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A. INTRODUCTION AND SUMMARY

The purpose of this report is to present background design

data on the ASARCO Incorporated Smelter at Tacoma, Washington in

sufficient detail to allow air pollution control system

engineering studies to be conducted. These studies are

primarily concerned with lean S02 streams that are currently not

being captured.

Physical layout of the smelter and surrounding area

along with existing smelter and control equipment is presented.

Ductwork that would be considered for future system tie-in

is defined. Emissions from operating equipment, gas flow rates,

temperatures, sulfur balance and process flow sheet are

included. Utilities, stack dimensions, footing requirements,

and solid waste handling are defined. Available area for new

control equipment, gas characteristic variation and potential

new control equipment installation problems are discussed.

The major uncontrolled sources of S02 at this smelter

are the reverberatory furnaces and the roasters. Available

space for installation of new equipment is limited. A D}~

S02 concentration system producing liquid S02 and a sulfuric

acid plant are used to control S02 from converter off gas.

B. PLANT LOCATION, ACCESS AND OVERALL GENERAL ARRANGEMENT

The ASARCO Smelter is located at the edge of Puget

Sound in the towns of Tacoma, and Ruston, Washington. An enlargement

of the USGS map, showing land contours of the immediate area is

presented in Figure 1. Design altitude for the plant is sea

level with latitude 470 18' and longitude 1220 30'.

Overall plant view is shown as an artist's sketch in

Figure 2. Smelter general arrangement is shown in Figure 3.

A schematic showing relative location of the major emitting

-1-
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Figure 3. SMELTER GENERAL ARRANGEMENT

(Located in Pocket Inside of Back Cover)
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equipment with connecting duct work is given in Figure 4.

The primary particulate emission sources are the crushing and

screening operations, the roasters, the reverberatory furnaces and

converters. The primary sources of sulfur dioxide are the

roasters, reverberatory furnaces and the converters.

This plant, from a system and equipment standpoint,

is one of the most complicated copper smelters in the United

States. It not only includes the conventional copper roasters,

reverberatory furnaces and converters, but also additional

arsenic ore processing equipment and sulfuric acid plant and

a liquid S02 plant for S02 control and other refinery equipment

for producing nickel sulfate,d9re and sodium selenite products.

There are ten multi-hearth roasters, two reverberatory furnaces,

four converters, and arsenic trioxide and a metallic arsenic

plant.

The smelter portion of the plant consist~ of the coarse

ore and concentrate handling and crushing equipment, ten

Herreshoff roasters, two reverberatory furnaces, four conver~

ters, and three anode furnaces. Arsenic processing equipment con

sists of six Godfrey roasters (four usable), arsenic

trioxide settling kitchens, arsenic trioxide storage and a

metallic arsenic plant. This smelter has extensive varied

equipment, primarily to handle a wide range of ore types

since it is a custom smelter.

The pollution control equipment consists of five cyclones

for the ore handling equipment along with coolers, spray chambers

and precipitators for conditioning the converter and roaster

gases going to the sulfuric acid plant and the liquid S02 plant.

All "tail gases from the acid plant and liquid SO plant go
2

to the stack.

The gases from the roasters and reverberatory furnace pass through

electrostatic precipitators before going to the main stack.

-6~



Figure 3 showing the overall plant arrangement indicates that

there is relatively little available area for installation of con

trol equipment. There is a possibility of the use of the Tacoma

Tide Lands area on the easterly side of the smelter, and some

smaller areas adjacent to existing equipment. The 50' x 100'

nickel plant will be torn down in the near future and this site

could also be used for new equipment installation.

C. PROCESS DESCRIPTION

The smelter flow sheet diagram is shown in Figure 5. The

plant feed in the form of ore and concentrate goes to the Herreshoff

multi-hearth roasters, Byproducts containing arsenic are fed to the

Godfrey roasters. Analysis of the heavy metal and sulfur content of

a typical roaster charge during a recent test period is shown in the

following:

Date Pb Cu As Sb Ni S Cd J!L Se
1/20/75 1. 0 22.9 3.3 0.3 O.ll 29.6 0.02 0.0051 0.024

1/21/75 1.0 23.7 3.8 0.4 O.Olf 30.0 0.02 0.0041 0.018

1/23/75 1.1 21. 9 2.8 0.3 0.04 28.8 0.02 0.0038 0.015

The arsenical material after Godfrey roasting will pass as

calcines to the fine ore bins for mixing and then to the Herreshoff

multi-hearth roasters. The hot calcines from the multi-hearth are

taken by larry car to one of two reverberatory furnaces where they

are converted to matte containing 35-45% copper. The matte is then

poured into ladles and taken by crane in the molten state to charge

the converters. Slag from the furnace is sent to the dump.

-7-
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The converters produce a blister copper which is approximately

98-99% pure. This material is transferred by ladle in the molten

state to the anode furnace where some minor impurities are removed

by fire refining and the molten material cast into anodes. The

anodes are then taken to the electrolytic refinery where they are

reduced to electrolytic copper as cathodes or product copper. The

electrolyte from the refinery is passed to the nickel plant which

produces NiS0
4

for shipment, sludge which is recycled, and black

acid which is sent to the dore' plant. Refinery slimes are sent

to the dore' plant which produces dore' for shipment and niter slag

that is sent to the selenium plant. Sodium selenide produced in the

selenium plant is shipped and the plant residue is recycled.

The arsenic circuit consists of the arsenic charge bin which

charges feed material to the Godfrey roasters for gasification of

the arsenic material. The gasified arsenic material is then passed

through the arsenic settling kitchens where the arsenic trioxide

is condensed in the various sections. There are three arsenic

kitchens, one ten chamber and two fifteen chamber baffled enclosures.

The nickel plant produces nickel sludge which is returned to

the smelter and nickel sulfate which is shipped for further pro

cessing to other plants. Black acid is also produced and sent to the

dore' plant. The dore' is shipped for further processing. Slag

produced from the dore' plant is sent to the selenium plant which

produces sodium selenite for shipment and residue which is passed

back to the roasters or ore storage bins.

Gases from the multi-hearth roasters pass to an electrostatic

precipitator and out the stack. Dust from this precipitator is

recycled. Gases from the reverberatory furnaces are sent to an

electrostatic precipitator and out the stack. Gases from the con-

verters are sent either to a ZOO TPD liquid SOZ plant which produces

liquid SOZ or to a ZOO TPD sulfuric acid plant. Gases from the con-

verter are passed to a multicyclone before going to individual gas

cleaning circuits for the liquid SOZ or the sulfuric acid plants.

-9-



Offgases from the acid plant and the liquid S02 plant go directly

to the stack. Converter gases can also be bypassed directly to the

precipitator and then out the stack.

The gas cleaning circuit for each plant (the liquid S02 and

sulfuric acid plants) consists of spray chambers, precipitators, scrubbers

and mist precipitators to prepare the gases for either acid or liquid

S02 production. Gases from the roasters or arsenic settling kitchens

pass to precipitators and then out the stack. Gases from the re

verberatory furnace pass through waste-heat boilers and then through

precipitators and out the stack. Some of the gases from the conver-

ters during rollout are collected in the converter hoods and passed

by a separate fan-blown system through the precipitators and then

to the stack. Offgases from the acid plant and liquid S02 plant are

passed directly to the stack.

Dust from the precipitators upstream of the liquid S02 and

acid plants may contain lead which is shipped to a lead smelter for

further processing.

Because of the nature of the ore received by this smelter

from sources such as the Philippines, Arizona or other parts of the

world, a wide range of products can be manufactured.

Nickp1 sulfate, dore', sodium selenite, copper cathodes,

copper shapes sulfuric acid, arsenic trioxide, arsenic, lead dust,

and liquid 802 can be produced.

Temperatures, volume flows and S02 percentage are shown on the

flow sheet, Figure 5.

D. EMITTING EQUIPMENT

a. Multi-Hearth Roasters

There are ten Herreshoff multi-hearth roasters arranged in a

double row as shown in Figure 4. Roaster hearth area is 1345 square

feet with dimensions of 19 feet diameter by 25 feet high. The top

-10-



of the roasters is approximately 40 feet from ground level.

There are usually five roasters used at one time. However,

there may be as many as six and as few as none in operation at any

particular time. Dampers are located in the roaster uptake duct

to isolate units not in operation. Roaster ore is heated to

approximately 900°F.

As is normally encountered with multi-hearth roaster,

considerable leakage is present throughout the associated duct

work as well as the units themselves. This results in dilution

air entering the system and reducing the concentration of pollutants

such as S02'

The capacity of each roaster is 1200 tons per day. Eight

loads per hour is considered the normal production rate. One

load weighs approximately 6.5 tons.

b. Reverberatory Furnaces

Two reverberatory furnaces of approximately 1200 TPD capacity

each are installed. No. 1 has dimensions of 30' wide by 110' long

and No.2 has dimensions of 32' wide by 110' long. The draft for

each furnace is generated by a steam turbine driven fan. Four Wag

staff guns are used to feed each furnace at the side.

Most of the time, only the No. 2 reverberatory furnace is used.

Within the last two years No. 1 has only been used for a total time

of two months.

A negative .02 inches of water pressure is maintained auto

matically in the reverberatory furnace during normal operation.

During charging of the furnace the control damper is opened wide by

manual overide to minimize pressure surges. The fuel supply is also

cut off for a present time of approximately 30 to 40 seconds to

minimize the occurrence of positive pressure.

-11-



Maximum fuel consumption for the reverberatory furnace is

180,000 CFH of 1030 BTU per cubic foot gas. An air to fuel ratio

of 10 to 11 is used for furnace firing. There are three waste

heat boilers downstream of the two reverberatory furnaces, one on

#1 and two on #2. Each of the #2 furnace boilers has a rating of

1000 horsepower and the #1 has a rating of 1890 horsepower. Gas

temperature is reduced from 2500
0

F to 700
0

F - 800
0

F across the

waste-heat boilers. Approximately 35 GPM of water is used in each

boiler.

c. Converters

Three Peirce-Smith converters have dimensions of 13 feet

diameter by 30 feet long and one Peirce-Smith converter 11 feet

diameter by 26 feet long. Normally only three converters are used

at anyone time. Blowing is limited to no more than two at any

one time and generally a finish blow on one only will be conducted.

