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PRI~ARY COPPER PYROMETALLURr,y

Figure 3 outlines the principal processes for the extraction of copper from

sulfide enriched ores. The processes are basically pyrometallurgical

processes involving the major metallurgical steps of roasting, smelting

and converting. Each of the three primary steps emi~gases and dust as

potential pollutants.
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I
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Figure 3. Principal processes for extracting copper from sulfide ores.
Parallel lines indicate alternative processes.
(-- Established; ---- Rare; -- . -- • -_. Under development)
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In roasting, the concentrated sulfide ore is dried and heated until the

sulfur begins to combine with oxygen to form sulfur dioxide gas (502) which

is removed in a gaseous stream. Ores rich in sulfur are roasted to lower

the sulfur content to a level adequate for smelting which is the next

operation to follow (ores low in sulfur content generally bypass the roasting
(j{i/1r9v-r 7

stage). The process is usually autogen~us, however, some hydrocarbon fuel

may be required if the concentrates are excessively moist. Temperatures

generally range from SOD-700°C in the roasting chambers (temperatures of

500-5500 C are maintained with iron enriched ores in order to avoid the

formation of iron oxides.) Roasting is not applicable to blast-furnace,

flash, or single-step smelting all of which incorporate the roasting

reactions in the smelting step.

Roasting produces 502 and volatile oxides of arsenic, antimony, lead and

other trace elements. Roasting, therefore, involves a net elimination of

sulfur and leads to a smelting product (matte) which is of considerably

higher copper grade than the original concentrate.

Dust content generated during the roasting reactions

• characteristics of the copper concentrates
• volume of air aspirated by the roasting furnace
• extent to which concentrates remain continuously in

suspension in traveling from hearth to hearth
• size and number of the aperatures in the hearth

Multiple-hearth roasters (Figure 4) used in the roasting of copper ores,

operate at temperatures approaching 650°C. The 502 in the offgas ranges

between 5 and 10 percent, a consequence of low efficiencies in the furnace

and d{fjution by air. Hearth roasters treat approximately 0.5-1.0 metric
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Figure 4. Cutaway view of a multiple hearth roaster.

V

tons of charge per M~ of hearth per day, which is equivalent to eliminating

0.1-0.2 metric tons of sulfur per M2 per day. Dust loads in the offgas are

. often 3 to 6 percent of the weight of the feed.

Fluid-bed roasters (Figure 5) operate in the same temperature region as

the multiple-hearth units. Oxidation of the sulfide particles occur while

they are suspended in an evenly distributed stream of air. The rates of

reaction are considered to be instantaneous. While at high gas velocities,

75-90 percent of the feed is carried off in the gas stream, however, the

majority is immediately recovered in cyclone collectors and recycled back

to the roaster.

PRELIMINARY
SUBJECT TO REVIEW
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Figure 5. (A) Cutaway view of a fluid-bed roaster, and (B) Roaster­
reverberatory furnace flm'1sheet.

The fluid bed roaster is considered to be the best device for the roasting

of sulfide ores. It has a high production rate, excellent temperature

control, and produces a gas of 10-15 percent 502 ) which is an excellent

feedstock for a contact sulfuric acid plant.

1
. 2

Sme tlng

Matte smelting is a process for metal extraction involving the reduction

of feed to molten metal or matte (matte is an artificially created
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sulfide), which easily separates from a siliceous iron slag which also forms

in the melt. Gangue material usually melts at higher temperatures than the

matte, so it is necessary to add fluxes which allow this gangue to become

,sufficiently liquid at the furnace temperature to form the slag. The major

metals simultaneously combine with sulfur to form the valuable matte.

Smelting produces S02 and volatile oxides of arsenic, antimony, lead,

selenium, tellurium and other trace elements. Depending on the material

being processed, the dusts emitted in smelting may have commercial value

when collected or may pose pollution problems when emitted to the environ-

menta

The behavior of metals other than copper and iron during matte smelting is

estimated in Table 12. These data serve only as a guide and the precise

distribution of minor elements depends upon the smelting conditions and the

type of process. The most important points are:

a) Gold, silver, the platinum metals, cobalt and nickel enter the
matte almost completely, these metals are carried forward to
the converting operation and they are finally recovered as
by-products during the electrorefining of anode copper.

b) Significant quantities of impurities harmful to copper also
enter the matte; specifically antimony, arsenic, bismuth, lead,
selenium and tellurium. Some of these are also recovered as
by-products during subsequent converting and refining opera­
tions.

c) Much of the zinc reports in the slag from which it can be
recovered by "slag fuming" (reduction) if it is present in
sufficient quantities (Mast and Kent, 1955).
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Distribution

Metal Matte Slag Volatilized"

Alkali and alkaline
earth metals, aluminum, titanium 100

Ag. Au, platinum metals 99 I
Antimony 30 55 15
Arsenic 35 55 10
Bismuth 10 to 80
Cadmium 60 to 30
Cobalt 95 5
Lead 30 10 60
Nichl H 2
Selenium 40 60
Tellurium 40 60
Tin to 50 40
Zinc 40 50 10

• Not including solids blown from the furnace (dust losses).

Table 12. Estimated distribution of elements other than copper and
iron during matte smelting.

Blast-Furnace Matte Smeltinq--Blast-furnace smelting (Figure 6) was used

extensively in the past for producing large quantities of matte from lump

sulphide ores. It was also used at one time to produce a crude, iron-conta­

minated "black copper" from oxide ores. However, depletion of rich lump

ores and the increasing prevalence of froth flotation concentrates have

gradually eliminated the blast furnace from matte smelting. The blast

furnace is unable to directly treat finely ground flotation concentrates

because they are quickly blown out of the furnace by the rising combustion

gases. However, the blast furnace still finds some use (usually with a

sintered charge) in Africa where mixed oxide-sulphide ores are treated, in

Canada for Cu-Ni concentrates, and in Japan. World-wide there were fewer

than 10 matte blast furnaces remaining in operation by 1974.
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Figure 6. Cutaway view of a blast furnace for producing copper matte from
sulfide ores .

. Typical charge to the blast furnace consists of sintered concentrates,

lump ores, silica fluxes, converter slags, and metallurgical cokes. The

products of the furnace include:

• a copper-rich liquid matte (~ 50 percent Cu)
• a liquid slag
• gases containing approximately 5 percent S02.

(gases are generally laden with dust)

Reverberatory-Furnace t~atte Smeltinq--The reverberatory furnace is the most

widely used unit for matte smelting. It is a fuel-fired hearth furnace in which
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concentrates or roaster calcines are melted to produce separate layers of

liquid matte and slag. The dimensions of reverberatory furnaces vary con­

siderably, but modern furnaces (Figure 7) are typically 33 m long (inside),

10 mwide and 4 m high (hearth to roof). Furnaces of these dimensions produce

in the order of 500-800 metric tons of matte (35-40 percent eu) and 500-900

metric tons of discard slag per day. A smelter usually has from one to three such

furnaces. The reverberatory furnace is also used (simultaneously with

smelting) to recover copper from recycled, molten converter slag.

Concentrate
or caldntl

),

Matte

\,~----------- ---.----------._-

, Off gal
(to wente

heut boil."l)

Fi,gure 7. Cutaway Vi6v of a reverberatory furnace for the production of
copper matte from sulfide concentrates or roasted calcines.

The extensive use of reverberatory furnaces is due to their high degree of

versatility. The heat for smelting is provided by burning fuel in the

furnace and by passing the hot combustion gases over the charge. All types

of material, lumpy or fine, wet or dry, can be readily smelted. There are

approximately 100 reverberatory furnaces in use world-wide (1975).
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During the melting phase in a reverberatory furnace, approximately 20-50 percent

of the sulfur in the charge is oxidized. The range of sulfur dioxide con­

centration in the wet offgas is 0.5 to 2.5 percent depending on the feed and

operating conditions. Of the sulfur in the charge, 70-80 percent is removed

in the matte, 18-30 percent in the flue gas, and 1-2 percent in the slag.

Cust from the reverberatory furnace is a substantial problem. Heavier

particles settle below the waste heat boilers and into the hoppers of the

balloon flues or settling chambers. Practically all of the copper smelters

use drag or screw conveyors for the removal of dust from places of accumu-

lation. Collected dusts are returned to the system.

Generated dusts depend on:

• fineness of the charge
• degree of agitation in charging and working
• specific gravity

Electric-Furnace Matte Smelting--The electric furnace (Figure 8) is an

electrically heated hearth furnace which performs the same functions as

that of the reverberatory furnace. It is used where electrical energy is

inexpensive and where S02 evolution from the smelter must be tightly

controlled. The electric furnace and the reverberatory furnace are

equally suitable for obtaining the relatively low temperatures (12000 C)

of copper matte smelting.

The electric furnace has two environmental advantages over the reverberatory

furnace:

a) it produces smaller quantities of effluent gases, due to
the absence of gaseous combustion products i "

b) the S02 concentrations of its effluent gases are readily
controlled by adjusting the amount of air infiltration into
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Figure 8. Cutaway view of a submerged arc electric furnace for the
production of matte from dry sulfide concentrates or roasted
calcines.

the furnace. With a minimum amount of air infiltration, the
S02 concentration may be as low as 0.4 percent, for venting
directly to the atmosphere (Mostert, 1973), while extensive
air infiltration and sulphide oxidation leads to S02 concen­
trations in the order of 5 percent (Rodolff and Marble,
1972). This latter gas ;s blended with converter gases
and the S02 is extracted from both as sulphric acid.

The electric furnace has the same versatility as the reverberatory furnace,

and this' factor plus the environmental advantages have led to its adoption

for new smelting capacity in several environmentally sensitive areas

(Dayton, 1974). Worldwide there are a~proximately 15 electric matte

smelting furnaces in operation including those used for producing Cu-Ni

mattes.

Mattes and slags produced in electric furnaces are similar in nature to the

mattes and slags from the reverberatory furnace. 502 gas emissions generally

range from 2-4 percent with minimal dust losses, a consequence of low gas

velocities. Figure 9 illustrates, in generalized form, a typical flo\'/sheet

of a smelting system utilizing an electric furnace for matte production.
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Figure 9. Combination fluid bed - electric furnace for the production of
commercial grade Cu-Ni metal.

Table 13 and 13A summarize the material balance of the major metals, trace

elements, and principal impurities of a typical Cu-Ni concentrate utilizing

the above system. Calculations are based on the production of 100,000

metric tons/year of commercial grade Cu-Ni metal. Figure 9A summarizes

particulate emissions based on varying efficiency factors.



Ioplolt P'rol1ucte Cu Hi Fe S Co 51°2 CaO MgO Al 26) AM Ph In Cd Ag Au P.h Pt Pd

ConcentrAte , Duet 69263 14842 143414 113789 693 74210 6085 21768 11973 15.34 39.58 1880 19.79 23.06 .71 .0087 .88 2.09flux 19170
Cl.~nlng F. Matte 8672 4947 22249 9531
P1crhotite Conc. 6082 3496
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CALCINl

3.5.65 1598

Output Products
...·hite He tal Hatte 63190 13219 3478 19002 485
Cll4n1ng f. HAtte 8672 '947 12249 9531
CleAn or Du~? Slag 817 0461 157326 835

~Ktl (flu1d bed)4% 3118 792 7396 4933
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Du.t. (electric ,.)2%..Jl.L ill ...ill. -.l2i

Tocal Duat. 4597 1163 7921 5515 208
Flu. OUlt (recycle) 4lJ6 1047 7129 4964 187

Part1cul.te l~i••1oQ. 461 116 792 551 21
Cu t&l.1l1iolla 4514
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Input Products Cu Nf Fe 5 Co 51°2 CaO MgO A1203 As Pb Zn Cd Ag Au Rh Pt Pd

Concentrate &Dust 89 75 75 90 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Flux 10
Cleaning F. Matte 11 25 12 8
Pyerhotite Cone. 3 3

INTER.'1EDIATE 96 96 93 22
CALCINE

Output Products
1 White Metal Matte 82 67 2 15 70 97 97 92 97 96
2 Cleaning F. Matte 11 25 12 8 100 100 100 10 90 85 10 3 3 8 3 4
3 Clean or Dump Slag 1 2 82 1

Dusts (fluid bed)4% 4 4 4 4
Dusts (electric F.)2Z 2 1 .04 .31
Dusts (electric F.)2% .23 1 .24 .15

Total Dusts 6 6 4.28 4.46 30
4 Flue Dust (recycle) 5 5 4 4 27 81 9 14 81

5 Particulate Emissions
Gas Emissions

1 + 2 + 3 + 4 + 5 - 100r.

1 1 .43
4

3 9 1 1 9

en
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Table 13A. Metallurgical material balance of the principal
constituents of a typical Cu-Ni concentrate.
(Electric Furnace) (Numbers are as percents)
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Flash-Furnace Matte Smeltino--Flash furnaces (Fiqures 10 and 11) utilize

the heat evolved from oxidizing part of their sulfide charge to provide

much or all of the energy required for smelting. The principal advantage

of the flash smeltinq processes is that their energy costs are considerably

lower than those of reverberatory and electric-furnace smelting. Flash

furnaces are also excellent from an environmental point of view because

they produce S02-rich effluent gases from v/hich the S02 can be efficiently

removed as sulfuric acid or liquid 502. For these reasons, flash furnaces

have accounted for most of the new matte smelting capacity since 1965.

The principal product of flash-furnace smelting is a high-grade (45-50

percent Cu) liquid matte.

There are two basic types of flash smeltinq.

(a) The INCO process which uses commercial oxygen and which is
completely autogenous.

(b) The Outokumpu process which uses preheated air or preheated
oxygen enriched air. This process is not autogenous. Hydro­
carbon fuel (and in one case electrical energy + fuel,
Kitamura et al., 1973) is used to make up the thermal deficit.

Currently (1975) there are twenty Outokumpu flash furnaces in operation

(17 built since 1965) and one INCO oxygen flash furnace. Flash furnaces

are usually operated singly as the only smelting unit in a smelter.

The gaseous product of the sulfide oxidation reactions is 502 and considerable

quantities are produced by the flash smelting reactions. The effluent gases

produced by the INCO process contain approximately 80 percent 502. The 502

from the Outokumpu reactions ;s diluted by nitrogen (from the incoming air)

and by hydrocarbon combustion products. Outokumpu effluent gases contain

10-15 percent S02. S02 is efficiently removed from flash-furnace gases as

liquid 502 (the INCa process) or as sulfuric acid (the Outokumpu process).
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Figure 11. Cutaway view of INca oxygen flash smelting furnace.
j.
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Figure 12 illustrates in generalized form a typical flowsheet of a smeltin0

system utilizing a flash smelting furnace for matte production. Table 14 and 14A

summarize the material balance of the major metals,' trace elements, and

principal impurities of a typical Cu-Ni concentrate utilizing the above

system. Calculations are based on the production of 100,000 metric tons/year

of commercial qrade Cu-Ni metal. Figure 12A summarizes particulate emissions

based on varying efficiency factors.

Gas &
Particulates

Waste Heat ----------------~.. preCiPitator>- -l
Boiler

Acid Plant,..---t-----------......r----,.. Precipitator

Fine Dust

Concentrate -~--__ Flash Smelting --t---- White Metal Matte

"11"" Flux L Convertin, __---.....~ Matte - Alloy

!
Slag

Figure 12. Process flash smelting for the production of commerci.al grade
Cu-Ni metal.
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Table 14. Metallurgical material balance of the principal constituents of
a typical eu-Ni concentrate (Flash Smelter-Outokumpu Style).
(Units are in metric tons/year)
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Input Products

Concentrate & Flux

Silica Flux

Output Products

Cu N1 Fe

100 100 100

s Co

100 100

5102

65

35

CaO MgO AI20) As Pb Zn Cd Ag Au Rh Pt Pd

100 100 100 100 100 100 100 100 100 100 100 100

1 White Metal Matte 82 56 2 17 8 97 97 92 97 96

2 Matte - Alloy 8 32 1 2 62

3 Dump Slag 2 . 4 89 1 92 100 100 100 10 90 85 10 3 3 8 3 4

4 Flue Dust (recycle) 7

5 Particul~te Emissions 1

Gas Emissions

1 + 2 + 3 + 4 + 5 - 100%

7

1

7

1

2 28

.2 2

4

7

1

81

9

9 14 81

1 1 9

Table 14A. Metallurgical material balance of the principal
constituents of a typical Cu-Ni concentrate
(Flash Smelter- Outokumpu Style). (Numbers are
as percents)
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Continuous Production of Blister Copper: SinGle-Step and ~1ultistep Processes-­

Continuous process smelting (Figures 13, 14 and 15) combines the steps of

roasting, smelting and converting into a continuous (and perhaps autogenous)

single-step operation for producing blister copper directly from concentrates.

