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EXECUTIVE SUMMARY « P /'S’,éf‘M
CﬂAj czrvvc—‘>lqn

The smelting and refining models develgped in this report have been designed

to treat concentrates produced fﬁgm mineral processing techniques, ranging

in chemical ana1y§is of 12 téiggjbercent Cu and 2 to 3 percent Ni. For the
purposes of the material balances found in this report, thevconcentraté
analyzes 14.3 percent‘Cu and 2.14 percent Ni, and the feed,as’inéut to the
smelter averages 14 percent Cu and 3 percent Ni. Despite the‘fatt that no -
detailed engineering data is available on the smelting and refining of-
Minneéota Cu-Ni ores, it can be safely assumed that pyrometal1ufgica1
techniques (drying, smeiting, converting; and refining) will be used. Thé
following generg] and specific assumptions haQe been made prior to any

mathematical calculations.

e A "material balance" is assumed to represent the quantitative flow
of constituents through a process flowsheet. A "complete material
balance" represents the quantitative flow of all the constituents
of an input material through a process f]owsheet (This assumes
that a complete and total chemical analysis is known with regards
to the input material.) A "smelter/refinery material balance" :
represents the quantitative flow of constituents through a process Cﬂ“{hh“ﬂ'
flowsheet which involves the smelting and refining of said constituents.
A "complete smelter/refinery material balance" represents the quanti-
tative flow of all the constituents of an input material through a
process flowsheet which involves the smelting and refining of said
input material. (This assumes that a complete and total chemical
analysis is known with regards to the input material.) A "fully"
integrated smelter/refinery material balance" represents the
quantitative flow of all input constituents through a process flow-
sheet which involves the smelting and refining of said input
constituents to a final product (this assumes that no intermediate
products exist in the balance which could be further treated, stored,
or discarded). :

® A11 models developed from the various material balances contained in
this report were without the aid of specific and detailed data , _
relating to the treatment of Minnesota copper-nickel concentrates. fgaAJJQ ;
Hence, all quantitative data have minimum acceptable accuracies of
+50 percent. In many cases the true accuracy of individual numbers:
will exceed 100 percent.

o sous uxad%wAﬂvabevuA’AmMmu lw.ﬁbnvqau%cfaﬁmfw§
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\> \ES ® The flowsheet as outlined in Figure 1, which is the basis for the
'b qu‘ material balances found in this report, is itself, an assumption.
\9 Eﬁip Flowpaths have been hypothetically selected and are used as a tool
;:#;56? in order to predict end-use quantities of metals, acid, concentrates,

<’

etc. The particular flowsheet chosen here may or may not be real,
and hence, may or may not be indicative of treatment of Minnesota

copper-nickel ores. R, % F o

<
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® The material balances are based on the production of =z 100 000 MTY °
of high grade copper-nickel matte. The smelter/refinery model is
_——=2 based on the production of % 100,000 MTY of metal (copper + nickel).
\30\ This, of course, means that the quantities of any one particular
N constituent appearing in the material balances will have to be
C multiplied by a "multiplying factor" to yield the quantities as
would be indicated by the smelter/refinery model.

® The output products as indicated in the smelter/refinery material
balance are:

metallics

Fe-Cu-Ni concentrate
cathode copper
cathode nickel

o To convert the output products to a final metal product basis
(copper + nickel), it will be assumed that the metallic fraction
and the Fe-Cu-Ni concentrate fraction (both of these fractions
contain copper and nickel) will be treated for copper and nickel
recovery with-na~losses of either element. Assume an overall copper
recovery of 96.31 percent and an overall nickel recovery of 91.68!

N percent. These-recoveries yield._: a Cu/Ni ratio of 7.00, which—-implies
b\s‘ a "multiplying factor of"\} 37394 ‘to be used in scaling up the
%ﬁ numbers found in Table 1 toyield-a smelter/refinery model production

of 100,000 MTY of metal (copper + nickel). Refer to Figure 2 to

determ1ne the "multiplication factor" for other size operations.

Note how the "mu1c1p]1cat1on factor" will change as the copper and
£ nickel recoveries change.

‘ ® The mu]t1p]1cat1on factors to be used in the scaling of the quantities
/(%fh &Qj found in Tab1e 1 are determined by the equat1on below:

A
XB +y.C
where .
MF = the multiplication factor

A = the desired size of operation (metric tons of metal (copper +
nickel) per year)

the copper in the concentrate feed to the smelter (metric tons
of copper per year)

the overall percent copper recovered

the nickel in the concentrate feed to the smelter (metric tons
of nickel per year)