Normal converter cycle takes 12 hours. Total converter opera

tion seldom exceeds 40 hours per day and has a range of 25-40

hours per day. The blowing rate will vary from 17,000 SCFM to

25,000 SCFM. With dilution air the volume flow from each converter

through the hood during the blowing periods is approximately 38,000

- 40,000 SCFM.

Sulfur dioxide of up to 10 percent has been measured immediately

downstream of the converter opening at the hood. Average S02 per

centages are in the 3-4 percent range.

d. Arsenic Circuit

The arsenic kitchens are rectangular shaped, brick or concrete

ovenlike structures divided into 10 or 15 chambers. The gases are

continuously passed at very low velocity through each chamber

resulting in gradual cooling by radiation. The arsenic condenses

at approximately 400
0

F and is collected in the intermediate chambers

in the kitchens. The condensed arsenic trioxide is removed

-12-



periodically from the settling kitchens and placed in storage.

This material is either shipped as is or reduced to metal in the

arsenic trioxide reduction plant.

e. Other Emitting Equipment

Material handling in the feed preparation area during crushing

or preparation operations generates particulates.

The anode furnace generates small quantities of S02 and

particulates.

Leaks in ducts and at other pieces of equipment can generate

S02 and particulates.

Ladles holding matte and slag will produce visible fugitive

emissions. The liquid S02 plant and the acid plant will produce

small quantities of S02 in the offgas,

Dust from the precipitator handling the reverberatory furnace

and roaster gases is the major source of arsenic processed in the

arsenic kitchens. The converter dust obtained from the precipitator

handling the converter gases is also processed but since it has

a lower percentage of arsenic this material is recycled through the

arsenic roasters and then shipped to another plant for lead recovery.

The converter dust is processed at separate times through the

arsenic circuit. The arsenic in the charge is eliminated 20% from

the roasters, 60% from the reverberatory furnace, 10% out of the

matte and 10% out of the reverberatory slag.

E. EXISTING CONTROL EQUIPMENT

The coarse ores and concentrate handling and crushing area

has five cyclones for particulate collection.

Three electrostatic precipitators are used for brick flues

No. 1 and No. 2 to collect particulate before the gases from all

collection points in the smelter pass out the single main stack.

Since the two main brick flues join together and automatically

balance the flow, there is no complete separation between roaster and

-13-



reverberatory furnace offgases. However, the two precipitators

in brick flue No. 1 (Fig. 4) generally treat the roaster offgases

and the single precipitator in brick flue No. 2 treats the reverbera

tory furnace offgases. There is no S02 collection for the roaster

or reverberatory furnace offgases. Water and sulfuric acid are

sprayed into the flues upstream of the precipitators for conditioning

and cooling. The gases that join at the roaster chamber and rever

beratory flue are conditioned for precipitation by adding small

quantities of S03 taken from the acid plant.

The precipitator in brick flue No. 2 consists of five sections

with six units in each section. The overall dimensions are 7'9" x

14' 0" x 72'0". The upstream pipe precipitator in brick flue No.1

has two sections of 4-1/2 units each consisting of 84 - 12" x 15' x 0"

pipes per unit. The downstream precipitator in brick flue No. 1

is a plate-type of five sections, each section having four units each

8'6" wide x 7'6" long x 12'0" high. The precipitators are designed

to handle a total volume flow of 345,000 ACFM.

The single contact acid plant was originally designed in 1950

for 100 TPD at 3% 802' It has been enlarged to the 200 TPD capacity

at 5% S02 and is capable of handling 23,000 SCFM.

Acid production record in tons:

Year Tons H
2

SO
4

1969 38,379

1970 37,485

1971 40,154

1972 22,230

(first half)

The acid plant precipitator is designed to handle a volume

flow of 34,000 ACFM.
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The liquid S02 plant processes up to 45,000 SCFM of the con

verter gases. This system uses dimethylaniline (DMA) for absorbing

the gaseous S02 and then regenerating by stripping with steam. The

concentrated S02 is produced as a 100% gas. It is liquified by

compression and is then stored under pressure. A description of the

DMA process is included in Appendix A.

The DMA concentration plant contains 20,000 gallons of DMA

which is passed between the pregnant tank and the stripped tank.

When there is no S02 being generated by the converters, the system

operation can be cut back so that very little DMA is processed.

Some of the liquid S02 is shipped to the east coast under a

contractual agreement that ASARCO has with a chemical firm. This

long shipping distance results in a net cost to ASARCO for S02 pro

duction. The price of S02 must be competitive with that produced

from elemental sulfur burning.

F. GAS SYSTEM DUCTWORK

A plan view of the interconnecting ductwork between the

roasters, reverberatory furnaces, converters, acid plant, liquid

S02 plant and the stack is shown in Figure 4. Gases from anyone

of ten multi-hearth roasters pass into the roaster building flue,

then to the roaster chamber or settling flue and then to the junction

with the reverberatory furnace flue. Gases from the reverberatory

furnaces pass through waste-heat boilers, then to the reverberatory

furnace flue. The No. 1 brick flue takes most of the gases from the

roaster building and No. 2 brick flue takes most of the gases from

the reverberatory furnaces. However a crossover link is installed

to allow system pressure balance. The draft is obtained from the

563 foot high main stack and is 2" W.C. at the base. Duct dimensions

are shown in Figure 4. Gases from the converter hoods are drawn by

two hot gas fans and allowed to pass either to the liquid S02 plant,

the sulfuric acid plant or to the stack. An additional line is used

to provide S03 from the acid plant to condition the gases for the

final precipitator treatment.
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A separate vent system connected to the converter hoods, is

used during converter rollout to minimize fugitive emissions during

the non-blowing phase. Not all gases enter the hood during this

phase because of geometrical considerations. The duct is connected

to the brick flues which pass this gas out the tall stack.

Elevations of principal ductwork are as follows: (All eleva

tions are to the bottom of the flue).

No. 1 Brick Flue 67' - 150'

No. 2 Brick Flue 67' - 150'

Roaster Chamber Flue 54'

Roaster Building Balloon 65'

Flue

Reverberatory 50'

The acid plant and S02 plant offgases are vented to the main

stack downstream of the precipitators.

G. SULFUR BALANCE AND GAS COMPOSITION AT SYSTEM EXIT

Typical Sulfur Balance Data - TPD Sulfur

From ore concentrates charged 270

To 100% sulfuric acid produced 39

To liquid S02 produced 71

To slag 6

To other waste (not emissions) 2

To S02 emissions 152

The above are recent typical data based on monthly measure

ments, Reference 2. Table 1 summarizes representative sulfur

balance by emitting equipment.

S02 concentration at the outlet of the multi-hearth roasters

was measured to be 1.5% with 3.5% to 5.0% water. S02 concentration

at the outlet of the precipitators in brick flue No. 1 was 0.6%,

Reference 3.
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TABLE 1

ASARCO/TACOMA

AVERAGE SULFUR BALANCE SUMMARY

Sulfur
I

Roasters Reverberatory Converters Slag and Fugitive Sulfur
Input (Uncontrolled) Furnaces (Partially Controlled) Solid Waste Emissions Captured

I (Uncontrolled) (Controlled) (Uncontrolled) Slag and Acid Plant)I
I

TPD-S I %S02 TPD-S %S02 TPD-S %S02 TPD-S TPD-S TPD-S TPD-S
I

300 1.5 60 1.0 84 3 to 4 141. 6 4.8 9.6
(up to (By difference) 158.4

10%)



Suspended particulate in tons per year, and SO in tons per
x

year for the years 1971-1975 are shown on Table 2, Reference 4.

Low level sources near the plant that have had some control

are listed in the following Table 3 (Reference 6). Dates show

the date of control.

Figure 6 and Figure 7 show mass distribution of particles

upstream and downstream of the precipitator in brick flue No. 1

which carries most of the gases from the roasters. As can be seen,

the precipitator takes out a major portion of the .l~ to 10~

material but does not effect the less than .l~ particles to as

great an extent. Mass mean diameter at the precipitator outlet

has been determined to be .12~, std. dev .• 162 ~ (Reference 6).

Particulate emissions from the tall stack (from all plant

equipment) are estimated by PSAPCA and ASARCO as follows:

ESP ASARCO
(Estimate)

PSAPCA
(Estimate)

Total Part. T/Y

150

191

80

102

Material T/Y
Under 3.2~

(Reference 6)

99

140

AS
2

0
3

T/Y

Under 3.2~

(Reference 6)

52 (3)

72 (3)

The chart, Figure 8, shows the sulfur captured by month during

1974 and 1975 from the converter gases related to sulfur input in

the matte. This shows the relative sulfur captured in the slag,

liquid S02 and sulfuric acid and indicates the major improvement

obtained with the liquid S02 plant.

H. GAS CHARACTERISTIC VARIATION

The S02 concentrations in the offgas from the reverberatory

furnace will vary significantly depending upon the charge rate and

the various sulfide materials contained in the charge. The normal
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Table 2

TACOMA SMELTER EMISSIONS ESTIMATES

SUSPENDED PARTICULATE TONS/YR SOx TONS/YR

YR. TALL STACK Lm~ LEVEL TALL kOH
STACK L VEL

.~RSENIC CADMIUM TOTAL AsZ03 CADMIUM TOTALTRIOXIDE"

1971 506 3,4 970 296+ 2.0+ 1285+ 164,600 6814
1972 228 1.6 438 281+ 1.9+ 1218+ 156,000 6460
1973 176 1.2 335 266+ 1.8+ 1145+ 148,000 6127
1974 164 0.6 308 167+ 1.5+ 967+ 117,900 3414
~1975 80 0.2 150 90,+ ,98+ 682+ 99,600 3400

+ INDICATES THAT THERE ARE LOW LEVEL EMISSIONS WHICH .HAVE NOT BEEN MeASURED OR ESTIMATED.
* 1975 ESTIMATE BASED ON ASARCO REPORTS FOR JANUARY AND FEBRUARY.