Input materials to the process would be concentrates, fluxes and air; and

the products would be blister copper, a gas of high S02 strength, and a

slag sufficiently low in copper to be directly d~scarded.

The potential advantages of such a single-step process for producing blister

copper would be:

(a) A reduced amount of material handling due to the absence of
intermediate steps.

(b) A low or zero energy requirement, due to efficient use of
the energy obtained by oxidizing sulfides continuously in a
single vessel.

(c) The production of a single stream of high S02 strength gas
suitable for sulfuric acid or elemental sulfur recovery.

(d) The ability to apply on-line, automatic computer control to
the entire copper-making process.

(e) Low capital cost requirements of a single unit as compared
to multiple-unit operations.

The Noranda and Mitsubishi processes are operating en an industrial scale

and further installations of both are planned. The WORCRA pilot plant was

shut down in 1970 and it has not operated since. '0J1~-~

C
. 2onvertlnq

When the matte has been drained from beneath the slag, it is further pro­

cessed in the last major operation, that of converting. Converting;s

essentially an oxidation process, no extraneous fuels necessary. The

sulfur from the metallic sulfides is driven off as a S02 gas and the
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Figure 13. Schematic longitudinal and end views of the industrial Noranda
single-step reactor.
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Figure 14. Plan and elevation views of the WORCRA process pilot reactor.
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A Smeltino furnace

J.- N 7m dio. ---I

Air ,olCyoen,
CoC0 3

Slog gronulation
and dIscord

Granulated
revert slog
(tOtoI5%Cu) .........

A Smelting ~
furnace ~

Motte cnd slog~

Granulation

Figure 15. Schematic plan and elevation views of the Mitsubishi continuous
smelting system.

remaining iron in the system is oxidized. The iron silicate slag which

forms is poured off leaving the nearly pure metal or metals in a liquid

form. Refining by electrolytic or other means reduces the metal or metals

to the required purity.

The converting of copper matte is almost universally carried out in the

cylindrical Pierce-Smith type converter (Figure 16). The converting

reactions are exothermic and the process is autogenous. Typical converters

PRELIMINARY
SUBJECT TO REVIEW
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Charging Blowing Skimming

Figure 16. Cutaway view of a horizontal side-blown Pierce-Smith converter
for producing blister copper from matte.

treat 300-400 metric tons of matte per day to produce 100-200 metric tons

of copper. A smelter will normally have from three to six converters

(with one or more of these being relined or on standby) depending upon

the capacity of the smelting furnace.

Converters emit principally S02 as a potential gaseous pollutant. Dust

loads in converter gases (also considered as a pollutant) may amount to



10-20 tons/day/unit. Seventy-five to 85 percent of the solids generated

settle in the flue system. The remaining 15-25 percent, composed of smaller

particles, is removed in dust collectors. The dust content depends princi­

pally on the chemical composition of the copper matte. An increase in the

operating temperature of the converter causes higher volatilization of the

metals and, hence, higher dust content in the offgases.

The distribution of elements among blister copper, vapor, and slaq are

estimated in Table 15. This table indicates that, generally speaking, As,

Bi, Cd, Ge, Hg, Pb, Sb and Sn are extensively removed as vapors during

converting while most of the Zn is removed along with the iron in the slag.

The precious metals, nickel, and cobalt are carried over with the blister

copper and are recovered during electrorefininq.

Blister copper Vapour" Slagb

Ag 90 0 10
Au 90 0 10
Pt metals 90 0 10
As 15 75 10
Bi 5 95 0
Cd 0 80 20
Co 80 0 20
Fe 0 0 100
Ge 0 100 0
Hg 10 90 0
Ni 75 0 25
Pb 5 85 10
Sb 20 60 20
Se 6Q 10 30
Sn 10 65 25
Te 60 ]0 30
Zn 0 30 70

-Not including ejected droplets of matte and slag.
• Including entrained matte.

Table 15. Distribution (estimated) of impurity elements during converting.
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Converter gases often have 'entrained droplets of matte and slag which

have the approximate composition of the liquids at the time of ejection.

The solidified droplets are caught in the flue system (generally in the

balloon flues and the electrostatic precipitators) and are recycled to

the converters. The dusts and vapors from the converters are of

sufficient concentration (contain sufficient copper) to be recycled to

the smelting furnace or to the converter itself.

Table 16 compares the production features attributable to existing matte

smelting operations. Table 17 summarizes the salient features of pyro­

metallurgical process equipment.

POLLUTION AND POLLUTION CONTROL

Air pollution problems of the nonferrous metals industry are varied and

complex. One typical characteristic exists, however, in almost all the

nonferrous metals processes, the particles emitted are metallic fumes

generally submicron in size. Table 18 summarizes particulate emissions.

The chemical and physical properties of effluents from primary copper

. smelters are summarized in Table 19. Particulate emissions from the

furnaces are predominantly metallic fumes of submicron size. The fumes

are difficult to wet and readily agglomerate. In addition, they are

cohesive and will bridge and arch in hoppers and other collection lines.

Technology has been developed to provide equipment which, when operated

efficiently, minimizes the negative effects inherent in a particular metal­

lurgical system. Pollutants must be efficiently recovered in a form which is

either marketable or inert under atmospheric conditions for regulated disposal.



TYPE BLAST REVERBERATORY EI.ECTRIC 'FLASH CONTINUOUS

Heart.h Area (M2.) 6.6-11.4 315-360 811-350 133-140

Solid Charge Rate 250-1300 400-1300 250-1650 1100-1600 115-1075
( 'foul Hetric
to'::lslc.ay)

:-'..atte 110-650 250-800 150-1100 550-850 20-180 (Blister Cu,
~etric tons/day) '1,987, Cu)

}~tte Grade (7. Cu) ll6-63 34-47 22.5-40 I 47-49

Slag 120-700 260-900 160-1360 300-550 65-700
(Hetric tons/day)

Sleg Grade (% Cu) 0.1.5-1.0 0.38-0.60 0.16-0.63 0.55-1.0 0.50-12.0

Productivity 35-130 1.2-3.6 3.0-5.8 7.9-11.6 3.0-9.0
(~'fetric tons of
charge per day/HZ)

Total Energy in Fuel 6xlO 5-ex10S lOx10S-16xlOS 3.Sxl05-S.9xl05 1.1x10S- 6.1xlOS 6xl05-13xioS
(Kcal!}~etric ton
of charge)

Total Energy as an 6.75xl05 13. 33xl0S 4. 18::dOS 4.45:x105 IOxl0S (without air
Average (Kcal/metric enrichrlent)
ton of charge)

44

Table 16. Production details of matte smelting furnaces.



Table 17. Salient features of pyrometallurgical equipment and apparatus.

JJ''FAJ.A'rrS

Y~tiple Eearth P~aster

DrSLRIPTION A.\~ D~NSIONS

Cylindrical-bricK-lined vesoel

CAPACITY GAS G1W)ES

2-6% 802

MAJOR DISAD\'M"'l'AGES

More expensive to operate in eomparisoft to
other calcining operations.

Calcine Carryover of 6% in outlet gases.

~.AJOR ADVA..'rrAGF.S

I ~~-----_~ ~I

~l~ic Bee ~easter Crlindrical-refractory-lined
steel shell

1600 Tl'D
Concentrate

12-14% 502 Processing difficulties.

Excessive calcine carryover of 80i. in outlet
gases.

Ro moving parts in the" co~bustio: eha=~e=.

Y.aintenance require:'!tents are -t II ~n:!.t:.'.l!:.

Uniform bed t~perature9 ane coeposition
are ~intalned in the fleid bed.

Little excess air is required •

._---------~-----------------------------------------------------------------------~Si~ter~ng ~~cb~ne Traveling straight line grate 1.5-2% S02 Requires a very careful adjustment of the Excellent hearth efficiency.
physical and chemical conditions of the charge.

25 ft. - 35 ft. long
5 ft. - 8 ft. ~ide Sulfur control 1s not very practical.

The typical blast furnace uses a relatively
small S!:lOunt of fuel.

!_------------~~--~~---------------------~------~~--------------------------------_.r~~ventionz~ Blast Furnace Rectan~ular in plan ~ith vertical 1000 TPD 57. S02 The blast furnace is unable to treat finely The blast furnace r~s a high procuct1vity
sides at the top. in~ard1y sloping Concentrate ground flotation concentrates. rating.
slees i~ the center section. and a
vertically sleed hearth at the
bottc~

1.5 m x 7 ~ ~ 5 n~~__~~__ ~ ~_~__ ~ ~~_~__~ r

~0=c~a ~lest rurr~ce 500 TID
charge

7.3% S02
9.5% C02
3.17. 02

Lacks capacity for larger smelter operations. Lo~er BTU require~ents pe~ ten cf ctp-r~e

