sierrita Lime Scrubbing System

A lime s]urry SO2 scrubbing system is currently being used to-
cdntroT-bff—gases.frbm'two multihearth roasters processing Mo-Cu;ores at the
Duval Sierrita plant in Arizona (14). The scrubbing system receives gases
containing 0.35 to 0.75% S02 from roasting MoS; and emits a tail gas to at- .

~ mosphere containing less than 200. ppm SO». Plant availability is 95% and
~an S0, removal efficiency of 92 -96% can be achieved. The system has been .

under- development since 1968.

F1gure 17 shows the roast1ng scrubbing f]owsheet (14) . Gases

- from the roasters are cleaned in cyc]ones and e]ectrostat1c prec1p1tators

before pass1ng directly into a TCA type scrubber. The temperature is reduced
by spraying in water to ensure dimensional stability of the po]ypropy]ene
balls used as the mixing medium in the scrubber. The Time s]urry is sprayed

downward countercurrently to the gas flow.

. After the 5% solids Time slurry has been sprayed into the

“scrubber and contacted the gases, it leaves from the bottom at pH 6.

Scrubber effluent is disposed of into the tailings pond.

Before leaving the scrubber the gasespass through a vane type
demister. A Brinks mist eliminator improves the removal of acid mist. Gases
leave the stack at about 450C containing 100 - 200 ppm SO5.
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Operation of the system is primarily controlled by pH of the
slurry leaving the bottom of the scrubber. However, the quantity of balls
and their weight are also influencing factors. Low pH (around 4) is not
conducive to high scrubber efficiency while high pH (>7) leads to unstable
conditions. Fluctuations in SO, content of the gas within the normal range
does not affect operations adversely.

Reverberatory furnace gases are similar in strength to those from
multihearth roasters. Since the Duval Sierrita scrubbing system has operated
satisfactorily on roaster gases the technology should be transferable to the
treatment of reverberatory furnace gases.

7.3.2.3 Palabora Scrubbing System

Reverberatory furnace gases at Palabora contain 15 - 20% of the
smelter sulphur input, and at a strength of 0.5-1.0% SO are unsuitable for
acid production (21).

The pkfmary hydroseparator overflow from the concentrator contains
an abundance of alkaline calcium and magnesium carbonates in finely divided
form. As an alternative to building a second acid plant it was calculated
that capital cost savings would result from using this pulp to scrub gases
surplus to acid plant requirements. This approach also led to an increase in
copper recovery as an additional benefit, thereby making this scrubbing process
unique. The mineral valleriite, a softiplate-like material, accounted
for a major portion of the copper loss in concentrator tailings. Re-
covery of valleriite (containing 22.9% Cu at Palabora) under normal mill
conditions is less than 20%. Although the mineral floats more easily
under acidic conditions this was impractical in the main circuit. Due
to its softness, most of the valleriite reports to the fine pulp in the
hydroseparator overflow. Using this pulp to scrub smelter gases increases
copper recovery because a temporary acidic condition arises immediately
after absorption of the 505, improving flotation characteristics of the
valleriite which is returned to the concentrate thickeners.
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In 1971, pilot plant testwork was carried out to determine absorp-
tion and flotation aspects of the proposed process. The conclusions of this
work were that it was feasible to use hydroseparator overflow pulp for neutra-
lization of excess smelter gases, and that tail gas SOp content could be
reduced to less than 0.05% by two-stage countercurrent contact in grid packed

towers. Recovery of copper from the pulp, although only averaging 25%, was
economically significant.

Figure 18 shows a simplified flowsheet of the Palabora plant which
was constructed in 1974 (21). Reverberatory furnace gases (0.5 - 1.0% S02),
and converter gases (4 - 8% S02) surplus to acid plant requirements are routed
to the scrubbing plant where they are humidified and cooled from around 300Q°
to 85°C in a spray tower by a circulating stream of sulphurous acid. Typical
data for gases entering and leaving the scrubbing plant are given in Table 16.

TABLE 16 PALABORA SCRUBBING PLANT DATA

Reverb. Reverb.+

Gas Only Converter Gas
Gas flow (Nm3/h) 150,000 171,000
inlet - % SOo 0.3 2.0
outlet - % SO» 0.01 0.14
inlet - O 230 270
outlet - OC 35 45

Humidified gas passes to a scrubbing tower with some being by-
passed into an activation tower, the amount being controlled by the pH of
the pulp leaving the bottom of the latter.

Gas streams are recombined and contacted with the incoming pulp
from the concentrator in the activation tower. Pulp distribution is achieved
by manifolding onto a perforated plate situated above the gas outlet ducts.
Grid type packing is used in both towers.
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Scale which develops in the tower packing is removed by partial
dissolution in sulphurous acid. Exit gases from the activation tower pass
through a demister vessel before being released to the atmosphere via a 70
m high rubber Tined stack. Pulp flow is countercurrent to gas flow, and
passes first through the activation tower, then the flotation section and
then the scrubbing tower, before being returned to the concentrator tailings
thickeners. Various sections of the plant can be by-passed if necessary.

Environmental regulations at the Palabora smelter require that
70% of the sulphur entering the smelter is recovered. Total sulphur capture
achieved is 72%, including 51.5% as acid, 19.5% in mill tailings using the
scrubbing system, and 1% in slag.

7.3.2.4 Sodium Carbonate Process

In this process, a sodium carbonate solution is used to absorb
the S02 from the flue gases following removal of the flyash in a separate
scrubber (22). The spent liquor is pumped to settling ponds, where the
water is allowed to evaporate. There is no attempt made to regenerate the
scrubbing agent or recover a by-product.

The process in its present form is only practical in arid
locations, where the natural evaporation rate exceeds the combined rate of
spent-liquor production and rainfall. The only operational sodium carbonate
scrubbers are at Nevada Power's Reid Gardner units No. 1, 2 and 3, with a
capacity of 120 MW each. They are located near Moapa, Nevada, about 50 miles
north Las Vegas. The units were designed and built by ADL/Combustion Equip-
ment Associate.

This process has not been applied to the treatment of weak gas
streams from copper or nickel smelters.

7.3.2.5 Aqueous Carbonate Process

The most obvious difference between the aqueous carbonate and
the sodium carbonate process is that the former is a regenerative process,
whereas the latter is a throwaway type (22). In the aqueous carbonate system,
the flue gas from the flyash scrubber and an aqueous solution of sodium car-
bonate are fed to a spray drier which acts as an S0, scrubbing vessel. The



exit stream consists of scrubbed flue gas and a dry mixture of sodium carbonate,
sodium sulphite and sodium sulphate. The dry salt mixture is blown into a
molten salt pool with petroleum coke or coal. The carbon reduces the sodium
sulphite-suiphate to sodium suiphide, producing a CO2 exit stream. The sul-
phide-rich liquid stream is then reacted with COp to produce NapCO3 and H,S,

the former being used to make up fresh scrubber solution and the latter being
piped to a Claus plant, where it is oxidized to elemental sulphur.

There is no commercial aqueous carbonate unit in North America,
but one is scheduled to begin in April 1982 at the Niagara Mohawk Power
Co-op's Charles R. Huntely No. 6 generating station in Tonawanda, New York.
The scrubbing and reconversion process for this 100-MW-capacity unit has been
developed by Atomics International Limited, a division of the Rockwell
International Corporation, and will produce elemental sulphur. The
company also has a throwaway modification of this process designed for
use with Tow-sulphur coals in semi-arid locations. In North Dakota,
where a 440-MJ unit of this type is being planned, there is insufficient

rainfall to cause pond overflow.

The aqueous carbonate process has not found application in the
metallurgical industry.

7.3.2.6 Double Alkali Process

There are several technologies which go under the designation of
the double alkali process (22). One is the so-called "concentrated double
alkali process" of the FMC Corporation, which is installed at various small
industrial steam plants throughout the United States. Sodium sulphite is the
scrubbing medium: it is converted to sodium bisulphite by reaction with the
S02. It is then reacted with slaked lime to produce calcium sulphite, which
is centrifuged to a firm cake at 60-70% solids. The crystal form of the calcium
sulphite is different from that formed in the lime/limestone process, for there
is no problem with dewatering.

Another form of the double alkali process was pioneered by General
Motors. Their process is known as the "sodium-lime double alkali process using
the dilute mode". It uses lime to regenerate the scrubbing material and thus
also produces a waste calcium sulphite cake.
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A third double alkali process employs sodium hydroxide solution as
the scrubbing medium. It is converted to NapSO3, NaHSO3 and NapSO4 in the
scrubber. The scrubbing solution is regenerated by reacting the sodium salts
with Ca(OH)p, producing a waste calcium sulphite-sulphate cake. The system
has been evaluated for a 20-MW unit at Guld Power's Scholz station near
Tallahassee, Florida, but as fas as is known the process has not been installed.

A double alkali system has been installed at the Afton copper
smelter in Kamloops, B.C. to treat off-gases from the TBRC which smelts concen-
trates unusually high in copper content and correspondingly low in sulphur con-
tent. The scrubbing system consists of three wet scrubbers designed to remove
residual dust, Tow vapour point particulate (A5203), gaseous SO, and elemental
mercury (23, 24). The SO2 scrubbing and liquor regeneration system is a dual
alkali process, since an alkaline solution (NapSO3) is used to scrub SOy from
the process gas and subsequently a second alkali (Ca(OH)2) is used to regenerate
spent scrubbing liquor. In the first venturi scrubber, most of the residual
particulate (including As203), SO3 and HpSO3 mist is removed by a circulating
solution of scrubbing liquor. A second low-intensity tray tower S02 scrubber
is then used to remove SO2 by absorption in sodium sulphite (NapSO3) solution
to form sodium bisulphite. Scrubbed process gas either passes through the
mercury scrubber or is directed to the stack, depending on which stage in the
TBRC processing cycle is in progress. Sodium bisulphite solution is regenerated
by reacting it with slaked lime to form calcium sulfite (CaS03.’#120) which fixes
the sulphur in a disposable form. Steady-state conditions have not yet been
achieved in the scrubber. Corrosion of materials is a problem, a common
feature in double alkali scrubbing systems, due to the higher than expected
concentration of SO3 in the system.

A double alkali scrubbing system is suitable for installation when
the 02 :S02 ratio in the gases is Tess than 15 :1. Above this ratio a lime
scrubbing system is preferred. The 02 :S02 ratio affects the oxidation rate
of S03 to SOE, which in turn increases the potential for scaling (24).

7.3.2.7 Chiyoda Thoroughbred 101

SO02 is absorbed in a dilute aqueous'solution of sulphuric acid
containing ferric sulphate catalyst (22). The resulting HpSO3 is oxidized in
the scrubber loop to HpSO4q, which is ultimately reacted with limestone to give
CaS04.2H70. The process is a practical method for the production of by-product
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gypsum. At the Hokuriku Power Company's electric power station in Japan, two
units produce 3,800 tons of gypsum per month. An experimental unit, installed
on a 20-MW flue gas stream at Gulf Power's Scholz Station in Florida, was in
operation from March 1975 to March 1977.