Referepce 6



TABLE 3. LOW LEVEL EMISSION SOURCES Date of
AND CONTROL TECHNIQUES Control

I. Wind Blow Dust from ASARCOProperty 6/73
2. In-Plant Road Dust 6/73
3. Improve Matte Ladle Loading Hood 2/74

,

4. Arsenic Storage and Loadout 2/74 f

5. Dust from Converter Flue Unloading 3/74 ,
!

6. Conveyor for Arsenic Feed Plant 4/74
7. Larry Car Covers 11/74
8. Reverb. Furnace Slag Launder 5/75 I

9. Reverb. Furnace Charge Guns 2/75 I
10. Flue Dust Handling 5/75 !

II. Converter Fugitive Emissions
12. Ore Roasters Fugitive Emissions
13. Slag Dumping !
14. Gravel Roads Outside Plant 7/75
15. Wind Blown Dust Outside Plant 7/75
16. Sealing Arsenic Building
17. Anode Furnaces
18. Reverb. Furnace Slag Launder for Converter 4/76
19. Minimum Blow on Converters 12/75
20. Tall Stack
2I. Metallic Arsenic Plant
22. Original Cottrells (ESP) 1917
23. Acid Plant 1950
24. New ESP Rappers 12/71
25. New ESP Voltage Regulators 12/73
26. Use of SO~ for ESP Dust Conditioning 7/74
27. Liquid SO? Plant 7/74
28. Roaster SO? Control
29. Baghouse for Arsenic Plant Flue
30. Ventillation As Pulling for Kitchens
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Figure 8

ASARCO - TACOMA

CONVERTER OPERATION SULFUR BALANCE Tons Sulfur In:

Reverb, Matte chgd.
to Converters
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or average charge rate into the furnace is four loads per hour.

However, this can vary between two and eight loads per hour. This

variation is a result of intermittent pollution control and smelter

operations and can be controlled only to a limited extent. Table

4 shows the effect of variation in charge or dropping rate into the

furnace on the percent S02 concentration in the offgas. These

measurements (Reference 5) were taken primarily in the steel flue

immediately downstream of the No. 2 reverberatory furnace. The

firing rate will also have an affect on the percent S02' Table 5

shows a variation from .16% S02 up to 1.52% S02' This occurred over

a volume flow range of 33,338 SCFM to 54,600 SCFM.

Table 5 further shows the potential variation in S02 concen

tration. For the date of 2/16/70 the average percent S02 between

drops was 1.0%. This occurred at a charging rate of 6 loads per

hour. Maximum peak percent S02 during this same period was measured

as 13.0% but there is considerable question as to the accuracy of

this number. The average of peak values for this same period (1

hour) was 6.5%. Thus, it can be seen that between at least 1.0%

and 6.5% can be encountered over a relatively short period of time.

The second set of data in Table 5 had a charging rate of 8 loads per

hour and indicates less of a variation but still shows a peak of

5.0% to an average between drops at .75%.

From these data it can be said that peak S02 may vary between

7-13 times the average percent S02' Any control system must be

designed with this variability in mind.

S02 concentration in the converter offgas also varies con

siderably because of the batch nature of the operation. Also, the

variation in actual metallurgical operation between slag blows and

copper blows will cause a variation in percent S02' Between blows

the converter may be rolled out for slag pouring or material

charging. When the converter is not blowing the hood above the

converter collects the gases and passes them to a separate vent

system. See Figure 4.
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Table 4.

45-Minute Sampling (3 Drops)

Dropping Rate % S02 Volume Tons S
Date Loads/Hour Shell Reich Std. cfm Elim. /Hr. Sample Location

-r=-f--

/21/70 8 - - #2 Reverb. Uptake (Upstrm. W.H.B.)

/22 7 I 0.16 - - #2 Re.verb. Steel Flue (Dwnstrm. W.H.B.)

/27 7 I 0.26 - - It

/13 5 I 0.49 - - "
/16 2 0.15 - - "
" 6 0.21 37,586 0.22 "
" 6 0.21 39,439 0.23 ."
" 4 0.45 33,338 0.41 "
" 5 0.21 - - "
" 5 0.28 - - "
" 4 0.30 - - "
" 4 0.43 - - "
" 4 0.45 - - "
" 4 0.32 - - "
" 6 - 1. 64 49,700 2.23 "

/12 5 1.09 1.21 54,600 1.81 "
/13 6 1.55 1.52 52,000 2.21 "
/13 6 0.82 1.40 48,700 1. 87 "
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Table 5.

Reverberatory Furnace Sulfur Elimination

As A Function of Charge Rate

Dropping Rate % Volume Ton S
*Date Loads/Hour S02 Std.· cfm E1im./Hr Sampling Period

2/16/70 6 1.0 51,300 1.41 Average between drops
II 6 13.0en 51,300 18.30 Max. Peak during drop
II 6 6.5 51,300 9.14 Average Peak during drop

9/10/71 8 0.75 51,000 1.04 Average between drops
II 8 5.0 51,000 6.98 Max. Peak during drop
II 8 4.0 51,000 5.59 Average Peak during drop

*Sampling was done in #2 Reverb. Steel Flue



The attempt is always made to maintain at least one converter

blowing gases into the system at any given time. Usually a converter

will be provided with 18,000 - 20,000 SCFM to the tuyeres. An

additional 100-120% of dilution air is generally estimated to be

added to this gas flow resulting in a total gas flow from each

converter in the range of 35,000 - 40,000 SCFM. When a converter

is blowing there will usually be approximately 38,000 SCFM and an

S02 content in the range of 4.0 to 4,5%.

Because of the above, the gas volume flow from the converter

line to the control system acid plant and liquid S02 plant can

vary over a wide range from maximum to zero. Stored liquid S02

can be fed to the acid plant when the smelter is not generating

a sufficient quantity, thereby allowing the acid plant to operate

on a continuous basis to minimize startup inefficiencies and

corrosion. Because of contractual commitments, ASARCO is generally

not able to operate in this manner.

I. STACK DESCRIPTION

The 563-foot high stack has a top diameter of 24 feet. The

top of the stack is located 713 feet above sea level.

Inlet temperature at the bottom of the stack is l85
0

F.

Stack construction is brick and mortar with an acid brick

lining.

The acid plant and liquid S02 plant offgases are ducted to the

main stack.

There is a preheater used to heat the gases going up the

stack. When the preheater is not used a temperature of l50
0

F will

be reached 200 feet up the stack. When the preheater is used, a

temperature of 250
0

F is reached at the 200-foot elevation.
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J. PRESENT TECHNIQUE FOR SOLID-WASTE HANDLING

Slag is sold for sandblasting, roof granules or portland cement

aggregate. Dust taken from the dust collection devices are recycled.

Lead containing dusts are shipped to the Helena, Montana smelter for

processing. Dusts high in arsenic are processed through the arsenic

circuit.

K. FOOTING AND STRUCTURAL REQUIREMENTS

Most of the smelter is constructed on fill slag and some saw

mill wastes are the primary fill constituents. Pilings~ installed

by drilling and driving, are required on 3-foot centers. City of

Tacoma local codes apply. Seismic zone 3, wind load 25 PSF, and

snow load 15 PSF are used for design.

L. EXISTING AND POTENTIALLY AVAILABLE UTILITIES

There is an abundant water supply and it is expected that any

new control equipment can be supplied with the existing system.

Future increases in gas usage as fuel are unacceptable due to

the decreasing availability of natural gas. There are no additional

loads that can be supplied to the gas system. Direct-fired and

waste-heat boilers provide steam for compressed air, heating and

S02 DMA stripping. The #1 furnace waste-heat boiler is rated at

1890 HP and 65,205 lb/hr of steam and the two #2 furnace waste-heat

boilers are each rated at 1000 HP and 34~500 lb/hr of steam. Tacoma

City Light Company provides electricity required. The available sub

station is now operating at approximately 75% capacity. There is an

additional 5,000 KVA capacity available.

M. POTENTIAL NEW CONTROL EQUIPMENT INSTALLATION PROBLEMS

One of the major problems at this particular smelter would be

to find space for additional control equipment near the emission

source. The Tacoma Tide Lands area would appear to be the most

logical for installation of any extensive control equipment. As can
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be seen from Figure 3 the plant area is fairly well crowded with

buildings, flues and equipment. The area adjacent to the street

is also a potential space for control equipment. though it also

is some distance from the major emission sources. The area along

brick flue No. 1 adjacent to the metallic arsenic area is also a

potential space for control equi.pment. The smelter is obtaining

to obtain a permit to fill ten acres with slag up to the 1961

inner harbor line which could be used but at additional fill

expense. The 50' x 100' nickel plant will be torn down in the

neBr future making this site available for new equipment.

Tests with a pilot baghouse were performed to compare bag

house collection efficiency with electrostatic precipitator

collection efficiency. The tests indicated that the baghouse was

approximately 25 times better at collecting particles less than 1

micron.
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1 .,,ure combustion. In this ease, a preheat of over ooo• C. in 
J '.~~;:;would be necessary to maintain the required temperature 

. :Le reduction furnace. 
,harco will! considering the installation or a commercial 35-ton

,,.by rultur unit at Garfield in 1944. By thd time, however, 
.. household requirements or Salt La.ke City for natural gas dur

' 1 the winter months became so heavy that existing pipe Jines 
"ld not supply tllis del11lmd and at the same time carry the 
!tt>trial load. The projE>CL wns th<>refore shelved. 
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LIQUID .. SULFUR ·DIOXIDE FROM 

WASTE SMELTER GASES 

THE American Smelting 
lUld Refining Company 

· •\ for the past 30 years, 
··n engnged in investignt,.. 
1 •arious methods for re

'1\'lring sulfur dioxide from 
J wasro smelter guse .. 'l 
•. :!; tho twofohl objective 
· minimizing smoke com
,:ntliand perfecting a pro c-

. ; ihnt could compete with 
·inLitone in the sulfite 
'lli'r pulp industry. Over 

· • Jl<'riod, pilot planta of 
l:n 1 to 15 tons' capacity 

:~vc been operat.r,d, using 
:he Haenisch-8chroodcr 
'.iler-ubsarption proce&! 
;:, dircet comprel:l.\liou of 
"''·grnde converter gas in u 

1 
.. ·1n-pcNlay pilot plant ( 6), 
!, arumonium sullile-hixul

':lr cycle (4), tho Lurgi 
·ulphidi11e" proecs.'l UHing 

Use of Dimethylaniline as Absorhant 

EDWARD P. FLEMING AND T •. CLEON FITT 
American Smelting and Refining Company, San Francisco, Calif. 