~hen co~ared .ith the Br: req~ir~ents

per tor. of ~et cr~rge in reverberato~.

~~~-~~~-----~---~-----~-~~---~------~-------------------~----~----------~--~-------?e7Erbe=~tory F~~ace A long horizontal furnace ~ith a
roof desihncd to reflect flame
do~~ onto a charge on the hearth

120-150 ft. long: 30-40 ft. ~ide

Eigh ten;eratures 1400-1700oC
Tapping tenperature 110o-1300oC

Gns tcnperatures 11000 e

1600 TPD
charge

.5-1. 0% S02
11-2070 of
sulfur
content
removed

Thermal efficiency of the reverberatory is lo~. Furnace possesses flexibility .ith res?€ct
to feed.

Capable of handling large toncages of hot
charge per day.

l ~_~ ~~~~_~ __ ~~ ~__~~~__~ ~ :

Electric :?urn.!ce Rectansu1ar in cross-section ~ith a
firebrick spring-arch roof and a
basic-brick inverted-arch bottom

2-47. S02 High hydrostatic heads attributable to deep
layered slags constitute a definite furnace
operating hazard.

Bath runa~ays are a major hazard.

It is cc~letely versatile and it ca~ be usee
to ~elt any and all rzterials.

It produces s~ll vol~es of e:flue~t gas
(consisting of N2 from infiltrated air. CO

.t:o.
C1l



Table 17.

Ele~tr1c !urr.ace (cont.)

(contd.)

Copper matte is more difficult to produce
than nickel matte.

Furnace makes little use of the enereY vhich
is potentially available from oxidizing the
sulfide minerals of the charge.

The operating costs tend to be high due to
the high price of electrical energy.

2nd C02 fro~ electrode-sl~g reactions and
S02 fro~ sulfide oxidat~or.).

The S02 concent~nt1on of its e~:l~ent gas
is rep.cily cont~o11ec by ecj~sti=~ t~e

amount 0: air ~h!ch is infiltr~tec ieto the
furnace.

It ~kes efficient use of electrical e~ergy.

---~----------------------------------------------~--- ~-~-------~ I

Fla~h Furr.sce (Cutok~~u)

(~ot a-.;tober,ous)
P~qui"cs ~ the fuel of sn
e~~iv~le~t (cry) rever­
berato~ sceltins process.

20 m x 7 m x 3 ~ 1200 '!'PD­
1400 TID
Concentrate

14% S02 Slags are too high in copper content to be
discarded. 1L~ additional electric furnace
is needed to trent both flash furnace slag
and converter slag.

Its 5=511 physical size su??or:s a larfe
throu~h?ut.

It is very econo~!cal i~ its use of fuel?
the greater portion used for air :'e~ti~g.

and therefore. of lov ~uality.

The gas produced is a geca feecstock fer an
acid plant.

Direct procuction of ele~e~tal sulfur in
the flash-s~elting e~ssio~ syst~ is
being cevelopr:-::.

---~------------------~----------------------------------------------~-------------~3S~ F~~ace (~{CO)

(au:o£e:lous)
Sl:lall hearth-type furnace

23 m ::It 6 m x 5 !11

1600 TPD
dry charge

75-807.: S02 Slags are too high in copper content to be
discarded. Additional treatment 1s neecled
for both flash-furnace slag and converter
slag.

It has a ~u~h lo~er overall energy
requirecent.

Its voluce of effluent gas (?er ton of
charge) 13 s,~ll cue to the a~se~ce of
nitrogen and hycroear~on co~=~sticn ?rcducts.
vhich ~eans that its £cs-collec~ion e~u1~

ment req~irc~ent is $~11.

The 502 concentratio~ in its e::l~ent gas
is very high (eC~) v~ic~ sir.pli:ies S02
re~val as s~lfuric ac~d. liquic 50z. or
elecen:al sulfur.

Dust losses are lov cue to 8 relatively
small volUEetric gas-f!c~ r~te.

Its productivity (tons of c~rge per cay/~2
of hearth area) is approxi=atcly 30~ higher
than that of the Outo~~~u process.

----------------~----~------~-~----------~-------------------------~-~-~---~-------Pierce-S:dth Si~eblo~~

Converter
Cylindrical steel vessel lined
with basic refractory bricks.

13 ft. diameter; 30 ft. length

2-67. 502 Relatively lov concentration of 502 in outlet
gas.

Very efficient as a St:elti~s cachine uneer
certain codified concitions.

~
0)



Table 17. (contd.)

R ~ ~ _

~ocoken I.orizontal Siphon­
1Y;'e Converter

56.5 TPD
blister
copper

8% S02 Capital costs are high than Pierce-Smith
converter

Capacity per unit 81~e is lower than
cou~arable units.

Efficiency as a smeltir.g machine is lov•
• ~ ~ __~ ~_~_~ ~ f

~~tsubi6hi Process (Continuous) 500 TPD­
1500 TPD
concentrates

12-15% S02 The }litsubishi process ~~y not be suitable
for treating high i~purity concentrates.
(Concentration of iIT?urities in the
blister copper is likely to be high.)

The multi-step ¥~tsubishi process produces
S02-bearing gas in each of its three
furnaces and a more extensive gas­
collection system 1s required.

The syste~ is pollution free, all exit ;ases
have a SC2 c~ntent £reater ~}~n :C: ~hich

viII pe~1t recovery of s'~:ur as sul:uric acid.

C3pital i~vcstc~nt is 7C~ of t~t needed to
build 3 conventional s=elter.

O?eratin~ costs are recucec due to a s-~:ler

'Io;ork force.

Blister copper requires relatively little
fire refining d~e to its relative:y lo~

(.1-.91 S) sulfur content.

Slag recycle to the celti~g furnace is kept
to a ninin~ by the s~:l ?rocuction of
slag.,lIIIQ_II!lIr __ ElI I!!I!II ~ IllIIII I:5II lI!a _

~Cl.~~ ?roccss (Continuous)
(ltilizes sub~erged lances)

9-12% S02 The heat from the oxidation reactions is
not available to the settling branch. As
a consequence, hydrocarbon fuel must be
burnt in the settling branch and large
volumes of conwustion gas, dilute in S02
(lor 2%) are produced.

Only a small part of the furnace is devoted
to copper-making reactions and hence the
productivity of the furnace is low, 2-3
tons of charge per HZ of hearth area.

Capital costs 2o-30~ ~elow that of rever:eratory
converter plants.

Lower operati~g costs. ~ith savings ce?e~c~c~

upon local costs for f~el, ?~.er and l4~or.

Econoeic ~iability at low annua~ t~roUA~?~ts­

possib~e 10,000 to 20,000 tor.s/Y~Gr of co?per.

Efficient recovery of cy?roduct sulfur frc~

continuous 502 e=ission.

Process r~kes r.etal ratber than ~tte directl?
froe concentrates.

~~st of the exotte~c oxidation reactions are
generated and continued ~~thin the li"uid bath.

Injection cf o:~gen-containir.ggases via
lances cre~tes turbulence and ccntinuocs flov
in the s~elting and converting zones.

In the conv~rting zon~, slag moves by gravl~.

generally countercurrent to ~tte and cetal.

Copper content of the slag is recuced to
throwa~~y levels as the slag flows tr~ough

the s~elting and slag-cleaniug zones; there
is no revert slag.

+:..
--:



Table 17.

"'O!.~..A l"roees5 (cont.)

(contd. )

Offgases generated in the emeltlng ane eon­
verting stages are coebined and leave the
furnace continuously_ S02 concentration 1a
mostly in the 9 to 12% range.

,--------~------------------------------------~---------------------------~-------_.~oranca P~oce6s (Ccntinuous)
(rses su~~er£ed tuyeres and
A rotatable reacto~)

P.orizontal cylindrical furnace
~~th a ~aised hearth at one end.
e~c 8 depression near the middle
in ~hich the copper collects.

13 ft. diameter; 60 ft. length

800 'I'PD­
1600 TID
concentrate

The sulfur content of Noranda process blister
copper (1-27. S) is considerably higher than
that of conventional converter copper and
hence requires ~ore eir and a much lower
oxidation period in the anode furnace.

The Noranda process may not be suitable for
treating high i~urity concentrates.
(Concentration of i~urities in the bli8te~

copper ia likely to be high.)

,-------------------------------------------------------------~---------------------Ke~ecott Converter-Snelter
Vessel

liOo-SOO TPD
concentrate

~
0]
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2,000 Ih./ton xinc
3JJ I!.>./Ion zinc
180 16./ton xinc

0.90 0.35
10101 freo'" primary lead indu\lry

Tolol (rom nonFerrous metols indvslries

C.O 0.0

Tolol from primary cluminum indu$try

2,000
J,O)O

34,(>00-

:m;;ooo

o.eo 8,000
0.90 58,000

0.40 35,0:JO
0.64 10,000
0.64 20,000

0.32 11,000
142,000

0,0 170,000
0.85 7,000
0.81 20,v!Y.l
0.81 33,000

0.32 5,O~0

2.13,006

n.o 18,000

0.98 15,000
0.85 4,000
0.95 3,(00
0.0 15,000
0.32 2.000

57,OCO

0.0 .c,000
0.86 17,000
0.1l3 10,000

0.50
0.32

Net Emi~ion

CO'Ilrol, Cc ,C I lons/y'.

1.0
1.0
I,D

0,35

Applicoth:>n of
Conlrol, CI

Efficiency of
Control, C..k.

0.0 0.0
0.85 1,0
0.95 0.85
0.95 0.85

0.0 0.0
0.95 0,90
o.as 0.98

0.98 1.0
0.85 1.0
0,95 1.0
0.0 0.0
0.90 0.35

Tolol from primary l.inc Indullry

0.90 0.35
10101 f,om primury copper indultry

10 Ib./lon cop;>er

2 10./1"'1 Ole

6 \o./Ion bouxite
200 Ib./le>n olumina

Emillion
Foclor

144 Ib ./10'1 aluminum
'84 Ib./lon aluminum
63 Ib'/Ion aluminum

\0 lb ./Ion aluminum

2 Ib./lon ore
1t-8 Ib./ton copper
206 Ib ./10'1 copper
235 Ib./:on cop~r

20 Ib.llon read
5 Ib ./10'1 leoJ

7 Ib./lon xinc

2 Ib ./ton ore
520 lb.llon lead
250 Ib./lon lead

.c67,000 10/1$ lead

.c67,000 lonl leod

",500,000 lonl Orf!
467,000 Ions lead
467,000 Ion I lead

1,437,000 lonl copper

Quantity of Moleriol

SOO,OOO 10m aluminum
700,000 1001 otumhum

1,755,000 lonl olvminum

3,300,000 lens aluminum

18,000,000 lam ore

13, (Y.)(), 000 lonl bauxite
5,81,0,000 ION olumino

75% or 1,020, (,00 loros zinc
15% of 1, 020, tCO lonl zinc
60% of 1,020, C'j) tons zinc
60% of I, C20, COO Ions zinc

I, 020, roo tons zinc

170,000, ('00 tons Ore
40% of 1,437,0:)1) Ions copper

1,4;;7,OCO 10M coppe r
1,437,000 Ions capper

II. Copper

A. Ore (",shing
8. Roo~'ir.[l

C. Reverberatory Furnoce
D. (ao',erler
E. fire Refining
f. 510:1 Furnaces
G. Malerials Hondling, Ore,

limestone, Slog, ere.

111. Zinc
A. Ore Crushing
e. Roosling

J. Fluidized Bed, SVlpemian
2. Ropp, Mulliple Ii~art},

C. Sintcring and Sinler Crushing
D. Distillation
E. Moteriols Handling

IV. lead
A. Ore Crus"ing
8. Sinh:ring
C. BIasI Fumxe
D. Drossin~ Keltle
E. Softening Furnace
F. Delil"cring Kellies
G. Cupeling Fumacel
ti, Rdini:19 Kettles
I. Drots Rev"berclary Furnace
J. Malerials Hcndling

I. Aluminum

A. P1erorolion of Alumino
I. G,inding of ~ou"jle

2. C.clc;ining of Hydroxide

8. AluminuM Mills
I. Soderberg C... lls

(0) Hodzonr.,lllud
IIlI Verlical Ilud

2. PIl"bake CellI

C. Molerjars Handling

Table 18. Particulate emissions - primary nonferrous metals industries.
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Source Partlclo Slzo Solids loadl~ Chcmkol ComposItIon------
Roosting furnace 15<10 6·24 CUI 9, $: 10, Fe: 26
Blost furnace 6.6 CUI 4.4, Zm 12.5, 51

7.3
Reverberatory 51<37 1 - 6 CUI 6.2, Zn: 13.0, S:

furnace 13.6 Oxides of arsenic,
antimony, aluminum
silicon sulfates (troces).

Coppor rna Ito 5.3 CUI 1.2, Zn: 18.0, S:
converter 10 (olso see roverboratory

furnaco)
Copper rerining 50<44 CUI 7, 5: 1.5

(cool dust
fired)

Corrter Gas

Source Flow Rote Temporoture Moisture Content Chemical CompositIon

Roosting furnace o. 60· 131 600 - 890 502: 8
b.47.3

Blast furnace o. 21.2 248 C02: 6.5
b.76.S

Reverberatory o. SO - 460 350 - 750 .. - 10 02: 5 - 6, C02: 10-
furnace b.71 17, N2: 72· 76, CO:

0-0.2, S02: 1 - 2
Copper motte a. 102 -750 300 - 650 S02: 4

converter b.364
Copper refining 0.16 410

furnace (cool
dust fired)

Coding Key for Tables of Effluent Characteristics

I. General Note: All data for uncontralled sources unless otherwise noted.

II. Specific Notes:

A. Particulates

1. Particla size:
X < y, x> y.
x:: weight percent, y = particle size (}J).
Meosuring technique noted. If no notation is listed,

measuring technique was not reported or is unknown.
2. Solids loading: grains/scf, unless otherwise noted.
3. Chemical Composition: solids - weight percent (unless otherwise

noted).
4. Particle density: 9 ./cm.3.
5. Electrical resistivity: ohm-em, laboratory measurements

unless otherwise noted.
6. Moisture content: weight percent, unless otherwise nofed.
7. Toxicity:

0) N. T. - not toxic.
b) numeric~1 value - threshold limit, mg./m. 3 •

8. Solubility:
s. - soluble.
s. sl. - slightly soluble.
d. - decomposes.

9. Weltability, hygroscopic, flammability, handling, optical,
cnd odor characteristics: only a descriptive comment generally
given; if numerical value is presented, units will be indicated.

D. Carrier Gas

1. Flow rate: now-rote dafQ presented in two farms:
0) thousonds of standard cubic feet per minute, M scfm,

unless otherwise noted.
b) thousands of standard cubic feet per ton of product

processed, M iCf/ton, unless otherwise noted.
2. Temperature: OF.
3. Moisture content: volume percent, unless otherwise noted.

Dew point is in OF. if listed under moisture content.
4., Chemical composition: volume percent, unless otherwise note<!.
5. Toxicity:

0) N. T. - not toxie.
b) numerical value - ttlreshold limit, mg./m. 3 •

6. Corrosivity, odor, flammability, and optical properties: only
o descriptive comment generally given; if numorical volue is
presented, u.nits will be indicated.

PRELIMINARY
SUBJECT TO REVIEW

Table 19. Effluent characteristics - primary copper production.





The selection of suitable control devices requires a careful consideration

of the characteristics of the pollutants and the equipment. Poor system

performance in many cases is indicative of poor equipment selection.

Control equipment is often classified into two categories:

• equipment capable of removing particulates
• equipment capable of removing gaseous pollutants from

an airstream

Equipment available for each of these two broad categories include:
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Particulates
(Including Aero~

settling chambers
cyclones
impingement separators
centrifugal separators
bag filters
wet collectors
el tatic precipitators

13
Particulate Matter Removal

Gaseous Pollutants

gas scrubbers
absorbers
incinerators

direct incineration
catalytic combustion

condensors

The evaluation of a pollution problem followed by the design of a control

system to meet the particular need is a long and involved process. A well

designed program involving pollution evaluation, engineering study, and

engineering construction is necessary in all situations where a pollution

problem is evident. This means that all potential anti-pollution devices

are studied with respect to a particular situation.

There are certain fundamentals which are applicable to all practical

collectors of particulate matter. These fundamentals are:

(a) All collectors clean the gas by continuously removing the
dust from a moving stream of gas.

(b) The size of collector and its cost are directly proportional
to the gas quantity to be cleaned.



(c) The collection efficiency is calculated by the following
formula (expressed as a percentage)

%collection efficiency = wt. of input dust - wt. of output dust x 100
wt. of input dust

(d) Fine dust is considerably harder to collect than coarse
dust in all types of particulate collectors. Many dusts
are a collection of fine and coarse with the proportion
of fines dictating the collector efficiency. Heavier
concentrations of dust are usually easier to collect than
low-grain loadings.

Table 20 summarizes the basic types and subtypes of particulate collectors.
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COST IN S1000 FOR A COLLECTOFl

Typical Energy
TO CLEAI..) 100,000 CFM

Effect On
T~'picBI Required Required and % Annuaf Cost Colicetio'! of

Pfan Area for Collection Cost to for Mainten- Or<:ration 61
Co'lector to Clc-an Efficiency on Purchase fob ance snd Ovor or U,1dcr

Typieaf Cap!!city 100,000 efm' Fine Dust' Shop and fnstal/ Power Capacity'
In elm of Gas

Basic Basic Measure per Basic
Operating and Unit of Measure of Inches lob in- main- po\'!·

Bufc Typo Specific Type Force Capacity Capacity sq. fl. W.!]. % shop' stafl temmce arb ove; undrlT

settling gTavity ell sing 20 2600 0.2 25 10 3 0.5 clown up
chamber volume

(cuft)
Mechanical bame intertia inlet area 1200-3600 300 0.5 40 13 4 2 1.3 LIp clo~';n

Collectors (sq ft)
high. centrifugal inlel area 3000-3GOO 125 4 80 20 5 2 10 up dOl'in

efficiency (sq It)
cyclones

manual Elter fabric 1-4 1000 4 99 35 20 '/ 10 uO'ln no
c:Ieaning cake arca cllangc

filtration (sq ft)
i
automatic ftlter fabric 1-4 1000 5 99 60 30 10 13 GownFabrie rv)

Filters shaker cake area change
c1canin~ filtration (sq It)

automalic felt fabric 3-8 600 a 99 eo 35 15 20 no no
reverse jet fabric area Chll:ICe dlan:;e
c1c:ulir.g filtralion (sq It)

impin~cmenl liquid baffic cross· 50Q-.GOO 300 4 80 30 15 7 10 up clown
bame capture seclinnal area

(sq fl)

Wet packed liquid bed cross· ~OQ-.700 250 7 90 40 20 9 17 down \lP
Scrubbers tower capture sectional area

(sq It)

'\'cnturi liquid throat area 7,000 100 30 99 SO 50 11 7S cp do.>wn
capture (sq It) to

30,000

lingle electric collc<"lrode 5 270 0.5 95 '/5 55 4 1.3 down up
field area

Electric (sC) ft)
Precipitators multiplc dcctric eoUcctrode 3 SOD 0.5 99 100 70 5 1.3 down up

field area
(sq ft)

·~ob shop costs. installation and maintenance costs tilre based all 1070 mild steel construe- tEner<:J' costs 2rC b~.sl'd on electric power at $O.OJ5jkwb.
tion costs, and .do not Include auxiliary e,:;uipmenl such as sUl'p'Jrlillg structure. cOllnectlll1; 'Fmc dust is cNI';lrlerl'.! to be 70~a by weight minus 10 p.. .
flues. thermal ln~uJatlOn. foundatlOn~. st"cxs, ete. They are subjecl tv sub~ranti:J1 v;lliallon 'SOIfie colleuors can bi~ modilled 10 maintain coneelioD efficiency at over or under capacity.
due to the speclhc rCflulrenents of each iusl~lIaliQn includlllg geographic localion. Use onl)' 'f'L1n areas do nOl include conncctine flues.
for "encral comparison pur Fuses.

Table 20. Fundamental operating characteristics of commercial particulate
collectors.



Mechanical Collectors--Mechanical collectors are designed mechanisMs which

take advantage of differences in specific gravity between typical industrial

dusts and the gases in which they are entrained, separating the heavier

53

dust from the lighter gas. Refer to Table 21 for a summary of the types

of equipment which fall into this category.

~TYP~E~ ~C~HAR.~"'::::.CT~E:.:.:R~IS~TI~CS~ -.;UN=I~QU::.:E=-::.D::..:ISADVA.'lTAGES

Gravity yettling
ch~er

Physical Size-very large
InGtalled Cost-lov
Energy Cost-very lov
Maintenance Cost- low
Collection Efficiency-very low
Reliability-excellent
Efficiency At Low-increases

loads
Efficiency At -decreases

overloads

Lov collection
efficiencies on fine
and moderately fine
dUllts

Collection efficiency
not sufficient to meet
current emission control
requirements

Recirculating baffle
collector

High Efficiency
Cyclones

Chip trap or cinder tray
tra9 louvre separator
Dynamic Precipitator
Centrifugal Inertial

Separator
Ordinary Cyclone
\let Cyclone
Cyclonic Drouplet Collector
Ultra High-Efficiency

Collector

Physical Size-small
Installed Cost-Iov
Energy Cost-loy
Collection Efficiency-low
Reliability-e~celleut

Efficiency At Low-lovers slowly
loads

Efficiency At -increases slightly
overloads

Fractional efficiency
(efficiency drops off
rapidly below a certain
aize of dus t)

Draft losses (propor­
tional to the square of
the inlet velocity)

Table 21. Mechanical collectors.



Fabric Filters--Fabric filt~rs are versatile collectors used in the removal

of dry, solid particulate matter from an air or gas stream. rust bearin9

gas is passed unidirectionally through a fabric filter medium of woven or

felted cloth. The principal function of the fabric filter includes the

trapping of dust on the dirty-gas side of the fabric while allowing the

gas to pass through the interstices between the woven threads of the fabric.

Interstices as large as 100~ in typical commercial bag filters (woven

fabric media) trap dust particles as small as O.5~.

The capability of the woven fabric filter to collect fine dust is a direct

consequence of the buildup of a fragile, porous layer of dust on the dirty­

gas side of the cloth. This layer, better known as the filter cake, blocks

the larger interstices preventing the finer dust particles from passing

through. The thicker felted fabrics are less dependent on the formation

of the filter cake. They, however, cannot be cleaned effectively by shaking

and must be cleaned frequently with high-pressure reverse jets.

The mechanisms responsible for the formation of filter cake include:

• agglomeration of upstream particles
• impaction of larger particles on the fiber
• electrostatic attraction and repulsion
• thermal effects
• coarse sieving by cloth
• fine sieving by filter cake layer

Table 22 shows a typical operating cycle of one compartment of a compart­

mented, automatic fabric filter. Dust collection efficiency is also

indicated.

The major advantage of. the fabric filter is its high efficiency at all

loads from maximum gas flow down to zero gas flow. Disadvantages include

large size and high maintenance due to the cost of bag replacement.
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I

Alr-to-Cloth
Ratio or

Cycla Filter Cloth Filter Cake Filtering Velocity Draft L.oss Collection
Number Cycle Status Tllie/mess (ft/min) (ifl./W.G.) Efficiency

1 new clean ze;p 2-3 <0.5 no dust

2 precoat clean to coated zero to minimum 2--3 <0.5 to 2-3 low to high

3 filtering coated partial 2-3 3-5 high

4 filtering full coated maximum 2-3 4-6 high

5 cleaning shaking maximum to dampcred off Zero not operating
minimum

6 filtering coated minimum 2-3 2-3 high
~,

7 filtering full coated maximum 2-3 4-6 high

The fulJo\\ing comments ar.' keyed tv C)c1c lhlmhcr:;;

(1) \\'hclI new alld Ck;lll. the dr;lft ]v:;s aCTOE, thc f;;l:ric f,lter
media b nn.ell br:lv"'; 0.5 in. w.e.

(2) Dllr:ng thc 1'1",,£o:Jl ... yc1e tll'? dr;Jtk'5S will gr~<1t'~l:)' iJ:cr~.J'(,

as OlC ];,ycr of filter cakc is built up. Thr eGri£'l::j' \dJ in-

crcase to Cre[~ljng Jc\c1s of plus 99 perct Ill; the gas dis·
c.\largc will LcwlJlc clear.

(3-4) During the r;lt~rin~ cycle thc draft Joss ",,:II jr.cre;l~e to thr.
Tlla~jmul1J ac('cplal.!c lcycl as thl" kyer of fdl~r ('.]L;r: thi· t:€n5.

(~) The cOJj\cntion~l 1:al: hous~ will d,'Imper "ff the· c,i,r:r ;;;:,.',::n£
being ckanuI. ~.l;Jximum Eiter c~kc is s1J:,~·,en off the cloth
and drops iillO a hupp,~r Lnul'T the in!:uuJ{e of gTJ\::~. The
vigor a~:d DU!'tition of sh3king r.1115l h~ tu.1<.quatc to Tl:JliCG

filter c;2kc lhicl:r,('~s from JnJ.-\itnum t~ 1l,;rlit.l:'Hll. E.\Ccs:;;\<:
5h~king Ill:!)' reuu..:c collector cfjici~:I('Y by Tcuue:ng iil:cr c~ke
t}lickness below minimum.

(6) Compartmcnt is fl';;I<'>rLd to filterin:;; cyell'. Cyeles (5). (6);
and (7) arc ref'e:lIcd for each c()mp~rtmcllt ty a !Jr,.\ldeTnlll: r J
program so lhnt J10 more than one cOTrlI':nt,llcnt IS remo\{:~

from s"n'ice al OIlC time. '

Table 22. Operating cycle of one compartment of conventional compartmented
bag house with woven fabric.

I'
I

Additional problems result from the exposure of the bags to elevated

temperatures causing destruction of the bags, or exposure to moisture

resulting from operation below the dew point causing blinding or plugging.

Table 23 summarizes the basic types of fabric filters available for

commercial use.

Het Scrubbers--Wet scrubbers are mechanical type devices which use a

liquid, usually water, to capture, then remove particulate matter from a

moving stream of gas.
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NORMAL DIRECTION
Cost perOF GAS FLOW DURING

FILTERING CYCLE Air to Square
Basic CLEANING TUBES Cloth Space Foot 0'

Type of Type of Thru Thru Ratios Require- Filter
Baghouse 8ag Collector Tube Method Cycle (ftImin) mont Media.

Inter- woven up inside manual or periodically 1-4 very low
mittent cloth to powered during large

tube outside shaking shutdown

Conven- woven up inside automatic intermittent 1-4 very low
tional cloth to mechanical or by isolated large

tube outside pneumatic compartment
shaking

Reverse Woven up inside automatic tube intennittent 1-4 very low
air flow cloth to collapse by by isolated large
cleaning tube outside low pressure compartment

reverse flow

Reverse felted down inside travelling continuous on 3·8 large high
ring jet cloth to compressed heavy dust
cleaning tube outside air ring loadings or

intermittent
on light dust
loadings while
gas flows

Reverse felted up outside high pressure programmed 3-8 large high
pulse jet cloth to pulsed jet by manifolds
cleaning tube inside while gas

flows

Table 23. Basic types of fabric filters using cloth tubes.

The collection efficiency of all well designed wet scrubbers is related to

the total energy expended. Low energy collectors have low efficiency,

correspondingly, high energy collectors have high efficiency. The energy

is introduced either in the water cycle or the gas cycle. For most

cowmercial collectors, the energy is usually introduced in the gas cycle.

The major advantage of the wet scrubber is the great variety of types

which allows the selection of a collector suitable for almost any collection

problem including collection efficiencies as high as 99 percent.



Primary disadvantages include:

• disposal problems associated with wet sludges
• high energy costs associated with the high efficiency

scrubber
• increased material costs where chemical corrosion is

evident
• potential problems of plugged nozzles
• unavailability of scrubbing liquids of sufficient

clari ty
• the presence of a visible plume discharging to the

atmosphere

Table 24 summarizes the basic types of scrubbers available in this category.

WATER PERCENT COLLECTION
vs. WATER DRAFT EFFICIENCY ON

GAS FLOW CIRCULATION' LOSS FINE DUST

Concurrent or gpm Inches
counter or per water

Basic Type Specific Type cross 1,000 elm gauge Low Moderate High

tangential inlet concurrent or 3-5 1-4 X X
wet cyclone cross

Impingement spiral baffle concurrent 1-2 4-6 X X
baffle wet cydone

single plate concurrent 2-4 1-8 X X
multiple plate concurrent 3-5 6-12 X

fixed bed concurrent or 10-20 2-4 X
counter

Packed fluidized bed counter 15-30 4-12 X X
tower

flooded bed 2-4 4-8 Xconcurrent
multiple bed counter 20-40 4-12 X

wide slot concurrent 15-30 2-]5 X X
Submerged circular slot concurrent 15-30 2-15 X XOrifice

multiple slot concurrent 15-30 2-15 X X

high-pressure 5-7 30-100 X

Venturi
medium-pressure cross or 3-5 10-30 X X
low-pressure concurrent 2-4 3-10 X X

flooded disc 5-6 30-70 X X

cross-flow. packed cross 1-4 2-4 X X
Miscellaneous centrifugal fan concurrent 1-2 X X

and multiple venturi 4-6 20-80 X Xcombination concurrent

scrubbers combination venturi concurrent 5-7 15-60 X X
combination fan type concurrent 2-3 X

e1h hp per 1,000 cfm.

Table 24. Basic types of wet scrubbers.
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Electrostatic Precipitators~-The industrial electric precipitator, invented

by Frederic Gardner Cottrell in 1910, separates entrained particulate matter

from 9as streams by:

• charging the dust to a negative voltage (x 50,000 V)
• precipitating the dust onto grounded collecting

electrodes
o dropping the agglomerated dust into a hopper

The energy consumption is low and the draft loss is the lowest of all high­

efficiency collectors.

In commercial units, the dirty gas is passed horizontally through narrow,

vertical gas passages formed by parallel rows of grounded collecting

electrodes. Electrically insulated high-voltage wires are spaced pre­

cisely on the center lines of each gas passage, thereby causing the dirty

gas to pass between the high-voltaqe wires and the grounded plates.

Dust particles carried through the gas passages by the entraining gas,

collide with negative gas ions and are charged negatively. The negatively

charged dust particles move'rapidly toward the grounded (positive) plates

and are held by powerful electric forces.

The dust particles build a thickening layer on the collectors, and the

negative charge gradually bleeds from the dust into the grounded electrode.

As the layer thickens, the charges on the recently precipitated dust must

be conducted through the layer of that previously precipitated. The

resistance of the dust layer to this current flow is termed "dust resist­

ivity." Precipitators are successfully operating on dusts whose resistivity

is in the range of 107 - 1011 n/cm.

After a 1/16 - 1/4 inch layer of dust has been precipitated, the dust

particles next to the collectrode have lost much of their charge to the
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grounded plate. The electrode attraction has been weakened. The recently

arrived dust particles still hold much of their charge, being electrically

insulated from the plate by the dust layer, thereby holding the entire

layer against the collectrode. A sharp rap causes the dust layer to shear

away from the collectrode. The force of rappinq is restrained so as to

allow the layer to be shattered into relatively large agglomerations of

dust particles, but not back into the original submicron particles.

The relatively large agglomerates fall into the hoppers under the influence

of gravity just as in the gravity settling chamber. Most electric precipi­

tators are operated at gas velocities in the range of 3",6 ft/sec to allow

ample settling time. The high voltage remains on to recharge and repre­

cipitate any fine particles which may become re-entrained during the rapping

cycle.

The major advantage of the electric precipitator is its high collection

efficiency with a minimum of operating cost. Other advantages include:

• minimum energy requirements of all high-efficiency
collectors

• reduced maintenance requirements
o high reliability at any required collection efficiency

from maximum to zero gas flow

Among the disadvantages are:

• hioh installation costs
• un~redictable collection efficiency on certain high­

resistivity dusts
• loss of collection efficiency at gas flows above the

designed rating

ficgure 17 compares a variety of natural and man-made particulates by their

size ranges. Figure 18 illustrates the general guidelines which are used

i~ the preliminary evaluation of control equipment.

59



Particle Diameter, mICrons (fl) 60

Equivalent
Sizos

Electromalnetlc
Waves

I VIsible I I
f--- XRays ----....--- Ultraviolet --++-<---I+l,}-,Near Infrared .....k---- Far Infrared Microwaves (Radar, etc.)

k-~I.a~-.Fad!atLqn .... I

Gas I ~So~lid~:±__i~:::=::=::::=-t=~F~u:m~e~~t=====~~====~~====~D~U~S~t=~;-;:=±==~=:::-t--1Otspcr~ds r liquid: - - - Mist Spray --+---Technical
Definitions

Common Atmospheric
Dispersoids

Soil: :~~~gb~rl~~~~~!l~.' ~~ Z~~~~tlt;J~lem - - - - - - - >-Clay ---+-.-t-I_-Silt-~ fine Sand--Coarse Sand -.k--Gravel-
I

---------f---Smog-+------+--++--Clouds, and fog-~ist"Oriule++--f--Rain---+

"-Viruses~

IMolecular diameters calculated
from V'5l:0~'ty cat.! at O·C.

1-4---- Rosin Smoke Fertilizer, Ground limestone---+
1-t-----j0il Smokes--+------jFly Ash---l-..

f--Tobacco Smoke Coal Dust---~
f...------l~---MetallurgicalDusts and Fumes---·+-----~

rAmmonlUm Chlonde fume~Cement Dust---
I Sulfuric I ~ ~k--Beach Sand~
I Concentrator Mist

I---carbon Black "C1fontacMt t Pulverized COal+-----t
I vU unc IS
I4-Paint Plgments~ !--Flotalton Ores-+l

f--Zinc Oxide Fume-+i I-'-Inseclicide Dusts-

~~-t= ~GroundTalc -PI----J>jSilica ant
Spray Dned Milk - Spores'

AItken Alkali F~me-----l k--Pollens:""-
--- ------ E:Mllled Flour--+tNuclei

-- ------- Atmosphenc Dust-- -- -- - -- ~ --~
"'-Sea Salt Nuclel--t Nebulizer Drops~ 1'4-- Hydraulic Noule Drops- .....

~ll,5.~ I ~ung Damagln&. I I Pneumatic
Nuclei ,Dust t I Nozzle Drops

Red Blood Cell Diameter (A?ults): 7.5f-L ±O.31J
,,,,- ' Bacteria Human Hair~

H, I ~, CjO' ~~
~l Gas

