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PRIMARY COPPER PYROMETALLURGY

Figure 3 outlines the principal processes for the extraction of copper from
sulfide enriched ores. The processes are basically pyrometallurgical
processes involving the major metalluraical steps of roasting, smelting

and converting. Each of the three primary steps emitsgases and dust as

potential pollutants.
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Figure 3. Principal processes for extracting copper from sulfide ores.
Parallel lines indicate alternative processes.
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Roastiggz

In roasting, the concentrated sulfide ore is dried and heated until the
sulfur begins to combine with oxygen to form sulfur dioxide gas (SO,) which
is removed in a gaseous stream. Ores rich in sulfur are roasted to Tower

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

operation to follow (ores Tow in sulfur content generally bypass the roasting

2z 7
stage). The process is usually autogenqy§; however, some hydrocarbon fuel

may be required if the concentrates are excessively moist. Temperatures
generally range from 500-7009C in the roasting chambers (temperatures of
500-550°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 SO, 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 depend pr1nc1pa11y on:
@ characteristics of the copper concentrates whaif " e
@ volume of air aspirated by the roasting furnace
e 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 S0, in the offgas ranges

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

and d’l)ution by air. Hearth roasters treat approximately 0.5-1.0 metric

sp7
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Figure 4. Cutaway view of a multiple hearth roaster.
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tons of charge per M7 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 flowsheet.

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 SO,, which is an excellent

feedstock for a contact sulfuric acid plant.

Sme]ting2

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 SO, 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-

ment.

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).



Distribution

Metal Matte Slag Volatilized*®
Alkali and alkaline

carth metals, aluminum, titanium 100
Ag, Au, platinum metals 9 1
Antimony 30 55 15
Arsenic 35 55 10
Bismuth 10 10 80
Cadmium 60 10 30
Cobalt 95 5
Lead 30 10 60
Nickel 98 2
Selenium 40 60
Tellurium 40 60
Tin 10 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 Smelting--Blast-furnace smelting (Figure 6) was used

extensively in the past for producing large quantities of matte from Tump
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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 b1ést furnace consists of sintered concentrates,
lump ores, silica fluxes, converter slags, and metallurgical cokes. The
products of the furnace include:

e a copper-rich liquid matte (v 50 percent Cu)
e a liquid slag

@ gases containing approximately 5 percent S0,.
(gases are generally laden with dust)

Reverberatory—Furnace'Matte Smelting--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 m wide 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 Cu) 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, mé]téh converter slag.
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Figure 7. Cutaway view 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. A1l 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 peréent 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:
e fineness of the charge

e degree of agitation in charging and working
e 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 énergy is
inexpensive and where S0, evolution from the smelter must be tightly
~controlled. The electric furnace and the reverberatory furnace are

equally suitable for obtaining the relatively low temperatures (1200°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,

b) the SO, 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
S0, concentration may be as low as 0.4 percent, for venting
directly to the atmosphere (Mostert, 1973), while extensive
air infiltration and sulphide oxidation Teads to S0, concen-
trations in the order of § percent (Rodolff and Marble,
1972). This latter gas is blended with converter gases

and the S0, 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). Morldwide there are approximately 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
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mattes and slags from the reverberatory furnace. S0, 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 flowsheet

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.
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loput Products Cu Ng Fe S Co 5102 Ca0 MgQ M.ZGJ As Pb Za Cd Ag Au Rh Pt Pd
Concentrate & Dust 69263 14842 143474 113789 693 74210 6085 21768 11973 15.34 39.58 1880 19.79 23.06 «71 .0087 «88 2.09
Flux ) 19170 .
Cleaning F. Matte 8672 4947 22249 9531
Pyerhotite Conc, 6082 3496
INTERMEDIATE 74818 18998 177496 27309
CALCINZ
Output Froducts
wWhige Hetal Matta 63750 13219 3478 19002 485 22.26 +69 .0080 .85 2.01
Cleaning F. Matte 8672 4947 22249 9531 o
Cleun or Dump Slag 877 461 157326 835 6085 21768 11973 1.54 35.65 1598 1.98 0.80 .02 0007 03 .08
Dusts (fluld bed)4Z 3118 792 7396 4913
Dusta (electric P£.)2X 1302 270 71 3ae
Dusts (electric F.}21 _177 101 454 184 ’
Tortal Dusatas 4597 1163 7921 5515 208
Flus Durt (recycls) 4136 1047 7129 4564 187 12.42 3.57 254 16,03
Particulate Exmiseiouns 461 116 792 551 21 1.38 »36 28 1.78
GCas Zmissions 4514
SOICTINNS
BULK CONCINTRATE AMALYSIS
[ vy 1) Common conatituents of volazile fuses und/or particulaces
Ca 1.0 ’ -::::::: S:g :::::u g:; -g:au ?c::
Astimony (5t) Seleotum (Se) *Tadmivm (Cd)
L13 3.0 Lead ) Tellurtum (Te)
Te .0 #Couatdered in the materisl balence,
F .0
10, 15.0 2) Exhaust .a:::dc::;:n sone enlten Z; :;:1;3.:“ dust parcicles. Volarfls
a0 1.
e 4 P LIy e e emeined eod staceiburct cacs
. ALy 2.42 45T iato alag Concentrates Righ fa zinc
- 0.0051 15Z taco dust Yolatilizatios rate ~ 20-30%
n 9.008 4) Lead: Pajor 3octlon goes to matfe. Pbs In matca s then oxidired partly
o 098 o PO La tha couverting furoace and diatriduced 1aco alag.
“ o.00 MLDLE CEIpmNNAL
™ 0.00467
- 0.000143 5) Cs0: MgOr A1;0y: Repores principally to tha sleg.
n 0.60000178
6) Ae: ’o:. d:“‘.l goea 1o dust or particulate Yolsctlization Rate = 10T
r 0-00a178 10508 toea tora slag
[ 0.000422

Table 13. Metallurgical material balance of the principal constituents of

a typical Cu-Ni concentrate. (Electric Furnace)
(Units are in metric tons/year)

1 901 of total gots in dust particnlate
fractlon
102 of total into slag

Volacilitation race = 102

8) Co

707 fate macts

30T 4 dusc or perciculate fracciom Volarilfisation vate = 10%
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Input Products Cu N{ Fe s Co 510, Ca0 Mg0 Al,0, As Pb 2Zn Cd Ag Au Rh Pt Pd
Concentrate & Dust 8 75 75 20 100 100 100 100 100 100 100 100 100 100 100 100 100
Flux 10
Cleaning F. Matte 11 25 12 8
Pyerhotite Conc. 3 3
INTERMEDIATE 96 96 93 22
CALCINE
Output Products
White Metal Matte 82 67 2 15 70 97 97 92 97 96
Cleaning F. Matte 11 25 12 8 100 100 100 10 90 85 10 3 3 8 3 4
Clean or Dump Slag 1 2 82 1
Dusts (fluid bed)4? 4 4 4 4
Dusta (electric F.)2% 2 1 .04 .31
Dusts (electric F.)2Z .23 1 .24 .15
Total Dusts 6 6 4.28 4.46 30
Flue Dust (recycle) 5 5 4 4 27 81 9 14 81
Particulate Emissions 1 1 43 3 9 1 1 9
Gas Emissions 4
1+2+3+445=100%

Table 13A. Metallurgical material balance of the principal
constituents of a typical Cu-Ni concentrate.

(Electric Furnace)

(Numbers are as percents)

(01
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Flash-Furnace Matte Smeltina--Flash furnaces (Figures 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 smelting 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 SO,~rich effluent gases from which the S0, can be efficiently
removed as sulfuric acid or liquid SO,. For thgse 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 smelting.

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

(b) The Qutokumpu 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 S0, and considerable
guantities are produced by the flash smelting reactions. The effluent gases
produced by the INCO process contain approximately 80 percent SO,. The S0,
from the Outokumpu reactions is diluted by nitrogen (from the incoming air)
and by hydrocarbon combustion products. Outokumpu effluent gases contain
10-15 percent S0,. SO, is efficiently removed from flash-furnace gases as

Yiquid SO, (the INCO process) or as sulfuric acid (the Outokumpu process).
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Figure 10. Cutaway view of Outokumpu preheated air flash-smelting furnace.
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Figure 11. Cutaway view of INCO oxygen flash smelting furmace.
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Figure 12 illustrates in generalized form a typical flowsheet of a smelting
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 grade Cu-Ni metal. Figure 12A summarizes particulate emissions

based on varying efficiency factors.

Gas &
] Particulates
|
Waste Heat w—e———— g Precipitator
! Boiler >
Acid Plant

1
I =t Precipitator

Fine Dust

Concentrate % Flagh Smelting ———€——-—-—¢= Vhite Metal Matte

Silica Flux |___—‘ Converting emmmmmmmmme———-g Hatte - Alloy

Slag

Figure 12. Process flash smelting for the production of commercial grade
Cu~Ni metal.



ut Producte Cu Ny 1) H Co - 810, Ca0 Mg0 Al70) As Pb Zn cd Ag Au Rh or B
ceatrsts & Tlux 79785 17092 165280 123707 741 89252 6488 23221 12766 16.07 42.02 2002 21,01 23.06 W71 .0087 .88 Z.dﬁ
fea Flux 47048
put Products
ts Hetal Hatte 65462 9516 3275 21442 61.79 22.26 .69 .0080 .85 2.01
te - Alloy 217 5710 1421 2472 457
p Slag 1207 604 148337 1730 126203 6488 23221 12766 1,61 37.82 1702 2,10 «80 .02 .0007 .03 .08
# Dust (recycle) 5317 1134 11022 2102 208 9083 12.98 3.83 271 17.05
zicualta Emiseions 582 128 1225 234 14.21 1014 1.48 0.37 29 1.86
| Zalaeioas 4793
AssmeTrOSS
LK CONCENTRATE AMALYSIS
3) Cowmss cousticussts of volatile fuces and/ot parziculates
B =i Bezueh (BE) *inc €n) Tin 25)
[ 1.0 Shrecate (A} sstexel  ONQU) *Cotalt (Ca)
Antizony (St) Selentow  (Se) *Cadntum (CL)
n 10 ead ) Telluriae (Te)
1.0 3.9 *Coosidered 1a che waterial balazce.
* e 3) Pahaust gases contafs sive rolten ar sext-molten dust particles. Uslazfle
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K150y 2.42 1 :;3 ::a ;'.a; c«:cxcv::;f“ ?tn L? u";bx:
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= 0.3 302 faco matte Concazcrates high ta riac
cé 0.004 102 foto dusc Jolacilizacion rats ~ 62
‘- o-coter 3) ©a0: MgO: A1;0y; Repores princtpally te the alag.
™ £.0001243
= #.00000L76 € Aat 903_«2 total goss 13 dust oz perticulata Yolaztlisatien Race = 19T
* 8.000172 108 o6 otat tate alag
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Table 14.