Thia paper reviews the various pilot plant investigations 
conducted by the American Smelting and Refinilllj' Com
pany durinq the past 30 yean with the object of perfecting 
a process that could produce liquid sulfur dioxide commer
cially from waste smelter gasea. Prooosa.:~s developed along
theae lines in Europe are briefiy discussed and reasons given 
lor the selection by American Smelting and Refining of 
anhydrous .dimethylaniline as its preferred reagent. 
The novel features of process system and plant construe-· 
tion are described in detail by reference to the llow diagram 
of the 20-ton plant installed September 1947, in the com
pany's load smelter at Selby, Calif. The benefits of the im
proved system of operation, as compared with the proce· 
dure followed in European plants, are emphasized; among 
these are high purity of product and facility of operation. 
Basic data as indicated by 1949 operatiotu~ at Selby are 
given, covering such items as reagents, steam, power, cool
ing water, labor, and aupervision. The possibilities of the 
process' being applied to the recovery of sulfur dioxide from 
low•grade industrial gases by the use other reag'ents having 
a high absorptive capacity for the gas are briefly noted. 

The prindpul uovl'l fea
tures of tho Asurco proc<'BS 
using dimethyl~IDilino rca 
gent ()Oilfiist er: 

1. Im:orpomting the re
g(•nemtion unit for trea.t
ment or rt'il'tlplurcd di
methylaniline sulbk as an 
iutt:'gml p:<rt of tlte a!L;orp
tion-de~urptit>lt lTl'k; !hi., 
&OV('S labor: :md sto:un :md 
rN.Iure:l the po.,;.sihle h•-:~ of 
r!':tgent. 

2. Limiting the :d~-<nrp
tion-d'·~nrpt inn •·y~·!.. am! 
dime! hyl:militw rt•c·u\·ery 
SYSI<"lll ID 1.1\\J nhin huh
lile-eap tnt:; tmn·r.< 11h1"rl' 
all St)lulions :lnd ~a,P~ ~·tHH{" 
in conlad. with lo·ad ,,nh·; 
this c•limirwh',; t'<H'I'u~idiL • 

3. lnstallin:.;: just al>ll\'t• 
the absorplion "'wtinn uf 
tower, two lml>l,),.._<':tf' trays 
whem t lw sodium c·arlmna!l• 
solut.iou i~ 1'011\'<'l'i<'d to so
tlium sulfite or J,i,ul!!tt• ln· 
tho l'P:<iolu;\1 ::;ulfur tli"xi<ie 

wlkluw in water suHpcnsion (9), nutl fmAIIy tho Asarco process 
.. i.,gdi!llr•thylnllilinll {f, tn, J.ahomtory rxperimantnl work Wl\8 

in t.he exit gM;I's; this pormita regcner!Liion of din~t,thybuilim· in 
tho closed u!Jsorption-dcsorption cyck, nlluwing thP t'OIH't'!UrMt'd 

i!Ulfur illoxiuo Ltl milllr thll !!!llllpi'11~.'10r fl'l'll of e:trliu!! di"\i.!·•. 
<'·1HduetNJ on otlwr roag1mts, particularly Imperial Chcmi
~:~'ic aluminum ~>ulfate (1, 7) and I.urgi'a tolui•lino-iu-waror 

'•'l~~'ll'ion (fl ). 
Tft,. final thok1: of prom•:-Jil luy !Jctw(l(•n Lu1·gi's ~ulphidino in 

'•'cr kU~Jif'UHion nmJ absorption in tmhydrous dimcthylaniline. 
Il.c !attn wa.~ S<·J;·ded bcr.nurm it wus simpler to opernto and alao 

•'I'''' tin• pror.et<.~ eye!" of opcmtinn, JliLtentcd by American 
:•nd Jt,.fi.,inr; Company, JK!rmitted mnwriul savings in 

.~~::<i. ]!);,..,, Htwun couRtunption, IUHl lrd><lr co:~t !l.'l compared 
::, :,1 • ., LllrJ!:i eydo liB opcml!~l in !·:uropc hy Mctullgl!scllsclmn. 
ll,c ~~tlr•hidhw Hyslcm ll.'i d<WI•lopcd by Melrlll!l;l!~eliHchaft 

·'. t, •I ur ;;r!p:>rat<! unit,~ for ul,.~<>rption of Htdfur <lioxid1:, mcov
,: r•f :::ilidiur; V:tJJIJf iu ;H:id Hr:rulth!•r solutiu11, rng.,ucmtion of 
't,IJ,,· '>Uifatc with HOdtt a.;h II.JHJt:oo)iug to 2° C.,lUltl dt:il!ll'plion 
· 1liur •lioxidc. TIJCilC VttrioWl oponttionH involvml canaidllr-

·'"'' r1·1·f:('nt los.~, cxN~I;fliv(•ltthor, arul high steam COilNllmntion. 

4. U<.'eapturing J)I'U.ctically all tho dinwl hyhmilim• v.q>or, 
which has O!ltmpllil from tJw ubsorption tmn•r, ia t\ but.J.h~mp, 

nilw-tmy extcn;;ion of the H:tlllO towor wlwre thl1 VllfHH' i:: sc·mhh,~·l 
with dilut.o Hul£uric :.r·id llowing l:'.onni.Preurn•nl. to )1::1,- II''". 

5. Ht•eovering nnd returning n eousidt•r:thll' purl it> II .. r llii• 
dimcthyh1uilino to t.hn ah~nrbor without t IH• m·l'<1;;.~i1 .1· ,,f r,,., I ing 
it in tho main rtlgt•Iwmtion unit.. 

A CJOillllll.l'ii:IOil or tlimothyl:milino !UU! xylidim·, a,; alH.lrbant,< fo>r 
sulfur clioxido, Hhow:> lhnt ~mt•h lu1s some n•lv:ull a~·~~ (l\'•-r !lw 
other. Diuwthylnniliuo i>I II·"'"' Hub:;Lautiall,r •lry 11 h<'l'<':t" x.dt· 
dino ill uacd iu a mixture of onP-hulf xy]iJill(• and nm'-lt:tli 11 ,, I, ·r. 

Tho nhility of tlinwt!.yhniliml mul xylhlim· !n ah.,•.l• :d:'w di
oxiJc from flue gus is ;,;huwn on Figure I, turn•,; .l ""'! f; Th,,. 
!Llt:Jnrptinn i:mtherms tlhow that x.ylidilw, (:un·o n, '·'" [,. \h·r al ... 
sorbant for !lUI fur dioxide in the lowet' JlPI't'l't•l:lg•·~ hy \ .. 11, n .. ., :end 
dimetbylanilino, curve .·1, is:\ hl•twr ab~orh:mt for ,.nlft~r <h>xioi•· 
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iu tlu• bt,:!tt'l' ,·on•·•·utmlions. ThP hrn i;~nl.ht•rmll ero.'~ nt. nboul. 
:!.[•";, ~l!li11r din>idl' l>y \'Hhllll!'. 

Tbt· "'!nhility of •·11\fm ,lj.,,i,JP fm111 "'"" mixtm!'l' in •lim•1thyl
l\l1ili1:•: folh•w:; I !Pnry'" law, lmt. t.hi!Cl htw tlm·H not npply wlu•n xy
lidim• i" us.··l. Ill 1 hi~ rast· J.-,.,, ht'at. would be ~··ncrrd••tl in tho ah
~nrht'r "lt<•u tn•atin.: tlu• hi~:l,.•r ..,;ra•ks of RUifur <lio:'<ido wit.h dl
nwt h;l'bnili:w than wil h xylidinP. Thi~ wonltl ont.llil 1\ lnM of
fi('if'ut •·noling ~~·st•·m wlwn usiu~ •limf.'l.hyln.nilino. 
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Fir;rure 1. Absorption Isothel'rru! of Sul£ur Dioxide 

Cu .... .4 - aulfur di<>xld~ 1tnd anhydrou11 dimethylanillne; Curve 
B = •ulfur dlodde and •ylidin• (1:1 xylidine and w•t•r) 

Thr v:tpor prc,;.~ur•• of dinv•t hylaniline [!.(, 20" C. is 0.35 mm., 
11.n•l t IH' v"por pre.<~ure of xylidine 1\t t.he r;amc kmjwntl.m·e i!:! 0.20 
mm. This it>rli•':ltPs :1 ~'>light s:tving of sulfuric ndd whcu rc
"'werioh xy!i,[i,a• \':lpnr n.-; rnmp:m•fl wit.h climrol.hy_la.niline vnpor. 

T\h' F<>lnl•iii;y ni dimdhyhniline ,;ulfatc in water is much 

1 ~r··:t:<'l" t 1.:m tla' snluhillly <>f xylidinc sulfttl~ in w:tter. Thnrc
f<HY, tln• wc:1k ,,dfuric :"·id ~olulion from the scrubber«, wlu•n us
int: di;:Jr•:l:yL.:liblf', c:m carry a much l':n•at~r lond of dimeUtyl
:.rli:inc t{) t!w rcj:nH'f:dor t.han when xylidinc is used. To some 
cxt,•nt tlii~ ).';r<'al<·r ~"lrthilil.y would oiTsct t.hc advantage of the 
lo•w·r \'apor prc':<:'tllT of xyliJinc. 

During the aiN>rp! inn of !<Ill fur dio:-.:idc with either dimct.hyl
anilinc or xylidi:r,~ tlwr<' is ~omc oxidation of sulfur dioxide oo :<Ill
fur trim. ide nh hot~gh in tlw I n·atnwut of gns containing 3.5% 
~u]f,lr dinxi<l<• or m·,-r, t ht· eon version is quite Rtnull, being np· 
proximal r·ly O.:ms;,. In the ln·nhtll•nt of gn.~ under this grml<-, 
tlw pNc,.utng:e of o\i•l:.fion in.;n•:Lqr•;; rapidly, pnrt.icuhrly wit.h 
tiw ll''' of xylidi11<' in \\'a (<or >'llSjM'IIxion. 