~~~~
I ~, [ c~. 1 Slo, I

co H,O HCI C.H,.
Typical Particles

and
Gas Dispersoids

k--
Methods for
Particle Sizo

Analysis

L (p IS .14Elec,;:tr-"-of""o~rm.:..:.e=..:d~_-I--_ <:'Ievlng-'f-~-----+-r- m Inger Sieves -
,,--f---Ultramicrosocope + Microscope--- - -. '~~:~~~e~~b~vte~~g:li.tr.,cle

Electron Microscope - - -f- t-I distribution
I+--l-----Centnfuge --+Elutnation - - --t ++Slze d,slrlbul,on may be

~_ Ultracentrifuge I . 'I~ Sedlmentalion- __ Joj obtalOed by spwal
~__ _ _ Turbldlmetry++~. , callbrat,on.

~-- -X·Ray Diffraction~;----=:=J p.ermeabllity~ ViSible to E.ye . I
... - - Adsorption ----1- -) I ' Scanners I

f4--- - - - -ilight Scattenng+-+-- - -»toe - - -:---- Machine Tools (Micrometers, Calipers, etc.)
I-~----~Nuclei Counter ->-Eleclncal ConductlVlty- I

Types of
Gas Cleaning

Equipment

Ultrasonics I I
- - ------- - -(very IImlled mdustrlal applicatiOn) ->-j-+ -------Settling Chambers----f--

fo4-- ----Centnfugal Sepafators-+-----~
--------H.iquid Scubbers~----+i

- - - -- ---+----Cloth Collectors --+---+-l
- - ------. -f------+----Packed Beds---+------l-- ----

,+----Common Air Fllters-.
"--------- f--High Efficiency Air Filters--+----- ~->------ImpingementSeparators-f---

-- - - - - -f----=T7tu..:.;e:.:,r~'-':noa=-;n~,..:-t-i::~e.::cr~:':'iPc:~'-':C~~C':'~-=:~l-'-n--t------4++ - --Mechanical Se~arators~
- - - - - - - -- r----~--Electncal Precipitators - ----J>i I

Set111OgVeloclty, 10- 10 10-9 10-8 10- 1 10- 6 10- 5 10- 4 10- 3 10- 2 10- 1 10° 1C l
cm/Se!;. I 2 3 5 I 2 3 5 I 2 3 ~ I 2 3! , 2) ~ I 2 3! I 2 3 5 I 2 3' I 2 3!> I 2 3 5 I 2) 5 I 2 3 • 5 6 1 8 9

Terminal
Gravitational

Settling-

[
for SPheres.]
sp. if. 2.0

In Au
a125'C.

I atm.

In Water
al

2~'C.

Reynolds Number

1----.

Settling Velc<:,ty.
em/sec. 2 3

I I

10- 11 to-IO
I 3 I 3

I
1O-!>

~ I 2 3

10'
I 3 !>

2S )

"'[PiR[D Iv t ( lAPP\.[Particle Diameter, microns (f-L)

0.0001

hrticle Diffusion
Coofficient,­

cm 2/f.ec,

-Slokes-Cunntngtlam
factor Included ,n
values i,ven for a,r
but not Included to( waler

a:~~~. 10- 1 10-2 10- 3 lO-4 lO-~ 10- 6 1 10- 8 9 10- 10 10- 11

la~. ~32 t ~ 32 '~l~ I ~ ff I ~ ~~ I ~ ~f I ~3~L·~L~~~2-1LIO---6U~~4~)-~2~_~I~bU~~~~)~2~-lLIO--~.u5_~~)~2--~1-6u5~4~3~2~-~1
In Watt{ I Ial 1O-~ 10-6 lO-1 10- 8 10- 9 10- 10 10- 11 lO-12

J- ...L......::.2=-~·..:.C:....-+..L.4 -,3L.,-2L,-r¥H-i 5 4 3 2 I 6 ~ 4 ~ 2 I 65. 3 2 I 6 5 4 3 2 I 6 ~ 4 3 2 I 65 4 ) 2 I 6 5 ~ ) 2 I 6 ~ 4 3 2

2 34 H a'i 2 3 4 ~6 ,'I 2 3. ~6 a'i 2 3 ~ 56 a'i 2 3 456 a'i 2 J 4 5~ 8
11 2 3 456 a'i 2 3456,11

0.001 0.01 0.1 1 10 100 1,(0) 10,000
(ImJi) (Imm.) (lcm.)

Figure 17_ Characteristics of particles and particle dispersoids_
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(1) The sekction of equipment for rCl110Ying aerosols from air
streams depends on the propcrties of the p;trtidcs.

(a) Low com:entration r.'1ist5 C,lll he collected with an c1C'ctro­
static l,reclpitator. a wet collector, :l high d,'nsity fiLrous
filter, or:l p.1<:l-;ctl bed mbt l'limirl,Hor.

(b) Sprays C~111 be removed with mechanical separators or
coarse-packed beds.

(c) Fum~s can be collected with high·energy wct collcctors,
bJg filters. or clc~trostatic prccipiLltorS.

(d) Dusts can be rC!l1o\'cd from an ;lirstre~rn \\;th wet collec­
tors. inertia or impingement Sl'l':lrators.

(e) Coarse p:Jrticles can be removed from exhausts \\;th settling
chambers Of cyclones.

(f) A primary dc;ner, cyclone, or scttling ch:lmber should be
considered for exhaust loadings gre:ltcr than 10 grains If!'
to reduce the load on the princip.ll abatement eqUipment.

(g) Abrasive parlides c.ln be collected \Iith wct collectors or bag
fillers opcratctl at reduced flow vdocities. Electrostatic pre­
cipitators can Le used. hut lhe Ullit must be si2ed 10 reduce
erosion wear.

(h) Adhesive or l,ygros(:opic materials are Lest collected with
weI colkclors. Bag fillers, electrostatic precipitators and
C)'cloncs are not eflective control devices.

(i) Dusls with low n:sistivit)' characteristics :lre effectively col­
lected with clcctr05tatic prcdpitators.

(2) TIle selection of control eguipnICIlt for gaseous pollutants
is dependcnt on the dlemical nature of the contaminant. Some
b'Uiddines for org;mic pollutants can bc slJll1mariLed as follows:

(a) Vapors prestnt in high concentrations antl with high dew­
point telllpcr::lures can be rcmo\'etl by condcnsation either
by direct cooling or compression.