The process has not found application in the metallurgical industry.
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8 MARKETS, USE, OR DISPOSAL OF SULPHUR FIXATION PRODUCTS

8.1 General Considerations

As well as other factors, the air pollution control regulations
in force at any particular smelter location will determine the degree of 502
capture and fixation. The choice of by-product produced, i.e. elemental sul-
phur, liquid 50,, or sulphuric acid, will largely be determined by the markets
available for the particular by-product and the economics of production. Sulphur
is the common element in each material and so to a degree all by-products are in
competition with each other, as well as with sulphur from other sources, for
various end uses.

Clearly, marketing and sale of by-product to offset at least part
of the control costs is desirable. Production in excess of local demand will
necessitate disposal of by-product in some environmentally acceptable manner.
However, certain cases may arise, depending on location, available markets,
and price competition from alternative sources of sulphur, where compliance
with the regulations will result in a net loss to the smelter on by-product
sales. However, the alternative of making and disposing of an inert waste
material may result in a greater loss. In particular, if SOp is recovered

from thermal power plants burning sulphur-containing fossil fuels, it would
have a profound impact on the sale of sulphur fixation by-products from
copper smelters, particularly in the U.$.A. As environmental control legis-
lation becomes more stringent, by-product production and sale from both of
these sources will increase and will be in competition with each other, and
with Frasch sulphur, the largest source of supply of sulphur. Because thermal
power plants are usually situated closer to industrial users, often in densely
populated areas, this source of sulphur may have a competitive advantage over
the smelters which are generally in remote locations. Transportation costs are
an important factor in determining the economics, competitiveness and market-
ability of by-products. It is also likely that neutralization of the SO0p in
utilities gas streams by lime/Timestone scrubbing to produce a discardable
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material will be a preferred approach from technical and economic'consideratjons

because of the re]atively Tow concehtration of SU2 in the gases.

Compliance with more stringent environmental controls may provide
an overabundance of supply of sulphur, part1cu1ar]y in the form of by-product

ac1d ‘at least on a regional basis, if not internationally.. This will- satisfy the

needs of consumers, both-in terms of amounts and price. 1eve]s However, it

"w111 create prob]ems for both pr1mary and by product producers The metallur-
- gical industry affected by env1ronmenta] 1eg1s1at1on requ1res the deve]opment )
of technologies that w111 permit it to cover the cap1ta1 and operat1ng costs

of by- product sulphur recovery at cost 1eve1s that will be compet1t1ve w1th

“”“«\_other sources. Because the pr1ce of copper is fixed in the 1nternat1ona1
.market the cost of su]phur recovery cannot be passed on’ to the consumer in-

itially, but must be absorbed by the smelter or passed back to the mine.
Eventually this cost may be passed on to the consumer 1nvthe_form ofﬁh1gher |
metal price when all smelters control SO2. Quite apart‘from'ecohomic con-
s1derat1ons, if tighter env1ronmenta1 controls lead to an oversupply of su]phur
conta1mng by-products, this will create disposal problems. However, this '
situation could be offset to some extent if higher energy costs (in converting
water to steam) result in reduced supp11es of elemental (Frasch) sulphur.

8.2 ‘Elemental Sulphur-

The_technological‘difficu]ties in making elemental sulphur from
the 502 contained in metallurgical gases and the high cost of production (due
to the high cost of reductants) mitigate against production of elemental S at.
smelters. In addition, 5u1phur produced- from Meta11urgica1.gases often
contains undesirable impurities such as As, Se -and Hg which must be re-
moved by special processes before it is generally acceptable in quality
and compet1t1ve with sulphur from other sources (2).

| Nearly 85% of the su]phur produced is consumed in the form of

sulphuric acid (which 1h«1tse]f is an intermediate product) and so in reviewing
the potentia]lsupp]y'and‘demand situation, this close relationship necessitates
sjmu]taneous“consideration of both materials (14). For several years a situa-
tion existed where’ there was more by-product sulphur (in a]]vfonns) produced:

by the -coal, ~petroleum, natural gas and meta]]urglcal industries than could be
used for industrial or agricultural purposes (5). However, a recent study (25)
indicates that the market surplus of sulphur will disappear and that supplyandf'
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demand will be roughly in balance, with increasing prices. From the smelters'’
point of view, the decision whether or not to make by-product sulphur must be

based on long-term market predictions. Since elemental sulphur would be a by-
product of a metallurgical process, it would not be feasible to cut back sul-

phur production at times of low demand.

Tables 17 - 22 give various production statistics for elemental sul-
phur in the western world (25). A cumulative annual growth rate in production
of 3.1% is forecast from 1980 - 84, and 2.7% for the period 1985 -90. Consump-
tion figures over the same periods are forecast to be nearly 4% and 3.3% re-
spectively. It is evident from Table 18 that the major sources of sulphur are
Frasch sulphur, which is mined, and sulphur produced from natural gas and at
0il1 refineries. Sulphur produced from metallurgical gases, including pyritic
smelting, is not significant according to these estimates. Table 23 gives
typical end-use pattern of elemental sulphur in the U.S.A. in 1977 (26).

From the point of view of shipment or storage, elemental sulphur
is the most desirable product since it canbe economically transported much
greater distances than either sulphuric acid or liquid SOZ, per unit of con-
tained sulphur. The material possesses good storage characteristics and so
it can be easily stockpiled when no market is available. If needed at a later
time, it can be recovered easily and shipped without any unusual precautions.
Elemental sulphur is inexpensive to convert to sulphuric acid at destinations.
The important factor will be the final cost of acid at the point of consump-
tion.

In summary, reduction of SO2 contained in copper and nickel smelter
gases to produce elemental sulphur is technically complex and is not an econ-
omic alternative at present.

8.3 Liquid 502'

The demand for liquid SOz is very limited, even in the U.S.A. The
current U.S. liquid SO2 capacity is approximately 177,000 tpa (14). The single
largest use for SO, is in the production of sodium hydrosulphitewhich is usedas
a bleaching agent in the production of textiles, paper, and clay. The use of
S0, in pulp and paper manufacture is decreasing due to sulphite process changes
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WESTERN WORLD BRIMSTONE PRODUCTION FORECAST 1975 - 1990 (25)

('000 tonnes)

1975 1976 1977 1978 1979 1980 1985 1490
Western World
Total 24,427 23,602 24,183 24,172 25,229 27,004 31,614 36,218
West Europe 2,732 2,826 3,292 3,271 3,494 3,547 3,751 4,293
Africa 31 35 36 38 44 51 88 120
Asia 2,072 2,115 2,328 2,399 2,701 3,264 5,350 6,865
Occania 10 Ry 7 10 10 "10 15 25
North America 16,972 15,987 16,201 16,061 16,355 16,990 18,750 20,915
Central America 2,393 2,396 2,074 2,136 2,355 2,850 3,280 3,530
South America 217 232 245 257 270 292 380 470
TABLE 18 BRIMSTONE PRODUCTION BY TYPE (23)
('000 tonnes)
1975 1976 1977 1978 1979 1980 1985 1990
Frasch Sulphur 10,049 9,026 8,246 3,160 8,460 9,600 10,400 12,150
Recovered Sulphur 14,217 14,417 15,777 15,847 16,599 17,229 21,034 23,873
"Natural Gas 10,537 10,190 11,018 10,895' 11,073 11,150 12,738 12,563
Oil Refinery 3,476 3,996 4,600 4,824 5,293 5,774 7,321 8,933
Coke Oven Gas 35 37 31 30 25 15 5 5
Pyritic Smelting 82 88 28 - - - 130 280
Pcwer Plants 2 2 2 18 28 40 40 42
Tar Sands etc. 85 104 98 120 180 250 700 1050
Coal Gasification - - - - - - 100 1000
Native Refined 161 159 160 165 170 175 180 195
Total 24,427 23,602 24,183 24,172 25,229 27,004 31,614 36,218
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WESTERN WORLD PYRITE PRODUCTION FORECAST 1975 -1990 (25)

('000 tonnes S)

1975 1976 1977 1978 1979 1980 1985 1990
western world

Total 4,940 4,619 4,336 4,415 4,565 4,685 5,120 5,745

West Europe 3,266 2,908 2,742 2,700 2,700 2,750 3,090 3,575
Africa 424 376 447 550 645 695 770 850
Azia 598 _611 529 550 550 550 570 53¢
Oceania 106 108 104 110 110 110 110 130
North America 541 611 509 500 500 500 480 500
Central America - - - - - - - -
South America 5 5 5 5 60 80 100 100

TABLE 20  WESTERN WORLD SULPHUR-IN-OTHER-FORMS PRODUCTION FORECAST
1975 - 1990 (25)
('000 tonnes S)
1975 1976 1977 1978 1979 1980 1985 1990
Western VWorld

Total 5,208 5,802 5,999 5,950 6,205 6,465 7,815 8,875

West Europe 1,579 1,639 1,735 1,725 1,750 1,800 1,920 2,015
Africa 217 246 244 245 260 285 335 395
Asia 1,311 1,380 1,472 1,465 1,480 1,505 685 800
Oceania 117 143 150 150 150 155 185 225
North America 1,841 2,213 2,208 2,170 © 2,365 2,510 3,365 3,865
Central America 76 113 116 120 120 125 180 250
67 68 74 75 80 85 145 325

South America
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SULPHUR-IN-ALL-FORMS SUPPLY FORECAST

1975 - 1990 (25)

Western VWorld
Total

West Europe
Africa

Asia

Oceania
North Americe

Central America

1975

34,574

7,577
682
3,981
233
19,354
2,757

1976

34,023

7,373
657
4,106
262
18,811
2,814

('000 tonnes)

1977

34,538

7,769
727
4,349
261
18,918
2,514

1978

34,537

7,696
833

4,414

270
18,731
2,583

1979

35,999

7,944
949
4,731
270
19,220
2,885

1980

38,154

8,097
1,031

5,319

275
20,000
3,432

1985

44,549

8,761
1,193
7,605
310
22,595
4,085

1930

50,838

9,883
1,365
9,255
380
25,280
4,675
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- Source: USBM:

TABLE.ZB END-USE PATTERN OF ELEMENTAL SULPHUR, U.S. 1977 (26)
1,000 tonhes %

" Sulphuric acid | R T T
Organic chemicals (paints, |
exp]os1ves,.1ndustr1a1 organic o _
chemwca]s)" 275 2.4
Agr1cu1tura1 chehicais | :257 . ,‘2.3
IndUStriaT'inorgénic_chemica1s 220 1.9

‘_PU]b"and'paper’broduéfs .147' 1.3
Petro1eum refining and petro]eum ‘ .

" ‘and coal’ products : 11 1.0
Synthetic rubber, cellulosic |

- fibers and-other plastic products 65 0.6
Food R o 5 |
u'nider{tifi-ed._ | __678 _6.0
Total 11,356 100.0
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and more stringent controls on 502 emissions. Otheruses for liquid 502, in-
cluding refining and food processing, are expected to offset the lower demand
in pulp and paper. Theresult will be that liquid SO2 demand is expected to
increase at an annual rate of approximately 4 to 5% during the next 5 years.