In thr· dimcthyl:t!iilir~<' pro~<·sHall !.h•• w:tfl'r climinat.<-d nHsteam 
from the r<'J::f'!ll'r:ttinl!: and stripping opt"mt.ion j)! condcn~tld. Af
tH r1;mov:tl from lh<• anhy<lrouR dim,.,Urylauilinn in the gravity 
rwparator, all tJH• w:tkr plin;<e is returned to the regenerator. 
l'whT t!:J . .,,. <'<>llllitinll" t!w "lllfah• ra<lir:ll which form~ is eontinu
ouxl~· n'mnvc<l from till' Hhsorpt.ion cir('uit thuR eliminating the 
pm;~ihl" fornwtion of any holid r('nf'lion products. 

With thl' W'C nf tlu• x,rlidill(,-wnh•r Rmpcnsion procE'.s~. grent 
<'><r<' mm:t be iakl'n tn pn•vt•nt th11 f orm:i!.ion of solid rt'.aetion 
products, C'Wil wht>n tn•alin~ i;IIR rl'l:t!.ively high in sulfur <lioxide. 
In thil'l eas<', if the :<ulfat.e mdical in the water phMe is not kept 
within low limits hy blr•r•ding "ufficient v:n.tcr to the rcgenemtor, 
rapid autm.id:!l ion !:tko; pb<'(' to the ('xlt'nt that the xylirlinc sul· 
fa!<', ha\·ing a low wai<'r ~olubility, i11 precipitated and the system 
bN'•l!TIC'!l clOg!!;r'<l. 

Wh<·n trc·atinp; a low ~::mdc ;;ulfur dioxide gM with xylidine, the 
rat<· of oxidation V1 ~<ulfur trioxide ia relatively high and a. large 
p<,rtirm of thl! wat,:r ph:~•e mu;;t be returned continuously to the 
n•g(•rwra!.or. Thi" mu~<t. bf' replaced with frooh wawr and care
fully ""ntro11~! 1vlditinnt~ of sodium carbonate oo ensure the ab
EW>ncc of fr~ add during absorption, This consumption of soda 
iA in addition oo that uRCd in the soda scrubber for the regenera
tion of'xy1i!ltnf'. 

Thn nlmvn remJtrkH O!t UH· II.~(· or x,ylillilln nm !JNii1H'II! J,,,.:!l•' 
Um Asru·cn pr<!C'<·~H is W<'llndnpf•:tl for it.~ llpplirmt.i'"' irt 1 IJ~ In·;·. 
llwllf· nf lnw gr1tflo Htllfur dioxi<ln Jl.Ml. Xylidiw•, in I hi~ eas".l". 
tlu• !Hlvmll.nK<'.~ of p;rPHf.Pr nlu;orltanl. cnpa~il.y nml I<IIVN va

1
..,. 

pt<'Nt<lltc ovc·r clinwthylunilirw. llm\'llVI~r, owinK t.o hil-(h wau.: 
london tl:g,·nctnf.or nml enui.rol of o~idat.ion, clirm•tlrylauilirw b, 
t.lu~ ndvnnt.np;t~ nf lown llf,pmn cm\RIImpt.ion, nwl i.lw prH~''''' !!·· 

quin·~ fm\Tr t<!dlbl opPm!.•lrR mul II·~'~ I'Upc•rvisinn. AlRo, ''" 
very low p;rn•l•• "'~q, r<nda c:om•umplitHt wotil•l )>rohnhly lu: ilt f:m.
of thn llfl<' of dimt!lhylunilirH! lwenm<P of oxid:tl ion control 11 1Jv1: 
U~<ing l<Yii•linc. 

.Juflt whcro tlH> IIH'' of <liuwt.hybnilirw would httvt: tn gh··~ """ 
t.o xylidinc in Uw rllltlt~~r of upnat.ing cn~l~, iR nof, knmr11 ,,'1 
prP~f'lll.. AM far n!l con~t.rud.ion t•oxfll arc c:onr:1·nH:d thrrt• 
would be Jit.t.le diff•·rNH"' whNl usiuv; t.hc AHart:o Ryl'lleru of O!"'r". 
t.ion. fn t.lrn opiniou of Uw nu!.horii !.111: llllvantaw;s of rlim•·th\·J. 
nnilinc nrc Attch f.hat. it f"!lll ht: W<<'tl compr;t.it.ivdy with xylidirw ;,,

1 
sulfur dio.~ido glllllt" low ll" 2.0% hy volunw. 

Followin~~; 6 monl.loH' OJWmtion of R 1-l.oll dimdhylJtniline nl~ 
Rorptiou unit. Ol! 6.0% Hlllfur clim:iclr> 11:11'1 nt f:nrfidrl, Utah, it.''"·' 
decided oo build tl 2.1l-ton uuit nt Ta<·oma, WtL'lh. !Ir,re, Lhr gr~< 
Wl\.'1 intcrmit.t~'nt IUFI low ~~:m•h•, appnrximatdy 3.5% hy voh1111,. 

on ttn avcmgc 2·1-hour lm!<i~. I•' or inv·nnitt t•nt pl'riods tot.ali 11 ~: :1 
hourR, there Wl\.9 no gaH corning from <:opp<·r !':onvcrlem, so tlri> 
would ben r1•lntively li('Vt•re l~:~<t of the commPrcial pos~ibilifi,.; oi 
the process. 'fhn plant Wll.~ put int<~ operation in Sepkmbr:r 1012 
ttnd rttn through Mareh 1!1 n. Thn n•stdtH from thi;; c:unplli~:l 
were better !.htm exp<~cl.cd nnd AHarro dc<'id<·d to lmild a cotnm.·r. 
cinl unit us in}( the Tacomn deHil(n n;; n mndd. 

After conHi<h·ring the n·blivc mlvan1.np;<'s of Taeorna, Wa,]L 
lLild Selby, CnliL, 11..~ H sit;,, thr.ln!.ter 1\'n.'< s<·h·eh•d n.s it fliTer<•<l iwl: 
ter po&'libilit.il'H for <:ornmer<·inlrC'IurJJ oro n lower inn•H!.Illel<t. \ 1 

~dhy the procr:ss r.oultl he clevl'lopr·<l to J.;r<·ah·r advantage aH tlu· 
more profitnbl<!, hu!. rntllf'r limi!NI, mn.rkr•t for ~nl<'> of stJifnr di
oxilk tt.~ n chemical WlL" :tv:Lilnl>ln. 

At present, liquill tn!lfur dioxi<le if! 11. chemical of mthcr minor 
imporf.ance, the totsll produrt.ion and con~umption in l!uitcd 
Stnu:s hdug npproximat<>ly 121i tons l)('f day; of this ammmt lw. 
tween. 15 and 20 tons per day arc consumPd on the Pacific Cou~i. 
The industries using the' product nre: oil relining, fruit curing, 
textiles, beet f\llgltf rdininR, cht•mic:tl, wino ami beer prmln~l'm, 
nlkn.linf' soil trcnhnt'ut, rdri"emtion, and use a,q :m nnticltlor in 
the purification of water. Ilowe\Tr, the individual ron~umption 
of nll t,hesc industrit·" i'! rdativdy ~mnll. 

Prior to the erection of the tlclhy plnnt., 1tll Unit•·d ~tat<:~ pro
duction WI~ made hy !.ht' us•~ of t!w !IMnisch-Srhrol'dr•r wain-ab
sorption prorcss opemfing on burner ga .. ~ (lcriw•d from hrimstont'. 
Tlwre were night small plnn!s of tl.i!< type nnrl b('cause of hi~:h 
tmnsportnt.ion costs t.lwy WNt' j.!;l'O(I;ntphically distrihulf'<! to s:<t· 
isfy the lo<>nl mnrkclq. With limit.(•d markds, thcr<" Wll.~ little 
ineeutivc for produc<'r~ to inH!.nll new plantR Umt could take ad
VImta!'C of better ah~mlmnt~ and mnth-rn chemic:\! cn!(inrcring 
practice. Such plnnts nre rdafivPly C\IWH!'ive 1-o build, and ll<'
caU8C of the high nutrkct price of the product, c~iRting plants 
m~VIo good money in Rpito of hi~h npt>rnting cost.q, At prr·Renl. ll11• 
mnrket. price for tcehnicnl grade sulfur dio~ido ranges from $70 tn 
$00 per ton in tn.nk carlot.s, r.o.b. plttnf.. 

Although n.JI the plnnt!l in thh couniry nbsorhcrl the ~ulfur di· 
oxide in water, n cmnhirutt.ion of ~<cvNe reRiric!ionR on cmiRsion ol 
smelter smoke and rl'lntively high coRt of brimstone hntl fow·tl 
Europeans into the usc of efficient absorhant.s that would func· 
tion on their low grade smclt£'r gll..'l!!~. Hy ID40 three small 
"sulphidine'' plants had h!'cn inst~~.llcd in Gllrmany, Belgium, !Ulll 

France; one Imperial Chemical plant using bn.sic aluminum sui· 
fate was operating nt Imatm, Finland, nnd Falconbrid!'C Nit•kt•l 
Company, in cOOperation with the firm of Gu~:~nheim Brother~, 
hnd installed at Kristinnsand, Norway, a small plant u;;ing nnh~·
drous dimethylaniline. The use of dhnef.hylanilinc Wl\S inv~sti· 

gated by Aearco in cooperation with the Guggenheim firm nt the 
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l!me of tlte N orweginn in;;tullu.tion, but Asu.rco took no part in the 
Je,ign of plant., and the opcrat.ion there did not follow the prea-
1nt prot'<'tlS sy~lem ll8 iustalk-d nt Sdby. ltecently, changes have 

bern made nt Kristi:msaml to tnkt! ndvantago of some features of 
1hf A.sarco process. 