(b) Highly soIuLle organics can be removed from the exhaust
lJy scwl.bing \Iith licjuitl or a suitable solvent.

(c) Pollutdnts \~hich have molecular wtights higher than the
normal componcnts of :lir can be rellto\cd by adsorption.
~cncral1y, :ld~Orrlion Is practical for rell10val of org:tniC

vapors whkh can easily be cvapor:ltctl from the adsor4cnt
at low pr~ssl.lre steatll lemperatur"s.

(d) Combustible v"pon can be burtled in direct or cat:l1)·tic
unit,,,.

(c) Val'{)C$ which arc hir:itly cxplo~i\'c or fhfilnlable, and soluble
in water, arc be,;t colleet(:d in wet systellls.

(3) Itltlrg:lIIir: g:lseous pollutants c:m be [('moved from aiI­
strcall)~ by contll:n<;;llion. !-crubbin~. and with aJ~orlJctlts such as
silica fic!, alumin:l, Of aclivatctl carllOrl. TIl£! use of atl,;orbellts for
inorganics Ii;):. lilllitcd appllc.ltioll so IIIJt scrubbing and somelillle'l
condell~atfl)n remain lite plinT/pJI tCl'atwent rtldliod~.

Figure 18. Control equipment guidelines.
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Table 25 lists the particular choices made by the operator for .specific

applications in a variety of industries. For many applications, the choice

of the type of collector is well established by operational precedent.

Refer to Appendix B for a summary of the particulate removal pollution

equipment.

The Sulfur Problem and Possible Solutions 2

Over 90 percent of the world's primary copper originates in sulfide

minerals so that sulfur in some form is a by-product of most copper pro­

cessing. Furthermore, most of the sulfur is emitted as S02 gas which is

harmful to fauna and flora if present in the air to even a limited extent.

Some effects of S02 are shown in Figure 19.

In the past and even today, S02 has been vented directly into the atmos­

phere, however, this practice is now prohibited in many areas of the world.

The standards for clean air vary from country to country but representative

requirements for controlling copper smelter emissions are (U.S. Environmental

Protection Agency):

(a) not more than 10 percent of the sulfur entering the smelter
can be emitted to the atmosphere;

(b) the yearly average S02 content anywhere at ground level
must not exceed 0.03 ppm (by volume);

(c) the average 502 content anywhere at ground level on anyone
day must not exceed 0.14 ppm.

There has been a tendency to build increasingly taller chimney stacks

(380 m, INCO, Sudbury) which might possibly meet criteria (b) and (c),

but these will not satisfy requirement (a).
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ItlOVSTIIV ANO S"lClfiC ... rf'lICATION lYl'(9 Of COli (cwnfl'

aid" .ltd Al,o .,..1 S./l1om .,.d 63

ROCK PIIOl>l'CrS

\\,,'1 pmfr" fI'''''1\1 "lin t-tC, fl' ee, WS ....
lily "fill"'" <'\'''\\'1\1 "lin Me. [I', t'r cc WS
C,menl '"111. ff r.!',MC WS,CC

(','Inenl ~Il", ff
R,IIY m,Il,',I~1 I'H'I'~'~t1ol1 ~lC,H tP WS,CC
A\l'h~lt plJnl d'yl" Me,WS tI'.H CC

COJI drying MC,WS Tr,EP
Co.11 n\lllt rr MC,WS EP,Ce
Alumina kiln MC,H,EP WS ce

BJu:'!ll.: kiln MC,F.P Fr,WS CC
Gypsum "lin TIle,H,Ep WS CC
Magnesium o:'IIde TIle Fr, WS,Ep

Lime kiln MC,EP FF', WS
PhosphJte kiln MC, \\'5, EP fr
flni,hing ff MC,tP wS,ce

IRON AND STEEL

Bl.uI rurn.lnee \\'S, EP MC FF
Open heartl, \\'5, EP FF MC,Ce
Basic o"ygl'n rurnance \\'5, EP

Eleclrlc fumance Tr,WS EP MC,Ce
Sintcling MC,fr, EP \\'S,CC
Cupola, WS MC,fF,EP ce

Ore ocnendatlon MC no", EP, WS
Ore pclUti2ing MC WS,EP
Ore roasting MC, \\'5, £P fF,CC

taconite MC IT,WS,EP CC
Pyrites roasting MC,WS,EP fF,CC
HoI scarfing WS,EP Me,fF,CC

Coke o\'ens Ep WS MC,Fr,CC
Ferro-manganese blast lurnance MC,EP CC,WS FF
Scrap preheating WS MC,H,EP

MINING AND METALLURGY

Ore preparation and beneficiation MC,TF,WS EP CC
Aluminum polS FF,WS,EP MC CC
Elemental phosphorous I:P WS IT,WS

Copper cr>n\,erter EP Fr, wS,ec Me
Copper re\,eutory furnace EP WS MC,FF,CC
Copper roaster MC,EP wS,ec IT

Ilmenite ore dryer MC,D' CC FF,WS
Molybdenum WS Ep fF,MC,CC
Precious metals TF,EP Me,WS CC

Lithium klln EP
Lead furnace FF,WS MC,Ep
Titanium clloxide FF,WS Ep MC,CC

Zinc cupola EP WS
Zinc roaster MC,!:? H,VlS CC
Zinc smelter Fr, \vS,E? MC,CC

FOUNDRY AND INDUSTRlAl,

Fl!'lTOUS cupola WS MC,EP IT,CC
Non·ferrous cupola H,E? Me,WS ec
Foundry cleaning room FF,WS EP MC,CC

Sand preparation and handling FF WS,Ep MC,CC
Ventilation IT MC,n,Ep
Machining Me,IT WS EP

Feed :lI\d flour milling MC,IT WS,EP,eC
Lumber mills }.IC FF WS,EP
Wood workmg MC.FF VIS EP

PULP AND PAPER

Black liquor recovery lumace EP WS MC,FF
Lime kiln MC,WS EF',CC IT
Chemical dissolyer tank WS MC,FF,EP

ELECTRIC POWER-TYPE OF FUEL

Stoker fired coal MC E?,CC,WS IT
Spreader stoker fired coal MC EP,eC, WS FF
Puverlred coal tiv.d n,ce WS Fr,Me

Oil firtd Me EP FF, wS,ec
Natural gas fired nOlle none
Lignite fired MC,Ep,eC WS H'
Wood and bark fired MC WS,EP f'f',CC
Bagasse fued MC WS FF,H,eC
fluid coke MC,EP WS Fr,CC

WASTE DISPOSAL INCINERATORS

Aputment hou~ WS EP MC, Fr,CC
Indu~crlal <thermal oxldlter) EP \'IS MC,Ff,eC
Municipal [P,WS MC,CC Fr

CHEMiCAL AND OIL REfININC

Rellnery eat cracker-reactor }fC none
-regeneutor MC none
-CO boiler U' MC,WS fF,CC

Sulphuric acid mill, EP,WS MC n,ce
PhoaphQr1c acid mill .....8
Nitric .,Itl mitt WS
C'lIton bb<k n' MC,f:P, WS cc
Oll It.~le dl,1I1bllon "rc,ee F.P tr,WS
RAW m.Cl:rh! rrcI'H~t1on Me WS,I:p,n' cc

':,,;C +"',:r.:,b.f1lcll ~oU.cl"r, YF .. hbllc flhll, we ....<, K'ut.I""., (1' ••k<lrj., l',rclrllottJr, CC • <nmblntd <nllrClur _

Table 25. Typical use of particulate collectors.
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Undetermined significance to vegetation
305ec
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001 .2 0.5 1.0

Sulfur d iox ide. ppm

Figure 19. The effects of SOZ-bearing gases on vegetation.

The copper smelter is faced with two major problems:

(a) how to capture most of the S02 and fix the sulfur in a useful
or stable form (e.g. elemental sulfur, liquid 502' or
sulfuric acid);

(b) what to do with the product.

Hydrometallurgical techniques of copper extraction from sulfide minerals

avoid the S02 emission problem. However, the sulfur usually enters leach

solutions as sulfates (or other oxy-sulfur anions) and these must be

removed to avoid water pollution. Hydrometallurgical processes which will

produce elemental sulfur directly are bein9 investigated, however, and

these may prove to be useful in the future (Subramanian and Jennings, 1972).
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Three basic techniques can be used to fix 502 (and other oxy-sulfur compounds):

(a) reduction to elemental sulfur

(b) manufacture of sulfuric acid (or liquid 502 )

(c) direct manufacture of ammonium sulfate (fertilizer) from
ammoniacal leach solutions.

All of these products are suitable for use in industry or agriculture but

only solid elemental sulfur is suitable for long-term inexpensive storage,

possibly in worked-out quarries or mines. It has been suggested that S02

gases or sulfate solutions might be treated with limestone or dolomite to

form discardable CaS04 or MgS0 4, but these products are of limited use­

fulness and their long-term stability is open to question. This proposal

seems to be unacceptable.

Process selection ;s determined by:

• economic conditions for sulfur by-product disposal
• variation in the nature of the offgases

sulfur dioxide concentration
impurities carried over from smelting operations
fluctuations in gas flow rates

• geographic locations
• nearness of markets for sulfurous products
• availability of land for product disposal
-water pollution problems

'Figure 20 is a generalized diagram showing some of the more popular

alternatives in current and developing S02 control systems. While each

system is unique in detail, many contain similar basic steps.

It is technically feasible to fix well over 95 percent of the sulfur

entering a pyrometallurgical smelter. This is particularly true if the

smelting furnace is of the electric, flash, or in the future, the continuous
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PROCESS (5°2 Enr/chmeni)

CONTACT SULFURIC ACID PROCESS
(Sulfur Removal)

Figure 20. Mnjor sulfur dioxicfc recovery and control systems.



copper-making type. The seaTed Hoboken type of converter will also be

advantageous for improving S02 collection. With extraordinary care it

should be possible to prevent 99 percent of the sulfur entering the smelter

from entering the atmosphere.

Sulfur dioxide is most easily fixed as H2S0 4 and techniques are available to

treat gases containing as low as 2 percent S02' The tail gases from even the

best acid plants contain in the order of 0.1 percent S02 which can only be

recovered by scrubbing with basic solutions. The products of these

scrubber systems are small quantities of basic sulfates (CaS04' MgS0 4 ,

Na2S04) which are water soluble and hence not good for sulfur storage.

They can, however, be recycled to the smelting furnace (after evaporation)

to keep this part of the sulfur stream in a closed circuit.

Elemental sulfur is the best form for permanently storing sulfur. The

production of elemental sulfur from gases containing 5 percent S02 is

technically feasible but plants to date have not operated below 10 percent

502' The elemental sulfur plants have been able to fix only 90 percent of

their input sulfur but existing Claus Plant technology could raise this to

95+ percent .

. It is admitted that many of the sulfur treating processes are only in the

testing stage and have not been proven in large scale situations. The most

popular selection today is that of the contact sulfuric acid plant (a fully

proven system) where sulfur dioxide gases are converted to sulfuric acid.

This system might be considered in tandem with some sort of pyrometallurgical

scheme should this type of metallurgy be utilized.

Refer to appendix C for a review of the flowsheets of the various process

systems, and to the August, 1976 report for a more detailed discussion of

each process.
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SUMMARY

All of the primary steps in the metallurgical processing of nonferrous

minerals emit pollution to the atmosphere either in a qaseous form or in

a solid form. The absolute quantity emitted during a prescribed period

of time is a direct function of the selection (including the type and the

quantity) of auxiliary anti-pollution devices which are capable of mini­

mizing emissions to the atmosphere. Depending upon the circumstances,

reasonable levels of emissions, as prescribed by law, can be achieved

and/or maintained successfully.
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APPENDIX A

Production data of various industrial metallurgical
processes (Biswas, 1976).
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PRODUCTION OATA

LUbumbashi, Zaire, Shisakajima, Shisakajima, Copper-Nickel,
(Claus and Guebcls, Japan Japan Falconbtidge

1967) (Momoda et al., 1970) (Momoda et al., 1970) (Falconbridge. 1963)

Furnace size
W x I x h (inside) (m) 1.5 x 6.1 x 6 1.3 x 7.3 x 5.6 1.2 x 5.5 x 4.3 1.5 x 7.6 x 5.2
Shaft volume (mJ

) 55 60 28 60
Hearth area (m2

) 9.2 9.5 6.6 11.4
Production details

Type of charge Sinter + solid Wet cone. (31% Cu) Wet cone. (31 % Cu) Sinter 8% Ni + 4% Cu
cony. slag + solid cony. slag + solid cony. slag (plus ore and solid

cony. slag)
Solid charge rate (excluding 1190 320 t50 1300

coke (tonnes/day)
AYerage % Cu in charge 27 20 20 6Ni,3Cu
Matte (tannes/day) 490 140 110 650
Matte grade % Cu 63 46 46 12Ni,6Cu
Slag (tonnes/day) 700 160 120 600
% Cu in slag 1.0 0.4 0.4 O.16Ni, O.15Cu

Productivity (tannes of charge 130 35 35 115
per day/m l

)

"Fuel
Coke (tonnes/day) 131 J5 11 126
Oil in tuyeres (tannes/day) none 8 6 none

Total energy in fuel 8 x 10' 6x 10' 6x 10' 7x 10'
(kcal/tonne of charge)

Figure A-Ie Production details of copper matte and copper-nickel matte
blast furnaces.

Noranda Noranda
Mount lsa Luanshya Kennecott, Utah Onahama wet charge calcine charge

(MiddJin tt a1., 1970) (Vemey, 1%7) (Andcrson, 1970) (Niimura et al., 1973) (1974) (1974)

Furnace size
Wxlxh (m) lox33xo1 9!x34x-4 9 x 3Sx 4 10x34x4 10! x 35 x4 I~ x 35 x4
Hearth Ilfea (m l

) 330 320 315 340 360 360
Fuel Pulverized coal Pulverized coal Natural,gas ) Bunker C oil Bunker Coil Bunker C oil

Rate (tonnes/day) 115 70 1.3 x 10- Nm /day 115 76 80
The air is enriched Natural gas (plus IO~ NmJ of

to 23% O2 2.8x 10· NmJ
natural gas per

(plus 1.2 x 10'\ NmJ day for air prehcating)
of nat. gas pcr day
for air prchcating)

Production details
Type of charge C.alcine (21% Cu) Wet concentrate Wet concenlrate Wct concentrate Wet concentrate Calcine (19% Cu)

(30% Cu) (29% Cu) (30% Cu) (25% Cu)
Solid charge rate (tonnes/day)" (fotal) 1300 (Total) 400 (Total) 900 (Total) 1150 (Total) 720 (Tolal) 1100

(Calcine) 1100 (Cone.) 350 (Cone.) 800 (Cone.) 950 (Cone.) 625 (Calcine) 1000
Average % Cu in charge 19% 26% .30";{' 25% 22% 18%
Converter slag (tonnes/day) 400 260 ·no 450 480 470
Matte (tonnes/day) 650 250 700 800 650 600
Matte grade (% Cu) 36 47 41 34 34 40
Discard slag (tonnes/day) 750 260 480 840 450 900
% Cu in slag 0.38 0.6 0.41 0.47 0.43 0.57

Productivity
(tonnes of charge per day/m2

) 3.6 1.2 2.9 3.4
Energy requirement

8x 10' ISX 10' 13 x 10' IS x 10'kcal/tonne 01 charge With 0 1 enrichment, 8x 10'
(pIus an additional 13 x 10' plus I x 10' plus I x 10' fur

2 x 10' kcal in Without 16x 10' for air prcheating combustion air heating
the roaster) plus I x 10' in

rO;lsters

• ExclUding converter slag.

Figure A-2. Production details of industrial reverberatory furnaces.
Charges and analyses are on a dry basis.