Owing to the relatively high price per unit weight of liquid 502,
(because of the specialized markets served), unlike sulphuric acid, it can be
shipped long distances to serve various markets. However, liquid SO2 is still
expensive to transport because it requires special-pressure tank cars which
must return empty to the supply source. Furthermore, the market is scattered
and the quantities involved are too small to justify the use of unit trains
to increase economic rail distance or special-pressure tanker ships for bulk
ocean shipments. Conditions favourable for marketing liquid 502 are therefore
limited. Due to the stable markets, the supply/demand situation for U.S. lig-
uid 502 is in balance. An increase or decrease in production of 10,000 to
20,000 tpa, representing 6 to 12 percent of estimated 1975 consumption, would
significantly disrupt the market for this chemical.

Since the liquid 502 market in the U.S. is very small and is already
in balance, the possibility of a copper or nickel smelter installing a system to
produce liquid 502 exclusively for sale is not likely. However, consideration
could be given to using liquid SO2 to smooth out the feed to an acid plant to
compensate for the smelter off-gas fluctuations. This technique can also be
used to reduce the size and cost of acid plants installed at the smelters.

Ideally, the production of liquid SO2 requires a very highly concen-
trated gas stream, such as that produced from the Inco oxysen flash furnace or the
Kivcet process (around 80% 502). Currently the number of smelters employing these

processes are very few and so the potential for producinquuidSO2 is very limited.

8.4 Sulphuric Acid

Sulphuric acid is the most common by-product recovered from metal-
lurgical gases and its production is the accepted control approach for concen-
trated gas streams at copper and nickel smelters.
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As previously mentioned, nearly 85% of the sulphur consumed is in
the form of sulphuric acid which has been established in industry as the low-
est cost and most versatile of the mineral acids and for which there is no
satisfactory substitute for most applications. Sulphuric acid is widely sold
in the form of various solutions of H2504 in water, ok of 503 in H2504 called
oleums. Commercial grades of by-product sulphuric acid produced by the con-
tact process are generally in the range 93 to 98% acid. Acid strength varies
very widely, depending on end use.

For a smelter which produces by-product sulphuric acid from con-
centrated gas streams, the options for disposal of acid are (26):

sale as sulphuric acid

i

neutralization and discard as gypsum
manufacture of chemcials

phosphoric acid

phosphate fertilizers

potassium sulphate
miscellaneous uses

Table 24 shows the end-use pattern for sulphuric acid in the U.S.A.
in 1977 (26).

8.4.1 Sale as Sulphuric Acid

The price obtainable for acid in any given location is generally
that of acid from the cheapest source, usually the cost of buying sulphur and
making acid Tocally (2). Because smelters are generally situated in remote
locations, they are at a disadvantage. The high cost of transporting acid to
market, generally in industrialized centres, means that sales of acid may often
be at a net Toss to the smelter. Sulphuric acid is expensive to transport be-
cause it is shipped 1n'specia] tank cars which return empty to the source of
supply. The movement of sulphur to market for conversion to acid is more fav-
ourable because of its lower transportation costper unit of contained sulphur.
In addition, conversion of elemental sulphur to acid is relatively inexpensive
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TABLE 24 END-USE PATTERN FOR SULPHURIC ACID, U.S. 1977 (26)

(1,000 tonnes 100% HZSO4)

Use Amount %

Phosphate Fertilizers 20,278 59.0

Chemical Manufacture -

Inorganic chemicals including pigments 2,635 ) 7.7)
Ammonium sulphate and other farm chemicals 988 ) 2.9)
Organic chemicals including drugs 987 ) 2.9)
Rubber and Plastics 669 ) 7,502 2.0) 21.
Cellulose fibers (rayon) 538 ) 1.6)
Soaps and detergents 453 ) 1.3)
Water treatment chemical (aluminum) 270 ) 0.8)
Explosives 62 ) 0.1)
Other chemical Products 900 ) 2.5)
Petroleum Refining 2,351 6.
Leaching Ore (copper, uranium) 2,009 6.
Pulp and Paper 608 1.
Steel Pickling 398 1.
Storage Ratteries 135 0.
Metal Processing 47 0.
Unidentified 951 2.
Total 34,369 100.

Source: USBM
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and the heat generated when sulphur is burned results in a by-product steam
credit. Consequently, by-product acid produced at smelters is generally con-
sumed close to its point of manufacture. The exception would be where the
scale of movement to distant markets results in low freight rates, and/or
where smelters are willing to subsidize freight to relieve a more expensive
neutralization and disposal problem (26).

Many existing conventional sulphur burning plants are old andwill
ultimately need replacing or may be shut down if smelter acid is available.
Others may need installation of control systems to reduce tail gas emissions.
These circumstances will result in a competitive advantage to producers of
by-product smelter acid if its costs of production are less than the costs of
building and operating new sulphur burning acid plants.

At times, sulphuric acid enters world markets but generally this
has been to meet a temporary imbalance caused by supp]y/demand patterns for
end-use products such as phosphate fertilizers, or by changing processes for
acid manufacture (e.g. from pyrite roasting to use of elemental sulphur)(26).

Because of the large gquantities involved, the bulk of by-product
acid produced at smelters must be sold through Tong-term contracts at prices
considerably lower than the spot price for tank-car lots. Metallurgical
plants, in order to ensure continuous operation, must have long-term contracts
for the disposal of the acid and consequently are committed to the lower price
(2). Occasions may arise where a smelter must temporarily reduce metal pro-
duction because of a decrease in the market for acid. The buyer of by-product
acid, whether for consumption or re-sale, is motivated by the cost advantage
he may enjoy compared with captive main product manufacture and he does not
expect from the by-product acid producer, the safeguards that he would demand
from the sulphuric acid merchant. By analogy, the producer accepts that the
potential realizations from a direct sale are lower than would be obtained
from selling the acid in the merchant market, but that this is compensated by
fewer, if any, commitments. The by-product acid producer, asa rule, sells on
an ex-plant basis.
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Sulphuric acid quality is particularly important from a marketing
point of view and additional gas-cleaning steps may be required at the smelter
to remove volatile elements such as As, Se, Hg, etc., ahead of the acid plant.
Selenium can cause discolouration of the acid and most consumers (i.e. for agri-
cultural end-use) insist on a mercury content of less than 0.5ppm. Table 25
shows the typical analysis for commercial sulphuric acid (2). To be a market-
able by-product, sulphuric acid from metallurgical plants will have to meet
the specification given and ideally come close to the typical analysis. Fail-
ure to meet the most rigid specification will mean that certain markets may
not be available for by-product smelter acid.

8.4.2 Neutralization and Discard as Gypsum

Failure to use internally or sell all, or part, of sulphuric acid
production will necessitate its neutralization with limestone to form gypsum,
a solid, disposable, inert material. This is an expensive proposition, primar-
ily because of the cost of Timestone and its freight charges, depending on the
remoteness of the source of supply relative to the smelter location. Storage
of large quantities of acid does not present an economic or practical alterna-
tive,

Limestone is usually the cheapest chemical for the neutralization
of acid, but to achieve complete reaction, some hydrated 1ime might be required,
or alternatively excessive grinding of the Timestone is necessary, but the lat-
ter imposes economic limits because the cost of grinding increases rapidly
with decreasing particle size (14). Using Time only would permit smaller re-
actors with less retention time owing to the higher reactivity of lime. However,
lime is more expensive than limestone. If high quality limestone is utilized,
the gypsum produced should be of salable quality, but its marketability will de-
pend on alternative sources, in particular, gypsum which is mined. Uncalcined
gypsum is used in the manufacture of Portland cement, plaster board and for agri-
cultural purposes. Limestones containing impurities, particularly magnesium,
react more slowly than high purity calcium carbonate. If appreciable amounts of
magnesium are present in the limestone used for neutralizing the acid, leach-
ing of the magnesium salts from the disposed waste could become a problem.
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TABLE 25 SPECIFICATION AND TYPICAL ANALYSIS OF SULPHURIC ACID (2)

| ELEMENT SPECIFICATION ppm " TYPICAL -ANALYSIS ppm
c1 < 0.10
NO, <0220 |
Ny <0.10
S0, 50 max. 40
HAs < 0165‘
Fe 50 max. 30
Cu 0.20
. Mn 0.25
Cr 0.40
Ni 0.50
Pb < 0.10
Hg < 0:50'
‘Strength (%H,50,) 93.2 min. 93.50
Colour (APHA) 40 max. 30
Non-volatiles (%) 0.01
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The most important factor in considering neutralization facilities
is the disposal method for the calcium sulphate waste produced. Transport

problems, effect on water hardness, effect of dissolved salts on ground water,
effect on tailings pond, dusting problems, water requirements, piping scaling,
and dry material stability must all be considered.

There are two types of neutralization processes for sulphuric acid
disposal. In the 'wet' process, neutralization reaction takes place in dilute
acid-water solution and produces a calcium sulphate slurry for disposal. The
neutralization reaction in the 'dry' process takes place directly between con-
centrated sulphuric acid and limestone, producing a plastic mass that eventu-
ally turns into a dry solid for disposal.

The neutralization of one tonne of sulphuric acid consumes 1.14
tonnes of limestone and produces 1.71 tonnes of gypsum (26).

8.4.2.1 Dry Process

Figure 19 illustrates the simplified flowsheet for acid neutral-
ization using the 'dry' process (14). Crushed mine limestone is ground to
80% - 100 mesh in a closed circuit, air swept ball mill and fed to a pug mill
or blunger, at a controlled rate. Acid is also fed to the pug mill through
a flowmeter at a controlled rate. The reaction in the pug mill is exothermic
so fresh water is added to control the temperature. This water also controls
the output product consistency.

The reacted mass from the pug mill is discharged onto a slow mov-
ing conveyor which allows aging to complete the reaction. The conveyor car-
ries the almost dry solid continuous mass to a cutter which breaks the mass
into granular fragments to facilitate handling. The cut mass goes to a mobile
haulage station for final dry disposal. Gases from the pug mill, containing
mainly COZ’ are scrubbed before being discharged to atmosphere.

The 'dry' process produces principally calcium anhydrite, CaSO4,
and hemihydrate, CaSO4 .gHZO. The reaction heat is sufficient to heat the
end-products beyond the temperature where gypsum (CaSO, . 2H,0) dehydrates.
The reaction products will hydrate, at least partially, to gypsum or to hemi-
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hydrate upon exposure to atmospheric moisture.

8.4.2.2 Wet Process

A simplified flowsheet for the 'wet' process is shown in Figure 20
(14). Crushed limestone is ground to a slurry (80% - 100 mesh) in a wet ball
mi1ll, the slurry being pumped to a neutralizing reactor station which comp-
rises two or more reactors operating in series.

Acid is pumped to the first reactor at a controlled rate to main-
tain proper sulphate concentration (0.2 to 0.5%) in the outlet of the second
or last reactor. A constant recycle of slurry (about 50%) is maintained to
control scaling and to promote gypsum crystal growth,.

Reactor temperature is controlled to 71°%¢ by adding fresh water
and evaporative cooled reclaim water, recycled from the disposal pond. The
neutralization reaction is quite exothermic and thus requires cooling orlarge
water excess to control the temperature. The reactor system is designed to
provide two hours retention time.

Waste gypsum slurry is discharged to the tailings pond by gravity
flow. The tailings pond provides area for cooling by surface evaporation and
for ponding of water. In the design, it is assumed that the tailings will re-
tain 40% moisture, and the remaining water is recycled to the reactor system.