= the overall percent nickel recovered -

W, W%M
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Figure 1. Generalized Flowsheet for Concentrate Smelting in the-
Production of Commercial Grade Copper and Nickel.
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T | W % o Q
Ca s re 8 $10 ¢a0 MgO . Al0y As 7‘7 Vo n o4 M A J 11 33 P4
INPUT lw-"o ) ) [Dopp
Concentrate 66,1187‘0‘5') 9,929 153,911 119,613 66,586 6,546 23,436 12,879 13.52 ! 41.62 1,965 17.72 23.26 0.72 0.0088 0.89 2.1
Recyclables 13,667 7,163 11,369 4,094 69,714 2.84 0.40 37 3.29
% .
TPyt 63! b o4
Cu Cathodes 63,678 cob 38 0.62 0.54 0.06 9.32 0.64 0.01 -
N{ Cathodes 0.27 9,065 0.09 0.09 0.05% 0.05
S for Conversion 102,363
to acid LOP‘ . goﬁq . - .
Others (i.e. leach, 0.73 0 3,139.29 7,711.37 10.95 29.19 .899.8. 15.47 21.718 0.69 0.0081 0.86 2.0
residue, dust for . -
use or sale, gas, -
erc.) \x} . ) ' 7 )Y 4
Discard Slag 1,207 604 148,337 1,730 126,203 6,488 23,221 12,766 0.97 11.32 1,021 0.42 0.7 0.01 ©.0006 0.02 0.0
Fugitive Enissfons |0@ ' ‘ S
Particulate 702 127 1,383 734 838 33 117 64 0.79 0.42 24.82 1.04 0.12 0.004 0.00006 0.003 0.0
Gas 1,087
Stack Emissions 00 ' 444
Particulate 530 95.2 1,051 559 637 25 28 49 0.60 '0.32 19.28 0.79 0.08 0.006 0.00004 0.005 0.0
Gas 5,425 : '
Discharge Water 2o 0174’
Cu Refinery 0.043 0.08" 1 0.02 0.1 2,"0' 0.1 0.005
Recyclables 13.66770‘6‘77.163 11,369 4,094 69,714 2.84 0.40 ) 37 3.29
Elenment Recovered 96.31 91.6ﬁ 2.04 92.03 . 0 0 ] ] 81.80 71.02 3 87.30 96.11 97.22 92.05 96.63 95.7
Element lost T 3.69 8.32 97.96 7.97 100 100 100 100 18.20 28.98 . S 12.70 3.89 2.78 7.95 3.37 4.2
BASIS: 100,000 Metric -Tons Per Year Production of White Metal Matte. \ o
- 1\\. o oo
- S—
Table 1. Metallurgical N te‘zjai’Ea]an'é-e—ghﬁa/r (Smelter/ [ vaw@""\/\
Refinery Model{ Quantities not Scaled)(Quantities \i YA
are in Metric Tons Per Year)—
&
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Figure 2. The Effects of the Change in the Cu/Ni Ratio on the
"Multiplication Factors" for Material Balance Scaling
(Yearly Metal Production).
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Material balances found in this report do not represent "complete
material balances."

Smelter/refinery material balances found in this report do not
represent "complete smelter/refinery material balances."

Smelter/refinery material balances found in this report do not

.represent "fully integrated smelter/refinery material balances."

Oxygen is not considered in the material balances. It is not
possible to predict oxygen or air pathways, efficiencies, or air
dilution values. Therefore, it is assumed that sufficient oxygen

as air and/or pure oxygen will be available to carry out the required

“reactions in the smelting and converting of copper-nickel ores.

~

oot

7

Total gas flow volumes are not known; however, estimates of gas flow,
based on historical information, will be attempted.

® A1l models are considered to be "off site" models with respect to

all parameters and variables (i.e. capital and operating costs,
manpower requirements, surface land use, water needs, etc.). The
only exception to the above assumption will be with respect to
transportation costs. Detailed transportation cost data was not
generated at the time of the writing of this report. Smelters and/or
refineries located "on site" will necessarily incur lower capital and
operating costs, reduced manpowerrequ1rements, smaller surface land
use, etc. _

Values predicting sulfur removal, fugitive emissions; stack emissions,

metal recoveries, and so on, are assumed values.

Specification sheets relating to quantity, size, and type of equipment
used in the smelting and refining operations have not been included

in the modeling. Flowsheets have been generalized to include only
major types and quantities of equipment needs.

Capital costs, operating costs, energy requirements, water require-
ments, manpower needs, and so forth, are broken down by generalized
categories. (These values will exclude any contributions resulting
from any intermediate mineral processing which might occur. Mineral
processing values will be interpolated from the main mineral pro-
cessing model.)

SPECIFIC ASSUMPTIONS —

Drying

wﬁ%mw W%M‘j&@}?

in

The moisture content of the concentrate to the smelter is 15 percent.

Ten percent by weight of the concentrate will become entrained in the

dryer gas stream. ;Y
QDC% Ug (rue

D{’V«' & &9«(’} ":‘:‘ !
.\ " l\“



/‘f\.,

e Five percent of the total dust generated will be considered to be
fugitive.