The present plant at the Selby lead smelter went into Op!.'ra
tion in ikptembt>r l\H7. In order to take cure of the bulk of J>a
··ili•• ('oaHt tt•quin·lm•ntHnm! nlluw u ~<UqliU!! of 100% 11ulfur !lio.'l
i,J.· 1:'1" fur Pllri;•liilll4 i!lld t<li!hili~illjl; lh1• IHIJipi,Y t.IJ tliljuluhlK 
,,id l'bnl, •lw d,.,,iv.t~ c•nll .. d ln1· n <'lll'l!''ily ut :.!11 ~IIIII! j~<•r dlly, 
'!'Iii, 11 ns l.n,;,·d 1111 11 r~npply o( ~nil frnm Hwi;;ht-l.luyd ;;iutoriug 
m:l('htll<':> nwmv;ing li.O% ><ulfur tlioxitle by volume. AJ3 regards 
1•hmt t•npHdty, t!h'IUII t'llliH\IIlljltion, climet.hylanilino loss, nnd 
f:wili!,l' uf up .. mtion t lu• Ull it. luoa H\<'<'l'dt•d 1'-~l)('<lllllioul:l. 

!IJ»'lllliun~ oluriul( 1111!1 iuolio•t~l!! 1h<• followiul( lmliiO clat.~&: 

n,.,.m·,•r\~ of HOtlrum ~.0!;;, J.tHl"., ~;~ VU.O 
Dimt•th):lanilinu !.'unsuuwdJtuu SO, prmlut•rJ, 1h. 1. 1 
St';fluot t•nrltouat~· cousumPd/tnn ~Ot prodm:f'd, lh. 3D.O 
:-:,lllfnrk ttd1t t'(Jfl'~HttH:'t!/ton ~0: l•roihu~t·d, lh. 40.0 
Stt·am eon...,ntucJ/tou ::iOs J•rotlu.-..•d, ton)'( 1, 2 
l'oo.H•r", L:w.-hr. 146 
Cooling wu.tt·r at •i5° F., gaL/milL 300 

• l'ro\i•!•·•l llw ;;o, i~ prodii<P<l "" u 100% I!""• puwcr consUmption will be 
appt<lximatdy 100 kw.-hr. 

These dt\tu. do not include labor, power, and water used for the 
purification of gllS prior to t•utcring the sulfur dipxide plant proper. 

The lnbor T(l<juin•d to opcrnte the Jllant consists of one foreman 
oo day t<hift only, thn'l• Hhift. opt•ratorl:l, and 0110 l(tlllllrt!.l utility 
JIIHII Oil til<)' lihift. 'fht! l<lllllil l'l'liW (!HII C>JII'ml.e IL phml of HHVnmJ 

lim(·H :S.·lby'l! enpu.dty, Inuddition, ~<IIJx•rviHiOII nut! ~Cimodwmi
caleou t rol work un· n·ltUilL<{L 

Jt, b difficult ut thi,; tillw to givl' n fair ••:;titnllll> of IIHtintell!lllCCl 
rosts. Til(• plntlt hall bt•t·ll going through 11 dcvdopmcllt stnge in 
t!J(' &;lt•dion of the !Jest corrosion tt·~i~tant Jnnteriul. UcecnUy1 

h•:t<l ha.., U<:<·n substituted ror aw Ktainlt•ss ~~~Jel in the conRtruo
tioo of llt'at. exchangers ami Holution coolcrH with mark(;d sue
t'!··~'· a11d until tim u<·rwli!:; of ll.is ami otlwr improVIIHWnts nre 
r•·:,li;.nl, it would Le JHbi<·mliu;; to &!t !L definite figuro on thi1:1 
r<J>l. The f::t·lloy uuit is abo, to some t•x(t'tli, handicapped by tho 
11;<1· or salt. wa\H for cooling. 

The rnatter of gUB purific!ltiun hu..'l been given mJ consideration 
ill the! ab!JVC di5Ctln;<iuu. In g•·ncrnl this will rollow tho same 
lim·s M purifieatiou for JJroduel inn of contact eulfuric acid, al
tl!o)ugh for sulfur dioxid(!, pul'ili(·u tion docs not rc•tuirc the ~>umc 
hi~h dPgr<:u of ef!icieucy. Gllll purificatiun gcnerully COllsi~ts or: 

1. Jlol Cotttllll for the removal of duat und fume 
2. \\'1ttcr scruulJer for remnvnl of r!•Hi<luul fume nnd cooling 

and !lowliti(ming gus for furl.lwr Cottrdl trcatnwnt 
a. ~I il:!t Cottrell for r(•movul of physiral wuU!r and sulfuric 

acid mist. 
4. Hmull coke filter for removnl of la;;t tnwes of physical 

1\'ai.Pr 

A d iu~mmmntic sk!ill!ll of the Helby gll.S cleaning is shown in 
l•'it;U!'(' 2. Tht' elaborate gus purific~atimt Hy11tem at St•lby is noe
l.lMury bt~(!lllll;(' of t.hc high imJ!UI'it.ic·~ in tho gaflf!l.rcam. 

ASARCO SULFUR DIOXIDE PROCESS 

'l'loc pm<"'bll fur tho recovery of sulfur dioxitlo frotn fiue gllS by 
11wans of dinwthylanilino ui»Jorhant, tL'I duveloped by the Ameri
""" Hrm:ltin~ and Iu:fil,ing Company, con;;isll! cS~mntinlly of two. 
,.,.,,,,.,J dom:~l drcuit opt•rationll, cur·rit-'tl out llimulttuulOusly, iu 
IJ,. t wn main lmhhhH•nJI (.(;wem ~ nam<'I,Y, tlu.l t~lmmbing towor 
111111 tl.!: ;;t.rippillg t!IWI•J', The lir·Ht UJ!CI'!II.iun ~:OUHi:itH or riiCOV· 

1'1)' of oHJifotr <lio~idu fm111 lllll fJtW ~IIH h,Y llhHrll'ptiOII in dimnth,YJ• 
:uliliw: unol it.;; ;;u!.IWIJIICUt 11t rippinl( fmm t.hn pmv;nant dimut.hyi
JUtiliu". The li<!llilli!l ll)ll'flttion "llfll'liHI>l or Um rc;covury of the 
•liuwlliyl:utiliu!: whid• t·tWlLJlPS intu t!w gnH ilti'('JUII during thollb
·'"~'Pii"n "l"'mti•m I\11<1 fro111 that di."mlveol in walnr tlurinK the 
1-lnppin~ "l"'ratiou. Without tlw r.•wvt:ry of .Jimcthylaniline 
I),. pror<·.;H would not Ltl l'('HIII>Ilii(•al. In caeh or tim two lmbhl~.,_ 

cap towers more than one Op!.'ration is carried out at the same 
time. This is shown on the flow sheet, Figure 3. 

The absorption tower cOnlliHtR of a !:lingle bubblo-plate oolumn 
divided into three separate uuits. The bottom, or fin1t unit, con
sist.'! of eight Luhhle-Cllp trays where the nhoorption of 11ulfur di
oxide takes plaee. The second unit of two buhblo-cap trays, di
rectly above tho first unit, l:l(;tVefl to l:onvert sCldium carbonate to 
sodium Htllllt" or biHullilc. The third, or top unit, fl)ll"i~IR of 
nim• hul ol•l••-4'1111 t ruyR nnd Ht•rv .. ~ ''' ulmurl> lln<l r ,.,.,,v•·r If,,. di
lll••lh,\'lnnllillo< i'rtllll tlw flu., I!"" hll<•nm, l·:.wl1 omll.lu lion "''""'I•· 
In~; towt•t i:J HllJHII'Iltu m1d dint.iud In upuml iuHuHd ~ .. JII'(IVi•lt·d with 
illllepemlt•n~ inlt:t nud outlet nozzlu!i for tlu' li<ruid llvw. Tho 
liquid plutaet~ uf UtP thwn unit.H 11r11 kPpt fiiiJ>nratt• for ~uh~;e<Jtlt'llt 
tr••ul.ml•nl 

FLUE GAS CONTAINING S02 
FROM 

WATER 

OPE Ill 
TOWER 

S02 PLANT ACIO PLANT 

Figure 2. Flow Diagram of Selby Gas Cleaning 
System. 

-·· The strippiug tower consists, ul:lU, of a :;inglt~ huhbit'-pl!!.te col-
umn and i::~ dividt!d i11to three units. The bottom or fir~t unit, 
the regenerator, consist<; of seven huhhl.•-t'a[J tmys tmd Sl'rvt'S to 
regonerahl the dimt;thyluniline whit·h W><..~ t'<lptul'4'l1 in tht• top 
unit of the absorbing tower. Thn sce<.IIHI or mi. hilt• unit of foul'
tl.'l.ln bubbhHl!lp tmys is where tlm sulfur dioxi,h• i:; lihtmth'd frotn 
the ptt:gmmt dimethyl!!.niline. ThL' is c:lllt•d tl11• :stripJ><•r, Tht• 
top unit, t)OJLSi!:iting of live tmys of bubble ('aps, L~ Ust•d to rPcover 
the dime! hyhmilinc vapor from tht• ~lroug sui Cur dioxi,!e \\ hieh 
was lihtTnl<•d from the ~trippt·r, 

RECOVERY OF SULFUR DIOXIDE 

Clean lluo g!lll i~ fon·.,,! hy tlm blowt•r, Figure 3, thrnugh the 
gn.ll cooler, wht•re tho tmtlJK'mtum of t ht• g:<.." Ls ro•thtee,l, into' t1w 
bottom or Uw 11b..~orbt~r wht;re it tlnws upwanl through th" 
tower. 'l'ho Jluo gn>l hubhl.-s thmul!,h :t <h•st•endiu~ t•nrn•nt.\ oF 
t:ool nnhydrout~ dinwthylmdline whkh ilnws ~i<>wtnmnl frhm 
t.my hi tmy follow in~~: tulmi:<."<inn to Ill<' :il"nrlwr I hn•Hf?,h rm•krinv; 
dnvit't'>' from U11• ~upply iu 111\' t!iuwlll.rl:uoiluo<' "urgo• tan!.. Tlw 
~ulfur di••xidtl di:;r~olvPH iu tlu• di11wl h,Yhnil ill<', :11 ,d "" IIH' !lu.• ~~~.; 
IMol'<llllo•,; impuv••rir<ht•tl in Htdfut· tlin\id,, it ),..,.",,,,.,, ,.,.,;,·lt~·d with 
climPihyluuiliuo vapor. '1'1«• dinwl h)·l:tnilitH' ;, !lo" in!!: .town
Wltnl from tmy tu tmy bt•<'Olii<'S ri<•h,•r iu oli<;.;<•ho·,l ;.;tilfnr olin'tidll 
mul dum~'''" illt'HIIlr from li"ht-.n·llnl\' to" d,·,·p ru 1 ·Y-lo•tl ~oluti,,n. 