8.5 Manufacture of Chemicals

As shown in Tables 23 and 24, nearly 90% of total sulphur consump-
tion is in the manufacture of sulphuricacid, some 60% of which is used in the
manufacture of phosphate fertilizers. Although these figures are for the U.S.A.
they are reported tobe representative of theworld situation (26). Approximately
20% of sulphuric acid is used in the manufacture of various chemicals.

Depending on the Tocation of existing copper and nickel smelters
relative to phosphate rock deposits, the manufacture of phosphoric acid, phos-
phate fertilizers or chemicals at the smelter site may represent a viable al-
ternative to the sale or neutralization of sulphuric acid. Stringent environ-
mental regulations may determine that new smelters are located near available
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markets for acid, or where the acid can be used locally for manufacture

of fertilizers or chemicals. In such a case, concentrates would have to
be transported from the mine site to the smelter. The smelter may become
a custom smelter for treating several different concentrates. Other fac-
tors to consider are end-product market Tocation and local power costs when
evaluating smelter location under these circumstances.

Other uses of sulphuric acid, e.g. in petroleum refining, leach-
ing of copper and uranium ores, the pulp and paper industry, are relatively
minor uses in terms of global statistics. However, the use to which sul-
phuric acid could be put will vary with each smelter location, necessitat-
ing an evaluation of all factors, including the creation of new acid outlets,
in each case.

8.5.1 Phosphoric Acid

An average of one tonne of sulphuric acid consumes 1.22 tonnes
of phosphate rock to produce 0.34 tonnes of 100% P,0; in phosphoric acid (26).
The fertilizer industry consumes phosphoric acid in the form of 54% P205 in
the manufacture of phosphate fertilizers. Phosphate rock is transported large
distances tomake phosphoric acid, e.g. in North America, from Florida to Sask-
atchewan by ship and rail, and from the western U.S. to Alberta by rail. East
coastU.S. phosphate rock is shipped to Japan. Phosphoric acid is a widely
traded commodity. It is estimated that 6 million tonnes of the latter will be
transported by ocean freight in 1980 (26). Subject to favourable economics,
particularly in regard to freight costs, and markets being available, the pro-
duction of sulphuric acid at a smelter and its subsequent use to produce phos-
phoric acid at site may be a viable proposition.

8.5.2 Ammonium Phosphate Fertilizers

The largest outlet for phosphoric acid is in the manufacture of
ammonium phosphate fertilizers. The production of sulphuric acid from smel-
ter gases, its reaction with phosphate rock to produce phosphoric acid for
subsequent conversion to phosphate fertilizers at, or near the smelter site
may be a viable proposition.
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" There are a whole series of ammonium phosphate fert111zers and
various fertilizer blends 1ncorporat1ng ammon um phosphates, urea ‘ammonium

- nitrate, potash and ammonium sulphate. The types of fertilizer products

and their composition.will ‘deépend on market opportunities which can only be
determined by a detailed market study. A common fertilizer is diammonium
phosphate (NH4)2HPO or 18-46-0. Production of one tonne of fertilizer re-
qu1res 0. 87 ‘tonne - of phosphor1c ac1d and 0 23 tonne of ammon1a (26)

From the sme]ter S po1nt of view, the Teast desirable option .to
dispose of su]phur1c ac1d 1s ]1ke1y to be. the manufacture of ammonium phos-
phates The fact that fert111zers are used, in temperate zones at least,.

- only a few months: a year necessitates a 1arge 1nventory of product and hence

a large working cap1ta1 requirement. The need for fertilizers in the devel-
oping countries is immense ‘and so at certain smelter Tocations this constraint
may be less onerous. Ammonia is a high cost item compared to the value of

the sulphuric acid whose disposal was sought in the first place. - If sulphuric
acid or phosphor1c acid could be sold, their sa]e would be at a constant rate
throughout the year, thereby m1n1m1z1ng work1ng cap1ta1 requ1rements The
customer would then absorb the costs of working cap1ta1 for fert111zer pro-
duction. '

8.5.3 " Potassium Sulphate

For some crops requiring a fair amount of potassium (tobacco,
citrus fruits, sugarbeet, potato) a fertilizer containing chloride is un-

desirable. "This creates a demand for potassium sulphate, a chemical whose
‘manufacture consumes a considerable quantity of sulphuric acid. 1In 1976,
world ‘trade in sulphates of potash (i.e. potassium su1phate and potass1um

magnesium sulphate) reached 716,000 tonnes of K20 equ1va1ent (26).  Although
the market for’ potass1um su]phate is qu1te spec1f1c, on a wor]d scale it is
reasonably 1arge The su]phate forms of potash account for some 6% of tota]
world potash trade '

The product1on of one tonne of potass1um su]phate consumes 0. 91
tonne of potash (KC]) and 0. 61 tonne of su]phur1c acid. In add1t1on, a by-
product credit of 1.27 tonnes of hydroch]or1c acid is produced (as 33% HC1),
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but for which a market has to be found (26). The economics of this alternative
will depend largely on the cost of potash which may be as high as 90% of the
total operating cost.

Potassium sulphate is formed by the following reaction:

2KCT + H2504 —_ KZSO4 + 2HCI

Two processes are generally used for the production of potassium
sulphate - the Mannheim process and the newer Climax process. In the Mannheim
process, a high purity product is produced by mixing potash and sulphuric acid
prior to their reaction in a continuous muffle furnace. Dry potassium sulphate
is produced and a steam - hydrochloric acid gas which is scrubbed with water to
form aqueous hydrochloric acid. In the newer Climax process a fluid bed re-
actor replaces the Mannheim muffle furnace which results in fewer corrosion
problems.

8.5.4 Miscellaneous Chemicals

The manufacture of aluminium fluoride, an essential chemical in the
manufacture of aluminium metal, may have merit. Production involves the diges-
tion of fluorspar with sulphuric acid. The resulting hydrofluoric acid is re-
acted with alumina to form aluminium fluoride. The economics of this option
will depend on access to aluminium production facilities and the Tocation of
the source of fluorspar (26).

A significant end-use for sulphuric acid in much of the world is
the Teaching of low-grade copper and uranium ores (26). The sulphuric acid,
in dilute solution, is pumped through ore still in place, crushed ore placed
on prepared drainage pads, flotation mill tailings, or old mine workings.

The copper or uranium values are leached from the ore and recovered from solu-
tion by solvent extraction, ion exchange or cementation with iron. Generally
oxide ores are treated in this manner. Acid consumption depends on a number
of factors including the mineralization of the ore. Based on U.S. experience,
sulphuric acid consumption varies from nil to 5kg per kg of copper extracted
(26 ). This option would prove attractive where the smelter and acid plant

are located at a mine site which has leaching operations. Part of the acid
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production would be used internally, obviating the need to look for outside
markets for all the acid while possibly incurring high transport costs and
being forced to accept a low price. A1l the acid production, particularly
from a large smelter, is unlikely to be used for leaching purposes. Leach-
ing also creates an environmental problem in that liquid effluents, contain-
ing sulphate ions, have to be disposed of.
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9 IMPOSITION OF MORE STRINGENT EMISSION CONTROLS
9.1 Deficiencies of Traditional Smelting Processes

Multihearth roasting, sintering and blast furnace smelting are
now virtually obsolete in the copper and nickel smelting industries because
they are energy-inefficient processes when viewed in the overall smelting
context and also because they are in the main, environmentally unacceptable
processes. Compared with the modern smelting processes, these processes
produce gas streams low in SO2 content. Fugitive emissions are also more
difficult to control than in the newer processes.

For many years the matte smelting reverberatory furnace has been
the'mainstay of the copper and nickel smelting industries, and there are still
many furnaces of this type in existence. The principal disadvantages of this
process are that it is energy inefficient - it uses large amounts of expensive
hydrocarbon fuels to melt the charge - and it produces a large off-gas volume
(due to dilution and the large amount of air required to burn the fuel) of high
heat content, generally of a strength too Tow in SO2 to make its capture and
fixation an economic proposition. Melting in the reverberatory furnace pro-
duces a 'natural' matte grade because little of the iron sulphide is oxidized.
As a result, little of the sulphur in the charge (except for some 10 - 15% oxi-
dation in the furnace freeboard) enters the gas phase, thereby limiting the SO2
content of the latter. The use of oxy-fuel roof burners, as practised at the
E1 Teniente copper smelter in Chile andion Inco's Copper Cliff nickel
reverberatory furnaces, allows the SO, content in the off-gases to be
increased to about 7% S02. This is sufficiently high to allow direct
processing of the gases in a sulphuric acid plant, although an acid plant
has not been installed at either smelter. Because a low or 'natural'

matte grade is produced, most of the sulphide oxidation (ferrous sulphide
followed by cuprous sU]bhide) takes'p1a¢e in the convérters, a batch
process with cyclic operation which produces intermittent gas flows of
variable volumetric flow rate and strength. Because the converter is
rotated in and out of the stack or blowing position, engineering design
of converter hoods to minimize ingress of dilution air is made difficult.
Converter gas strengths are therefore diluted, generally by a minimum of
75 - 100% for tight-fitting hoods and up to 400% when the hood is in a
state of disrepair. This increases the size and cost of a sulphuric acid
plant, the accepted control approach in the industry.
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High gas volumes 1n the pr1mar/ sme1t1ng furnace genera]]y resu]t
in large quantities of flue dust carryover in the gases a]though this 1s a]so
a function of exit gas ve]oc1ty

~Electric furnace matte sme1t1ng a]so produces a 'natural' matte
grade since on]y melting of the charge (ca1c1ne or concentrate), takes place.
However, because hydrocarbon fuels are not burnt to effect melting, gas vol-
umes are genera]]y low compared with those in reverberatory furnaces. However,
the SO2 content 1s also low because there is Tittle ox1dat1on (except for some
10 - 15% desulphurization in the furnace freeboard) andvenr1chmentofnmttegrade.
In certa1n copper sme1t1ng app11cat1ons an off-gas containing up to 5% Sozcan
be generated if the concentrate demonstrates pyrophor1c ‘properties. and air 1is
ingressed’ into the furnace to comp]ete the oxidation of su]phur _Electric fur-_
naces smelting nickel concentrates are sometimes operated.under non-ox1d1z1ng
conditions in which case the off-gas only contains about 0.5% 502.

Fugitive emissions, the most signjficant sources being from matte
tapping and its transport in Tladles by overhead crane in the converter aisle.
and during rotation of converters from the blowing position, are more of'a
problem in smelters which produce a low grade of matte in the primary smelt-
ing furnace because of the large number of crane movements.

9.2 Changes "in Smelting Technology

‘The deficiencies 1ntrad1t1ona1 sme1t1nq processes,1 e. the1r in-
ability to utilize eff1c1ent]y the 1nherent energy in the concentrate at the
smelting stage and the product1on of uneconomic gas strengths, has led to the
development of various comnercfa11y available alternative smelting technol-
ogies to overcome these shortcom1ngs

The concept of 'flash’ sme1t1ng was developed, which essentially:
combines roasting and melting (i.e. smelting) of concentrate in the furnace
freeboard. - Part of the inherent energy content of the concentrate is released
in the exotherm1c ox1dat1on of ferrous sulphide, thereby he1p1ng to sustain
the smelting react1ons Th1s.resu1ts,1n;enr1chment of the matte grade above
its 'natural’ grade (produced if only melting, as opposed to smelting, took
place).. The degree of matte gradevenrichnent_fs controlled by the reaction



air :concentrate ratio and is also dependent on concentrate composition. En-
richment of the matte grade coincidentally results in an off-gas sufficiently
high in SO2> to make its recovery as sulphuric acid, the accepted control ap-
proach in the industry, both technically and economically feasible using the
contact process. The two flash smelting variants (Outokumpu and Inco) both
utilize the 'flash' smelting concept in various ways. The Kivcet process also
operates on the 'flash' smelting principle. Both the Inco and Kivcet processes
are oxygen flash smelting processes.