[v)
® Nlnety six percent of the dust generated (excluding fugitive dust) Q ) ﬂfM}‘Qé’)

is treated and removed and returned to the system. /\9-~,0JMQ

e The input feed concentrate has the foi]owing chemical composition:

Smelting o

Element Wt % , . Element Wt %

Cu 14.3 i Pb ~ 0..009

Ni 2.15 ’ - Zn = 0.42

Fe - 33.2 - cd = 0.0038

S 25.8 Ag = 0.005
Si02 14.3 Au ¢ 0.00015 .
Ca0 1:4 Rh % 0.0000019
Mg0 5.0 Pt % 0.00019
A1,03 2.8 - Pd 2 0.00045
As = 0.0029

© Converter slag and portions of captured flue dust are recycled and
added as feed to smelter.

© Exhaust gases conta1n some molten or semi-molten dust particles.
Volatile compounds tend to be concentrated in the dust. Gases plus
dust are assumed to be a homogeneous mixture at the exit port of
each emission location.

© Individual dust particles emitted at the various point source locations
within a smelting complex assume the same chemical composition as the
material from-which it is derived. Dusts generated from the fluid
bed reactors assume the same chemical analysis as the product calcine,
dusts generated from the smelting furnace assume the same chemlcal
analysis as. the meta] matte, and so on.

e Zinc: major port1on of this constituent—i +djzed and distributed ' ‘
into the slag,. A port1on 1s part1 volatilized. .z/ﬂllxwvumi/

85% goes into the slag (true for concentrates high in zinc)
15% removed as dust ;(volatilization rate is =20-30%)

e Lead: major portion goes into the matte.. PbS in the matte is then-
oxidized partly to PbO in the converting furnace and distributed
into the slag.

~ 90% 'goes into the matte (true for concentrates high in lead)
10% removed as dust (volatilization rate is =60%)



e Ca0, MQO, A1203: these constituents are principally distributed into
the slag. ‘

e Arsenic: 90 percent of the total amount present is removed as dust
or particulates (volatilization rate is =%10%).

e Cadmium: 90 percent of the total amount present is removed as dust -
or particulates (volatilization rate is =10%).

e Cobalt: approximately 70 percent of the total amount present goes
into the matte. Thirty percent is removed as dust or particulates

(volatilization rate is =10%).

® It is assumed that some flue dusé ﬁ?bmore easily collected then others.

The ease of collection is dependent ‘upon where dust accumulates in
the system. Also, it is assumed that some dusts or particulates are
specially treated for removal of certain constituents. It is assumed
that »~73 percent of the As, Pb, Zn, and Cd is either:

1) contained or isolated in the system where collection occurs
less frequently, or

2) removed by special treatment prior to recirculation.

® Five percent of the total dust generated in the smelting system(s)
is considered to be fugitive, and as such, is never treated for

removal.

® Ninety-six percent of the dust generated (excluding fugitive dust)
is treated and recovered and returned for use in the smelter. The
remaining four percent is discharged as a stack emission.

® One percent of the total sulfur generated as SOo is considered to be
fugitive, and as such, is never treated for removal.

® Ninety-five percent of the sulfur generated as SO2 (excluding
fugitive sulfur emissions as S02) is treated for removal as sulfuric
acid and sold as a byproduct. The remaining five percent is dis-
charged as a stack emission. - ‘

e Ninety-six percent (96%) removal efficiency on particulate cleaners
is assumed. Deviations from this efficiency will dramatically change
‘particulate emissions.

® Ninety-five percent (95%) removal efficiency of SO, in the sulfuric
acid plant is assumed. Deviations from this efficiency will drama-
tically change gas emissions. '

® Assume Cu, Ni, Fe, S in the matte are as CupS,: Ni3S,, Fe;Sg, and Fe.
Assume in flotation 95 percent recovery of CupS in a Cu-concentrate,
85 percent recovery of Ni3Sy in a Ni-concentrate, and 85 percent

recovery of FeySg in a Fe-concentrate. The remainder of each consti-

tuent is split equally among the three concentrates. The analysis
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of the three concentrates is determined after summation. Assume
12,000 metric tons per year of metallics will form from every 100,000

metric tons of white metal matte averaging 63 to 68 percent-Gu-—Th

analysis of the metallics is determined by difference| (% E]ementm tallics™
' el T T~ etailics
/% Element - % Element. - % Element -

k\ white metal 'Cu conc. Ni comc.

_ \\ﬁ Elementp, conc.) (Figure 3). N ) -

Precious Metals | : O&b(*rifbb_gia& 3

wide composition range including commercial mattes, contains by direct

analysis 80 percent nickel or somewhat less, and about 20 percent copper

. e

The amount of metallics present depends, of course, on the sulfur deficiency .

of the matte as controlled by the converter finishing procedure. The ratio
of concentration of‘the pTatinum metals and gold in the metallic grains of
the sTowly co§1ed matte, is very roughly 100 to io Silver, on the other

hand, is strongly concentrated in the copper_su]fide, not surprisingly in
view of the greater affinity’of sulfur fdr si1Yer than for platinum metals

s
and gold, and the isgmorphism of Ag,S with Cu,S.