€42 30X of total goes fn <dust particulate
fraction
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Volacilizariss race = 10%
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Metallurgical material balance of the principal constituents of
a typical Cu-Ni concentrate (Flash Smelter-Outokumpu Style).
(Units are in metric tons/year)
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Input Products Cu Ni Fe S Co 8102 Ca0 Mgo A1203 As Pb Zn Cd Ag Au Rh Pt Pd
Concentrate & Flux 100 100 100 100 100 65 100 100 160 100 100 100 100 100 100 100 100 100
S{lica Flux 7 35 A
Output Products
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 7 7 2 28 7 81 9" 14 81
5 Particulate Emissions 1 1 1 .2 2 1 9 1 1 9

Gas Emissions

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

Table 14A. Metallurgical material balance of the principal
constituents of a typical Cu-Ni ccncentrate
(Flash Smelter- Outckumpu Style). (Numbers are
as percents)

9¢
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Continuous Production of Blister Copper: Sinale-Step and Multistep 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 SO, strength, and a

slag sufficiently low in copper to be directly discarded.

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 Tow 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 SO, strength cas
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 cn an industrial scale
" and further installations of both are planned. The WORCRA pilot plant was

. , S
shut down in 1970 and it has not operated since. M/kff . M/%%/v4 7
/
{

.2
Converting

When the matte has been drained from beneath the slag, it is further pro-
cessed in the last major operation, that of converting. Converting is
essentially an oxidation process, no extraneous fuels necessary. The

sulfur from the metallic sulfides is driven off as a SO, gas and the



, Hoopr
' 1
mnouuouu | 1
DG!AR I )
{J STEEL SHMELL ﬂ
l g CHROME-MAGHESITE MOUTH
FEED END SLAG END
BURNER UX AND BURNIER
Sm \‘\PMIIYIZ!D CONCENTRATES
SIAG =
oqooooooooooooo MATIE H’f

SLAG

TAPHOLE
'lUY(R[S 50t
( 0 60x Sem ¢) COPPER
TAPHOLES
m —
BURNER FEED PORY
PORY
TUYERE

Figure 13. Schematic longitudinal and end views of the industrial Noranda
single-step reactor.
Hot Concentrate
QU5€S and flux
s n’l Z L p
\ Arr lonces 8 Concentrote
Burner. A RTRIaT iﬁ?ﬁ?s”'c““s or pyrites Reducing g Burner
=X g f!ux‘ c D flame 6
Rl !
Copper ////7'7? / Slag
Matte tapped
; Smelting Siag cleaning infrequently
Converting zone zon8 zone
(oxidising) Midly \ {reducing)
cxldtsmq/
(a) Elevation viewt
ftm —
Y22z s iy
o]
.///4 Concentrate Slog cliegoning N Slag
7—— or pyrites Zone (branch) s well /
7 * 7
% [ /-‘—»S!cq
L Lz
¢
E {4 7 -
@ =4 y // S 7 . /,//
R 4
// Fee;%r,w AL
7 , 194 cu [/ Cosper
Smalting Convarting A _(// well Y717
bow! zone (bronch) /
/ ‘ LAR IR RS 4 T 17T ,1 TT TT 1T I; /// //" %
R} A/ ’///// T i Y,
Lance ports
() Plan view
Figure 14. Plan and elevation views of the WORCRA process pilot reactor.
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Figure 15. Schematic plan and elevation views of the Mitsubishil continuous
smelting systemn.

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
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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 SO0, as a potential gaseous pollutant. Dust

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

copper and are recovered during electrorefining.

Blister copper  Vapour” Slag

Ag %0 0 10
Au 90 (1] 10
Pt metals %0 0 10
As 15 75 10
Bi 5 95 0
Cd 0 80 20
Co 80 0 20
Fe (¢ 0 100
Ge 0 100 0
Hg : 10 90 0
Ni 75 0 25
Pb 5 85 10
Sb 20 60 20
Se 60 10 30
Sn 10 65 25
Te 60 10 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 récyc]ed 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. ; L e

' A

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 metaliic 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-
Turgical system. Pollutants must be efficiently recovered in a form which is

either marketable or inert under atmospheric conditions for requlated disposal.
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TYPE BLAST REVERBERATORY FLECTRIC FLASH CONTINUQUS

Hearth Area (M2) 6.6-11.4 315-360 84-350 133-140 ———

Solid Charge Rate 250~1300 400-1300 250-1650 1100~1600 115-1075

( Total Metric

tons/day)

Matte 110-650 250-800 150-1100 550~850 20-180 (Blister Cu,
(Yetric toms/day) ~98% Cu)

Matte Grade (7 Cu) 46-63 34-47 22.5-40 ' 47-49 ——

Slag 120-700 260-900 160-1360 300-550 65-700

{Metric tons/day)

Slag Grade (% Cu) 0.15-1.0 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 7.8-11.6 3.0-9.0

(Metric tons of
charge per day/M2)
Total Fnergy in Fuel 6x105-2x10%
(Rcal/Metric ton

of charge)
Total Energy &s an 6.75x10°
Average (XKcal/metric
ton of charge)
Table 16.

10x103-16x105

13.33x10°

3,5x%105-5,9x105

4.18x10%

1. 1x105- 6.1x10%

4.45x105

6x105-13x105

10%105 (without air
enrichment)

Production details of matte smelting furnaces.



Table 17.

MAJOR DISADVANTAGES

APPARATTS DESCRIPTION AND DIMENSIONS CAPACITY GAS_ GRADES
Multiple Fearth Roaster Cylindrical-brick-lined vesgel 2-6% 80y

More expensive to operate ia comparigon to
other caleining operations.

Calcine Carryover of 6Z in outlet gases.

Salient features of pyrometallurgical equipment and apparatus.

MAJOR ADVANTAGES
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Fluid Bed Toaster 1600 TPD

Concentrate

Cylindricel-refractory-lined
steel shell

12-14Z S0,

Processing difficulties.

Excessive calcine carryover of 807 in outlet
gasea.

No moving parts in the combustioz chacher.
Maintenance requirements are -t 2 winimwm,

Uniform bed temperatures and corposition
are raintained in the fluid bed.

Little excess air is required.
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Sinterizg Machine Traveling straight line grate 1.5-2% S0z
25 ft. - 35 ft. long
5 fr. - B fr. wide

Requires a very careful adjustment of the
physical and chemfcal conditions of the charge.

Sulfur control is not very practical.

Excellent hearth efficieancy.
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Conventionz) Blast Furnace 1000 TPD

Concentrate

Rectanguler in plan with vertical
sides at the top, inwardly sloping
sides in the center scction, and a
vertically sided hearth at the
botteon

57 50,

1.5nx7exS5Sn

The blast furnace ig unable to treat finely
ground flotation concentrates.

The blast furnace has a high productiviey
rating.

The typical blast furnace uses a relatively
small amount of fuel.

mmmmnmnﬂnum-ﬂmmn—munmmm-’u—-a@mmum!ﬂmummnuumwm—_mmmmmnumnnn-’-&n-n—n-um—nmmummmu-annﬂmar

Yomoda Slest Furnace 500 TPD 7.3% 80,
charge " 9.5% COz
3.12 0,

Lacks capacity for larger smelter operations.

Lover BTU requirements per ton of charge
when corpared with the BTIU requirexents
per tor of wet charge in reverberatory.

. N RN N X . N RN N N F BN B3 N N E-& NN N _ B _ S - R B B__B BB R R R _B__S_ B __J B _f_ B-FE_ N -S_B_JN_ _R_JR.UB__ B -F - F_§-_ E-E. S SN -N_}N K _S__N_§_ §N_JB-_}R_5} _B_}R_J_K§K_§8_ZJ_§8 }§_ X B} _J_]
P

‘everberatory Firnace A long horizontal furnace with a 1600 TPD .5-1.0% 50,

roof designed to reflect flame charge 11-207% of

down onto a charge on the hearth sulfur
content

120-150 £t. long: 30~40 ft. wide removed

Eigh temperatures 1400-1700°C
Tapping temperature 1100-1300°C

Gas terperatures 1100°C

Thermal efficlency of the reverberatory is low.

Furnace possesses flexibility with respect
to feed.

Capable of handling large tonrages of hot
charge per day.
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Electric Furnace Rectangular In cross-section with a
firebrick spring~arch roof and a

basic-brick inverted-arch bottom

2-47% 50,

o 4 e menee me b mmns s ia e ek v e mm e s wmerisreee e ot e e

High hydrostatic heads attributable to deep
layered slags constitute a definite furnace
operating hazard.

Bath runaways are 2 major hazard.

It 13 ccwpletely versatile and it can be used
to szelt any and all materials.

It produces small volures of effluent gas
(consisting of N, from infiletrated eir, CO

£
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Table 17. (contd.)

Elestric Purrnzce {cont.) Copper matte is more difficult to produce end CO» from electrode~sglag reactlons 2nd
than nickel matte. S0s from sulfide oxidatfor).
Furnace makes little use of the energy vhich The S0, concentration of 1tz effluent gas
15 potentially available from oxidizing the is readily controlled by adiusziag the
sulfide minerals of the charge. amount of air which 1g iafiltrazed into the
furnace.
The operating costs tend to be hizh due to
the high price of electrical energy. It rmakes efficlent use cf electrical ernergy.
nmnmnuummuumuﬁwnmmmnnmmmum—nmmnmm—nmmmmummnmmmmmuumummmumm-m—_—m_munu—naunn-u---—x
Flash Furnace (Cutokurpu) 20mx7mx3m 1200 TPD~ 14% SOz Slags are too high in copper content to be Irs small physical size supperzs a large
(not autogenous) 1400 TPD discarded. An additional electric furnace throughput. .
Pequives % the fuel of an Concentrate : is needed to treat both flash furnace slag
ecuivzalent (dry) rever~ and converter slag. It is very econorical ir Its use of fuel,
beratrory smelting processa. the greater portion used for egir heatirg,

end therefore, of low quality.

The gas produced is a goed feedstock fer an
acid plant.

Direct production of elecental sulfur in
the flash~smelting emfssicn svstem 1s
being leveloped.