In the Noranda process, upgrading of the 'natural’ matte grade is
brought about by oxidation of the matte by blowing with oxygen-enriched air
through submerged tuyeres. The Noranda process is capable of producing blister
copper directly from concentrate, depending on concentrate composition (i.e.
impurity content), but for impurity reasons the process currently produces a
high-grade matte (70 - 75% Cu) at the Horne and Garfield smelters.

In the Mitsubishi continuous smelting process, upgrading of the
'natural' matte is achieved by top-blowing the molten bath with oxygen-en-
riched air in the smelting furnace to produce a matte (65% Cu)-siag emulsion
which is oxidized to blister copper in the converting furnace.

Matte grade, the degree of oxygen enrichment of reaction air, and
the S0, contained in off-gases are all interrelated. The matte grade selected
is governed by such factors as concentrate composition and impurity content and
the capacity of a furnace to dissipate the heat of reaction in the gases. The
general tendency in modern smelters is to aim for a high matte grade (65% Cu
in Outokumpu flash smelting, 70 - 75% Cu in the Noranda process) in the primary
smelting furnace in order to produce a continuous gas flow of constant volume
and relatively high strength (10 - 15% SO2) as a base load for conversion to
sulphuric acid. The exceptions are in the Inco and Kivcet processes, both of
which, as a consequence of utilizing the oxygen flash smelting principle, pro-
duce a matte grade in the range of 45 -50% Cu at the autogenous point for the
grade of concentrate currently treated. An off-gas of low volume containing
around 80% S0, is produced. The matte grade at the autogenous point is governed
by concentrate composition and the ability of the system to dissipate heat,
particularly to the gases. This is Timited when using technically pure oxygen
because of the virtual absence of nitrogen. Increasing the matte grade by
diluting technical oxygen with air in order to dissipate the additional heat
liberated by the smelting reactions in the gases would detract from the cost
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advantages of using oxygen. The S0, content of the gases would also be
diluted by the addition of nitrogen contained in air. The presence of
nickel in the copper matte at Inco's Copper Cliff smelter also places an
upper limit on matte grade in order to optimize nickel recovery to matte.
By producing a high-grade matte in the primary smelting process, the amount
of oxidation in the converters is reduced, thereby minimizing the problems
associated with a batch unit operation which produces an intermittent gas
flow of variable volume and strength. As a consequence of the lower matte
grade produced in the Inco and Kivcet processes, the volume of gas from

the converters is somewhat greater than when the other processes mentioned
are empioyed. In addition, the overall smelter gas volume may be slightly
greater because of the difficulty in controlling the amount of dilution air
ingressed through converter hoods.

Smelting to high-grade mattes, regardless of process, requires
a slag treatment stage, either in a separate electric furnace or by milling
and flotation, in order to maintain metal Tosses at an acceptably low level.
Integral slag cleaning is carried out in the Furukawa flash furnace using
electrodes in the settler, the matte grade being in the medium range (50% Cu).

In all the processes, oxygen enrichment of the reaction air fur-
ther increases the gas strength, simultaneously reducing gas volume, through
partial replacement of the nitrogen content. By utilizing the inherent energy
in the concentrate combined with oxygen enrichment, the modern processes are
energy efficient to the extent that the use of hydrocarbon fuel is reduced and
even dispensed with at the autogenous point.

The difference between the primary smelting processes can be con-
sidered in engineering terms - furnace design including method of charging con-
centrate, and in metallurgical terms - degree of oxygen enrichment, grade of
matte or blister copper produced, process continuity, and the point in the
overall smelting procesé at which the inherent energy is released.

The Noranda process, while producing a high-grade matte (75% Cu),
has a gas off-take (i.e. hood arrangement) similar to that of the Peirce-Smith
converter, and so is prone to ingress of dilution air, a factor which unless
controlled, increases the size and cost of an acid plant. However, when oper-
ating in the blister mode, converters are not required and under this condi-
tion the Noranda process may offer the lowest total smelter gas volume of all
processes.



Smelting concentrates to produce a higher matte grade reduces the
number and frequency of matte taps and ladles of matte transferred by crane in
the converter aisle. Asaresult, fugitive emissions are somewhat reduced. The
Mitsubishi continuous smelting process would appear to offer an improved solu-
tion in reducing, or even eliminating, fugitive emissions. By locating the
three furnaces (smelting, converting and slag cleaning) at different eleva-
tions, matte and slag are able to cascade among the furnaces along enclosed
heated launders for further processing, thus eliminating the conventional con-

verter aisle. A matte containing about 65% Cu is produced for converting in
an enclosed stationary furnace using oxygen-enriched, top-blown air lances,

as opposed to tuyeres as in the rotary Peirce-Smith converter. The Mitsubishi
process can be considered more sophisticated than others and demands close
attention to engineering and operating details.

The Hoboken syphon converter has been installed in some copper
smelters as a replacement for the Peirce-Smith converter. As previously de-
scribed, the former is better able to contain 502 emissions because of a spe-
cially designed flue system enabling control of draught. However, the required
differences in operating technique from Peirce-Smith converting have not always
been fulfilled, and together with more sophisticated engineering design, the
syphon converter, particularly the larger vessel, has not yet achieved wide
acceptance in the industry.

Combinations of various unit operations are possible. One that is
being studied by several U.S. copper smelters is a flash furnace and Mitsubishi
type converter as a replacement for the traditional reverberatory furnace -
Peirce-Smith converter combination.

In special applications the TBRC can be considered. One such ap-
plication is at Afton Mines where the vessel is used to smelt high-grade chal-
cocitic concentrate containing little sulphur and also significant quantities
of native copper. Another application is the treatment of concentrates con-
taining deleterious impurities as practised at Boliden.
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Several other processes, such as cyclone smelting, oxygen sprinkle
smelting, Amax dead roast, Q-S oxygen process, WOrcra continuous smeTting pro-
cess, are under various stages of deveTopment These processes a1m at being
energy eff1c1ent and the product1on of h1gh strength gas streams su1tab1e for

-recover1ng 502 as squhur1c acid. These processes are not yet commerc1a11y

proven

, In nickel smelting, the processes generally employed are the rever-
beratory'furnace, Outokumpu flash smelting and the electric furnace. The rever-
beratory furnaces at Inco's Copper Cliff smelter treat caTcine'produced in mul-
tiple hearth roasters while the eTectr1c furnace smeTters, being more modern
plants, smelt calcine produced 1n fTu1d bed roasters as at Inco's Thompson
smelter and FaTconbr1dge s plant near Sudbury. Character1s1t1cs of the gas
streams are similar to those in the correspond1ng copper smelting processes
assuming a similar level of squhur 1nput to the furnaces. A special appTlcat1on
of the electric furnace is used in South Africa for sme1t1ng refractory concen-
trates which are comparat1ve1y Tow in n1ckeT and pTat1num group metals. ' These
concentrates are correspond1ngTy Tow in sulphur and therefore the gases conta1n

a max1mum of about 0.5% 502 The ‘electric furnace is read11y abTe to ach1eve

the high sTag temperatures requ1red in sme1t1ng these concentrates

Inco is currently carrying out testwork on a fluid bed roaster and
electric furnace at the Thompson smelter, aimed at producing a sulphur deficient
matte which would undergo only an iron removal (finishing) blow in. the converters.

'Roasting conditions will be controlled so as to eliminate about 80% of the sulphur

contained in concentrate, simuTtaneousTy producing a continuous source of high-
strength 502 gas suitable for the manufacture of sulphuric ac1d . thereby reducing
emissions to the atmosphere.

At the Copper CTiff_smeTter, Inco has successfully smelted nickel
concentrates using oxygen flash smelting techniques to produce .a relatively .
high-grade matte containing 32% Ni and a sTag assaying 0.47% Ni. Oxygen consumed
var1ed between 25 and 30% of the weight of dry concentrate ~Pilot plant testwork

‘has also been undertaken to examine the techn1ca1 feas1b111ty of .a cont1nuous

nickel smelting process. A pyrrhotite separation process_aimed at reducing-S02
emissions by 25% at Inco's Sudbury operations will be installed in the .concentrator
and is scheduled for commissioning.in mid-1983. This will further reduce the
sulphur input to the smelter.:
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9.3 Engineering Requirements

Imposition of additional environmental regulations will necessi-
tate changes being made to smelters utilizing outdated technology. Experience
at Japanese smelters, where modern smelting technology (generally flash smelt-
ing) is employed, indicates that greater than 90% total sulphur containment can
be achieved. Some plants claim 99% sulphur capture and fixation using double
absorption acid plants and tail gas scrubbing (1).

01d smelters are typically equipped with the technology of the
time, those still in existence generally being reverberatory furnaces, and
converters with hood designs which allow in-leakage of large volumes of air
used as a means of cooling high-temperature off-gases. These plants were de-
signed to meet the accepted air pollution standards, if any, of the time. Un-
der these conditions there was Tittle incentive for sulphur containment which
means that these smelters require considerable engineering modifications, pro-
cess changes and capital expenditure if they are to meet current and proposed

air pollution legislation. These older smelters can be remodelled for improved

sulphur containment but the possibilities, while varying from one smelter to
another, are invariably Timited. Fluid bed roasters can be installed ahead of
reverberatory or electric furnaces, and converters can be equipped with tight-
fitting, water-cooled hoods provided there is sufficient room for the extra
equipment needed. However, only partial sulphur containment can be achieved
by these changes, and often the gases obtained by rehabilitating old smelters
are far from ideal for processing to sulphuric acid, so that the acid plants
become large and costly to build and operate (2).

More fundamental remodelling such as replacement of unit opera-
tions, e.g. reverberatory by flash smelting, may require extensive modifica-
tions to smelter buildings and auxiliary facilities such as storage and con-
veying systems, electric power, water and steam systems. In addition, the
addition of an acid plant, and in some cases an oxygen plant, will be neces-
sary. Considerable disruption to production will occur during such extensive
rehabilitation. Costs of this work will be very high and in some cases almost
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as costly as a completely new smelter. Certain design features may of neces-
sity be complicated and far from ideal when an old smelter is extensively re-
modelled or processes are replaced and this may lead to operating difficulties

later on.

Even for an extensively remodelled old smelter, it is still diffi-
cult to achieve a high degree of sulphur containment within present-day econ-
omic limits. This is because a substantial proportion of the sulphur is con-
tained in the converter gases of variable volumetric flow rate and SO2 content.
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10 CAPITAL COSTS

10.1 Alternative Smelting Technologies

As mentioned previously, each smelter is unique in terms of its
location, smelting and sulphur containment (if any) technologies employed,
and requirements for compliance with environmental legislation. The lat-
ter also varies according to location. These factors mean that it is dif-
ficult to quantify costs, other than in very general terms, for modifica-
tions and additions to an existing smelter. Each smelter must be assessed
on an individual basis, taking into account the measures that are technic-
ally and economically feasible for sulphur containment.