'Refining- .-‘ B o ' . ! /

: ~ @ Average values for waste effluents from the copper refinery are taken

from Table 2. (50,000 metric tons cathode copper/year production
is assumed.)

"® The volume of copper sulfate production converted to metallic copper
amounts to 1.5-1.8 percent of the amount of copper produced. (1.6
-percent of the amount of copper produced is assumed for the copper
refinery balance.) Source: the electrolytic refining of copper,
V.T. Isakov, 1973, — /ch?/f z s av*¢&¢cé§¢e4£

@ The approximate distribution of the principai elements contained
in the anodes between the cathodes, electrolyte, and slime is given
below in percent.

wdare T P10
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Figure 3. Cu-Ni Equilibrium Phase Diagram. (Source: Boldt, 1967)
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This equilibrium phase diagram is a concise graphical representation of

the amounts and compositions of the solid phases that crystallize from a nickel-

‘ copper-sulfur melt held at a particular temperature until all change ceases. All

mattes with compositions that fall within the boundaries of the center triangles will

contain three separate distinct phases, the compositions of which may be read from

‘the corners of the appropriate triangle. At the ternary eutectic temperature of

- 1067°F the three solid phases co-existing are: copper sulfide of 20 per cent sulfur

and less than 0.5 per cent nickel; metallic phase (a) of about 15.5 per cent copper,

less than 0.5 per cent sulfur, and-about 84 per cent nickel; and nickel sulfide (B) of

about 6 per cent copper. At the eutectoid temperature of 968°F the copper sulfide

and metallic phases have changed little, but the nickel sulfide undergoes a trans-

- formation to a low temperature form (8°) in which the solubility of copper is
only about 2.5 per cent. At 700°F, g8’ contains less than 0.5 per cent copper.

10
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Table 2. Waste Efﬂuents from Electrolytic Copper Plants.
(5‘0 O M er/@ /DJ&AU/M
7/ . PLANT NUMBER
e 1 2 3 4 5 6 C
// NET LOADING | NET LOADING | NET LOADING | NET LOADING | NET LOADING | NET LOADING AVERAGE VALUES. .
~ PARAMETER kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg kg/kkg  metric tonS/ygig
" / ~ S — — —
Alkalinity 0.044 0.04 0.017
COD 0.006 0.472 0.024 0.119 0.305
- Total Solids 0.074 3.40 0.014 0.310
Dissolved Solids 0.068 1.63 0.006 0.173 0.94
Suspended Solids 0.006 1.00 0.008 0.137 0.10
011 and Grease 0.05 0.003
Sulfate (as §) 0.011 0.066 - 0.002 0.080 - 0.03975 2.0
Chloride 1.14 0.003 0.037 T0.22
Cyanide —— | - —
Aluminum 0.0004 - 0.016 0.004
Arsenic 0.0001 0.003 o 0.002 0.1
Cadmium <0.0001 i ' )
Calcium 0.040 0.28 0.001 0.06 A _ .
_ Chromium <0.0001 0.0002 I 3
‘Copper 0.001 0.0005 .0.0001 0.002 0.43 0.0009 - 0.045
Tron 0.0008 0.0003 <0.0001 0.0006 0.00045 0.0225
d 0.0002 <0.0001. <0.0001 0.005 0.00135 0.0675
“agnesium 0.115
Mercury _ " 0.0001° <0.0001
Molybdenum 4.72 )
Nickel 0.0004 0.0001 0.0001 0.006 0.001 0.00152 0.076
Potassium ' 0.013 )
Selenium 0.0002 <0.0001 0.0002 0.0004 0.042
Silver _ <0.0001 0.0001 0.0001 0.005
Sodium ©0.91 0.0001 0.052
Tellurium 0.001 0.052
Zinc 0.0002 <0.0001 0.003 <0.0001 0.008 0.00228 0.114




SOURCE :
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® Assume 95 percent recovery of precious mefa]s.

19

number of cathodes in production cell (45)

H= anMn3/(2an K + nanB) =
where N = number of cells in plant (328)
n =
~n% = pumber of blanks in cell (28)
K™ = yield of usable sheets (95%)
‘e =
3 starting sheet (1.08)
a =
"~ production cells (14)
'M = machine time of production cells (93/)
H = number of starter cells :
SOURCE:
® Weight of anode is 0.35 metric tons.

® Weight
® Number
e Number

e Number

~® Number

of cathode is 0;125 metric tons.

of days per refinery campaign is 28 days.

of anodes per cell is 44.

of cathodes per cell is 45.

of cathodes per campaign is 90.

Slime '
98. 5-99.
97.0-98.