Tlssh Furmace (INCO) Small hearth-type furnace 1600 TPD 75-80% SO, Slags are too high in copper content to be It has 2 much lover ovaerall energ
(auzogenous) dry charge discarded. Additional treatment 18 needed requirerent.
23 mx6mxSn for both flash:furnace slag and converter
slag. Its volure of effluernt gas (ger toz of

of
roduets,

quip—

charge) i3 small cdue to the atsence
nitrogen and hydrecardon coc
which reans that its gas-collection
ment requirerent is szmalil.

o "

The S0, concentration in 1ts efflvent gas

' 1s very high (EC%) which sirplifies S0C;
removal as sulfuric zacid, liquid S0, or
elermental sulfur.

Dust losses are low due to 2 relatively
small voluretric gas-{lew rate.

Its productivity (tons of charge per da?/!“.'z
of hearth area) is approxi=mately 30X higher
then that of the Qutokumpu rrecess.

D e o ey PTY WD WDR WIY WEE S MRS IS eYW GUT SR N0 [T (OTI BV S £ O el V0N GUT3 MUMe SN DA (S B ST BN NN NP (FPY SR SN MOY DER (6T DU STA SO CNF SHN MW T2 £o RV SN S0 ST TN MNP 0OM) PR IS STD W SUN R Sum PON FORR DN o) SN NN GEY BUS MY £TN BeR DNR MUY eI ey CED PO TN BN OE BN
Pilerce-Smith Sideblown Cylindrical steel vessel lined 2-67% 509 Relatively low concentration of S0, in outlet Very efficient as a sreltirg rmachine under
Converter with basic refractory bricks. g8s. certain wodified conditions.

13 ft. diesmeter; 30 ft. length

9y



Table 17. (contd.)

Totcken fLorizontal Siphon- 56.5 TPD 8% 80, Capital costs are high than Pierce-Smith
Tvre Cenverter - blister converter
copper

Capacity per unit size is lower than
comparable units.

Efficiency as a smeltirg machine is low.
bnnn—-mnmmunmmununmumunnm_--uﬂmmnu_nmmnmmmmmm—mmmmmumummnmu-nu—u——u-—-uu——n—-m-—-s

Mi{tsubishi Process {Continuous) 500 TPD~ 12~15% 803 The Mitsubishl process may not be suitable The system 1s pollution free, all exit rases
1500 TPD for treating high impurity concentrates. have a SO, content greater than 107 which
concentrates (Concentration of f{mpurities in the will permit recovery of sulfur as sulfuric acid.

blister copper is likely to be high.)
Capital investzent is 707 of that needed to

The multi-step Mitsubishi process produces build 2 ccaventional sxelter.

SO0p-bearing gas in each of its three

furnaces and a more extensive gas=~ Operating costs are reduced due to a smzller
collection system is required. ) work force.

Blister copper recuires relatively little
fire refining due to its relatively low
(.1-.6% S) sulfur conteat.

furnace is kept

. Slag recycle to the meiting fu
. procducction of

to a mivimum by the s=a
slag.

e d -
tis
i1
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WCrCPA Process (Centinuous) 9-12% SOz The heat from the oxidation reactions is Capital costs 20-307T telow that of reverteratory
{Ctilizes subrerged lances) not available to the settling branch. As converter plants.
a consequence, hydrocarbon fuel must be
burnt in the settling branch and large Lower operating costs, with savings decendent
volumes of combustion gas, dilute in §0; upon local costs for fuel, power and later.

(1 or 2%) are produced.
Econonic viability at low annual throughouts~

Only a small part of the furnzce is devoted possible 10,000 to 20,000 tons/year of copper.
to copper-making reactions and hence the

productivity of the furnace 1s low, 2~3 Efficient recovery of typroduct sulfur fream
tons of charge per M° of hearth area. continuous S0; emission.

Process takes retal rather than matte directly
Tom concentrates.

¥pst of the exothermic coxidation reactiozs are
generated and continved within the lizuid bdath.

Injection cf oxygen-contairing gases via
lances creates turbulence and continuous flow
in the szelting and converting zezes.

In the converting zomne, slag moves by gravity,
generally countercurreat ro matte and metal.

Copper content of the slag is reduced to
throwaway levels as the slag flows through
the smelting and slag-cleaning zones; there
{8 no revert slag.
P
het



Table 17. (contd.)

WORCBA Process (cont.) Offgases generated in the smelting 2nd con-
verting stages are combined and leave the
furnace continuously. $0; concentration is

. mostly in the 9 to 12% range.

Norenda Process (Coantinuous) Porizontal eylindrical furnace 800 TPD- The sulfur content of Noranda process blister
(Uses sudmerged tuyeres and with & raised hearth et one end, 1600 TPD copper (1-27% 8) is considerably higher than
a rotatable reactor) and & depression neaxr the middle concentrate that of conventional counverter copper and
in vhich the copper collects. hence requires more alr and a wmuch lower
oxidation period in the anode furnace.
13 fr. diameter; 60 £t. length
The Noranda process may not be suitable for
treating high irpurity concentrates.
(Concentration of imwpurities in the blister
copper is likely to be high.)

|ummnnmmmn-nmum-mmnmmmummumnmﬂwmmummumum—mmmmmm-ummmmmmnmmmnn-n-ﬂm-mm--uﬂ--a--m-nn--m-
Kennecott Converter-Smelter 400-500 TPD

Vessel concentrate



Emission Efficiency of Applicotion of Net Emiuion

Quontity of Materiol Foctor Contiol, C. Control, Cy Control, C.+Cy tont/yr,
t. Aluminum
A. Pieporation of Alumine
V. Grinding of Bauxite 13, 000, 000 tons bouxite 6 1o./1on bouxite - - 0.80 8,000
2, Ccleining of Hydroxide 5, 840, 000 tons clumina 200 Ib./ton alumine - - 0,90 58, 000
8. Aluminum Mills
V. Soderberg Cells
{o) Horizontol stud 800, 030 tons oluminum 144 Ib,/ton oluminum 0.40 1.0 0.40 35,000
) Verticol stud 703,000 tons eluminum  “ €4 15./ton oluminum 0.64 1,0 0.4 10, C00
2. Picbake Cells 1,755,000 tons oluminum 63 1b./1on oluminum 0.64 1.0 0.84 20, 000
€. Moterials Handling 3, 300, 000 tens oluminum 10 b, /ton oluminum 0.90 0.35 0.32 1,000
142,000
H. Copper Total from primory eluminum industry
A. Ore Cnshing 170, 000, €00 tons cre 2 1b./ton ote 0.0 0.0 0.0 170, 600
3. Roosting 40% of 1,437,020 tons copper 148 1b, /ton copper 0.85 1,0 0.85 7,000
C. Reverberotory Furnoce 1,437,000 tons copper 206 Ib,/ton copper 0.95 0.85 0.81 26,000
D. Converler 1,437,000 tons copper 235 Ib./ton copper 0.95 0,85 0.81 33,000
E. Fire Refining
F. Slog Furnaces
G. Moteriols Hondling: Ore,
limestone, Slog, erc. 1,437,000 tons copper 10 Ib,/1on copper 0.%0 0.35 0.32 5,000
Total from primory copper industry 243,000
. Zinc
A. Ore Crushing 18,000, 009 tons ore 2 lo./ten ore 0.0 0.0 0.0 18, 000
B, Roasting
1, Fluidized 8ed, Suspension  75% of 1,020, €00 tons 2iac 2,020 Ih./ton zinc 0.98 1.0 0.98 15,00
2, Ropp, Moltiple Heorth 15% ot 1,020, GO tons zine 333 b, /ton zine 0.85 1.0 0.85 4,000
C. Sintering ond Sinter Crushing  €0% of 1,020,040 tons zine 180 1b./ton zinc 0.95 1.0 0.95 3,00
O. Distitlotion 0% of 1,020,000 tons zine 0.0 0.0 0.0 15, 000
€. Moteriols Hondling 1,020,C03 tons zinc 7 ib. /ton zine 0.90 0,35 0,32 2,000
TYotol from primary zinc Industry 37,0C3
V. leod
A. Ore Crushing 4, 500, 000 tons ore 2 b, /ton ore 0.0 0,0 0.0 4, 000
B, Sintering 447,000 tons feod 520 ib./ton leod 0.95 0.90 0.86 17,000
C. Blost Furnoce 447,000 tons lead 250 b, /1on lead 0.85 0.98 0.83 10,000
D, Drossing Kettle -
E. Softening Furnace -
F. Desilvering Kettles -
G. Cupeling Fumaces -
H. Rclining Keltles -
I, Dross Reverberglory Furnoce 447,000 tons lead 20 1b, /10n leod - - 0.50 2,000
J. Moteriols Hendling 467,000 tons lcod 51b./ton leod 0.90 0.35 0.32 1,000
Tota! from primory leod industry 4,000
Totol from nonferrous metals industries 176,000

Table 18. Particulate emissions - primary nonferrous metals industries.












Porticulate

Source
Roasting furnace
Blost furnace

Reverberatory
furnace

Coppor matte
converler

Copper refining
(coal dust

fired)
Corrler Gos

Source

Roasting furnace
Blost furnace

Reverberatory
furnace

Copper matte
converter

Copper refining
furnace (coal
dust fired)

Table 19.

Particle Size Sollds Loading Chemical Composition

15<10 . 6-~24 Cu: 9, 5: 10, Fo: 26
- 6.6 Cu: 4.4, Zn: 12.5, S
. 7.3
51<¥7 1-6 Cu: 6.2, Zn: 13,0, S:
13.6 Oxides of arsenic,
antimony, aluminum
: silicon sulfates (iraces),
- 5.3 Cu: 1.2, Zn: 18,0, S:
10 {als0 sve reverberatory
furnace)
50<44 - Cu: 7,5 1.5
Flow Rote Temparature Molsture Content Chemical Composition
o, 60 -~ 131 600 - 890 - ) SO 8
b. 47.3
a, 21,2 248 -- COp: 6.5
b, 76.5
0. 50 - 440 350 - 750 4-10 O 5-6, COp: 10~
b, 71 17, Ng: 72 =76, CO:
: 0-0.2, SOz 1-2
a, 102 - 750 300 - 650 - SO 4
b, 364
a, 16 410 - -

Coding Key for Tobles of Effluent Characteristics

1. Generol Note:  All data for uncontrolled sources unless otherwise noted.

f1. Specific Notes:

A. Particulotes

1. Particle size:
X<y, x> Y.
x = weight percent, y = particle size ().
Measuring technigue noted. If no notation is listed,
meosuring technique wos not reported or is unknown,
. Solids loading: grains/scf, unless otherwise noted.
. Chemical Composition: solids ~ weight percent (unless otherwise
noted).
. Porticle density: g./em.3.
. Electrical resistivity: chm-cm, laboratory measurements
unless otherwise noted.
. Moisture content: weight percent, unless otherwise noted.
. Toxicity:
a) N.T, « not toxic.
b) numerical value = threshold limit, mg./m.3.
. Solubility:
s. - soluble.
s. ¢l ~ slightly soluble.
d. = decomposes.
. Wettability, hygroscopic, flammobility, hondling, optical,
ond odor characleristics: only a descriptive comment generelly
piven; if numerical value is presented, units will be indicated.