PREll MINARY
SUBJECT TO REVIEW



6 x 24 x 3 6 x 14 x 3 10 x 35 x 5
144 84 350

12.000 5500 50.000
60 60 120 (max)

6 3 6
1.2 1.1 1.8

2-3 2-3
1.6 2.5

450
(calcine plus
concentrates)

Average % Cu in charge !5 20

Converter slag (lcnnes/day) 130 150
Malle (tcnnes/day) 200 150
Matte grade (% Cu) 36 30-40

Discard slag (lonnes/day) 400 160
% Cu in slag 0.4 0.63

Productivity (tonnes of charge per day/m') 3.5 3.0

Energy requirement
kWh/tonne of charge 400 420

or
kcal/tonne of charge 3.5 x 10~ 3.6 x IO~

2 Furnaces
8.5 x 30 x 5 7 x 26 x 4.5 5 m diameter

260 181 20
30.000 19.500 2500

! 15 100 125 mall

6 6 3
1.4 1.1 0.8
2.0 2.6 (max)
2.1 2.7 2.5

Calcine Dry concentrate Dead roa<;ted
pellets (2% H1O) calcine

1500 per furnace 565 (tolal) 75 (lotal)
(including 300 plu,>
tonnes of tlUl() 6 (coke)

435 55
(concentrate'» (calcine)

0.2 2 25
(5%Ni) (4%Ni)

360 110 nil
330 110 20 (metal)
22.5 27 92.5

(Cu + Ni) (Cu+ Ni)
1360 500 35

0.18 0.16 0.7
(Cu+Ni) (Cu + Ni)

5.8 3.1 3.R

430 690 520

3.7 x 10' 5.9x 10'" 4.5 x 10'
plus

coke 5.5 x 10'
oil 0.9 x 10"

Total 10.9 x 10'

Cu-Ni matte
:'imelters·

(")

o
:::5
c+
0.

'"0
;:0
o
o
c:
()

--i
1--4

o
:z

o
::t::a
---i
::t::a

COI"'~r !'imelting from
dead ro3~ted

concentrates
Brixle/o!g. AU~lria

(Kettner ~t af. 1972)

Ruc;tenhurg
(South Africa)
(Mostert. 1973)

INCO
(fhompson)

(Boldt nnd Queneau.
1967) updated to 1975

1100
40

1650 (total)

3.7

Inspiration
(Arizona)

(Dayton. 1974)
design data

only

1500
(concentrates plus

precipitates)

Dry concentrate

linja (Uganda)
(freilhard. 1965)

Concentrate
(7% H 20)

250

Hot calcine (700°C)
and dry t:oncentrate

500 (total)

Boliden (Sweden)
(Herneryd ~t al.• 1954)

Solid charge rate (tonnes/day)

Furnace !'iize
Wx 1x h (m)
He:\rth area (m')
kV A (kilovolt-amperes)
Power density (kW/m')

Ele(lrodes
Numher
Diameter (m)
Current density (A/em')
Consumption (kg/tonne of charge)

Production details
Type of charge

• INCa also have three 18.000-kVA furnaces. Falconbridge are replacing their ~This anomalously high-energy requirement is probably due to (a) the moisture
blast furnaces with electric furnaces. content and (b) a high temperature (l350°C) of furnace operation.

Figure A-3. Product details of industrial matte smelting electric furnaces.
~....



PRODUCTION nATA - (contd.)

INCa, Canada
(Merla et al.• 1972, Tamano. Japan Hitachi. Japa~ Toyo. Japan
updated to 1975) (Kitamura et al,. 1973) (Yasuda. 1974) (Ogura. 1973, 1974)

Furnace size
Wxlxh (m) 6x 23 x 5 7 x 20 x 3 7 x 19 x 3 7 x 20 x 3
Hearth area (rn2) 138 140 133 140

Burner tower none
Diameter x height from roof (m) 6x6 5.7x6 6x6
Concentrate burners 4 4 3 3
Inlet air temperature 20°C 450°C 930°C 450cC

Gas offtake
Length x width (m) 6x3 2.5 diameter 7x3 7x3
Height (m) 6 7 6 6

Production details
Type of charge Dry concentrate Dry concentrate Dry concentrate Dry concentrate

(30% Cu) (30% Cu) (26% Cu) (28% Cu)
Solid charge rate (tonnes/day) (Total) 1600 (Total) 1200 (Total) 1200 (Total) 1100
Average % Cu in charge 25 24 20 25
Converter slag (Ionnes/day) None None None None
Ma.tte (tonnes/day) 850 600 550 550
Matte grade (% Cu) 47 47 49 49
Flash furnace slag (tonnes/day) 550 (500) 450 300
% Cu in slag 0.7 0.55 ""I =:1
% Si02 in slag 36 36 34 40
Auxiliary Cu recovery system None Elechic furnace Electric furnace Electric furnace
'% Cu in final discard slag 0.7 within flash fur- 0.5 0.45

£lace, 0.55% Cu

Productivity (tonnes of charge per day/m2
) 11.6 8.6 9.0 7.9

Fuel (Bunker Coil, tonnes/day)
Flash furnace combustion tower 37 11 32
Flash furnace hearth 7 plus 5.2 x 104 17 16

kWh/day
Air preheater none 31 15 (est.)
Charge dryer =-7 7 9 None

(uses waste gases)
Total =7 51 68 63

+0.5 x 10' kWh
Oxygen (tonnes/day) 300 None 40 None

(95-97% O2) (99.5% O2)

Energy requirement, including O2 manufac· I.l x lOS 4.5x lOS 5.8x W 5.8 x lOS
ture (kcal/tonne of charge)

Energy in auxiliary Cu recovery system =0.3x W 0.3 x lOS
(kcal/lonne of flash-furnace charge)

Total energy requirement 1.1 x 10' 4.5 x 10' 6.1 x lOS 6.1 x lOS
(kcal/tonne of charge)

72 '

Figure A-4. Production details of industrial flash smelting furnaces.



PRODUCTION DATA - (contd.)

INca flash furnace
(Merla, 1972 updated)

Outokumpu type flash
furnace (Table 8. I)

73

Productivity (tonnes of charge
per day/m2

)

Dust loss in effluent gas
(% of charge)

S02 concentration in gas (vol.%)
Volume of effluent gas

(Nm) per tonne of charge)
Copper concentration in slag (%)
Auxiliary facilities

Fuel required per tonne of
charge (kg)

Oxygen required per tonne
of charge (kg)

Electrical energy in slag
rctreatment furnace per
tonne of charge (kWh)

11.6

2
80

175
0.7

Oxygen plant

8
(Oil in concentrate

dryer)
200 (95% O2)

8.7

5-10
10-15

1100
=1

Air preheater or
heal exchanger

Small electric
furnace for recover­
ing copper from slag

55 (oil)

40
(Section 10.3)

Figure A-5. Comparative operating data for INca and Outokumpu flash
smelting furnaces.

Size of reactor
Total plan area

21 m long, 5 m diameter
=== 100 m2

Operation (tuyere blast) Air Air enriched
to 30.5% O2

Productivity, tOImes of new charge smelted per
day per m2 of plan area

Charges

Wet concentrate: 10% H 20
25% Cu (dry basis)

Slag concentrate from slag flotation
plant, 55% Cu (dry basis)

Silica flux
Revert dusts (10% Cu)
Pure oxygen

Products
Blister copper (98% Cu, 0.1% Fe, 1.5% S)
Slag (12% Cu, 36% Fe, 22% Si02) to

slag flotation circuit
Revert dusts

Fuel requirement (total)
kcal per tonne of new charge (dry basis)

Tonnes per day (dry basis)

730 1200

165 250
150 250
30 60

200
Tonnesperday

180 300

700 1150
30 60

9 15

II x lOs 3 x 10<0

• Excluding energy for oxygen manufacture (=400 kWh/tonne of oxygen).

F1.gure A-6. Production data for the industrial Noranda process reactor.



PRODUCTION DATA - (contd.)

Size of reactor
Total plan area

Charges

Dry concentrates: 25% Cu
Silica flux
Revert dusts (10% Cu)

Products
Blist~r copper (0.9% S)
Slag (0.5% Cu, 35% Si02 , 40% Fe)
Revert dusts

Productivity: lonnes of new charge per day
per m2 of plan area

Gases
Oxidation branch
Slag-settling branch

Fuel requirement

Shown in Fig. 11.3
5.0m2

Rates
(dry tonnes/day)

85
25

5

20
65
5

2-3

8-12% S02
1-2% S02

"same order as in large scale
wet charge reverberatory
smelting"

74

Figure A-7. Production data for the WORCRA pilot reactor.



PRODUCTION DATA - (contd.)

Production details

Smelting furnace
Charges:

WeI concentrate
Silica and lime fluxes
Revert dusts
Solid recycle slag from

converting furnace
(IO--I5%Cu)

Pure oxygen (30% O2 in blast)
Products:

Matte and slag to electric
settling f~rnace

Semi-commercial unit"

Rates

J20(25%Cu)
25

.5

50
7

Commercial unit

(Dry tonnes per day)

500(27%Cu)
200

15

55
55

75

Electric settling furnace
Charge: pyrite reductant
Products:

Matte to converting furnace
Discard slag
(0.5% Cu. 30--40% Fe. 30--35%
Si02 5-10% CaO. 2-6% AhO)

Converting furnace
Charge: limestone (CaCO) flux

Pure oxygen (25% O2 in blast)
Products:

Blister copper (0.1-0.8% S,
99-99.5% Cu)

Recycle converting furnace slag
(10--15% Cu, 65-70% Fe)O.,
10-2070 CaO, little or no Si02)

Recycle to smelting furnace

NR 3 (or less)

60 (60% Cu) 225 (65% Cu)

90 440

15 15
1 0

30 135

50 55

Productivity, tonnes of new charge
smelted per day per m! of plan
area (3 furnaces)

Fuel requirement
Smelting furnace
Electric settling furnace
Converting fumace

Total

2-3

kcalltonne of charge
6x 10'

0.4 x t(}'l
O.6x 10~

furnace dimensions
not given

kcal/tonne of charge
6x l(}'l

0.3 x 1~

o

6x 1(}'l

Q Smelting furnace: 7 m diameter, 2-4 lances. Electric settling furnace: 3! m dia,
250 kVA. Converting furnace: 3 m diameter, 2--3 lances.

Figure A-B. Production data from semi-commercial and commercial
Mitsubishi continuous smelting systems.
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APPENDIX B

Pictorial summary of particulate removal pollution
equipment.
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MECHANICAL COLLECTORS

77

• ~ • • • ill •

. ,. . . .

• " 1# •• •

. .. .. .

DUST SETTLES ---...__~
IN HOPPER

.. . ... . .

DISENGAGEMENT CHAMBER

. ." -. .

Figure B-1. Gravity settling chamber.

RECIRCULATING
FLOW-CONTROL

BAFFLE

OUST SETTLES
IN HOPPER

CIRCULATING
AIR FLOW

HOPPER

POSITIVE SEAL y,tI,LVE

Figure B-2. Recirculating baffle collector.
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MECHANICAL COLLECTORS - (contd.)

CLEANED
GAS OUTLET

CYLINDER

VORTEX FINDER

~~........-F1NES EDUCTOR

~__DISENGAGEMENT
/r---"'-4';.---_-1 81 N

CONE--.-ll-\'l<

STORAGE --+-Z.•
HOPPER

VERTICAL
BY-PASS DUCT

INLET
DIRTY GAS ---l~

DUST
DISCHARGE

Figure B- 3. FloY! pattern in mechanical cyclone with vertical fines eductor.
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MECHANICAL COLLECTORS - (contd.)
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DIRTY GAS
INLET

t
COLLECTED OUST OUTLET

Figure B-4. Vane axial cyclone collector.
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MECHANICAL COLLECTORS - (contd.)

JUNCTION DUCT -"~~~....g'_

GROUPED INLETS---lIM..

BELCLONE 2 ll. 2

VORTEX FINDER

Mri---i----CYLINDER

~-"""";'---CONE

DUST HOPPER

_CAPPED POKE
HOLE

~ -----~~X~g~TLET

COLLECTED
DUST

Figure B-5. Group of four involute cyclones.

PRELIMINARY
SUBJECT TO REVIEW
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FABRIC FILTERS

FILTERED DUST
FALLS INTO
HOPPER

81

FILTERING CYCLE CLEANING CYCLE

Figure B-6.

BAG

Intermittent baghouse \rlth manual or powered shaking.

FILTERING CYCLE CLEANING CYCLE

Figure B-7. Automatic conventional baghouse with mechanical shaking.



FABRIC FILTERS - (contd.)

BAG

FILTERING CYCLE

COMMON OUTLET
MANIFOLD TO FAN OUTLET BUTTERFLY

VALVE-CLOSED

CLEANING CYCLE

COLLAPSED
BAG

82

Figure B-3. Automatic baghouse with reverse airflow cleaning.

DIRTY GAS
COMMON INLET
MANIFOLD

TRAVELLING
COMPRESSED
AIR RING

FELTED
FABRIC

CROSS SECTION OF
TRAVELLING COMPRESSED

AIR RING

FILTERING AND CLEANING
. CYCLE

Figure B-9. Automatic baghollse with reverse ring jet cleaning.



FABRIC FILTERS - (contd.)
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VENTURI

THIMBLE

WIRE
fRAME

TUBE SHEET

FELTED FABRIC

COMPRESSED
AIR JET

DUST FALLS
INTO HOPPER

FILTERING CYCLE CLEANING CYCLE

Figure B-IO. Automatic baghouse with pulse jet cleaning.

HEr SCRUBBERS

Figure B-1!. Gravity settling chamber scrubber.
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WET SCRUBBERS - (contd.)

DIRTY_-Il-"::'-:'~
GAS

SPRAY SECTION
~IEADER WITH
COARSE SPRAYS

DEMIST
SECTION

84

Figure B-12. Wetted impingement baffle scrubber.

Figure B-13. Cyclone scrubber.
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WET SCRUBBERS - (contd.)

Figure B-14. Multiple-action scrubber.

DOWNSPOUT TO _"
LOWER STAGE

WATER DROPLETS ATOMIZED
AT EDGES OF ORIFICES

IMPINGEMENT PLATE
DETAILS

I

t

t CLEANED GAS
OUTLETc:;:::====

)GAS FLOW)

t

~===========*O......-SPRAYu- WATER

\

DIRTY GAS
ItJLET

CENTRIFUGAL
OEMISTER

SCRUBBING
WATER

IMPINGEMENT
PLATES

SLUDGE

Figure B-15. Impingement plate scrubber.
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WET SCRUBBERS - (contd.)

t CLEANED GAS
OUTLET

86

./ GAS flOW /

PACKING
SUPPORT

SLUDGE

Figure B-16. Countercurrent flow scrubber.

RETAINING --r~-i~~;fr;I
GRIDS

SLURRY
DISCHARGE

CLEAN AIR OUTlET

MIST
ELIMINATOR

MOBILE
- PACKING

SPHERES

HOT GAS
INLET

Figure B-17. Fluidized bed scrubber.
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WET SCRUBBERS - (contd.)

Figure B-18. Flooded bed scrubber.

Figure B-19. Submerged-orifice scrubber.
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WET SCRUBBERS - (contd.)

Figure B-20. Multiple submerged-orifice scrubber.

Figure B-2!. Rectangular, horizontal gas flow venturi scrubber.
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WET SCRUBBERS - (contd.)

Figure B-22. Vertical downward gas flow venturi scrubber.

"
f

!
t-
f

i'

COLLECTION
TROUGH

SCRUBBING llOUI

CLEAN GAS
OUTLET

MIST
ELIMINATOR

Figure B-23. Vertical upward gas flow venturi scrubber.
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WET SCRUBBERS - (contd.)

90

DIRTY
GAS IN

lI0UID
DISTRIBUTION
HEADERS

UNWETTED SECTION
fOR MIST ELIMINATION

CLEANED
GAS OUT ..

Figure B-24. Cross-flow packed scrubber.

Figure B-25. Centrifugal fan-type wet scrubber.

PRELIMINARY
SUBJECT TO REVIEW



WET SCRUBBERS - (contd.)

OvtRFLOW---1I')l
WEIR

CUAN
GP.S

OUTLET

£NERGY---!H,','
REGAIN

TUBE

MOBILE-­
PACKING
SPHERES

Figure B-26.

THROAT

Combination wet scrubber.
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ELECTRIC PRECIPITATORS

Figure B-27.
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APPENDIX C

Various flowsheets of the current and developin9
process systems for 502 recovery and control.
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Gas Cleaning Acid

I Dust and fume

To atmosphere

"0
U
o-U
0-

ro
(J)

Absorption

tower

-

t

Converter

g ~20
r<>

93pctacid (J) 98 pet "'-'-~98pctacid

pump ~~ acid \..r- pump
tank -- tank ~

93 pct acid I

~
98 pet acid

t
-+

Drying

tower

l.+ u 4-

U
0

93 pet acid

I

I
I
I
I
I

I
I
I
I

t

Mist
cottrell

502-bynng gas

Cottrell or
boghouse

Weak aCid
and

solids

Scrubber

Figure C-l. Contact sulfuric acid process.

Comments

The contact sulfuric acid process is the only well established chemical
process for removing sulfur dioxide for smelter gases.

Strong gas is a primary consideration for acid production (matter of
economics).

The normal economic minimum concentration of sulfur dioxide in acid plant
feed gas is 3.5-4.0 percent.

The major factor limiting production of sulfuric acid from smelter gases
is the marketability of acid.