0. 07

98.0-99.
95. 0-99.

10.0

50.0-60.
95.0-97.
10. 0-20.

4.0
20.0
100
78.2
20.0

® Number of starter cells is determined by the following formula:

number of sheets used for the product1on of one

average period for growth of cathodes in all the

(=N =) [oN )

[=NNol

The Electrolytic Refining of Copper, V.T. Isakov, 1973.

The Electrolytic Ref1n1ng of Copper, V.T. Isakov, 1973.

12
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e Number of cells is 331.
e Number of cells per section is 24.

e Number of sections is 14.
SOURCES: The Electrolytic Refining of Copper, V.T. Isakov, 1973.
Extractive Metallurgy of Copper, A.K. Biswas, 1976.

. -2

kasume an overall nickel recovery if 98 percent. ’ | W .

o N1cke1 recovery as a nickel cathode is assumed to be 85 percent° |

e Weight of nickel cathode is 0.075 metric tons. /

e Number of days per refinery campaign is 8 days.

e Number of campaigns per year is 46.

e Number of cells per cehpaign isA45o |

® Number of cathodes per cell is 395

o Number of anodes per cell is 40. ' -
The pyrometallurgical mater1a] balances which summarize "semi-quantitatively"
the flow of elements through a system will necessar11y have minimum f7é:5: ,
acceptable accuracies of 150 percent, and 1n many cases accuracies exceeglpg O \_,*

values to be ant1c1pated and/or expected in the models (i.e. the order o

lx.ilQO percent.) This factor, however, Q111wnot detract from'the—pfbbable /¢4t57/

magnituyde for predlctab]e va1ues in most cases is assumed to be correct).

1002 g ;W@VWW -

M/
The smelting/refining model incorporates concentratethy1ng followed by nyé;¢¢1ﬁu¢—/
flash smelting to a bulk copper-nickel matte. Metal separation will be by 422é177i;7/
flotation of the ground copper-nickel matte with the nickel-copper product |
being refined by hydrométaT?urgica] and e]ectrowiﬁning techpiques and the

copper-nickel product being pyrometallurgically treated and electrolytically

refined.
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Figure 4 illustrates, in generalized form, the smelting flowsheet for the’
processing of copper-nickel concentrate§. The flowsheet establishes the
principal equipment needs, and indicates the major or primary paths for
copper, nickel, slag, gas, duét, and waste heat. Figures 5 through 12

indicate the principal sources of:

e recycled dust (i.e. the electrostatic precipitators)
® atmospheric gas emissions {i.e. the stack)
e atmospheric particulate emissions (i.e. the stack)

e fugitive gas em1ss1ons (i.e. flash furnace, converters, anode
furnace) : ~

° fug1t1ve particulate emissions (i.e. flash furnace, converters,
anode furnace)

e water discharges (i.e. slag cleaning furnace, mineral processing,
anode furnace, double contact acid plant)

e solid wastes (i.e. slag cleaning furnace, mineral processing)

- Figure 13 illustrates in generalized form the flowsheet for the refining of
anode Cu and Ni-Cu concentraté.(intermediate products which are generated

¥}9}pé in the smelting of Cu-Ni concentrates). The flowsheet establishes the

, i principal equipment needs, and indicates the major or primary paths for
J

copper and nickeT, Figure 14 identifies the areas where input water is
required, and Figuré 15 summarizes the principal sources for water discharges
(i.e. anode rinsing, cathode rinsing, product caéting, electrolytic bleed,

and barometric condenser).

‘ 3& Table 3 collectively summarizes the inputs and outputs for the proposed

w}}ﬂr smelter/refinery model (quantitative information for this table came

' )
\ directly from the material balances found later in this report withiig;)

4, 4{ y <:§;Z??E§‘S¥ the numbers) Certain output products identified in Table 3
P O |
T
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“Figure 4.

Generalized Flowshe! ‘for Concentrate Smelting in the

Production of Commercial Grade Copper and Nickel.
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. RECYCLE DUST

Figure 5. Generalized Flowsheet for Concentrate Smelting in the
Production .of Commercial Grade Copper and Nickel

(Principal Sources for Recycle Dust).
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Figure 6. Generalized Flosheet’ “r Concentrate Smelting in the
Production of Commercial Grade Copper and Nickel
(Principal Sources for Stack Gas Emissjons).
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ATMOSPHERIC PARTICULATE EMISSIONS

Figure 7. Generalized Flowsheet for Conéentrate SmeTting in the
Production of Commercial Grade Coppér and Nickel
(Principal Sources for Stack Particulate Emissions).
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FUGITIVE GAS EMISSIONS

Figure 8. Generalized Flowshe{  ‘for Concentrate SmeTting in the

Production of Commercial Grade Copper and Nickel
(Principal Sources for Fugitive Gas Emjssions).
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Figure 9. Generalized Flowsheet for Concentrate Smelting in the
. Production of Commercial Grade Copper and Nickel
(Principal Sources for Fugitive Particulate Emissions).
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WATER