B. Corrier Gos

1. Flow rate: flow-rote data presented in two forms:
o) thousonds of standord cubic feet per minute, M scfm,
unless otherwise noted.
b} thousands of standerd cubic feet per ton of product
processed, M scf/ton, unless otherwise noted.
. Temperoture: °F,
. Moisture content: volume percent, unless otherwise noted.
Dew point isin °F. if listed under moisture content.
.- Chemical composition: volume percent, unless otherwise noted.
. Toxicity:
o) N.T. = not foxic.
b) numerical value - threshold limit, mg./m.a.
&, Corrosivity, odor, flammability, ond optical properties: only
- @ descriptive comment generally given; if numorical volue is
presented, units will ba indicated,

N O A wN
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Effluent characteristics -~ primary copper production.
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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

e equipment capable of removing gaseous pollutants from
an airstream

Equipment available for each of these two broad Eategories include:

Particulates
{Including Aerosols) Gaseous Pollutants
settling chambers ~gas scrubbers
cyclones absorbers
impingement separators incinerators
centrifugal separators direct incineration
bag filters catalytic combustion
wet collectors condensors
electrostatic precipitators

gl 1YY
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13
Particulate Matter Removal

The evaluation of a pollution problem followed by the design of a control
system to meet the particular need is a long and invoived process. A well
designed program involving pollution evaluation, engineering study, and

lrengineering 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) A11 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.

51
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(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.

COST IN $1000 FOR A COLLECTOR
TO CLEAN 100,000 CFM

Typica! Energy Effect On

Typical Required Required and % Annual Cost Coiicction of

Plan Area lor Coilection Cost to for Mainten- Qperetion &t

R 3 Colleclor to Clean Eiliciency on Purchase fob ance and Over or Under

Typical Capacity 100,000 cfm* Fine Dust* Shop and Install Powar Capacity*
in ¢tm of Gas
Basic Basic Measura per Basic -
Operating and Unit of Measure of Inches fob in- main- pove-

Basic Typo Specitic Type Force Capacity Capacity sq. 1. w.g. % shop* stall  tenance ert over under
settling gravity casing 20 2600 0.2 25 10 3 1 0.5 down up
chamber volume

(cu ft)
Mechanical baffle intertia inlet arca 1200-3600 300 0.5 40 i3 4 2 13 ap down
Collectors (sqft)
high- centrifugal inlct area 3000--3G00 125 4 80 20 5 2 10 up dovin
efficiency (sq ft)
cyclones
manual Blter fabric 14 1000 4 99 35 20 7 10 down no
cleaning cake arca change
Eltration (sq ft) )
Fabric "automatic filter fabric 1-4 1000 5 99 €0 30 10 13 down  no
Filters shaker cake area clange
cleaning filtration (sq ft)
automatic felr fabric 3-8 600 8 99 £0 35 15 20 no no
reverse jet fabric areca change change
cleaning filtration (sq ft)
impingement liquid bafile cross- 500-600 300 4 80 30 15 7 10 up Gown
baflle capture sectinnal area
(sq f1)
Wet ' packed liquid bed cross- 500-700 250 7 90 40 20 9 17 down up
Scrubbers tower eapture sectional area
(sq ft)
venturi liquid throat area 7,000 100 30 99 50 50 11 75 up down
capiure {sqft) to
30,000
single electric collectrode 5 270 0.5 95 15 55 4 1.3 down up
ficld area '
E!vec}n‘c (sq It)
Precipitators multiple electric collectrode 3 500 0.5 99 100 70 5 13 down vp
eld arca
(sq f1)

‘lfob shop costs, installation and maintenance costs are based on 1970 mild steel construc- *Encryy costs 2rc based on electric power at $0.015/kwh,

tion costs, and do not include avxiliary equipment such as supporting structure, connecting ‘Fine dust is censidered to be 709 by weight minus 10 p.

fiues, thermal insulation, foundations, stacks, ete. They are subject to substantial variation ‘Soine collectors can be modified to maintain collection efliciency at over or undcr capacity.
due to the specilic Tequirements of cach installation including geographic location. Use only ‘Plan arcas do not include conncecting flues,

for general comparison purposes.

Table 20. Fundamental operating characteristics of commercial particulate
collectors.
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Mechanical Collectors--Mechanical collectors are designed mechanisms which

take advantage of differences in specific gravity between typical industrial

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

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

of equipment which fall into this category.

TYPE CHARACTERISTICS UNIQUE DISADVANTAGES

Gravity gettiing Physical Size-very large Low collection

chaxber Installed Cost-low efficiencies on fine
Energy Cost-very low and moderately fine
Maintenance Cost~ low dusts

Recirculating baffle
callector

High Efficiency
Cyclones

Chip trap or cinder tray
trap louvre separator

Dynamic Precipitator

Centrifugal Inertial
Separatot

Ordinary Cyclone

Wet Cyclone

Cyclonic Drouplet Collector
Ultra High-Efficiency

Collector

Collection Efficiency-very low
Reliability-excellent
Efficiency At Low-increases

loads
Efficiency At ~decreases

overloads
Physical Size-small Collection efficiency
Installed Cost-low not sufficient to meet
Energy Cost-low current emission control
Collection Efficiency-low requirements

Reliabilicy-excellent

Efficiency At Low-lowera slowly
loads

Efficiency At  ~increases slightly
overloads

Fractional efficiency
(efficiency drops off
rapildly below a certain
gize of dust)

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

Table 21. Mechanical collectors.
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Fabric Filters--Fabric filters are versatile collectors used in the removal

of dry, solid particulate matter from an air or gas stream. [Rust bearing
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 100u in typical commercial bag filters (woven

fabric media) trap dust particles as small as 0.5u.

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.filtef 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:

e agglomeration of upstream particles

o impaction of larger particles on the fiber

e electrostatic attraction and repulsion

e 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.



Air-to-Cloth

Ratio or %
NCycéo Filter Cloth Fl/!t?! Cake Filtering Velocity Draft Loss Collection
umber Cycle Status Thickness (!t/min) (in./W.G.) Elliciency !
1 new clean zerp 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 dampered 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 following comments are keyed to ¢ycle numbers:

(1) When new and clean, the draft Joss across the falric filter
media is much beluw 0.5 in. W.G.

(2) During the precoat cyele the draft Ioss will gradually inurease
as the layer of filter cake is built up, The cficiency will in-
crease 1o cpeating levels of plus 99 pereent; the gas dis-
charge will become clear.

(3-4) During the filtering cycle the draft loss wilt xrcrm e to the
maximum acceptalle level as the lzver of flier cake thi l(v‘:

(5) The couventional Lag house will dzinper off the coinp
being cleanced. Maximum Hiter cake is shaken off lhe cluth
and drops into a hopper under the infucnce of gravity. The
vigor and duration of shaking ranst be "dnqua 2 to reduc
ﬁllcr cake thickness from maxitnum 9 minhmun. K.
shaking may reduce collector efiiciency by reducing filic
thickness below minimum.

(6) Cemparunent is restored to filtering cycle. Cycles (5), (6).
and (7) are repeated for each compartment by apredetermn ed
program so that no more than one compartment s erox{u
from service at one tiine. :

|
! [
Table 22. Operating cycle of one compartment of conventional compartmented

Additional problems result from the exposure of the bags to elevated

bag house with woven fabric.

temperatures causing destruction of the bags, or exposure to moisture

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

i
i
!
1
1
t
H
5

Table 23 summarizes the basic types of fabric filters available for g

commercial use.

Wet 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.




NORMAL DIRECTION

OF GAS FLOW DURING Cost per
FILTERING CYCLE Air to Square
Basic CLEANING TUBES Cloth Space Foot of
Type of Type of Thru Thru Ratios Require- Filter
Baghouse Bag Collector Tube Method Cycle (ft/min) ment 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 14 very low
tional cloth to mechanical or by isolated large
tube outside pneumatic compartment
shaking
Reverse woven up inside automatic tube intermittent 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
cteaning 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 eneray
is introduced either in the water cycle or the gas cycle. For most

commercial 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:

o disposal problems associated with wet sludges

e high energy costs associated with the high efficiency
scrubber

@ increased material costs where chemical corrosion is
evident

e potential problems of pluaged nozzles

e unavailability of scrubbing Tiquids of sufficient
clarity

© the presence of a visible plume discharging to the
atmosphere

Table 24 summarizes the basic types of scrubbers available in this category.
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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 €ross 1,000 cfm gauge Low  Moderate  High
tangential inlet concurrent or 3-5 14 X X
wet cyclone CIOSS
Impingement spiral baffle concurrent 1-2 4-6 X X
baffle wet cyclone
single plate concurrent 24 1-8 X X
multiple plate concurrent 3-5 6-12 X
fixed bed concurrent or 10-20 2-4 X
counter
P;ff:rd fluidized bed counter 15-30 4-12 X X
flcoded bed concurrent 2-4 4-8 X
multiple bed counter 2040 4-12 X
Sub a wide slot concurrent 15-30 2-15 X X
Uolrﬂi;;gee circutar slot concurrent 15-30 2-15 X X
multiple slot concurrent 15-30 2-15 X X
high-pressure 5-7 30-100 X
Venturi medivm-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 24 X X
stceﬂagxeous centrifugal fan concurrent 1-2 a X X
comgix;lation multiple venturi concurrent 4-6 20-80 X X
scrubbers combination venturi concurrent 5-7 15-60 X X
combination fan type concurrent 2-3 ¢ X

*%4 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 gas streams by:
e 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-voltage 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 q/cm.