(. '•m><i<l .. rablc IH'at i>~ llVolvt•tl durin).!; t '"' :t!·~·•rp! ion tlf sulfur di
oxitlo h)' tlw uinwthyl:tnilinP, lllld illli'l<'•mit·r.; :11od ptllliJll'l 1\I'U 
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Figure 3. now Diagram of Aaarco Liquid Sulfur Dioxide Plant 

pro\·idet! on the ab~orh;,r to di;;<>ipnte this heat of solution. The 
quant.ity nf 8Uifur dioxide Whieh {!.given weight o£ dimcthyJaniJino 
t'an di.-':wlnl i~ n function of tho tcmpemlurc of tho absorbing liq
uid :md the conrcntmtion of sulfur dioxide in tho flue gM, the 
pr•:s«urc bcinp; cnnst:~nt nt uhout 30 iudH:R of water (Figure l, 
eurve A ). Lowcriug lhc temperature of the uh:Jorbant accom
pli:hcs two impnr!.nnt things: (1) incrcn.'lM the capacity of a 
unit of Jin,cthyb.nilin!\ to trnnsfcr Aulfur dioxidn nnd (2) reduces 
the vapor pre~.sure of the dimcthylnniline, thus saving reagent.~ 
for 1lw subscqu;;nt rccov;;ry of !.he dimethylrmiline ~tbsorbant. 

The traJtsfer or sulfur dioxide by the dimcthylnniline off the 
bottom t.rny of the absorber is about 60% of the equilibrium value 
n.~ ~hmm in curve A, with n. tail gn.s of (ells thttn 0.10% sulrur di
m:idc. 

The prc~-,'lw.ut dimethylnnilinc is discharged from the absorber 
through n. li(ini<l-lcvd coukol valve and is pumped through the 
heat ~x<:hnnp;cr in h(:l!.t exchrm14e rclution~hip to the hot stripped 
dirnethylan iline from the stripper. The heated pregnant di
met.hyln.niline is poured onto the top tray of the stripper unit of 
the stripping tower, nnd flows doV>'llWatd from tray to !.ray, eoun
t;:>.rcurrent to n ruing column or steam and flttlfur dioxide vapor. 
Th11 sulfur dioxide is st.rippcd from the dimetbylnniline and ea
<.'l!.Pf'S upwnrd through the tower. The stripped dimetbylaniline 
and oondenf!Cd lltl!nm Bre diechargcd from the bottom of the strip
per through a liquid-level control ulve, are oooled by heat. ex-

•·h:m~~;e rl'lnt.iouship i11 t.he h11at exdutnl:(l'r, further ooolrul hy l\ 

helir.al coil )(;nd 110oler, and pumped into the ~avity aepttr:<lor 
whf'm ::wpnmtion betwci'n dimd.hyl:wilineant>l wnl•;r t.akes piMP. 
'l'hc nhRorhnnt llowR into the dimcthyl:miline surg•: t:mk wht•rl' it 
is ready for another cydl'. The !U;p:1ral.--d water pha . .,) emplil.'.< 
into the stripper water tank for subRCqt~~:nt recovery of dissolv~d 
dimethylHniliue. 

Th11 hot Rulfur dio~ido which WM libl'ral•~d in the stripppr flow~ 
upward into the r.-.ctifif'r wlt~•re it i.e; huhhiM throup;h watN. 
The wat!~r in tho pri'RCTlCO or suHur dio·ddo fi\:t'>! the dimethylani
lino vnpor 11.'1 dimethyltmilinn ,c;ulfile. The dimcLhyl:u1ilin~ ~ulfite 
diR~olved in the wnter ov11rfiow~ int.n t.hP ~>1-rippt•r. The ~ulfur di
oxide gil.'!, subsl.:mtinlly fr~ from dinw!hylanilin!! vapor, lr.tvl.'• 
the 11tripping tower by the exit pipnund is cookt! within !1. few d1·· 
gr!JCI! of the temperature of cooling wnt-er and scruhhcd with ,•olol 
water to complt,t,.ely rcmov!1 nny re~idu11.! dimt!thylll.nilinc vapor. 
The cold pun! ~nHur dioxide g1~~ i11 dri<'d in n lmbhlc-cap tower, 
which is irrigated with 98% sulfuric neid,_ then is compr11Bsedl 
cooled, liquefied, and run to Rt.oral'(~. Tlu~ sulrur dimc:irlc at thi~ 
point oontainsno dimethylaniline nnd IP"-~ than 50 p.p.m. watrr. 

RECOVERY OF DIMETHYLANILlNE 

The recovery of dimcthylanilino vnpor from the flue gil.~ ~~ rt•am 
takeR_ place in _tho ll!lC.QJJ_d..M.d ~~ird .uniJ-'l of -~ho _ai)SorhiJ'lg towt·r 
rutd in t.he bottom unit of thfl !!tripping tower. 
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Figure 4. fru~trument Panel, Selby Liquid Sulfur 
Dioxide Plant 

TJ,. !lw· ~fls i.~ im)JOn>d,;la·d in sulfur dioxide and cnrielwd in 
.!imcthylaniline Vllpors whilt• p:l--;sing through the n.hsorut~r unit. 
1'h,· !lut• i('l-'i J,.:wea the ubsorb(•r nnd is bubbled through two trays 
of dilulc sodium carbonate :cmlutiou in tho sodu !lCI'ubbcr. Asi.y 
n'>i·htal i:IU\fur dioxide in the fiut- g!U! converts the sodium ca.rbon· 
:•!<' tn :wdiurn sulfite or bisulfite. Tho carbon dioxide is liher
:tf,•d in the flue g11.s. Any spray or droplets or dimcthylnniliue are 
trapfW<l in tl.i.'! section lLnd t'SCtlfK! with the liquid effluent from 
tl1l:-i uait. 

TlH· Hun ga.s ~;ubstautially fr<•e of physical dimcthylaniline lhi
ui•l lmt c<mtaining vapor nf dinwthyluniline is caus.!d to bubble 
thmul(h nine trays of bul.lhlc caps irrigated with a dilute sulfuric 
uriJ ~olution. The acid and tlte dimethylanilino base react to 
furtli dim<-thyhmiliuc flulfate. 

The dilute sulfuric acid m f•'tl onto the top truy of the third unit 
of ;~,.. :1! •"ml ,;,v, hm t·r or t\,,. add scrubber n.t a. r!l.te to almost 
•ah,nd•• the udd v..-itl. dim<•ll;ylnnilinc on Uw bottom tray of this 
u:.il :IT"! to m~<intnill a conc:Pr.t.mtion of dinwthylaniline in the 
"·i·i from tlw top !my of )N;H than 0110 twentieth satura
tion. Tho: flue !'I~~ which leavt·s till' tow•·r at thill point. aucl flows 
iuto tl"' !tlml!~ci!Jltere contains a fruction of 1% of sulfur dioKide 
"'''! pL. d ieally nu dinwtilylallililln. 

Thl· ..tH,l•·nt from t!.e Hoda u,tys and the acid scrubber emptie,; 
iuto :t u ,lh·d.ir;v, t:wk and i.q Jlli!Hpl'<l up to a small gravity scpara
lt!r, w),.,n, a ~,·pm:,tion is m:tdt! hctwcl'!l dimcthylnniline nntl wu
l••r. Th1: dirlle!ltylauiline is Jitwratcd ll3 n result of the reaction 
1><•\wH·n th., <litnl!lhy\auiline Jomlfate from the add scrubber and 
Hw ''"limn stlllilt• from tlw soda tmya. Part of tho dimcthylani
litw rt·Jnaiw; di.,solVI!d in t.hc wal<:r !l8 dimethyltmiliue sulfite. 
'f),,. dill:dl.yhnilinu wl1ith nep:u·ut~:~ empties into llu~ main di
llwthylartilir.l: supplr. 'l'h1: wal1•r cmpticl:~ i11to the Htripper water 
bnk. 

The water 1;111ptyiug i11lo tire ~tripper Wtttcr tank conl:lL'!tA of the 
hi 01! Wat"r lUll! HHIUtiOII 111Jdl!<l to llt•• j)f'OL'()H!I, 'f'Jtl!! COUI!ifltS of: 

I, 'l1oe tlilut•: 1mlfurie nl'i•l f•Jd t.o tlw ttdd I!<JI'Uhhor 
:t. Tlw dilute Hilllium clll'llUtiU.li: Holution fod tn tho soda 

H·ru!Jl,r·r 
:i. Tlul eold Wit!.er UH<:tl to smuh thtl dimt>thylaniline from the 

IOU% ~<tdfur dioxide 
4. The wakr .,ollll''"sml from the atrippm· and pumped inw 

llH· l!laiu s<,parating tank 

T!J, wnf.fJr ph:uw, which Juu-; ht'<·n collectt;J in the 6trippcr WlLter 
!;"'~' i.~ f<·<l <mto the top truy of the r••v:cnon•tor. Htmt i111mp
plid l•J the rq:•·nerut(Jr by iitl,uu in tim rcl(cnemtor lwutnr. Tho 
li<tiJid on th1• n·v;<·flemtor tmytt iB boiJIJI.l vigornuHiy nud dimothyl
h''iliw· iH lltcnln diMtillcd iut.o the 1Mippcr. Any dimuthyltUJilino 
sulfit .. wl.idtmay Lave been dinsolvcd in the water ill brok(•u down 
intr, dil,,.O.ylallilirwiHV«l and Hlilfur dioxide und oot,'l\(11111 with the 
~·· '"'' int" ti··· stripp!·r. Tlw tl!<•ttm ami diuwthy!nuilim•.lu-,; con-

dnnaed in the stripper giving up heat to aid in the stripping of 
pregnant dimethylaniline. At the temperature of tho reg•:rwmtor 
the reuction produclii botwt'<ln dimothylu.uilinn aulf1tlfl u.ud lill

dium t~ullit.t• tt.r(•IH·uli(•ll d<IWII into froo diuwt.hylanilirw awl ~11lfur 
•liuxidni tim ~odium 1mlfatu rNuninH lllllolul iou. 