The capital expenditure required to achieve a significant degree
(90% and greater) of sulphur containment from older smelters will be large.
Investment will be required for sulphur fixation facilities (usually sul-
phuric acid plants) and for rehabilitating and modernizing the metallurgi-
cal plant itself. These expenditures will frequently be incurred without
any increase in metal production and therefore may be accompanied by no
financial return on the investment. The expenditures must be amortized
over a period of 10 to 20 years and therefore require corresponding ore re-
serves or supplies of concentrate to ensure economic operation of the smel-
ter over this period. The remaining 1ife of an orebody can therefore place
a constrainton the availability of capital required for sulphur containment
facilities (2).

In the case of new smelters, the requirement for sulphur contain-
ment alters the criteria for optimum economic location. For the reasons al-
ready put forward in Section 8, it is likely that any new smelter would be
located in an acid-consuming area with concentrates being transported to the
smelter site.

Average order-of-magnitude costs (mid-1980 Canadian dollars, t30%
accuracy) are shown in Figure 21 for four copper smelters of varying capa-
city based on a greenfield site (27). The smelters include sulphuric acid
and oxygen plants as appropriate to the technology employed. The costs re-
present the mean of four processes (Inco and Outokumpu flash smelting,
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Noranda process, and roast-electric smelting), with each process varying
+25% from the mean line. The costs also represent the 'total installed
cost', but exclude those items which vary with location, i.e. freight,
duties and taxes, construction indirects, site preparation and initial
stores inventory, which in total could account for an additional 20 - 30%
of the cost given on the graph. These costs could also be considered re-
presentative for nickel smelters employing Outokumpu flash smelting or
roast-electric smelting technology.

10.2 Sulphur Containment Plants - Concentrated Gas Streams

Order-of-magnitude capital costs are given in this section for
various sulphur containment plants, i.e. sulphuric acid plants, 1iquid 502
and elemental sulphur production facilities. These costs do not include
the cost of adapting the metallurgical plant to the sulphur fixation tech-
nology. Extensive smelter modifications, such as process changes and in-
stallation of hot gas cleaning facilities will vary in each case and could
well exceed the cost of the sulphur fixation plant. An allowance is included
to cover a proportion of the auxiliary equipment and services which can
reasonably be assigned to the sulphur product recovery plant.

10.2.1 Sulphuric Acid Plant

Sulphuric acid plant costs vary according to the maximum volu-
metric gas flow rate which determines the size of blower and other equip-
ment, and with the gas strength. Smelter gases should not be below about
4% 502
tion, acid plant costs increase dramatically and could be as much as 50 - 80%

if an acid plant is to operate autothermally. Below this concentra-

higher than the lowest concentration curve shown on Figure 22, which gives
typical total installed costs for double absorption acid plants varying with
gas flow and SO, concentration (27). Where a manufacturer's price is avail-

able for an acid plant package (i.e. equipment F.0.B., engineering and licence

fee) the total installed cost can be calculated by applying a factor of about
3.1 which will allow for civil works, interconnecting services, acid tanks,
0i1 storage, effluent disposal, spares, freight and erection. The costs in



P

.

159

" oo B
_ 80,000,000 5.
L 60,000,000 '~
L %/ “40.'mom° i"F
0
' -/17 B S
szpese = | -
2= | 20000000
8:0% SO2 +— "., : ~ ‘ . %
% g

- |0.000.600

10,000 59.000 100,000 500,000
SMELTER GAS FLOW RATE (Nm3/hr)
FIGURE 22- DOUBLE ABSORPTION ACID PLANTS - TOTAL INSTALLED 'COST (27)




160

Figure 22 are on the basis of Canadian dollars, at mid-1980 prices. Import
duties are excluded.

The cost of an acid plant also varies according to whether the
plant uses single or double absorption technology, and according to whether
the plant treats a continuous gas stream only, variable gas stream only, or
a combination of the two. A double contact acid plant (which has a lower
strength tail gas emission) is between 10 - 15% more expensive than a single
contact plant (2,19). Indications are that the additional acid recovered,
or sulphur fixed, in a double absorption plant does not offset the addition-
al capital and operating costs, particularly in areas where energy costs are
high (2). Table 26 gives typical order-of-magnitude double absorption acid
plant costs (mid-1979 Canadian dollars) and shows the dependence of cost on
the characteristics of the gas streams referred to above (2).

Acid plant capacity also varies according to the size of the smel-
ter and the amount of input sulphur required to be recovered. The largest
plants at copper smelters exceed 2000 tpd for a single stream installation.
From a smelter of economic size, acid production is commonly 500 - 1000 tpd,
depending on the number of gas streams processed.

10.2.2 Sulphuric Acid Neutralization

If environmental regulations and other factors determine that pro-
duction of sulphuric acid from smelter gases should be the control approach,
the acid may be used on site, or sold into various markets. If no markets
exist, or if market saturation occurs, all or part of the acid must be neu-
tralized with lime/limestone to form gypsum, a stable material which can be
discarded. Table 27 gives order-of-magnitude costs for neutralizing and
impounding 540 and 1100 tpd of sulphuric acid at the smelter site (2).
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TABLE 27 COST OF NEUTRALIZING SULPHURIC ACID FROM A DOUBLE
CATALYSIS ACID PLANT WITH LIMESTONE AT THE SMELTER SITE (2)

Basis for Estimates

Acid plant production to be neutralized
t/yr 100% HZSO4 190,000 380,000

t/day 100% H2504 540 1,100

CAPITAL COST ($, June 1979 cost level)

Neutralization p]ant1 5,818,000 9,272,000

Contingency @ 25% 1,454,000 2,318,000
7,272,000 11,590,000

Auxiliary equipment and services

including gypsum impounding 1,257,000 2,000,000

TOTAL CAPITAL COST 8,529,000 13,590,000

1 Includes engineering and construction overhead costs.
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10.2.3  Elemental Sulphur Plant

As previously mentioned, the production of elemental sulphur from
smelter-gases is both technically and economically Tess attract1ve than is
the product1on of sulphuric acid, the accepted control approach in the 1n-

dustry. The: production of elemental ‘Sulphur requ1res a continuous flow of:

relatively strong SO2 gas with a very low oxygen content as feed material. .
This can be produced by some sme1t1ng uni'ts such as flash furnaces, but con-
verter gases of variable fiow and 502 content would-have to be’ processed to

_ sulphuric acid. Table 28€ gives an.order-of-magnitude cost (mid-1979 Canadian::

do]]ars) estimate for a sulphur recovery pTant of:270 tpd elemental sulphur
capacity-(2). This corrésponds to a:production of about 820 tpd of sulphuYic'
acid from the same gases and represents a feasonably‘1arge sme]ting instal-
1at16n Because few e1ementa1 sulphur plants treat1ng sme]ter gases havebeen
bu1]t there s a lack of reliable cost data

10.2.4 'Liduid S0o Plant

: As in the case of the elemental sulphur plant, few plants have been
bu11t which recover the 502 contained in smelter gases in the form of Tiquid
802 The p]ant at Copper C1iff treats gases containing-approximately. 80%50
from an oxygen flash furnace of Inco design. Table 29 gives an order-of-
magnitude cost estimate (mid-1979 Canadian dollars) based on producing 160 tpd -
of Tiquid SO, from roaster or flash furnace gases containing 12% SO, (2). "As ’
in the case of e]ementa] sulphur production, only a cont1nuous stream of com-
parat1ve1y rich sme]ter gas is su1tab1e for process1ng to Tiquid SO2 Vari-
able flow, and ‘lower- grade converter gases would have to be processed to sul-
phuric acid to achieve a h1gh overa]] sulphur fixation rate. '

10.2.5 Combined Sulphur Fixation Plants

As previously mentioned, only high-strength, continuous flow smelter
gases are suitable for producing liquid 502 or elemental sulphur. In the case

" where"the highest degree of sulphur fixation is requ1red the variable, Tower-

strength converter gases must be processed separately to sulphuric acid. This
additional processing increases the captial costs for sulphur recovery by the
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TABLE 28  COST OF RECOVERING ELEMENTAL SULPHUR FROM SMELTER GASES (2)

Basis for Estimates

Production:

Gas processed:

Tail gas:

Process:

270 t/day elemental sulphur, corresponding to 89 000 t annually
(assuming 330 operating days) ,

natural gas reduced flash furnace gas, cleaned in hot electrostatic
precipitator, and containing 8.4% sulphurous gases (mixture of S vapour,
SO,, H,S and CO0S)

estimate includes incineration of process plant tail gas, using natural gas
as fuel, to burn excess HZS and COS to 502

estimate is based on the Outokumpu sulphur recovery process, using the
Orkla method for catalytic conversion of reduced smelting furnace gases

CAPITAL COST (§, June 1979 cost level)

Elemental sulphur plantl $21 275 000
Additional smelter auxiliary facilities2 5 936 000
Subtotal 27 211 000
Contingency @ 25% 6 803 000
34 014 000
Sulphur plant tail gas stack 3 321 ooo
Contingency @ 25%" 830 000
4 151 000
Total cost for sulphur recovery 38 165 000
1 Based on 91% sulphur recovery from flash furnace gas, corresponding to about 50%
fixation of sulphur contained in copper or nickel concentrates.
2 The sulphur plant requires substantial additions to smelter auxiliary facilities such
as electric power, steam and water systems, maintenance shops, laboratory, etc.
3 Includes engineering and construction overhead costs.
4 Stack discharge of incinerated sulphur plant tail gas.

a B e
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cost of the acid plant required. These total costs, based on the previous plant
costs shown in Tables 26 to 29, are shown in Table 30 (2). It should be
noted, however, that the costs are not directly comparable since in the el-
emental sulphur case approximately 65% more sulphur is fixed than in the
case when making liquid SOZ'

In cases where the smelter produces both continuous high-strength
gases and variable Tower-strength gases (which is normally the case in copper
and nickel smelters), the processing of all gases to sulphuric acid requires
the lowest capital expenditure and is technically less complex. In most cases
the acid produced can be neutralized and disposed of as gypsum slurry at al-
most the same or lower capital cost per tonne of sulphur fixed, than follow-
ing either of the two approaches outlined in Table 3Q.

10.2.6 Capital Cost Summary

Table 31 summarizes total estimated capital costs for the various
sulphur containment processes previously mentioned (2). A 25% contingency
and an allowance for auxiliary equipment and services is included. In ad-
dition, capital charges, amortized at 10% per annum over 15 years, are shown
in dollars per tonne of sulphur fixed as acid, liquid 502, or elemental sulphur.