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

particles next to the collectrode have Tost much of their charge to the



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
Tayer against the collectrode. A sharp rap causes the dust 1éyer to shear
away from the collectrode. The force of rapping 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 advantageé include:

e minimum energy requirements of all high-efficiency
collectors

@ reduced maintenance requirements

e high reliability at any required collection efficiency
from maximum to zero gas flow

" Among the disadvantages are:
@ high installation costs
e unpredictable collection efficiency on certain high-
resistivity dusts
@ loss of collection efficiency at gas flows above the
designed rating
Figure 17 compares a variety of natural and man-made particulates by their

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

in the preliminary evaluation of control equipment.
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Figure 17. Characteristics of particles and particle dispersoilds.
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(1) The sclection of cquipment for removing acrosols from aiv
streams depends on the properties of the particles,

(a) Low concentration mists can he collected with an electro-
static precipitator, a wet collector, a high density fibrous
filter, or 2 pacxed bed mist eliminator.

(b) Sprays can be removed with mechanical separators or
coarse-packed beds.

(¢) Fumes can be collected with high-energy wet collectors,
bdg filters, or clcgtmsxatic previpitators.

(d) Dusts can be removed from an airstream with wet collec-
tors, inertia or impingement separators.

(e) Coarse particles can be removed {rom exhausts with settling
chambers or cyclones.

(f) A primary cleaner, cyclone, or scttling chamber should be
considered for exhaust loadings greater than 10 grains/fid

__to reduce the load on the principal abatement equipment.

(g) Abrasive parlicles can be collected with wet collectors or bag
filiess operated at reduced flow velocities. Electrostatic pre-
cipitators can be uscd, but (he unit must be sized to reduce
crosion wear.

(h) Adhesive or hygroscopic materials are best collected with
wet collectors. Bag filters, electrostatic precipitators and
cyclones are not eflective control devices.

(i) Dusts with low resistivity characteristics are effectively col-
lected with electrostatic precipitators.

(2) The selection of control equiprient for gaseous pollutants
is dependent on the chiemical nature of the contaminant. Some
guidelines for organic pollutants can be summarized as follows:

(a) Vapors prescnt in high concentrations and with high dew-
point temnperatures can be removed by condensation either
by direct cooling or compression.

(b) Highly soluble organics can be removed from the exhaust
by scrulbing with liquid or a suitable solvent,

(c) Pollutznts which have molecular weights higher than the
normal componenlts of air can be removed by adsorption.
Generally, adsorption is practical for removal of organic
vapors which can easily be cvaporated from the adsorbent
at low pressure stear temperatures,

(d) Combustible vapors can be burned in direct or catalytic
units,

(¢) Vapors which are highly explosive or flammable, and soluble

. lnowater, are best collected fn wet systems,

(3) Inorganic gascous pollutants can be removed from air-
streams by condensation, scrubbinyg, and with adsorbents such as
silica gel, alumina, or activated carbon. The use of adsorbeuts for
Inorganics has limited application so that scrubbing and somctines
candensation remain the principal treatinent methiods,

Figure 18. Control equipment guidelines.
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Table 25 1ists 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 So7utions2 -

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 SO, gas which is
harmful to fauna and flora if present in the air to even a limited extent.

Some effects of SO, are shown in Figure 19.

In the past and even today, SO, 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 SO, content anywhere at ground level
must not exceed 0.03 ppm (by volume);

(c) the average SO2 content anywhere at ground level on any one
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).



IHOUSTNY AND SHLCIFIC APPLICATION

TYPES OF COLLECTONG:
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Mot used Alyo weed Seldom vied
ROCK PRODUCTS
Wet process cement htln MC,FP CC WS ¥F¥
Dry process cement kil MC,EP}F ce w$
Cement nutls FF EP,MC WS, CC
Cement siluy F¥
Raw matertal preparation MC, FF EP ws,CC
Asphalt plant dryce MC, WS EP.FF cC
Coul deying MC, WS FF,EP
Coal nulls ¥F MC, W§ EP,CC
Alumina kiln MC,FF,EP ws cc
Bauxite kiln MC.EP FF, WS cC
Gypsum kiln MC,FF,EP ws cC
Magnesium oxlde MC FF,WS,EP
Lime kiln MC.EP FF, WS
Phosphate kiln MC, WS, EP FF
Finishing FF MC,EP Wws,CC
JIRON AND STEEL
Blast furnance WS, EP MC FF
Open hearth WS, EP FF MC,CC
Basic oxygen furnance WS, EP
Electric furnance FF, WS EP MC.CC
Sintering MC,FF,EP WS, cC
Cupolas ws MC, FF,EP cC
Ore beneficiation MC FF,EP, WS
Oze pellitizing McC WS, EP
Oze roasting MC, WS, EP FF,CC
Taconite MC FF, WS, EP cc
Pyrites roasting MC, WS, EP FF,CC
Hot scarfing WS, EP MC, FF,CC
Coke ovens EP WS MC,FF,CC
Ferro-manganese blast furnance MC,EP cC,ws FF
Scrap preheating ws MC,FF,EP
MINING AND METALLURGY
Ore preparaticn and beneficiation MC, FF, W$S EP cc
Aluminum pots FF, WS, EP MC cC
Elemental phosphorous EP ws FF, WS
Copper converter EP FF, WS, CC MC
Copper reveratory furnace EP WS MC, FF,CC
Copper roaster MC,EP ws, CC FF
Ilmenite ore dryer MC,EP cc FF, WS
Molybdenum wSs EP FF,MC, CC
Precious metals FF,EP MC, WS cC
Lithivm kiln EP
Lead fumace FF, WS MC,EP
Titanium dioxida ¥F, WS EP MC,CC
Zinc cupola EP ws
Zinc roaster MC, EP FF, WS cC
Zinc smelter FF, WS, EP MC,CC
FOUNDRY AND INDUSTRIAL
Ferrous cupola WS MC,EP FF,CC
Non-ferrous cupola FF,EP MC, WS cC
Foundry cleaning reom FF, WS EP MC, CC
Sand preparation and handling FF WS, EP MC,CC
Ventilation FF MC,FF,EP
Machining MC,FF ws EP
Feed and Sour milling MC, FF WS, EP,CC
Lumber mills MC Fr WS, EP
Wood working MC, FF WS EP
PULP AND PAPER
Black liquor secovery furnace EP ws MC, FF
Lime kiln MC, WS EP,CC FF
Chemical dissolver tank WS MC, FF,EP
ELECTRIC POWER—TYPE OF FUEL
Stoker fired caal MC EP,CC, WS FF
Spreader stoker fired coal MC EP,CC, WS FF
Puverized coal fired EP,CC ws FF.MC
©il fired MC EP FF,Ws,CcC
Natural gas fired none none
Lignite fired MC,EP, CC ws FF
Weod and bark fired MC WS, EP FF,CC
Bagasse fired MC ws FF,EP,CC
Fluid coke MC,EP WS FF,CC
WASTE DISPOSAL INCINERATORS
Apartment house ws EP MC, FF, CC
Industrial (thermal oxidizer) EP WS MC,FF,CC
Municipal EP, WS MC,CC FF
CHEMICAL AND OIL REFINING
Refinery cat cracker—reactor MC none
~regencrator MC none
—CO bailer Ep MC, ws FF,CC
Bulphurie acld mist . EP, WS MC Fr,CC
Phasphoric acid mist wg
Nitric acld mist ws
Casbon black F¥ MC,EP, WS cc
Ol shale distillation MC,CC FP FF, WS
Raw matcrial preparation MC WS, EP, FF cc

‘MC = ‘n’uchankd collectar, F¥ = febric Alier, W8 # wet scrubbar, £¥ ® alectrle precipltator, CC = combined collecior w

MC + EY

Table 25.

Typical use of particulate collectors.
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Figure 19. The effects of S0)-bearing gases on vegetation.

The copper smelter is faced with two major problems:
(a) how to capture most of the SO, and fix the sulfur in a useful
or stable form (e.g. elemental sulfur, liquid SO,, or
sulfuric acid);

(b) what to do with the product.

Hydrometallurgical techniques of copper extraction from sulfide minerals
avoid the SO, 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 being 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 SO, (and other oxy-sulfur compounds):

(a) reduction to elemental sulfur

(b) manufacture of sulfuric acid (or liquid S0, )

(c) direct manufacture of ammonium sulfate (fertilizer) from

ammoniacal leach solutions.

A11 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 S0,
gases or sulfate solutions might be treated with Timestone or dolomite to
form discardable CaSO, or MgSO,, 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 is determined by:

e economic conditions for sulfur by-product disposal
e variation in the nature of the offgases
sulfur dioxide concentration
impurities carried over from smelting operations
fluctuations in gas flow rates
® geographic locations
e nearness of markets for sulfurous products
e availability of land for product disposal
e water pollution problems

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

alternatives in current and developing SO, 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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Figure 20.

Major sulfur dioxide recovery and control systems.
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copper-making type. The sealed Hoboken type of converter will also be
advantageous for improving SO, 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 H,SO, and techniques are available to
treat gases containing as low as 2 percent SO,. The tail gases from even the
best acid plants contain in the order of 0.1 percent S0, which can only be
recovered by scrubbing with basic solutions. The products of these

scrubber systems are small quantities of basic sulfates (CaSO,, MgSOy,
Na,S0,) 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 S0, is
technically feasible but plants to date have not operated be]qw 10 percent
SO0,. 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 manonf 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

A11 of the primary steps in the metallurgical processing of nonferrous
minerals emit pollution to the atmosphere either in a gaseous 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.



APPENDIX A~

Production data of various industrialymeta11urgica1
processes (Biswas, 1976).
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PRODUCTION DATA
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Lubumbashi, Zaire,
(Claus and Guebels,

Shisakajima,

Japan

Shisakajima,
Japan

Copper-Nickel,
Falconbridge

(kcal/tonne of charge)

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

Furnace size

WX 1Ixh (inside) (m) 1.5X6.1x6 1.3x7.3x5.6 12%55%x43 1.5x7.6%5.2

Shaft volume (m’) 55 60 28 60

Hearth area (m’) 9.2 9.5 6.6 114
Production details

Type of charge Sinter + solid Wet conc. (319 Cu) Wet conc. (31% Cu) Sinter 8% Ni+4% Cu

conv. slag + solid conv. slag + solid conv. slag (plus ore and solid
conv, slag)
Solid charge rate (excluding 1190 320 750 1300
coke (tonnes/day)

Average % Cu in charge 27 20 20 6Ni, 3Cu

Matte (tonnes/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 0.16Ni, 0.15Cu
Productivity (tonnes of charge 130 35 35 115

per day/m?)
"Fuel

Coke (tonnes/day) 131 15 11 126

Oil in tuyeres (tonnes/day) none 8 [3 none
Total energy in fuel 8% 10° 6x10° 6x10* 7% 10°

Figure A-1.

blast furnaces.