Figure 10. Generalized Flowshee “or Concentrate Smelting in the
Production of Commercial Grade Copper and Nickel
(Sources for Water Needs).
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'WATER DISCHARGE

Figure 11. Generalized Flowsheet for Concentirc.c . .. cing in the
Production of Commercial Grade Copper and Nickel
(Principal Sources for Water Discharges).
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SOLID WASTES

Figure 12. GeneraTized Flowsher " .for Concentrate Smelting in theﬁ

L

Production of Commer.:al Grade Copper and Nickel

(Principal Sources for Solid Wastes).
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Figure 13. Generalized Flowsheet for a Copper and Nickel Refinery.
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Figure 14. Generalized Flowsheet for a Copper and ‘Nickel Refinery"
(Sources for Water Needs). ,
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.
Table S. Metaliurgical Materfal Balance Summary (Quantities are in Metric Tons Per Year).
Elements
- o n s 3 $104 Cad Hg0  A1s0y  As ™ 2n cd Ag Ay = P2 a)
™eTY
§ Cooceatrate 66,118 9,929 133,918 119,613 66,586 6,346 23,436 12,879 13.32 41.62 1,963 n.n 23.26 9.72 0.0088 . 0.8% 2.18
2 Addfcious 13,667 7.163 31,369 4,094 69,718 2.84 0.40 Y] 3.29
ocreTe : .
3 Metslltes 7,812 3,103 320 2,763 89 0.70 0.008% 0.86 2.02
4 Fo-Cu-Ni Eougo 1,499 [3}] 2,630 2,888 0.5 227 0.08 8.1
Cathode Cu .
3 Cu Refinery 49,361 30.4 0.48 0.41 0.122 0.37 3.9 0.26
6 91 Refinery 750 0.48 0.01 0.00 0.01 0.06 0.004
7 Cathode Ri 0.18 6,084 0.06 0.06 0.04 ¢ :
8 Recyclables $7,923.77% 8,414.8% 13,338.43 7,138.52 8,622 29.04 616,79 18.68 21.991
9 Discard Slag 3,207 604 148,337 1,730 126,203 6,488 23,221 12,766 13.77¢ 11.32 1,021. 0.43 0.7 8.0% 8.0006 8.62 .07
Pugitive Pais. » | : .
10 Particulate 703 127 £,383 734 838 33 117 @ 0.97 0.42 24,82 1,06  0.12 0.004 0.00006 0.003 6.01
il Cas 1,087
Stack Emis.
12 Particulate 336 95.2 2,081 359 837 25 98 49 0.79 0.32 19.268 0.79 .08 9.006 0.0000% 6.003 9.0%
13 Cas 5,428
Discharge Watag 0.50
18 Cu Refinery 0.043 0.08 0.02 0.1 0.1 0.003
BASTS: 100,000 Metric Tons Per Year Production of High Grade Copper-Nickal Matta, .
Y /[/Vt,ﬂéﬁd/ "
. OVERALICCOPPER AND NI COVERIES .
gaTECCRY (Nanbere;ase tm Yerseor Forn) , D el
- * (S+10+11412413+414) ¢ 400
% Flement loat 3.63% 8.32 97.98 7.97 oo 100 100 100 18,20 28,98 84,21 12.70 3.89 2.18 7.93 . 3.37 .. 4.27 [ S i
2 Elenent Recovered 96.31 91.68 2.04 92.03 o ] ] 0 81.80 71.02 45.79  87.30  96.11 97.22 92.03 96.63 95.73 1»@&31_2"&) 1100
2 Elesent Lost 3.06 4.89 91.22 7.78 93.67 100 *100 100 15.34 28,82 53.21  10.71  3.89 2.78 7.95 3377 a2 Q‘-‘L“—I};‘—‘-"—‘Q X 1@
% Eleseat Recovered 96.94 93.17 8.78 92.29 6.33 ] [ 0 B4.66 7i.18 46.79 89.29 96.11 97.22 92.05 96.63 . 95.7) wo_(wlwnﬂzﬂiﬂl.) 2100
. 142
2 Zleoent Recovered : 3+6+7
{n Cathode Form 98.79 61.38 0.00036 0.000% — — — - 0.9 1.0t 0.20 - 1.13 o — a— o X 100
. \
% [lecent Recovered : ' 34647
in Cathode Form €2.81 99,66 .00033 0.00039 — - - '’ 0.73 1.00 . 0.26 o 1.13 — — —_ — (&Y 110
T Eleseat Recovered
an ™Mineral Processing i (s4+54627)
Product”™ and . 1 z 100
"Refinery Product®™ 29.87 79.07 1.93 3.89 — — — o= 0.90 2.21 16.29 0.4 1.56 97.22 92.05 96.63 95.73
£ Elesent ﬁcovcrld !
as "Yineral Processiag (Pie34647)
Product™ and . 1+2 x 100
u.Aq 43.93 1.80 8.7¢ Land Lo e Lt 0.73 2.19 15.98 0.38 1.86 97.22 92.03 96.63 93.13

“Refinery g(&g‘?u'
et S

BASIS:

100,000 Hatric Teas Per Year Produstioa of High Crade Matta.