10.3 Sulphur Containment Plants - Weak Gas Streams

SO2 can be removed from weak gas streams using either regenerable
absorption systems or nonregenerable absorption (scrubbing) systems.
Typical estimated capital costs (1980 U.S. dollars) for gas cooling, con-
ditioning (humidifying) and residual particulate removal prior to the 502
absorption stage (which is common to both systems) are shown in Figure 23
for both systems as a function of volumetric gas flow rate (28). The amount
of cooling and conditioning depends upon the characteristics of the gas
stream and the limitations of the 502 removal system. Conditioning require-
ments for scrubbing systems are supplied by providing gas cooling and
humidification only. Regenerable systems may require additional cooling
and an increased degree of particulate removal. Costs for disposal of sludge
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TABLE 30 w.TOTAL COST _FOR .SULPHUR "RECOVERY FROM SMELTERS WITH VARIABLE
- LOW-STRENGTH GAS FLOW (2)
$, June 1979 Cost Level
Chemical Absorption | Physical Recovery
(1) Liquid ‘SO, Plant™

160 t/day liquid SO from
continuous gases

Su]phuric'acid plant
540 -t/day HZSO4 from

variable gases

TOTAL CAPITAL COST

'Elemental Sulphur Plant

270 t/day elemental

sulphur. from continuous
gases -

Sulphuric acid plant

540 t/day HoS04 from

variable gases

Sulphuric Acid Plant
t/day H2S04 -from continu-

ous and variable gases

Acid:-Plant -

| Nedtra]izatidn-P]énf f‘

8,881,000

- 7,892,000

- ‘Double Catalysis

29,789,000

38,670,000

- 38,165,000

29,789,000

67,954,000

540
22,608,000

8,529,000 -~

31,137,000 -

Double Catalysis

29,789,000

37,681,000
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TABLE 31 TOTAL ESTIMATED CAPITAL COSTS FOR VARIOUS SULPHUR CONTAINMENT

PROCESSES (2)

Sulphuric Acid Plants

540 t/day H,50,4

Continuous gases only
Variable gases only
Combined continuous & variable gases

1,100 t/day H2504
Combined continuous & variable gases

Neutralization of sulphuric acid

$, June 1979 Cost Level
Double Catalysis

Capital Charges

540 t/day HpS04
1,100 t/day HySOg

Liquid 302 PTant

160 t/day liquid S0,

Elemental Sulphur Plant

270 t/day elemental
sulphur

Capital Cost $/t fixed S
18,137,000 38
29,789,000 63
22,608,000 48
34,166,000 36

8,529,000 18
13,590,000 14

Chemical Absorption Physical Recovery

Capital Capital Capital Capital
Cost Charges Cost Charges

8,881,000 41 7,892,000 36

- 38,165,000 56
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TOTAL CAPITAL INVESTMENT (Battery Limits)
(Millions of 1980 Dollars)
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GAS VOLUME TO BE TREATED — SCFM

1} Regenerable systems include: Sodium Scrubbing (Wellman-Lord Process);
Dimethylaniline {DMA)/Xylidine Process; and Sodium Citrate Process,

2) Nonregenerable systems include: Lime and Limestone scrubbing; and
Sodivm Scrubbing {(Double-Alkali Process).

23 TOTAL CAPITAL INVESTMENTS FOR SOp GAS COOLING AND
CONDITIONING FOR BOTH REGENERABLE AND NONREGENERABLE
(SCRUBBING) SYSTEMS (28)
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produced in the nonregenerable system are included. The regenerable step,
or disposal step if the system is nonregenerable, is specific to the SO2
removal process employed.

Figures 24 and 25 show estimated capital costs for regenerable and
nonregenerable absorption systems, respectively, as a function of volumetric
gas flow rate and SO2 concentration (28). The shaded areas represent the
range of possible costs depending on the SO2 concentration in the gas and the
type of 302 removal process.

To obtain the total capital costs for the respective SO2 removal
systems, the costs for gas cooling and conditioning, shown in Figure 23, must
be added to the costs given in Figures 24 and 25.
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TOTAL CAPITAL INVESTMENT {(Battery Limits)
(Millions of 1980 Dollars)

100

4.0 Percent 802
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0.5 Percent SOz

10

T T LI I I 1 LB
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GAS VOLUME TO BE TREATED - SCFM
NOTE: 1) Gas Cooling and Conditioning not indluded.

2) Regenerable systems include: Sodium Scrubbing (Wellman-Lord Process);
Dimethylaniline (DMA}Y/ Xylidine Process; and Sodium Citratg Process.

TOTAL CAPITAL INVESTMENTS FOR SO» REMOVAL USING
REGENERABLE SYSTEMS (28)
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TOTAL CAPITAL INVESTMENT (Battery Limits)
{Millions of 1980 Dollars)
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GAS VOLUME TO BE TREATED — SCFM

NOTE: 1) Gas Cooling and Conditioning not induded.
2) Nonregenerable systems include: Lime and Limestone scrubbing; and
Sodium Scrubbing {Double-Alkali Process).

TOTAL CAPITAL INVESTMENTS FOR SO2 REMOVAL USING
NONREGENERABLE (SCRUBBING) SYSTEMS (28)
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11 PRODUCTION COSTS

11.1 Alternative Smelting Techologies

Smelter production costs vary very widely according to Tlocation
because of the different unit costs of fuel, power and labour, and cost of
refractories delivered to site. Operating costs will also vary according
to the smelting technology used. U.S. smelters typically would incur direct
operating costs (excluding depreciation and capital charges) in the range
16-20 U.S. ¢/1b Cu (mid-1979). However, a greenfield smelter would incur much
higher costs due to capital charges and depreciation on new plant.

Nickel smelters would incur direct operating costs of about U.S.
$2.00 - 2.50 per 1b of contained nickel as refined product. The final smel-
ter product, Bessemer matte, still contains some 21% S which has to be fixed.
In order to put operating costs on a comparable basis it is therefore more
meaningful to compare the costs of producing anode copper with refined nic-
kel, both of which are essentially sulphur-free.

The direct smelter operating costs, which would include the costs
of fixing sulphur, allow the costs of the latter (given in later sections)
to be put in perspective.

11.2 Sulphur Containment Plants - Concentrated Gas Streams

Production cost estimates are based on typical Canadian unit costs
prevailing in mid-1979. At any particular smelter location these unit costs
will vary. The estimates assume that SO2 in smelter gases is delivered free
of charge to the sulphur fixation plant and therefore show only the cost of
operating the sulphur recovery plant. The costs would increase if a value
were applied to the sulphur contained in feed gases. The significant cost
items are power, fuel and plant maintenance.

11.2.1 Sulphuric Acid Plant

The production cost of fixing sulphur as sulphuric acid in a double
absorption plant is given in Table 32 (2). The estimates are based on treat-
ing continuous gas only, variable gas only and a combination of the two. The
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TABLE 32 PRODUCTION COST OF FIXING SULPHUR AS SULPHURIC ACID FROM SMELTER
GASES USING DOUBLE CATALYSIS ACID PLANT (2)

Continuous Gas Base

Continuous Variable Load with Variable
Basis for Estimates Gas Only Gas Only Gases
Production: t/day 100% HpSOq 540 540 540 1,100
Gases:
Continuous smelter gas, i.e.,
from roaster, flash furnace,
% S0 12 - 12 12
Variable gas, i.e., from
converters, % SOp - 5-8 5-8 5-8
PRODUCTION COST ($/t H,S0,)
Operating Cost
Supervision 0.53 0.53 0.53 0.26
Operating labour 1.04 1.04 1.04 0.58
Utilitiesl 1.73 3.09 2.17 2.13
Operating sgpp]iesz 0.28 0.28 0.28 0.28
Maintenance 3.14 5.16 3.91 2.93
Indirect costs 0.69 0.69 0.69 0.37
Subtotal 7.41 10.79 8.62 6.55
Contingency @ 10% 0.74 1.08 0.86 0.66
Total operating cost 8.15 11.87 9.48 7.21
Capital Charges:
Amortization & Interest
@ 15 years and 10%/yr 12.51 20.56 15.60 11.79

N
ol
(e
e}
—
O
o
[}

Total Production Cost 20.66 32.43

1 Includes natural gas, water and electric power

2 Includes limestone for weak acid neutralization and other operating supplies.
3 @ 3.3%/yr of total capital cost.

4 Includes property taxes, insurance, legal and technical counsel, etc.
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costs per tonne of acid using a single absorption plant would be about 8%
lower than the costs given in Table 32 (2). Where waste heat steam is avail-
able from the smelting process, savings can be made in the power required
for acid production by using direct steam turbine drive on the acid plant
blowers.

11.2.2 Sulphuric Acid Neutralization and Gypsum Impounding

For those smelters where it is not practical or economic to market
sulphuric acid because of remote location or market saturation, it is neces-
sary to neutralize the acid with Time/limestone to produce gypsum which can
be impounded as a waste product. These production costs are shown in Table
33 on the basis of dollars per tonne of acid neutralized for the cases pre-
viously described, i.e. 540 and 1100 tpd of acid (2). The major factor af-
fecting the cost of acid neutralization, exclusive of waste disposal, is the
cost of mining, crushing, grinding and transporting limestone to the plant
site. This cost will vary considerably with distance from the quarry to ‘the
smel ter.

11.2.3 Elemental Sulphur Plant

The production cost for recovering elemental sulphur from 502 con-
tained in smelter gases is shown in Table 34 (2). The significant item is
the cost of natural gas used as reductant.

11.2.4 Liquid SO2 Plant

The production cost for recovering liquid 502 from smelter gas is
given in Table 35 (2).

11.2.5  Production Cost Summary

Production costs, including operating costs and capital charges,
for the three methods of sulphur recovery are given in Table 36 (2). The
costs are shown on the basis of dollars per tonne of sulphur fixed in order
to facilitate a true comparison.
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TABLE 33 PRODUCTION COST OF NEUTRALIZING SULPHURIC ACID FROM A DOUBLE
CATALYSIS ACID PLANT WITH LIMESTONE AT THE SMELTER SITE (2)

Basis for Estimates

Acid plant production to be neutralized
t/yr 100% H»SO 190,000
t/day 100% H2$64 540

PRODUCTION COST ($/t HpSO4 neutralized)
Operating Cost

Supervision normally part of acid plant
Operating labour 0.77
Utilitiesl 0.67
Operating supplies
(incl. Timestone)?2 19.06
Maintenance3 0.99
Indirect costs4 0.64
Subtotal 22.13
Contingency 0 10% 2.21
Total operating cost 24.34

Capital Charges

Amortization & interest
@ 15 years and 10%/yr 5.89

o
N
w

Total Production Cost 3

380,000
1,100

supervision
0.39
0.67

1 Includes natural gas, water and electric power

2 Includes limestone (49% Ca0) for acid neutralization and other operating

supplies.
30 2.2%/yr of the total capital cost.