Disposal of neutralized acid poses serious problems for some smelters.
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l'roduc1 Add
193%1

r---,
I ABSORBING I

5'CTION

I I
I L.- Cool"

'-__-...---+ Fha Gn I r w:
AI~ ... L- -

Nalural
Gal

Air

Figure C-2. Cat-ox system for smelter gases.

Comments

The Monsanto Cat-Ox system is essentially an adaptation of the contact
sulfuric acid process.

Feed gas entering the system must be at a temperature high enough for
conversion, otherwise additional heat must be supplied to the system.

The system operates on wet gas.

The heat of the exit ~as is used to concentrate the sulfuric acid formed
in this final absorption step.
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Gas Cleaning Absorbing Stripping

-Air

! .
AmmonIum

sulfate

I
To atmosphere I

I 502 to td plonl

~--,------._ I r-r--->----,

~S04
Scrubber I Stripper

f

Scrubber

T

I
I
I
1-

L..---.....---'

\.

I

I
I
I
I

r

I

Mist
collrell

Dust and fume,

f

-...

Cottrell or

baghouse

S~-bearing gas

t

Scrubber

-

-

Weak acid
and

solids

Figure C-3. Cominco absorption process.

Comments

Developed by the Consolodated Mining and Smelting Company of Canada, Ltd.,
it has seen only limited application.

The process will recover 90 percent of the sulfur dioxide from dilute
fl ue gases.

A serious disadvantage of process is the high cost of ammonia.



\ 91

DMA

To atmosphere

S02-beotng gas I t H2 SO4
t

H2O
Rectifier f-ot-==-

Cotlrell or
I ACId ----'-- I r--+'

boghause scrubber Stnpper

Dust and fume
I.. I

r-rl~
I-- - ---

~
f Soda _ Soda

solution scrubber 1-
~----

~ I i- - -- ,.-..

19MA

Mist I Absorber Seporolor
Regenerator

Scrubber
cottrell I ~

I 1Strip'~ 4

·1I water I
J

Loaded DMA
I Waste

I
Weak acid

and
solids

Figure C-4. DMA process.

Comments

Developed by the American Smelting and Refining Company, the process has
seen limited use.

The process can recover 90-95 percent of the sulfur dioxide from v/eak
gases and 95-98 percent of the sulfur dioxide from strong gases.
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STEAM

A8S0RBENT
REGENERATION

SYSTEM

---- I
I
I
I
ll....__..:;C~ON.;.::O.;:.EN.:..:.SA__T.;..E__---I

I
IL .-JABSORBENT

RICH

CHEMICAL RECOVERY
SECTION

CLEAN
SMelTER

GAS
1IO·F

GAS TO STACK

ABSORPTION SECTION

Figure C-5. Wellman-Lord 802 recovery system for smelter' gases.

Comments

Application of the Hellman-Lord process to smelter gas is only speculative
and cost estimates recently published are discouraging.
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Sludge 10 waste

Figure C-6. Lime or limestone wet-scrubbing process.

Comments

In the Limestone Wet-Scrubbing process, a good grade of Limestone is
required, hence, substantial costs in minin9, hauling, grinding, and
calcining will be realized.

Disposal of the final product will involve problems similar to those
encountered in acid neutralization.

Is flexible and applicable to variable gas flows and sulfur dioxide
concentrations.
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Figure C-7. Asarca process for reduction to sulfur.
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APPENDIX D

Rules and Regulations of the MPCA for Air and Water
Quality Control in Minnesota.
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Control of air and water pollution is of tremendous importance when

considering the development of mining systems. So important are these

variables that environmental safeguards have been established to control

excessive contamination of air and water. The following rules and re9u-

lations apply to the air and waters of Minnesota.

APC 1 Ambient Air Quality Standards1

(a) The Itprimarylt air quality standards are levels of air
pollutants above which, on the basis of present knowledge,
health hazards or i~pairment may be produced. Health hazards
include not only production, aggravation or possible production
of disease, but also interference with function. Health im­
pairment includes sensory irritation and impairrr.ent of \'lell
being by such phenomena as odor. The "secondary" air quality
standards are levels which are desirable to protect the public
welfare from any known or anticipated adverse effects, such as
injury to agricultural crops and livestock, damage to or
deterioration of property, annoyance and nuisance of person,
sensory im~airment and obstruction, or hazards to air and
ground transportation.

(b) No person shall emit any pollutant in such an amount or
in such a manner as to exceed any ambient air quality standard
herein beyond such person's property line, without respect to
whether emission regulations stated in other air pollution
control regulations of the Agency are also being violated.

(c) State Ambient Air Quality Standards (a)(b)(c).

103 I
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Pollutant/Air
Contaminant Concentration Remarks

(1) Hydrogen Su1fide(d) 0.05 ppm by volume
(primary standards) (70.0 micrograms

per cubic rr.eter)

0.03 ppm by volume
(42.0 micrograms
per cubic meter)

~ hr. average not
to be exceeded over
2 times per yr.

~ hr. average not
to be exceeded over
2. times in any 5
consecutive days
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Pollutant/Air
Contaminant

(6) Particulate Vatter
(contd. )

(7) Nitrogen Oxides(j)
(primary and sec­
ondary standards)

Footnotes:

Concentration

150 micrograms per
cubic meter

0.05 ppm (100
mi crogran:s per
cubic meter

Remarks

maximum 24 hr. con­
centration not to be
exceeded more than
once per yr.

maximum annual
arithmetic mean

105

(a) All standards apply throughout the State of ~innesota.

(b) All measurements of ambient air quality are corrected to a
reference temperature of 25°C and a reference pressure of
760 mOl of mercury.

(c) All measurements and tests shall be conducted by the method­
ology referenced het~e; n, or other methodo logy as the
Director shall hereafter approve.

(d) By methylene blue, or other method approved by the Director.
(e) Neutral-buffered one percent potassium iodide colorimetric

detection technique corrected for 502 and N02 interference,
gas phase chemiluminesence, 01' other method approved by the
Director.

(f) Nondispersive infrared spectrometry (tl.D.I.R.), or other
method approved by the Director.

(g) Flame ionization, or other method approved by the Director.
(h) By pararosaniline, coulometric, or other method approved by

the Director.
(i) High volume method, or other method approved by the Director.
(j) Jacobs-Hochheiser, or other method approved by the Director.

[July 7, 1969; arr.ended June 3, 1970; amended February 18, 1971;
amended April 13, 1972J

Standards of Performance for Industrial Process Equipment

(a) Definitions. As used in this regulation, the following words
shall have the meanings defined herein:

(1) IICollection efficiency" means the percent of the total
amount of particulate ~~tter entering the control equipment
which is removed from the exhaust stream by the control
equiprr.ent and is calculated by the foliovling equation:

collection efficiency = 100(~__B)
A
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~lhere

A ~ the amount (grams or pounds) or the concentration (gr/SCF)
of particulate ~atter entering the collection equipment

B= the amount (grams or pounds) or the concentration (gr/SCF)
of particulate matter leaving the control equipment

(2) "Industrial process equipr.:ent" rr,eans any equipment, apparatus,
or device embracing chemical, industrial, or wanufacturing
facilities such as ovens, mixing kettles, heating and reheating
furnaces, kilns, stills, dryers, roasters, and equipment used
in connection therewith, and all other methods or forms of manu­
facturing or processing that may emit any air contaminant such
as smoke, odor, particulate matter, or qaseous matter. Industrial
process equipment is an "affected facility. II An emission facility
may consist of more than one unit of industrial process equipment.

(3) "Process weiqht ll means the total weight in a given time period
of all materials introduced into -anY industrial process equipment
that may cause any emission of particulate matter. Solid fuels
charged are considered as part of the process weight, but liquid
and gaseous fuels and combustion air are not. For a cyclical or
batch operation, the process weight per hour is derived by dividing
the tota 1 process \'lei ght by the number of hours in one complete
operation from the beginning of any given process to the com­
pletion thereof, excluding any time during which the equipment
is idle. For a continuous operation, the process weiqht per
hour is derived by dividing the process weight for a typical
period of time.

(b) Applicahility. This regulation shall apply to industrial
process equipment for which a standard of performance has not been
promulgated in a specific regulation.

(c) Standards of Performance for Post 1969 Industrial Process
Equipment.

(1) No owner or operator of any industrial process equipment
which was not in operation before July 9, 1969, shall cause to
be discharged into the atmosphere from the industrial process
equipment any gases which:

(aa) In anyone hour contain particulate matter in excess of
the amount permitted in Table 1 for the allocated process
weight; provided that the owner or operator shall not be
required to reduce the particulate ~atter emission below the
concentration permitted in Table 2 for the appropriate source
gas volume; provided that regardless of the mass emission
permitted by Table 1, the owner or operator shall not be
permitted to emit particulate matter in a concentration in
excess of 0.30 grains per standard cubic foot of exhaust
~as; or
(bb) Exhibit greater than 20 percent opacity.

106



(2) The owner or operator of any industrial process equip~ent

which was not in operation tefore July 9, 1969, which has control
equipment with a collection efficiency of not less than 99.7
percent by weight shall be considered in compliance with the
requirements of subsection (d)(l)(aa) of this regulation.

(3) The owner or operator of any industrial process equipment
which was in operation after July 9, 1969, which is located
outside the Minneapolis-St. Paul Air Quality Control Region and
the City of Duluth, which is located not less than one-fourth
mile from any residence or public roadway, and which has control
equipment with a collection efficiency of not less than 85
percent by weight, and the operation of the entire emission
facility does not cause a violation of the ambi~nt air quality
standards, shall be considered in compliance with the require­
ments of subsection (d)(l)(aa) of this regulation.

Process Weight Rate Emission Rate
Obs.lhr.) (lbs.lhr.)

50 0.08 .
100 0.55
500 1.53

1,000 2.25
5,000 6.34

10,000 9.73
20,000 14.99
60,000 29.60
80,000 31.19

120,000 33.28
160,000 34.85
200,000 36.11
400,000 40.35

1,000,000 46.72
Interpolation of the data in Table 1 for the process weight rates up to 60,000
Ibs.lbr. shall be accomplished by the use of the equation:

E := 3.59po.62

<
P =30 tons/hr.

and interpolation and extrapolation of the data for process weight rates in
excess of 60,000 Ibs/hr shall be accomplished by use of the equation:

E =17.31 pO.16

P > 30 tons/hr.
Where E = Emissions in pounds per hour

P =Process weight rate in tons per hour

Table 1
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(8).
I

Source Gas I Concentration Source Gas Concentration
Volume, SCFMll GR/SCFb Volume, SCFM". GR/SCFb

7,000 0.100 140,000 0.038
or less
8,000 0.096 160,000 0.036
9,000 0.092 180,000 0.035

10,000 0.089 200,000 0.034
20,000 0.071 300,000 0.030
30,000 0.062 400,000 0.027

40,000 0.057 500,000 0.025
50,000 0.053 600,000 0.024
60,000 0.050 800,000 0.021

80,000 0.045 1,000,000 0.020
or more

100,000 0.042
120,000 0.040

a Standard cubic feet per minute
b Grains per standard cubic foot

[July 7, 1969; amended June 4, 1976]

Table 2

Emission of Certain Sett1eable Acids and Alkaline Substances
Restricted

(a) General Provisions. This regulation shall apply to all
emissions from any sources or premises.

·(b) Emissions Restricted. No person shall cause or permit the
emission from any source or premises of substances having acidic
or alkaline properties in such amounts that the down-v/ind
fallout rate of acidic or alkaline substances at any place
where an adverse effect could occur, exceeds the up-\~ind fallout
rate by five or more spots per hour, measured in the manner
prescribed in Section (b) of this regulation.

[July 7, 1969J

Standards of Performance for Sulfuric Acid Plants

(a) Oefinitions. As used in this regulation the following words
shall have the meanings defined herein:
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(1) IIS ulfuric acid production unit:" ~1eans any emission facility
producing sulfuric acid by the contact process by burning
elemental sulfur, alkylation acid, hydrogen sulfide, organic
sulfides and rnercaptans, or acid sludge, hut does not include
facilities where conversion to sulfuric acid is utilized
primarily as a weans of preventing emissions to the atmos-
phere of sulfur dioxide or other sulfur compounds.

Wate~ Quality Standards 14

Natural Intrastate Hater Quality: The intrastate waters may,
in a state of nature, have so~e characteristics or properties
approaching or exceeding the limits specified in the standards.
The standards shall be construed as limiting the addition of
pollutants of human origin to those of natu~al origin, where such
be present, so that in total the specified limiting concentrations
will not be exceeded in the intrastate waters by reason of such
controllable additions; except that where the background level of
natural origin is reasonably definable and normally is higher than
the specified standard the natural level ~ay be used as the standard
for controlling the addition of pollutants of human origin which are
comparable in nature and significance with those of natural origin,
but where the natural background level is lower than the specified
standard and where reasonable justification exists for preserving
the quality of the intrastate v/aters as nee.rly as possible to that
found in a state of nature, the natural level may be used instead
of the specified standard as the maximum limit on the addition of
pollutants. In the adoption of standards for individual intrastate
waters the Commission will be guided by the standards set forth
herein but may make reasonable modifications of the same on the basis
of evi dence brought forth at a pub1i c hea ri n9 if it is shown to. be
desirable and in the public interest to clo so in order to encourage
the best use of the intrastate waters or the lands bordering such
intrastate waters.

Industrial Consumption. (To include all intrastate waters which are
or may be used as a source of supply for industrial process or
cooling water, or any other industrial or commercial purposes, and
for v:hi ch qua 1i ty control is or may be necessa ry to protect the
public health, safety or welfare.)

General Standards Applicable to All Intrastate Waters of the State

(1) No untreated sewage shall be discharged into any intrastate waters
of the state. No treated sewage, or industrial waste, or other wastes
containing viable pathogenic organisms, shall be discharged into
intrastate waters of the state without effective disinfection.
Effective disinfection of any discharges) including combined flows
of sewage and storm water, may be required where necessary to protect
the specified uses of the intrastate waters.

(2) No raw or treated sewage, industrial waste or other wastes shall
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be discharged into any intrastate waters of the state so as to cause
any nuisance conditions, such as the presence of significant amounts
of floating solids, scum, oil slicks, excessive suspended'solids,
material discoloration, obnoxious odors, gas ebullition, deletet~ious

sludge deposits, undesirable slimes or fungus growths, or other
offensive or harmful effects. In order to avoid possible development
of nuisance conditions in surface intrastate waters for which no
dissolved oxygen levels are given in the specific standards, the
maintenance of at least a trace of dissolved oxygen shall be required
in all such intrastate waters under all circumstances.

(3) Existing discharges of inadequately treated sewage, industrial
waste or other wastes shall be abated, treated or controlled so as
to comply with the applicable standards. Separation of sanitary
sewage from natural runoff may be required when necessary to ensure
continuous effective treatment of sewage.

(4) The highest possible levels of water quality, including dissolved
oxygen, which are attainable in the -intrastate \'wters by continuous
operation at their maximum capability of all units of treatment works
discharging effluent into the intrastate waters shall be maintained
in the intrastate waters in order to enhance conditions for the
specified uses.

(5) Means for expediting mixin9 and dispersion of sewage, industrial
waste, or other waste effluent in the receiving intrastate waters
shall be provided so far as practicable when deemed necessary by the
Commission to maintain the quality of the receiving intrastate waters
in accordance with applicable standards.

(6) It is herein established as a minimum requirement applicable to
all persons and all intrastate ,-raters of the state that primary
treatment shall be provided for all existing or new sewage, and
industrial or other wastes containing floating or suspended matter
or viable pathogenic organisms, which may be discharged to intrastate
waters of the state, unless such discharge is exempted under the

, terms of a special permit from the Corr.mission. Primary treatment
facilities are defined as works which will provide effective sedi­
mentation and disinfection, or the equivalent, including effluents
conforming to the following:

Item

Total coliform group organisms
Floating solids or liquids
Total suspended solids

limits

5000 MPN/IOO ml
None visible
100 milligrams per liter

(7) Allowance shall not be made in the design of treatWoent works for
low stream flow augmentation unless such flow augmentation or
minimum flow is dependable under applicable laws or regulations.