YX4



(i.e. the metallics and the Fe-Cu-Ni concentrate) will be further treated

for the recovery of 1nd1v1dual elements (copper, nickel, precious metals, 'A)
etc.). Assuming that any additional treatment of a part1cu}ar output

product will not result in significant elémental losses, several types of

recoveries (depen@ing upon'the particular basis used) can be reaTized:
Calculated recoveries and/or 1os§es are also summarized in Table 3. Réfer

to the key to determine the basis for each cé]cu]ated percent. Complete,
detailed material balances are not available, éhd;therefore, it is not
poSsib]e to calculate the true percent recovery or true percent loss of a
particular element or compound. As a result, tﬁe stated 4uantity of a
particular output product found in Table 3 is not necessarily the true weight
to be produced from the proposed smelter/refinery model. The material
balances found in the report predic; the quantity 6f the major broduct

values on the basis of the principal'f1ow of coppgr and nickel, and do not o ”)
. take into account the products produced from secohdany éopper and nickel )
flow .paths. Consequently, the ampunt or quantity of cathode copper as

stated in Table 3 will necessarily be less than the actual amount or quantity

of cathode copper produced from the proposed smelter/refinery model. This

fs, likewise, the case for the other elements as products in the balances.

Assuming overall recovery fact&rs of‘96.31 percent for copper and 91.68
percent for nickel (refer to fable 3 tovsee how these values are derived),
Table 3 reduces to the input and output quantities as found in Table 4.
Table 4 will serve as the basis for scaling either upwards or downwards to
a.desiréd size operation (yearly metal production). Figurés 16 through 23,
which deal with the total capital costs, direct operat1ng costs, energy

requirements, water requirements, fug1t1ve part1cu1ate em1551ons, stack



b . m /‘"‘sk‘:
Cu 31 Fe 8 510, a0, MgQ . Ala0y As th 2R [ A% s ; Bh Pt P4
entrate 66,118 9,929 153,911 119,613 66,586 6,546 23,436 12,879  13.52 41.62 1,965 17.72  23.26 0.72 0.0088 0.89 2.11
clables 13,667 7,163 11,369 4,094 69,714 2.84 0.40 37 3.29
athodes 63,678 38 0.62 0.54 0.06 0.32 0.64 0.01
athodes 0.27 9,065 0.09 0.09 0.05 0.05
r Conversion 102,363
cid » .
rs (i.e. leach, 0.73 Q0 3,139.29 7,711.37 10.95 " 29.19 899.8 15.47 - 21.715 0.69 0.0081 0.86 2.02
due, dust for ’
or sale, gas, .
)
ard Slag 1,207 604 148,337 . 1,730 126,203 6,488 23,221 12,766 0.97 11.32 1,021 0.42 0.7 0.01 0.0006 0.02 0.07
tive Emissions . . .
rticulate 702 127 1,383 734 838 33 117 T 64 0.79 0.42 24.82 1.04 0.12 0.004 0.00006 0.0035 0.01
¥] 1,087
'k Emissions
rticulate 530 95.2 1,051 559 637 25 98 49 0.60 0.32 19.28 0.79 0.08 0.006 0.00004 0.005 0.01
8 5,425
harge Water
3 Refinery 0.04% 0.08 - 0.02 0.1 . 0.1 0.005
rclables 13,667 7,163 11,369 4,094 69,714 2.84 0.40 37 3.29
ent Recovered -96.31 91.68 2.04 92.03 0 0 0 0 81.80 71.02 45.79 87.30 96.11 97.22 92.05 96.63 95.73
nent lost 3.69 8.32 97.96 7.97 100 100 100 100 18.20 28.98 54.21 12.70 3.89 2.78 7.95 3.37 4.27
JASIS: =100,000 Metric -Tons Per Year Production of White Metal Matte.
Table 4. Metallurgical Material Balance Summar{ (Smelter/
Refinery Model, Quantities not Scaled){Quantities

are in Metric Tons Per Year),
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Figure 16. Total Capifal Costs.
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Figure 18. Energy Requirements.
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Figure 19. Water Requirements for Smelting.
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Figure 20. Water Requirements for Refining.
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Figure 21. Fugitive Particulate Emissions (Major Elements).
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Figure 22. Stack Particulate Emissions (Major Elements).
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Figure 23. Fygitive and Stack SO, Emissions.
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particulate emissions, and fugitive and stack 502 emissioﬁs for a smelter/
refinery operation, summarize in Qraphica] form the results of scaling the
quantities found in 4 over the range of 75,000 to 175,000 metric tpns per
year of metal production. Cost data, energy:values, and water needs are
based in terms of unit measurement per metric ton of metal produéed, and
are most accurately défined for a'100,000 metric ton per year metal prbduction,
Consequently, the smelter/refinery model will be based on the production of
100,000 metric tons per year of metal, and Table & summarizes the cost,
energy, water, manpower, land, and air emissions for such an operation
(87,490 metric tons of copper per year, and 12,507 metric tons of nickel.
per year). Figure 24 also summarizes the principal final products to be

anticipated based on the above recovery factors for copper and nickel.