4 Includes property taxes, insurance, legal and technical counsel, etc.

. e
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TABLE 34 PRODUCTION COST OF RECOVERING ELEMENTAL SULPHUR FROM SMELTER GASES (2)

Basis for Estimates

Production: 270 t/day elemental sulphur, corresponding to 89,000 t annually
(assuming 330 operating days)

Gas Processed: natural gas reduced flash furnace gas, cleaned in hot electro-
static precipitator, and containing 8.4% sulphurous gases (mix-
ture of S vapour, S02, HpS and COS)

Tail gas: estimate includes incineration of process plant tail gas, using
natural gas as fuel, to burn excess HpS and COS to SOp
Process: estimate is based on the Outokumpu sulphur recovery process,

using the Orkla method for catalytic conversion of reduced
smelting furnace gases

PRODUCTION COST
$/t recovered sulphur

Operating Cost

Supervision 1.51
Operating labour 5.93
Utilitiesl 39.48
Operating supplies?2 3.25
Maintenance3 13.96
Indirect costs? | 2.26

Subtotal ' 66.75
Contingency @ 10% 6.68
Total Operating Cost 73.43

Capital Charges

Amortization & interest @ 15 years and
10%/yr 55.86

Total Production Cost 129.29

1 Includes natural gas, steam, water and electric power.
2 Includes chemicals, catalyst replacement and other operating supp11es
3 At following annual percentages of total capital cost:

3.5%/yr for sulphur plant and additional smelter auxiliary fac1]1t1es,
1.5%/yr for tail gas stack. :

4 Includes property taxes, insurance, lega] and techn1ca1 counsel, etc.
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TABLE 36  TOTAL PRODUCTION COSTS FOR SULPHUR BY-PRODUCTS FROM SMELTER

GASES (2)

Sulphuric Acid Plants

Nominal Production t/day H2504

From
continuous gas flow
variable gas flow
continuous & variable gas flows
Sulphuric acid neutralization

Liquid SO, Plant

Nominal production t/day SO2

continuous gas flow

Elemental Sulphur Plant

Nominal production t/day sulphur
continuous gas flow

$/tonne Sulphur Fixed

540

Double

Catalysis

63
99
77
92

Chemical

Absorption

100

1,100

Double
Catalysis

58
86

160

Physical
Recovery

85

270
129




180

Copper and nickel smelters produce a mixture of continuous and
variable gas streams. The cost of sulphur fixation from all major smelter
gas streams is summarized in Table 37 in terms of dollars per tonne of
sulphur fixed (2).

In the case where acid cannot be sold, the costs of acid neutra-
lization and gypsum impounding must be added to the costs shown in Table 37.
The operating costs for total fixation of the sulphur in smelter gases then
become those shown in Table 38 (2).

11.2.6 Sulphur Containment Plants - Weak Gas Streams

Figure 26 gives estimated total annual operating costs (1980 U.S.
dollars) for the gas cooling and conditioning stages for both regenerable and
scrubbing systems as a function of volumetric gas flow rate (28). The operat-
ing costs in Figure 26 correspond to the capital costs shown in Figure 23.

Figures 27 and 28 show estimated annual operating costs for regener-
able and nonregenerable absorption systems, respectively, as a function of
volumetric gas flow rate and SO2 concentration (28). The shaded areas
represent the range of possible costs depending on the SO2 concentration in the
gas and the type of SO2 removal process. In regenerable systems, the products
produced (elemental sulphur, liquid SO2 or sulphuric acid) have commercial

value and may provide a source of revenue that would affect the costs associated

with the control systems. However, because the factors associated with market-
ing these products are highly variable, the credits for these products or the
costs associated with neutralization or disposal are not included in the cost
curves for regenerable systems shown in Figures 24 and 27.

To obtain the total operating costs for the respective SO2 removal
systems, the costs for gas cooling and conditioning, shown in Figure 26, must
be added to the costs given in Figures 27 and 28.

11.2.7 Cost of Sulphur Containment per Pound of Metal Recovered

In both copper and nickel concentrates, the ratio of sulphur to
metal varies widely according to mineralization. For this reason, and because
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TABLE 37  PRODUCTION COST OF SULPHUR FIXATION FROM ALL MAIN SMELTER
GAS STREAMS (2)

$/tonne Sulphur Fixed

Double

Catalysis
A11 Gases.to Sulphuric Acid
(1) 540 t/day H2504 77
(2) 1,100 t/day H,S0, 58
Liquid SO2 and Sulphuric Acid
(1) 160 t/day liquid SO» 85 to 100
(2) 540 t/day H2504; o 99
Sulphur Recovery Cost Range 95 to 99
Elemental Sulphur & Sulphuric Acid
(1) 270 t/day elemental sulphur | 129
(2) 540 t/day HyS0, 99
Average Sulphur Recovery Cost 117
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TABLE 38  PRODUCTION COST OF SULPHUR FIXATION WITH NEUTRALIZATION AND
GYPSUM IMPOUNDING (2)

$/tonne Sulphur Fixed

Double Catalysis

A11 Gases to Sulphuric Acid & Acid Neutralization

(1) 540 t/day H,SO 169
2>V

(2) 1,100 t/day H,SO 144
2774

Liquid SO», Acid Production & Acid Neutralization

(1) 160 t/day 502
540 t/day HZSO4 to neutralization 158 to 163

Elemental Sulphur, Acid Production & Acid Neutralization

(1) 270 t/day elemental sulphur
540 t/day H2504 to neutralization 155

Note: Liquid SO2 and elemental sulphur are produced from high-grade
continuous gas streams. Lower-grade variable converter gases
are processed to sulphuric acid.
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TOTAL OPERATING COS5T (Battery Limits)
{Millions of 1980 Dollars) -

. 1
.-!
-
10 4
' -
.
9. -t
. Regenerable System
Nonregenerabla System
01 K T T T 117717 T TTTTT
10000 . N 100,000 : 1,000,000

© GAS VOLUME TO BE TREATED ~ SCFM *

1) Regenerable systems include: Sodium Scrubbing (Wellman-Lord Procass);

" Dimethylaniline (DMA)/Xylidine Process: and Sodium Citrate Process.

2) Nonregenerable systems include: Lime and Limestone scrubbing; and
Sodium Scrubbing (Double-Alkali Process).

L

FIGURE 26  TOTAL OPERATING COSTS FOR SO, GAS COOLING AND
CONDITIONING FOR BOTH REGENERABLE AND NONRE GENE RABLE
(SCRUBBING) SYSTEMS (28)
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TOTAL OPERATING COST {Battery Limits)
{Millions of 1980 Dotlars)

100

10

-t 4.0 Percent 502
.
.
.
-
- 0.5 Percent SOz'
T T T T VITTI T T~ 1T T TTT11
10,000 100,000 1,000,000

GAS VOLUME TO BE TREATED — SCFM

NOTE: 1) Gas Cooling and Conditioning not included.

FIGURE 27

2) Regenerable systems include: Sodium Scrubbing (Weliman-Lord Process);
Dimethylaniline (DMAYXylidine Process; end Sodium Citrate Process.

TOTAL OPERATING COSTS FOR SO, REMOVAL USING
REGENERABLE SYSTEMS (28)
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" TOTAL OPERATING COST (Battery Limits)
(Millions of 1980 Dollars)

100

10

.ﬁ 4.0 Percent SO,
-
-
-
-
. .
0.5 Percent 802
-
1 T LA 1 1 LR LA
10,000 100,000 1,000,000

GAS VOLUME TO BE TREATED - SCFM

NOTE: 1) Gas Cooling and Conditioning not induded.

FIGURE 28

2) Nonregenerable systems include: Lime and Limestone scrubbing; and
Sodium Scrubbing {Double-Alkali Process).

TOTAL OPERATING COSTS FOR SO, REMOVAL USING
NONREGENERABLE (SCRUBBING) SYSTEMS (28)
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unit costs vary according to smelter location, the range in costs of
sulphur containment per pound of metal recovered, both for copper and nickel
concentrates, will be different and will vary widely. Other variables
affecting production costs are the type of smelting and sulphur containment
processes used.,

Table 39 shows a typical range of order-of-magnitude costs (Canadian
currency, mid-1979) for containing sulphur as sulphuric acid (both for single
and double absorption plants) per pound of metal produced for various gas
streams and levels of sulphur fixation (2). The costs are based on those
given in previous tables for sulphuric acid production and neutralization and
include amortization and direct operating costs. No allowance for credit from
acid sales is included. A common basis of 360 tpd of sulphur in concentrates
is assumed. The degree of sulphur fixation includes sulphur contained in slag
and other solid products leaving the smelter as well as in the acid.

A tentative analysis (29) was made in 1978 to assess the pollution
control costs incurred by the U.S. copper industry compared with similar costs
incurred by overseas copper producers. Meaningful comparisons are difficult
to make because of the wide variety of circumstances. In 1978 it was estim-
ated that U.S. copper smelters incurred additional direct operating costs of
some 4 U.S. ¢/1b Cu in attempting to meet the EPA SO2 and particulate emission
standards. This cost increases to 9 c/1b Cu when depreciation, interest charges
and sundry overheads are included. These costs exceed those of any other major
producing country. It was further reported that only 50% of western world
copper producers, including the U.S.A. and Japan, incur atmospheric pollution
control costs exceeding 4 c¢/1b Cu. A1l of these are major industrial nations
of which only Canada and Germany export copper to the U.S.A. In contrast, 40%
of western world copper producers incur no significant atmospheric pollution
control costs. Canadian smelters were reported to be incurring total costs of
5 -7 c/lb, smelters in'European and other developed countries in the range of
2 -4 c/1b, while most smelters in countries such as Chile, Peru, Zambia and
Zaire, where minimal or no atmospheric pollution control measures are adopted,
incurred costs in aggregate of less than 1 c¢/1b.
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COPPER AND NICKEL (2)

PRODUCTION COST OF SULPHUR FIXATION PER POUND OF METAL PRODUCED,

Sulphur fixation, %

Production cost
$/tonne S

Neutralization cost
$/tonne S

Sulphur/Metal Ratio
in Concentrate

Sulphuf Fixation
Costs

Copper, ¢/Ib Cu

Single Catalysis Acid Plant !

Double Catalysis 2

Continuous Variable
Gases only Gases only
50 , 45
59 92
92 92

Low  High Low High

1.07 2.14  1.50 3.0l

Continuous &
Variable Gases

Continuous &
Variable Gases

95 97
24 58
86 86

Low High Low High

1.86 3.73  2.05 4.10

Nickel, ¢/Ib Ni 2.95 6.43 4.14 9.02 5.12 11.18 5.64 12.31
Neutralization
- total cost of
making acid and
neutralizing it
Copper, ¢/Ib Cu 2.75 5.50 3.02 6.03 4.67 9.64 5.07 10.14
Nickel, ¢/lb Ni 7.57 16.51 8.29 18.09 13.25 28.91 13.9%4 30.42
Tail gas emission 1500 - 1700 ppm 502
Tail gas emission 500 - 650 ppm 502
Copper conc. 20 - 35% Cu, 26 - 33% S, S/Cu 0.8 - 1.6
Nickel conc. 6 - 12% Ni, 26 - 29%, S/Ni 2.2 - 4.8
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It has recently been reported that it is costing the U.S. copper
industry from 10 to 15 c/1b of copper to meet the current EPA 502 emission
regulations (30).

Uncorroborated estimates (8) have been made (1977) of the costs of
air and water pollution control at non-ferrous smelters in Japan. Based on
operating costs for pollution control representing about 10% of the metal
(Pb - Zn) sales price at one smelter and 10 to 20% of total costs at two
others, the cost of pollution control at Japanese smelters was thought to
represent from 10 to 20% of total production costs, including administration.

At the same time, it was estimated that operating costs in the range 4 - 6 U.S.

c/1b Cu were being incurred by Mitsubishi's Onahama smelter for the Mg0 system
that concentrates SO2 in the reverberatory furnace off-gas.
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