(8) In any instance where it is evident that natural mixing or
dispersion of an effluent is not effective in preventing pollution,

PRELIMINARY
SUBJECT TO REVIEW
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or that it may not be feasible to provide by other means for effective
mixing or dispersion of an effluent, or if at the applicable stream
flows mentioned in the sections on specific standards of intrastate
water quality and purity it is evident that the specified stream flow
may be less than the effluent flOvl, the specific standards may be
interpreted as effluent standards for control purposes, where
applicable. Where stream flow records are not available, the flows
may be estimated on the basis of available information on the water­
shed characteristics, precipitation, run-off and other pertinent
data. In addition, the following effluent standards may be applied
without any allowance for dilution where stream flow or other factors
"are such as to prevent adequate dilution or where it is otherwise
necessary to protect the intrastate waters for the stated uses:
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Item

5-day biochemical oxygen demand
Total coliform organisms
Total phosphorus
Total suspended solids
Turbidity value

limits

20 milligrams per liter
1000 MPN/I00 ml
1 milligram per liter
20 milligrams per liter
25

(9) In any proceeding where specific standards have been adopted
which are directly or indirectly applicable to named intrastate
waters of the state, it shall be incumbent upon all persons respon­
sible for existing or new sources of sewaqe, industrial wastes or
other wastes which are or will be discharged to such intrastate waters
to treat or control their wastes so as to produce effluents having a
common level or concentration of pollutants of .comparable nature or
effect as may be necessary to meet the specified standards or better,
and in no case shall the concentration of polluting substances in any
individual effluent be pennitted to exceed the common concentration
or level required of the other sources of comparable nature or effect
discharging to the same classified and named intrastate waters,
regardless of differences in the amount of pollutional substances
discharged, or degree of treatment involved.

(IO) liquid substances which are not commonly considered to be sewage
or industrial wastes but which could constitute a pollution hazard
shall be stored in accordance with RegulationWPC 4, and any revisions
or amendment thereto. Other wastes as defined by 1avi or other sub­
stances which could constitute a pollution hazard shall not be
deposited in any manner such that the same may be likely to gain
entry into any in tras ta te \'1aters of the state in excess of or contrary
to any of the standards herein adopted, or cause pollution as defined
by la\'I.

(11) No sewage, industrial waste or other wastes shall be discharged
into the intrastate waters of the state in such quantity or in such
manner alone or in combination with other substances as to cause
pollution thereof as defined by law. In any case \'/here the intrastate
waters of the state into which sewage, industrial wastes or other
waste other waste effluents discharge are assigned different standards
than the waters into which such receiving intrastate waters flow, the



standards applicable to the intrastate waters into which such sewage,
industrial waste or other wastes discharge shall be supplemented by
the fo 11 owi ng:

The quality of any waters of the state receiving sewage, industrial
waste or other waste effluents shall be such that no violation of the
standards of any other waters of the state in any other class shall
occur by reason of the discharge of such sewage, industrial waste or
other waste effluents.

Industrial Consumption

Class A. The quality of this class of the intrastate waters of the
state shall be such as to permit their use without chemical treatment,
except softening for ground water, for most industrial purposes,
except food processing and related uses, for which a high quality of
water is required. The quality shall be generally comparable to
Class Bwaters for domestic consumption, except for the following:

112

Substance or Characteristic

Chlorides (Cl)
Hardness

pH value
Temperature
Total coliform organisms

Permissible Limit or Ranqe

50 milligrams per liter
50 milligrams per liter (surface);
250 milligrams per liter (ground)
6.5-8.5
7SoF (surface); 550 F (ground)
5000 most probable number per
100 milliliters

Class B. The quality of this class of the intrastate waters of the
state shall be such as to permit their use for general industrial
purposes, except food processing, with only a moderate degree of
treatment. The quality shall be generally comparable to Class 0
intrastate waters used for dOffiestic consuffiption, except for the
fo 11 o\'ti ng:

Substance or Characteristic

Chlorides (C1)
Hardness

pH value
Temperature
Total coliform organisms

Permissible Limit or Range

100 milligrams per liter
250 milligrams per liter (surface);
350 milligrams per liter (ground)
6.0-9.0
850 F (surface); 650 F (ground)
5000 most probable number per
100 mill 11 i ters

Class C. The quality of this class of the intrastate waters of the
state shall be such as to permit their use for industrial cooling and
materials transport ~/ithout a high degree of treatment being necessary
to avoid severe fouling, corrosion, scaling, or other unsatisfactory



conditions. The following shall not be exceeded in the intrastate
waters:
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Substance or Characteristic

Chlorides (Cl)
Hardness
pH value
Temperature
Total coliform organisms

Limi tor' Ranqe

250 milligrams per liter
500 milligrams per liter
6.0-9.5
gOOF (surface); 65°F (ground)
5000 most probable number per
100 mi 11 i1 i ters

Additional selective limits may be imposed for any specific intrastate
waters as needed.

Natural Interstate Water Quality

The interstate waters may) in a state of nature) have some ch~rac­

teristics or properties approaching or exceeding the limits specified
in the standards. The standards shall be construed as limiting the
addition of pollutants of human origin to those of natural ori~in,
where such be present, so that in total the specified limiting concen­
trations \·,il1 not be exceeded in the interstate waters by reason of
such controllable additions; except that where the background level
of the natural origin is reasonably definable and normally is higher
than the specified standard the natural level may be used as the
standard for controlling the addition of pollutants of human origin
which are comparable in nature and significance.with those of natural
origin, but where the natural background level is lower than the
specified standard and where reasonable justification exists for
preserving the quality of the interstate waters as nearly as possible
to that found in a state of nature, the natural level may be used
instead of the specified standard as the maximum limit on the addition
of pollutants. In the adoption of standards for individual interstate
waters, the Agency will be guided by the standards set forth herein
but may make reasonable modification of the same on the basis of
evidence brought forth at a public hearing if it is shown to be
desirable and in the public interest to do so in order to encourage
the best use of the interstate waters or the lands bordering such
interstate waters.

Waters which are of quality better than the established standards will
be maintained at high quality unless a determination is made by the
State that a change is justifiable as a result of necessary economic
or social development and will not preclude appropriate beneficial
present and future uses of the waters. Any project or development
which would constitute a source of pollution to high quality waters
will be required to provide the highest and best practicable treatment
to maintain high water quality and keep water pollution at a minimum.
In implementing this policy, the Secretary of the Interior will be
provided with such information as he requires to discharge his respon­
sibiljties under the Federal Water Quality Act, as amended.



Variance From Standards

In any case where, upon application of the responsible person or
persons, the Agency finds that by reason of exceptional circumstances
the strict enforcement of any provision of these standards would
cause undue hardship; that disposal of the sewage, industrial waste
or other waste is necessary for the public health, safety or welfare;
and that strict conformity with the standards would be unreasonable,
impractical or not feasible under the circumstances; the Agency in
its discretion may permit a variance therefrom upon such conditions
as. it may prescribe for prevention, control or abatement of pollution
in harmony with the general purposes of these classifications and
standards and the intent of the applicahle state~and national laws.
The Federal Water Pollution Control Administration will be advised of
any permi ts \vhi ch may be issued under thi s clause together wi th
information as to the need therefor.

Industrial Consumption

(To include all interstate waters which are or may be used as a source
of supply for industrial process or cooling water, or any other
industrial or commercial purposes, and for which quality control is
or may be necessary to protect the public health, safety or welfare.)

General Standards Applicable to All Interstate Waters of the State

(1) No untreated sewage shall be discharged into any interstate waters
of the state. No treated sewage, or industrial waste or other wastes
containing viable pathogenic organisms, shall be discharqed into
interstate waters of the state ~!ithout effective disinfection.
Effective disinfection of any discharges, including combined flows
of sewage and storm water, will be required where necessary to protect
the specified uses of the interstate waters.

(2) No raw or treated sewage, industrial waste or other wastes shall
be discharged into any interstate waters of the state so as to cause
any nuisance conditions, such as the presence of significant amounts
of floating solids, scum, oil slicks, excessive suspended solids,
material discoloration, obnoxious odors, gas ebullition, deleterious
sludge deposits, undesirable slimes or fungus growths, or other
offensive or harmful effects.

(3) Existing discharges of inadequately treated sewage, industrial
waste or other wastes shall be abated, treated or controlled so as
to comply with the applicable standards, separation of sanitary
sewage from natural run-off may be requ ired \'/here necessary to ens ure
continuous effective treatment of sewage.

(4) The highest possible levels of water quality, including dissolved
oxygen, which are attainable in the interstate waters by continuous
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operation at their maxireum capability of all units of treatment works
discharging effluents into the interstate waters shall be maintained
in the interstate waters in order to enhance conditions for the
specified uses.

(5) Means for expediting mixing and dispersion of sewage) industrial
waste, or other waste effluents in the receiving interstate waters
sha 11 be provi ded so fa r as pract i ca b1e v/hen deemed necessa ry by the
Agency to rr.aintain the quality of the receiving interstate waters in
accordance with applicable standards.

(6) It is herein established that the Agency will require secondary
treatment or the equivalent as a minimum for all municipal sewage and
biodegradable) industrial or other wastes to meet the adopted water
quality standards and a comparable high degree of treatment or its
equivalent also will be required of all non-biodegradable industrial
or other wastes unless the discharger can demonstrate to the Agency
that a lesser degree of treatment or control will provide for water
quality enhancement cornmensurate with present and proposed future
water uses and a variance is granted under the provisions of the
variance clause. Secondary treatment facilities are defined as works
which will provide effective sedimentation) biochemical oxidation,
and disinfection) or the equivalent) including effluents conforming
to the following:
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Substance or Characteristic

5-Day biochemical oxygen demand
Total coliform group organisms
Total suspended solids
Oil
Turbidity
pH range

Limiting Concentration or Range

25 milligrams per liter
1000 t,lPN/lOO 011
30 milligrams per liter
Essentially free of visible oil
25
6.5-8.5

(7) Allowance shall not be made in the design of treatment works for
low stream flow augmentation unless such flow augmentation of minimum
flow is dependable under applicable laws or regulations.

(8) In any instance where it is evident that natural mixing or dis­
persion of an effluent is not effective in preventing pollution, or
that it may not be feasible to provide by other means for effective
mixing or dispersion of an effluent, or if at the applicable stream
flows mentioned in the sections on specific standards of interstate
water quality and purity it is evident that the specified stream flow
may be 1ess than the effl uent f1 0\'1, the spec i fi c sta nda rds may be
interpreted as effluent standards for control purposes, where appli­
cable. The period of record for determining the specific flow for
the stated recurrence interval) where records are available) will
include at least the most recent 10 years of record) including flew
records obtained after establishrr.ent of flow reQulation devices, if
any_ Such calculations \'Ii11 not be applied to lakes and their embay­
ments which have no comparable flow recurrence interval. Hhere



stream flow records are not available, the flows may be estimated on
the basis of available information on the watershed characteristics,
precipitation, run-off and other pertinent data. In addition, the
following effluent standards may be applied without any allowance for
dilution where stream flow or other factors are such as to prevent
adequate dilution, or where it is otherwise necessary to protect the
interstate waters for the stated uses:
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Item

5-day biochemical oxygen demand
Total phosphorus
Total suspended solids

Limits

20 milligrams per liter
1 milli9ram per liter

20 milligrams per liter

It is the intention of the Agency to require removal of nutrients from
all sources to the fullest practicable extent wherever sources of
nutrients are considered to be actually or potentially inimical to
preservation or enhancement of the designated water uses.

(9) In any case where, after a public hearing, the Agency finds it
necessary for conservation of the interstate waters of the state, or
protection of the public health, or in furtherance of the development
of the economic welfare of the state, it may prohibit or further limit
the discharge to any designated interstate waters of any sewage)
industrial waste, or other waste effluents, or any component thereof,
whether such effluents are treated or untreated, or existing or new,
notvlithstanding any other provisions of classifications or specific
standards stated herein which may be applicable to such designated
interstate waters.

(10) In any proceeding where specific standards have been adopted
which are directly or indirectly applicable to named interstate waters
of the state, it shall be incumbent upon all persons responsible for
existing or new sources of sewage, industrial wastes or other wastes
which are or will be discharged to such interstate waters, to treat
or control their wastes so as to produce effluents having a common
level or concentration of pollutants of comparable nature and effect
as may be necessary to meet the specified standards or better, and in
no case shall the concentration of polluting substances in any indi­
vidual effluent be permitted to exceed the common concentration or
level required of the other sources of comparable nature and effect
discharging to the same classified and named interstate waters,
regardless of differences in the amount of pollutional substances
discharged, or degree of treatment involved.

(11) Liquid substances which are not commonly considered to be sewage
or industrial wastes but which could constitute a pollution hazard
shall be stored in accordance with Regulation WPC-4, and any revisions
or amendments thereto. Other wastes as defined by la\'f or other sub­
stances which could constitute a pollution hazard shall not be
deposited in any manner such that the same may be likely to gain entry
into any interstate waters of the state in excess of or contrary to
any of the standards herein adopted, or cause pollution as defined by
la\'l.
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(12) No sewage, industrial waste or other wastes shall be discharged
into the interstate waters of the state in such quantity or in such
manner alone or in combi na t ion \vi th otller subs tances as to ca use
pollution thereof as defined by la\'l. In any case v/here the interstate
waters of the state into which sewaae, industrial wastes or other
waste effluents discharqe are assiqned different standards than the
interstate waters into ~hich such receiving interstate waters flow,
the standards applicable to the interstate \'/aters into which such
sewage, industrial waste or other wastes discharged shall be supple­
mented by the following:

The quality of any waters of the state receiving sewage, industrial
"taste or other waste effluents shall be such that no violation of the
standards of any interstate waters of the state ;n any othet' class
sha 11 occur by reason of the di scharge of such sewage, i ndustri a1
waste or other waste effluents.

(13) Questions concerninq the permissible levels, or changes in the
same, of a substance, or combination of substances, of undefined
toxicity to fish or other biota shall be resolved in accordance with
the methods specified by the National Technical Advisory Committee of
the Federal Water Pollution Control Administration, U.S. Department
of the Interior. The Cownittee's recommendations also will be used
as official guidelines in other aspects v!here the recommendations may
be applicable.

(14) All persons operating or responsible for sewage, industrial waste
or other waste disposal systems v/hich are adjacent to or which dis­
charge effluents to these waters or to tributaries which affect the
same ~ sha 11 submi t regul arly every month a report to the !Igency on
the operation of the disposal system, the effluent flow, and the
characteristics of the effluents and receivinq waters. Sufficient
data on measurements, Observations, sampling ~nd analyses, and other
pertinent information shall be furnished as may be required by the
Agency to in its judgment adequately reflect the condition of the
disposal system, the effluent, and the waters receiving or affected
by the effl uen t.

Industrial Consumption

Class A. The quality of this class of the interstate waters of the
state shall be such as to permit their use without chemical treatment,
except softening for ground water, for most industrial purposes,
except food processing and related uses, for which a hiqh quality of
water is required. The quality shall be generally comparable to
Class B waters for domestic consu~ption, except for the following:
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§ubstance or Characteristic

Chlorides (c1)
Hardness
pH value

Permissible Limit or Ranqe

50 milligrams per liter
50 milligrams per liter
6.5-8.5
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Substance or Characteristic

Temperature

Total coliform organisms

Permissible Limit or RanQe

750F in July and Auqust,
70°F in June and SepteMber,
600F in May and October, (Surface)
500F in April and Novemher,
40°F in March and December,

and
350F in January and Februa~y.

550F (Ground)
5000 most probable number per
100 milliliters
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Class B. The quality of this class of the interstate waters of the
state shall be such ~s to permit their use for general industrial
purposes, except food processing, with only a moderate degree of
treatment. The quality shall be generally comparable to Class D
interstate waters used for domestic consumption, except for the
following:

Substance or Characteristic

Chlorides (Cl)
Hardness

pH value
Temperature
Total coliform or9anisms

Permissible Limit or Ranqe

100 milliqrams per liter
250 milligrams per liter (Surface)
350 milligrams per liter (Ground)
6.0-9.0
650F (ground) 860F (surface)
5000 most probable number per
100 milliliters

Class C. The quality of this class of the interstate waters of the
state shall be such as to permit their use for industrial coo1inq
and materials transport without a high degree of treatment being
necessary to avoid severe fouling, corrosion, scaling, or other
unsatisfactory conditions. The follov/ing shall not be exceeded in
the interstate waters:

Substance or Characteristic

Chlorides (Cl)
Hardness
pH value
Temperature
Total coliform organisms

Limit or Range

250 milligrams per liter
500 milligrams per liter
6.0-9.5
6SoF (ground) 900 F (surface)
5000 most probable number per
100 milliliters

Additional selective limits may be imposed for any specific interstate
waters as needed.
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Data in tables 13 and 14 have been derived using the material
balances found in the report titled "Mineral Beneficiation Studies
and an Economic Evaluation of }1innesota Copper-Nickel Deposit
from the Duluth Gabbro," USBM Grant No. G0144109, December 1, 1975.