Production details of copper matte and copper-nickel matte

\

Noranda Noranda
Mount isa Luanshya Kennecott, Utah Onahama wet charge calcine charge
(Middlin et al., 1970) (Verney, 1967) (Anderson, 1970) (Niimura et al., 1973) (1974) (1974)
Furnace size
Wx1xh (m) 16x33%4 olx34x4 9x35x4 10x34x4 108x35x4 1065 x35x4
Hearth area (m?) 330 320 318 340 360 360
Fue! Pulverized coal Pulverized coal Natural(gas s Bunker C oil Bunker C oil Bunker C oil
Rate (tonnes/day) 70 1.3x10° Nm'/day 115 76 80
The air is enriched Natural gas (plus 16* Nm® of
to 23% O, 2.8%10° Nm’ natural gas per

Production details
Type of charge

Solid charge rate (tonnes/day)®

Average % Cu in charge
Converter slag (tonnes/day)
Matte (tonnes/day)
Matte grade (% Cu)
Discard slag (tonnes/day)
% Cu in slag
Productivity
(tonnes of charge per day/m?)
Energy requirement
kcal/tonne of charge

Calcine {21% Cu)

(Total) 1300
{Calcine) 1100
19%

400
650
36
750
0.38

3.6
8x10°

(plus an_additional

2% 10” keat in
the roaster)

(30% Cu)
(Total) 400
(Conc.) 350

26%
260
250

47
260
0.6

1.2
15x10°

(29% Cuy

Wet concentrale Wet concentrate

(Total) 500
(Conc.) 800

30%

420
700

41

480

0

13x

41
2.9
10

Wet concentrate
{30% Cu)

(Total) 1150

{Conc.) 950

25%

450

800

34

840

047

34
With O, semichmcn(.

13x10 s
Without 16x 10

(plus 1.2% 10* Nm®

of nat. gas per day

for air preheating)

Wet concentrate
(25% Cu)

(Total) 720
(Conc.) 625

22%

480

650

34

450

043

2
15 x 16°

plus 1 x 10
for air preheating

day for air preheating)

Calcine (19% Cu)

(Total) 1100
{Calcine) 1000

) 18%
470

600

40

$00

0.57

3

8x10°
plus 1% 10° for
combustion air heating
plus 1% 10" in
roasters

*Excluding converter slag.

Figure A-2,

Charges and analyses are on a dry basis.

Production details of industrial reverberatory furnaces.

PRELIMINARY
SUBJECT TO REVIEW



Boliden {Sweden)

Jinja (Uganda)

Cu-Ni matte
smelters®
Inspiration Copper smelting from
(Arizona) INCO dead roasted
(Dayton, 1974) (Thompson) Rustenburg concenlrates

design data

(Boldt and Quencau,

(South Africa)

Brixlegg, Austria

(Herneryd el al., 1954)  (Treilhard, 1965) only 1967) updated to 1975  (Mostert, 1973) (Kettner et al. 1972)
Furnace size 2 Furnaces
Wx1ixh (m) 6§x24x%3 6% 14x3 10%x35%x5 85%x30x5 Tx26x%x4.5 S m diameter
Hearth area (m?) 144 84 350 260 181 20
kVA (kilovolt-amperes) 12,000 5500 50.000 30,000 19.500 2500
Power density (kW/m?) 60 60 120 (max) 115 100 125 max
Electrodes
Number 3 6 6 3
Diameter (m) 1.2 1.1 1.8 1.4 1.1 0.8
Current density {Afem?) 2-3 2-3 2.0 2.6 (max)
Consumption (kg/tonne of charge) : 1.6 2.5 2.1 2.7 2.5
Production details
Type of charge Hot calcine (700°C) Concentrate Dry concentrate Calcine Dry concentrate Dead roasted
and dry concentrate (7% H,0) pellets (2% H,0) calcine
Solid charge rate (tonnes/day) 500 (total) 250 1650 (total) 1500 per furnace 565 (total) 75 (total)
(including 300 plus
tonnes of flux) 6 (coke)
450 1500 435 55
(calcine plus (concentrates plus (concentrates) (calcine)
concentrates) precipitates)
Average % Cu in charge 15 20 0.2 2 25
(5% Ni) (47% Ni)
Converter slag (lonnes/day) 130 150 360 110 nil
Matte (tonnes/day) 200 150 1100 330 110 20 {metal)
Matte grade (% Cu) 36 30-40 40 22.5 27 92.5
(Cu + Ni) (Cu+ Ni)
Discard slag (tonnes/day) 400 160 1360 500 35
% Cu in slag 0.4 0.63 0.18 0.16 0.7
(Cu + Ni) (Cu+ ND
Productivity (tonnes of charge per day/m?) 35 3.0 3.7 5.8 3.1 38
Energy requirement
kWh/tonne of charge 400 420 430 690 520
or
keal/tonne of charge 3.5x10° 3.6x10° 3.7%10° 5.9x 10** 45x% 10"
plus
coke 5.5 % 10°
0il 0.9 x 10*

Total 10.9x 10

(*pauod) - YIyd NOILINA0dd

“INCO 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 (1350°C) of furnace operation.

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

(¥)



PRODUCTION DATA - (contd.)

INCO, Canada
(Merla et al., 1972, Tamano, Japan Hitachi, Japan Toyo, Japan
uypdated to 1975) (Kitamura et al., 1973) (Yasuda, 1974) (Ogura, 1973, 1974)

Furnace size

WXxIxh (m) 6x23X5 Tx20x3 = 7x19x3 7x20x3

Hearth area (m?) 138 140 133 140
Burner tower none

Diameter x height from roof (m) 6%6 57x6 6%x6

Concentrate burners 4 4 3 3

Inlet air temperature 20°C 450°C 930°C 450°C
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% Cvu)
Solid charge rate (tonnes/day) (Total) 1600 (Total) 1200 (Total} 1200 (Total) 1100
Average % Cu in charge 25 24 20 25
Converter slag (tonnes/day) None None None None
Matte (tonnes/day) 850 600 550 550
Matte grade (% Cu) 47 47 b 49 49
Flash furnace slag (tonnes/day) 550 (500) 450 300
% Cu in slag 0.7 0.55 =1 =1
% SiO, in slag 36 36 34 40
Auxiliary Cu recovery system None Electric furnace Electric furnace Electric furnace
‘% Cu in final discard slag 0.7 within flash fur- 0.5 0.45
nace, 0.55% Cu

Productivity (tonnes of charge per day/m?) 11.6 8.6 9.0 79

Fuel (Bunker C oil, tonnes/day)
Flash furnace combustion tower 37 1 32
Flash furnace hearth 7 plus 5.2x 10 17 16

kWh/day
Air preheater none 31 15 (est)
Charge dryer =7 7 9 None
{uses waste gases)
Total =7 5t 68 63
+0.5 % 10° kWh
Oxygen (tonnes/day) 300 None 40 None
- {95-97% 03 (99.5% 0,)

Energy requirement, including O, manufac- L1x10° 4.5%10° 5.8x10° 58x10°
ture (kcal/tonne of charge)

Energy in auxiliary Cu recovery system =0.3x 10° 0.3x10°
(kcalftonne of flash-furnace charge)

Total energy requirement L1x10° 4.5%10° 6.1x10° 6.1x10°
(kcalltonne of charge)

Figure A~4. Productilon details of industrial flash smelting furnaces.



PRODUCTION

DATA - (contd.)

INCO flash furnace Outokumpu type flash
(Merla, 1972 updated) furnace (Table 8.1)

Productivity (tonnes of charge

per day/m®) 11.6 8.7
Dust loss in cfluent gas

(%o of charge) 2 5-10
SO, concentration in gas (vol.%) 80 10-15
Volume of effluent gas

(Nm’ per tonne of charge) 175 1100
Copper concentration in slag (%) 0.7 =]
Auxiliary facilities Oxygen plant Air preheater or

heat exchanger
Small electric

furnace for recover-

ing copper from slag

Fuel required per tonne of

charge (kg) 8 55 (oil)
(Oil in concentrate
dryer)
Oxygen required per tonne 200 (95% O,)
of charge (kg)
Electrical energy in slag 40
retreatment furnace per (Section 10.3)

tonne of charge (kWh)

Figure A-5. Comparative operating data for INCO and Outokumpu flash
smelting furnaces.
Size of reactor 21 mlong, 5 mdiameter
Total plan area =100 m*
QOperation (tuyere blast) ) Air Air enriched
to 30.5% O,
Charges
Tonnes per day (dry basis)
Wet concentrate: 10% H,0
25% Cu (dry basis) 730 1260
Slag concentrate from slag flotation
plant, 55% Cu (dry basis) 165 250
Silica flux 150 250
Revert dusts (10% Cu) 30 60
Pure oxygen 200
Products Tonnes per day
Blister copper (98% Cu, 0.1% Fe, 1.5% S) 180 300
Slag (12% Cu, 36% Fe, 22% Si0,) to
slag flotation circuit 700 1150
Revert dusts 30 60
Productivity, tonnes of new charge smelted per
day per m® of plan area 9 15

Fuel requirement (total)
kcal per tonne of new charge (dry basis) 11 x 10° Ix o™

Figure A-6.

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

Production data for the industrial Noranda process reactor.
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PRODUCTION DATA - (contd.)

Size of reactor Shown in Fig. 11.3
Total plan area 50 m’
Charges Rates
(dry tonnes/day)
Dry concentrates: 25% Cu 85
Silica flux 25
Revert dusts (10% Cu) S
Products
Blister copper (0.9% S) 20
Slag (0.5% Cu, 35% SiQ,, 40% Fe) 65
Revert dusts 5
Productivity: tonnes of new charge per day
per m’ of plan area 2-3
Gases
Oxidation branch 8-12% SO,
Slag-settling branch 1-2% SO,
Fuel requirement “same order as in large scale
wetl charge reverberatory
smelting”

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



PRODUCTION DATA - (contd.)