'l'h11 ••llhumt. h·<•m 'tho l'l'v;<•UIIfl~\•,r, whil·h ""nHi>ll>~ .,r th" !lr~•. 

thl'l'l! if<•IHM lil;t..,,l n!Jc,vo, i11 tli><elutrl(Hl tltnmgh 1~ fJ.,1.t. valv•.: l,n :; 

pH cdlaud theu to tho K!!W!,r. The 001lium Hill fat" f,,, ru,.,J ir, tl11: 
rPgenerutor is thrown to wtu;lc. 

Thn pii of the wnlcr ;~olutiou in 1.!11! n•~;,.w·rato~Jr i., flwiubiru:<l 
L(!t\n\<m 5 nud G tmd iti tuljtl,.;t.<:d by tlw ral<· or flow nf sodiullt •·:tr
bonnt.•~ oolution Lo !be sO<Ia serubht>r. The dlhwnt wnt•·r <'On
lains 11t1 ,Ji,svlvl.'d diwcthylauiline. 

Tlwn• :tr<• only t.!tJu• IJ"H"il'lt· I'IJtU'<'<'!i of lo~>.< nf diuwthylaniliw• 
fnllll I he pnH;C'ss (lY!'l" -- ·lilllJHCI_r: 

1. Ai< dinwt.hyhwilirw V11por eHeupillg from tlu· "''"'•1'!'1 ion 
toW(ll' with tho impov.,rishr•d Hue !(ll!! 

2. AH <limcthylu.uiline dissolve<! in the wt;.ler elllut!ut from the 
rt~goncrator 

3. As ml.!cha.nicallc<tks in pump gll\tlds, valve padwtK gland~, 
and pipe threads 

Tho first two sources of loss are recovcru.l.le and mn_r he !'On
trolled by correct operation of the process, and the thit d sou ret~ of 
loss i>~ prcvento.hle. 

The opcmtion of the Asu.rco proccs.'! is smnuth nud tlexihle. 
The plant may he shut down and at.:1rted up without di!Iieulty. 
There ll.I'C only aix control valves on the prore;;:,~; thel'O control 
solution fiow ratl!S, ami the levels of liquid in I he vll.l'ious units !<re 
automatically maintained by float valves. Then• i~ no juggling 
of flow mtcs to mnint.ain normal liquitllevds in the uuit11 in the 
t,,..•o hubblc-cnp towers. 

The operation of tho plant takes placo principally from one 
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f1,'or Illld from 'IIII' in~t.rllnll'nt, pnl1l'l. ThiH is HhlJwn in Figuro .1.
TIll' instrullH'ld~ "on~i8t, of n t"Ill!1nrat.ure recorder, 1\ vnCUllnl I\ml
pr""'llI'e ~aj::" for hiower 0lHI nhsorher, integrating nnd recording
Ihl<' J.:;;S t\OWllll't,,1' an,\ s(e:lI11 !Iowmet"r, rotnmet.er for liquid flow
"'lI\lnll, :mt! \"l'nw(e indicntillg t.nnk 1""1'1 gng('s. Tho hlst,ru
nll'ld, HI~o i1ll'1"d,·t! two ~p",'illl\y ,ll'sil/:nl'd sulful' ,lioxid" r""ol'll
,'r~, "n,' f,,1' th" IlI'at! "as lind 0111' for the t.1li1 jl;aH. This inst,l'II
nll'llt "'a~ t!{'Si"lll't! hy Thomn~, lviI', nnd Fitt., of the Amnrkllll
i'1lll'lting :md Hl'finilljl; Company (8). TIH'so inst.ruments recol'll
~1I1f1ll' di"xi,l .. ill th,' pn'Sl'Il('e of cnrhon dioxide nccllrnt.l'ly nnd
sirH'1' the ~illt('r gaR nt ~e1hy {,olltllins n fnlV pl'r cent, of cnrhon di
oxid,.. IIH' lIllll.lysis of the gas for sulfur dioxitle nlone is import.1Ult.
FlIl'lhl'l'lllol'l" till' t:tiljl;ns l"I'{'onl"r l"I',,'mls millllt.o I\mounts of ~ul

fur dioxide, :lIld ~ince the t.ail gll.9 is in thc rnnF;n 0.05 t.o 0.00%
suI fill' dioxidl' tlli~ inRt \'Ilml'nt is importnnt for plrmt o!1l'l'Ittion.

.\1 I'r"~l'nl, thn',' !'1:tnt~ nrc (l!'l'mtiup; prOllucing lIulfur dioxidu
I,y' using IInhydrons din1l'thylaniline: one is tho Fnleonhridgo
]'I;il'kl'l COllll'llll." Itl. I\rist.innsluld, Norwl\Y; tho 110(\01)(1 IH t.ho
N'lhy \Init. of thl' Allwricl\n Hnwlt.ing nllfl nofllling Company nt
&olhy, ( '1I1if. (Fi"IlJ'(' /j); 111)(1 Ull' thinl, which went into opcrl\t.ion

1\ few l\1onthll n/l;O, ill 1\ c1uplientA'~ of t.hl! HllIhy unit, hllill, by tl,,,
TenneRsl'e Copper COIllP:lIIY, Copp('rhiJl, TmHl., IIl1d"" li"I'fl'C
from AIII\I"CO, SOVl'ml ol.\u'l" plnllt," of grr,nl.r!r CHp:H:it.y /lr~ lI11der
(\onsidomt.ion.
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nated areas. Sulfur oontaminants may be profitably re
covered in many industrial operations and thus clean up
the air and add to native sulfur reservos, which are rapidly
being depleted in the United States. More research it
needed in industries oonfronted with difficult recovery
problems-for example, nickel sInelters. Cooperation
between major native sulfur produoers and companies
with a large sulfur problem on their hands is desirable,

Recovery of Sulfur COIllpounds
fron'l Atlllospheric Contaminants

MORRIS KATZ
D.fence Relloarch Chemioal Laboratorle., Ottawa, Canada

R. J. COLE
Ontftrlo RO'"laroh Foundation, Toronto, Canada

'I'ho cmi""ion of 8u1£ur compounds, recognized as major
atmor;phoric contmninants, Inust be reduced 8S a matter
of economics and in the interest of publio weHare. Great
strides have been Inade in the control of sInelter IImok.
daInage by scientific investigation of suHur dioxide injury
to plant life. and the application of reInedial measures,
which include use of high stacks and high temperatures
for the discharge of waste gases, oontinuous automatio
measurement of ground ooncentrations and application
of Ineteorological control by accurate forecasting of oritioal
weather conditions, and installation of recovery plants
for conversion of excess suHur dioxide to liquid suHur SULFUR compounds have been recognized ll.~ lIlajor "lllll)'-

dioxide, sulfuric acid, fertilizers, or elemental lIuHur. pheric contaminnnts for lOnny yl'ars in t.he metal sm"liil1~

The annual losses of sulfur from produots discharged to ll:nd oil refininF; industries, l\lld in 1\11 opol'lltions involvin!( th,'
the atmosphere from zinc plants, lead, Oopper, and niokel consumption of Inrge qunntitios of slllfur-I'ontaining fuels such fi'

smelters, crude oil refineries, and from ooal oombustion, coal. Enormous damnge hM been cnused by the excessive emi,·
are oompared with world native suHur produotion and sion and wll8tnge of such products to ngrielllt.url\l ami forest an'a.',
by-product sulfur recovery. The extent to whioh lIuHur I\nd to mnterials such lIS metals, stunI', ('enwnt, paint, p:ll'rr,
emission must be reduced, to avoid injury to plant life. Icather, nnd text.ilos. The nnnuol]oR"('R from air pollution r:1l1no'
is discussed in terms of the permissible levels of ground be 888c88en /toclIl'lltely but, ncverthl']es,q, amount to man)
concentration. Methods for recovery of sulfur oom- millions of dollars. H one con~id!'rs that a substont.i:J1 portion of
pounds from sulfur dioxide and hydrogen sulfide in staok the sulfur dioxirle or hydro!!:!'n sulfide lost to the atrnosphrll'
\las include concentration of sulfur dioxide and its oon- may be economicl\lIy recovered, the realll\l\gnitude of sllch \os<p,
version to sulfuric acid, recovery as elemental sulfur, and I\nd tho importance of this prohlem become npparent.
£Iue gas disposal of the effluent and noneffluent types. Within the past 20 yenrs l\ I/:rel\t scicntific elTort has hcclllllarl"
New developments of outstanding importance for purl- in the United Stntes, Cnnnda, and clsewhere' to detrrmillc thr
fication and recovery of suHur dioxide are embodied I'lIU8OS of air pollut.ion I\nd to dl'velop technical met.hods of con-
in the Trail ammonia process, the dimethylaniline process 1.1'01. The effect of sulfur dioxide 011 plnnt life /tnd metaholism,
-at'SeThy, 'and'flash smelting at'Copper'CHffin oonjunction Ilhotosyntheeie and respiration, andthcfnct.ors affeclii'lI\~lIsccp'

with liquid sulfur dioxide recovery. An aroused public tibility have been evalunted with scientific I\ccuraey. COlIsidN'
consciousneS8 of the need of controlling atmospherio '1 i, able insight hll.8 been gained into the role of micrometeorology
pollution has .timulated investigation in many contami. ,J'f and the influence of topography on smog conditions accom·
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