Production details

Semi-commercial unjt®

Commercial unit

Smelting furnace Rates (Dry tonnes per day)
Charges:
Wet concentrate 120(25% Cu) 500 (27% Cu)
Silica and lime fiuxes 25 200
Revert dusts 5 15
Solid recycle slag from
converting furnace
(10-15% Cu) 50 55
Pure oxygen (30% O, in blast) 7 55
Products:
Matte and slag to electric
scitling furnace
Electric settling furnace
Charge: pyrite reductant NR 3 (orless)
Products:
Matte to converting furnace 60 (60% Cu) 225 (65% Cu)
Discard slag
(0.5% Cu, 30-40% Fe, 30-35%
SiO; 5-10% Ca0, 2-6% Al:O;) %0 440
Converting furnace
Charge: limestone {(CaCQ;) flux 15 15
Pure oxygen (25% O, in blast) 1 0
Products:
Blister copper (0.1-0.8% S,
99-99.5% Cu) 30 135
Recycle converting furnace slag
{10~15% Cu, 65-70% FeiQq,
10-20% Ca0, little or no Si0;) 50 55
Recycle to smelting furnace
Productivity, tonnes of new charge
smelted per day per m’ of plan
area (3 furnaces) 2-3 furnace dimensions

not given

Fuel requirement

kcal/tonne of charge

kcal/tonne of charge

Smelting furnace 6% 10° 6x10°

Electric settling furnace 0.4x 10° 0.3x10°

Converting furnace 0.6x10° 0
Total 7x10° 6x 10°

75

*Smelting furnace: 7 m diameter, 2-4 lances. Electric settiing furnace: 3} m dia,
250kVA. Converting furnace: 3 m diameter, 2-3 lances.

Figure A-8. 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
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Figure B~1. Gravity settling chamber.
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Figure B~2. Recirculating baffle collector.
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MECHANICAL COLLECTORS - (contd.)
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Figure B-3. TFlow p attern in mechanical cyclone with vertical fines eductor.



MECHANICAL COLLECTORS - (contd.)
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Figure B-4. Vane axlal cyclone collector.
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MECHANICAL COLLECTORS - (contd.)
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Figure B-5. Group of four involute cyclones.
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FABRIC FILTERS
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CLEANED GAS
SUPPORT OFF

OUTLET TO FAN SHAKER

FLEXIBLE
SUPRORT
UPPER
CAP
BAG——_ i
CASING —~___| £ | SHAKING
,s/’/’_~ ‘*///, BAG
LOWER
DIRTY GAS |~ THIMBLE
INLET
TUBE SHEET TUBE SHEET
HOPPER .
FILTERED DUST

FALLS INTO

COARSE DUST
HOPPER

SETTLES IN HOPPER \" -
s POSITIVE SEAL
VALVE “_\\\\\\ﬁ,

FILTERING CYCLE CLEANING CYCLE

Figure B-6. Intermittent baghouse with manual or powered shaking.
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Figure B~7. Automatic conventional baghouse with mechanical shaking.



FABRIC FILTERS - (contd.)
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Figure B-8. Automatic baghouse with reverse airflow cleaning.
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Figure B-9. Automatic baghouse with reverse ring jet cleaning.



FABRIC FILTERS - (contd.)
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Figure B-10. Automatic baghouse with pulse jet cleaning.
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Flgure B-11. Gravity settling chamber scrubber.
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WET SCRUBBERS - (contd.)
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Figure B-~12., Wetted impingement baffle scrubber.

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

Figure B-14.
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WET SCRUBBERS - (contd.)
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Figure B~16. Countercurrent flow scrubber.
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Tigure B-17. Fluidized bed scrubber.
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WET SCRUBBERS - (contd.)

Figure B-18.

. Figure B-19, Submerged-orifice scrubber.

Flooded ted scrubber.
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WET SCRUBBERS - (contd.)

Figpre B-20. Multiple submerged-orifice scrubber.

Figure B-21. Rectangular, horizontal gas flow venturil scrubber.



WET SCRUBBERS - (contd.) * A
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Figure B-22. Vertical downward gas flow venturi scrubber.
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Figure B~23. Vertical upward gas flow venturi scrubber.
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WET SCRUBBERS - (contd.)
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Figure B-24. Cross-flow packed scrubber.

Figure B-25. Centrifugal fan-type wet scrubber.
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WET SCRUBBERS - (contd.)

1 [11—“0\' GAS INLET
! L

E %)
1N

SCRUBBING
uQuio
THROAT

CLEAN

GAS
OUTLET
ENERGY
REGAIN
TUBE
— MIST
ELIMINATOR
OPTIONAL FOR
7R IAAKE-UP GAS ABSORPTION
LIOUID FOR
. SPRAY RING
MOBHE H
PACKING
SPHERES

SLURRY FOR DISCHARGE OR RECIRCULATION

Figure B-26. Combination wet scrubber.



ELECTRIC PRECIPITATORS :

All Vibraters and Rapping Dsvices ars Raoof Mounted for Easy Checking and
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Each High Yoltags Supgort Insulator i Mounted in an Individual, Rost-Mountad,
insulator Housing providing many op i d g
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Entering Casing.

¢ — Insulators Protacted from Dust by Grounded Shroud.

¢ — For Unusual Ssrvices Insulators can ba Protectad by Oried, Heatad Alr,
Casing Roo! of Shop-Fabricated, Integral-Bsam Stast Construction.

Modules 11 {rom Shop-F ), Shock-isclatad Grids. 1

¥ Di: ge Elactroda Fisids Susp d from  Shop-Fabri d Grids, Ars Meld in [

Precise Position by Four High Voltage Support tnsulators, B
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tion of Thermal Insulation.
A Broken Wire can be Locatsd, Rsmoved, and Replaced Within Minutes ef
Entsring Casing.
Waights Cannot £3ll Inta Hoppsrs to Block or Break Hopper Valves, '
Pyramidat Hoppers are Equipped with Flush Accesa Doars, Poke Holes, Stssp
Valley Angles, and Large, Flanged Cutists. Whers Service Requiremsnts Warrant,
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Figure B-27. Modern dry-plate-type electric precipitator.
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APPENDIX C°

Various flowsheets of the current and developing
process systems for SO2 recovery and control.
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Figure C-1. 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 marketabjlity of acid.

Disposal of neutralized acid poses serious problems for some smelters.
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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 gas is used to concentrate the sulfuric acid formed
in this final absorption step.



Gas Cleaning

SOp-bearing gas
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Figure C~3. Cominco absorption process.

Comments

Developed by the Consolodated Mining and Smelting Company of Canada, Ltd.,

it has seen only limited application.

SO
4 Stripper
N
l Ammonium
sulfote

The process will recover 90 percent of the sulfur dioxide from dilute

flue gases.

A serious disadvantage of process is the high cost of ammonia.
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Figure C-4.
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DMA process.

Waosle

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 weak
gases and 95-98 percent of the sulfur dioxide from strong gases.
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Figure C-5. Wellman-Lord SO) recovery system for smelter  gases.

Comments

Application of the Wellman-Lord process to smelter gas is only speculative
and cost estimates recently published are discouraging.
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Figure C-6. Lime or limestone wet-scrubbing process.

Comments

In the Limestone Wet-Scrubbing process, a good arade of Limestone is
required, hence, substantial costs in mining, 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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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

O,

variables that environmental safeqguards have been established to control
excessive contamination of air and water. The following rules and reau-

lations apply to the air and waters of Minnesota.

APC 1  Ambient Air Quality Standards’

(a) The "primary" air quality standards are levels of air
pollutants above which, on the basis of present knowledge,
health hazards or impairment may be produced. Health hazards
inciude not only production, aggravation or possible production
of disease, but also interference with function. Health im-
pairment includes sensory irritation and impairment of well
being by such phenomena as odor. The "secondary" air quality
standards are levels which are desirable to protect the public
velfare 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 impairment and obstruction, or hazards to air and
ground transportation.

(b) Mo 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

vhether emission regulations stated in other air pollution

control regulations of the Agency are also being violated.

(c) State Anbient Afr Quality Standards (2)(b)(c), ;

Pollutant/Air ' ?
Contaminant Concentration Remarks

(1) Hydrogen Su1fide(d) 0.05 ppm by volume % hr. average not

(primary standards) (70.0 micrograms to be exceeded over
per cubic meter) 2 times per yr. i
0.03 ppm by volume % hr. average not ;
(42.0 micrograms to be exceeded over ;
per cubic meter) 2 times in any 5

consecutive days




Pollutant/Air
Contaminant

Concentration

Remarks

(2)

(3)

(4)

(5)

(6)

Photochemical(¢)
Oxidants (primary
and secondary
standards)

Carbon Honoxide(f)
(primary and sec-
condary standards)

Hydrocarbons(g)
(primary and sec-
ondary standards)

Sulfur Oxides(h)
(primary and sec-
ondary standards)

Particu]ate(i)
Matter (primary
standard)

Particulate Matter
(secondary stan-
dard)

0.07 ppm by volume
(130 micrograms per
cubic meter)

9 ppm by volume
(10 milligrams per
cubic meter)

30 ppm by volume
(35 milligrams per
cubic meter)

0.24 ppm by volume
(160 micrograms per
cubic meter)

0.02 ppm by volume
(60 micrograms per
cubic meter)

0.1 ppm by volume
(260 micrograms per
cubic meter)

0.25 ppm by volume
(655 micrograms
per cubic meter)

75 micrograms per
cubic meter

260 micrograms per
cubic meter

60 micrograms per
cubic meter

maximum 1 hr. concen-
tration not to be
exceeded more than
once per yr.

maximum 8 hr. concen-
tration not to be
exceeded more than
once per yr.

maximum 1 hr. concen-
tration not to be
exceeded more than
once per yr.

maximum 3 hr. concen-
tration (6 to 9 AM)
not to be exceeded
more than once per
yr., corrected for
methane

maximum annual
arithmetic mean

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

maximum 3 hr. concen-
tration not to be
exceeded more than
once per yr.

maximum annual
geometric mean

maximum 24 hr. concen-
tration not to be
exceeded more than
once per yr.

- maximum annual

geometric mean
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Pollutant/Air
Contaminant Concentration Remarks

(6) Particulate Matter 150 micrograms per maximum 24 hr. con-
(contd.) cubic meter centration not to be
exceeded more than
once per yr.

(7) Nitrogen Oxides(a) 0.05 ppm (100 maximum annual
(primary and sec- micrograms per arithmetic mean
ondary standards) cubic meter

Footnotes:

(a) A1l standards apply throughout the State of Minnesota.

(b) A1 measurements of ambient air quality are corrected to a
reference temperature of 25°C and a reference pressure of
760 mmn of mercury.

(c) A1l measurements and tests shall be conducted by the method-
ology referenced herein, or other methodology as the
Director shall hereafter approve.

gd) By methylene blue, or other method approved by the Director.

e) Neutral-buffered one percent potassium jodide colorimetric
detection technique corrected for SO0 and K0y interference,
gas phase chemiluminesence, or other method approved by the
Director.

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

(g) Flame ifonization, or other method approved by the Director. -

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

ﬁi) High volume method, or other method approved by the Director.

j) Jacobs-Hochheiser, or other method approved by the Director.

[Ju]y 7, 1969; amended June 3, 1970; amended February 18, 1971;
amended April 13, 1972]

Standards of Performance for Industrial Process Equipment

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

(1) "Collection efficiency” means the percent of the total
amount of particulate matter entering the control equipment
which is removed from the exhaust stream by the control
equipment and is calculated by the following equation:

collection efficiency = 100(A__B)
A



Where

A = the amount {gqrams or pounds) or the concentration (agr/SCF)
of particulate matter entering the collection equipment
B = the amount {(arams or pounds) or the concentration (gr/SCF)

of particulate matter leaving the control equipment

(2) "Industrial process equipment" means any equipment, apparatus,
or device embracing chemical, industrial, or manufacturing
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 caseous matter. Industrial
process equipment is an "affected facility." An emission facility
may consist of more than one unit of industrial process equipment.

(3) "Process weight" 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 Tiquid
and gaseous fuels and combustion air are not. For a cyclical or
batch operation, the process weight per hour is derived by dividing
the total process weioht by the number of hours in one complete
operation from the becinning of any given process to the com-
pletion thereof, excluding any time during which the equipment

is idle. For a continuous operation, the process weight per

hour is derived by dividing the process weight for a typical
period of time.

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

(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 any one 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 matter emission below the
concentration permitted in Table 2 for the appropriate source
gas volume; provided that recardless 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.



(2) The owner or operator of any industrial process equipment
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)(1)(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 ambient air quality
standards, shall be considered in compliance with the require-
ments of subsection (d)(1)(aa) of this regulation.

Process Weight Rate Emission Rate
(ibs./hr.) : (Ibs./hr.)
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
1bs./hr. shall be accomplished by the use of the equation: 3.59p062
E =3. .

<

P = 30 tons/hr.
and interpolation and extrapolation of the data for process weight rates in
excess of 60,000 lbs/hr shall be accomplished by use of the equation:

E = 17.31p0-16

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)
Source Gas Concentration Source Gas Concentration
Volume, SCFM* GR/SCFP Volume, SCFM?®. GR/SCF®
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

® Standard cubic feet per minute
® Grains per standard cubic foot.
[July 7, 1969; amended June 4, 1976]

Table 2

Emission of Certain Settleable 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-wind
fallout rate of acidic or alkaline substances at any place
where an adverse effect could occur, exceeds the up-wind fallout
rate by five or more spots per hour, measured in the manner
prescribed in Section (b) of this regulation.

[Quly 7, 1969]

Standards of Performance for Sulfuric Acid Plants

(a) Definitions. As used in this regulation the following words
shall have the meanings defined herein:
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(1) "Sulfuric acid production unit:" Means any emission facility
producing sulfuric acid by the contact process by burning
elemental sulfur, alkylation acid, hydrogen sulfide, oraanic
sulfides and mercaptans, or acid sludae, but 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.

Water Quality Standards'®

Natural Intrastate Vater Quality: The intrastate waters may,

in a state of nature, have some characteristics or properties
approaching or exceeding the limits specified in the standards.

The standards shall be construed as Timiting the addition of
poliutants of human origin teo those of natural origin, where such

be present, so that in total the specified 1imiting 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 may be used as the standard
for controlling the addition of pollutants of human origin which are
comparable in nature and signif?cance with those of natural origin,
but where the natural background level is Tower than the specified
standard and where reasonable justification exists for preserving
the quality of the intrastate waters as neerly as possible to that
found in a state of nature, the natural level may be used instead

of the specified standard as the maximum 1imit on the addition of
pollutants. In the adoption of standards for individual intrastate
vaters the Commission will be guided by the standards set forth
herein but may make reasonable modifications of the same on the basis
of evidence brought forth at a public hearing if it {s shown to. be
desirable and in the public interest to do 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 which quality control is or may be necessary to protect the
public health, safety or welfare.)

Gerneral Standards Applicable to A1l 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, {ndustrial 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, deleterious
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 ofat least a trace of dissoived 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 waters 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 mixing 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 waters 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 Commission. 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 Limits
Total coliform group organisms 5000 MPN/100 ml
Floating solids or liquids None visible
Total suspended solids 100 milligrams per liter

(7) Allowance shall not be made in the design of treatment 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,
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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 flow, 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:

Ttem Limits

5-day biochemical oxygen demand 20 milligrams per liter

Total coliform organisms 1000 MPN/100 ml

Total phosphorus 1 mitligram per liter
Total suspended solids 20 milligrams per liter
Turbidity value 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 sewage, 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 weet the specified standards or better,
and in no case shall the concentration of polluting substances in any
individual effluent be permitted to exceed the common concentration
or level reguired of the other sources of comparable nature or effect
discharging to the same classified and named intrastate waters,
regardiess of differences in the amount of pollutional substances
discharged, or degree of treatment involved.

(10) 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 Reguiation WPC 4, and any revisions
or amendment thereto. Other wastes as defined by Taw 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 intrastate waters of the state in excess of or contrary
to any of the standards herein adopted, or cause pollution as defined
by law.

(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
poliution thereof as defined by law. In any case where the intrastate
vaters 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
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standards applicable to the intrastate waters into which such sewage,
industrial waste or other wastes discharge shall be supplemented by
the following:

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 B waters for domestic consumption, except for the following:

Substance or Characteristic Permissible Limit or Range
Chlorides (C1) , 50 milligrams per liter
Hardness 50 milligrams per liter (surface);
250 milligrams per liter (ground)
pH value 6.5-8.5
~ Temperature 759F (surface); 559F (ground)
Total coliform organisms 5000 most probable number per

100 miltiliters

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 D
intrastate waters used for domestic consumption, except for the
following:

Substance or Characteristic Permissible Limit or Range

Chlorides (C1) 100 milligrams per liter

Hardness ’ 250 milligrams per liter (surface);
350 milligrams per liter (ground)

pH value 6.0-9.0

Temperature 850F (surface); 659F {ground)

Total coliform organisms 5000 most probable number per

100 milliliters

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 without a high degree of treatment being necessary
to avoid severe fouling, corrosion, scaling, or other unsatisfactory
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conditions. The following shall not be exceeded in the intrastate
waters:

Substance or Characteristic Limit or Range
Chlorides (C1) 250 milligrams per liter
Hardness 500 milligrams per liter

pH value 6.0-9.5

Temperature 900F (surface); 65°F (ground)
Total coliform organisms 5000 most probable number per

100 milliliters

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 charac-
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 origin,
where such be present, so that in total the specified limiting concen-
trations will 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 1imit on the addition
of pollutants. In the adoption of standards for individual interstate
vaters, 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
vhich 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-
sibilities under the Federal Water Quality Act, as amended.
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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 applicable state and national laws.
The Federal Water Pollution Control Administration will be advised of
any permits which may be issued under this clause together with
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 purpcses, and for which quality control is

or may be necessary to protect the public health, safety or welfare.)

General Standards Applicable to A1l Interstate Waters of the State

{1) No untreated sewage shall be discharged into any interstate waters
of the state. MNo treated sewage, or industrial waste or other wastes
containing viable pathogenic organisms, shall be discharaed into
interstate waters of the state without 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 siimes 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 required where necessary to ensure
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 maximum 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
shall be provided so far as practicable when deemed necessary by the
Agency to maintain 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 uniess the discharger can demonstrate to the Agency
that a lesser degree of treatment or control will provide for water
quality enhancement commensurate 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:

Substance or Characteristic Limiting Concentration or Range

5-Day biochemical oxygen demand 25 milligrams per liter
Total coliform group organisms 1000 MPN/100 ml

Total suspended solids 30 milligrams per liter

0i1 Essentially free of visible oil
Turbidity 25

pH range 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
Tlow 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 less than the effluent flow, the specific standards 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 Teast the most recent 10 years of record, including flow
records obtained after establishment of flow regulation devices, if
any. Such calculations will not be applied to lakes and their embay-
ments which have no comparable flow recurrence interval. Where
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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:

Item Limits
5-day biochemical oxygen demand 20 milligrams per liter
Total phosphorus 1 milligram per liter
Total suspended solids 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,
notwithstanding 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
vhich 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 law 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
?ny of the stapdards herein adopted, or cause pollution as defined by
aw.
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(12) No sewage, industrial waste or other wastes shall be discharaed
into the interstate 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 where the interstate
waters of the state into which sewage, industrial wastes or other
waste effluents discharge are assigned different standards than the
interstate waters into which such receiving interstate waters flow,
the standards applicable to the interstate waters 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
vaste or other waste effluents shall be such that no violation of the
standards of any interstate waters of the state in any other class
shall occur by reason of the discharge of such sewage, industrial
waste or other waste effluents.

(13) Questions concerning 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 Committee's recommendations also will be used
as official quidelines in other aspects where the recommendations may
be applicable.

(14) A1 persons operating or responsible for sewage, industrial waste
or other waste disposal systems which are adjacent to or which dis-
charge effluents to these waters or to tributaries which affect the
same, shall submit regularly every month a report to the Agency on
the operation of the disposal system, the effluent flow, and the
characteristics of the effluents and receiving waters. Sufficient
data on measurements, observations, sampling and 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 effluent.

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 high quality of
water is required. The quality shall be generally comparable to

Class B waters for domestic consumption, except for the following:

Substance or Characteristic Permissible Limit or Range
Chlorides (C1) 50 milligrams per liter
Hardness 50 milligrams per liter

pH value 6.5-8.5
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Substance or Characteristic Permissible Limit or Ranae

Temperature 750F in July and Auqust,
709F in June and September,
6NOF in May and October, {Surface)
500F in April and November,
40°F in March and December,

and
350F in January and February.
550F (Ground)
Total coliform organisms 5000 most probable number per

100 milliliters

Class B. The quality of this class of the interstate 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 D
interstate waters used for domestic consumption, except for the
following:

Substance or Characteristic Permissible Limit or Range

Chlorides (C1) 100 milligrams per liter

Hardness 250 milligrams per liter (Surface)
350 milligrams per liter (Ground)

pH value 6.0-9.0

Temperature 659F (ground) 860F (surface)

Total coliform organisms 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 cooling
and materials transport without 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 interstate waters:

Substance or Characteristic Limit or Range

Chlorides (C1) 250 milligrams per liter
Hardness 500 milligrams per liter

pH value 6.0-9.5

Temperature 65°F (ground) 90°F (surface)
Total coliform organisms 5000 most probable number per

100 mitliliters

Additional selective Timits may be imposed for any specific interstate
waters as needed.
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