"PREFACE

INTRODUCTION

Ore-dressing is but one of the many vertical stages necessary in the process
of isolating metal from its host rock, that is, concentrating or enriching
the mineral. portion of the ore. Further treatment, however, is required

to completely eliminate the remainder of the gangue and to break down the
mineral into its component elements for the freeing of metal. Juét as
different minerals require specfa1 methods to effect fheir concentration,

so the extraction of various metals requires a diversity of treatment.
Pyrometallurgy is one such treatment in which the trqnsformation reactions

are carried out by the application of heat supplied by the burnfng of fuel.



Table 5. Cost, Energy, Manpower, Land, Fugitive, and Stack
Particulate and Gaseous Emissions For a Smelter/
Refinery Operation Producing 100,000 Metric Tons
of Metal Per Year.

S NI -ER--JN B8 BB BB - 2B NN NE NE- BB -BR NN BN EB-NR NN NN DR _ BN BN J

TOTAL CAPITAL COST : ' LAND REQUIREMENTS i
Smelter "~ 20.46 X 107('77 dollars) : Smelter 55 Acres i
Refinery 7.96 X 107('77 dollars) Refinery , 25 Acres :
Total 28.42 X 107('77 dollars) Total 80 Acres i

DIRECT OPERATINC COST . FUGITIVE PARTICULATE EMISSIONS !
Smelter ) 741 Cu . 965 Metric tons i

17.2 X 107('77 dollars) =

Refinery . 7.8 X 107('77 dollars) A Ni 174 Metriq tons |
T 1 : —————— - Fe 1,900 Metric tons =
ota . 25,0 X 107('77 dollars) s ’ 1,008 Metric tons |
. i L]

ENERGY REQUIREMENTS " STACK PARTICULATE EMISSIONS |

Smelter : o 7.56 X 10" KCAL , 7
~ 11 Cu : 728 Metric tons f

Refinery 3.26 X 10 KCAL Nt - 131 Metric tons =
Total 10.82 X 10!l KxcAL ' _ Fe ‘ . 1,444 Metric tons 1
. : . S 768 Metric tons i

WATER REQUIREMENTS , :

Smelter , g FUGITIYE 50, EMISSIONS . '2.987 Metric tons g
Intake © 7.7 X 10" Gallons -
Recycle 4.23 X 109 Callons | i STACK SO, EMISSIONS 14,907 Metric tons !
Discharge 2.315 X 108 Gallons ]

Refinery i
Intake : 2.1 x 108 callons ) .
Recycle . 7.9 x 108 Gallons i
Discharge ’ 7.94 X 107 Gallons . o b -

187,493 MTY Cu : |

MANPOWER NEEDS ‘ 812,507 MTY Ni S i
Smelter 435  Men §1.37394 Multiplication Factor} -
Refinery 186 Men : : i

- i0verall Cu Recovery 96.31% : -

Total : 621 Men f0verall Ni Recovery 91.68% i

: i
fcu/Nt = 7.00 H |
-l-l-l-l-l-l-l-l_l-l-l-i-l-I-l—l-l-I—I-I-l-l-l-l—l-l_l—l-l-l—l-!-ll
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Figure 24. Principal Final Products from a Cu-Ni Smelting/Refining
; , Operation (Units are as Metric Tons Per Year; Elements
( Should Not Necessarily Balance Out).

WET CONCENTRATE
(15% Moisture)

747,364 MTY

DRY CONCENTRATE
635,259 MTY

Cu 14.30% Fe 33.292
Ni 2.15% S 25.87%

HIGH GRADE MATTE N ' " DISCARD SLAG

138,181 MTY ~ 553,698 MTY
Cu 65.097 Fe 3.26% : | Cu 0.30%  Fe 36.81%
M 9.46% _ S 21.32% M 0.157 S  0.43%

METALLICS Cu-Ni CONC. Ni-Cu CONC. Fe-Cu-Ni CONC.

16,615 MTY 95,516 MTY 16,548 MTY 9,502 MTY
Cu 64.6% Cu 78.7% Cu 11.9% . Cu 21.7%
NL 9.1% N 0.9Z N 59.2% N 9.4%
Fe 2.6%2 Fe 0.2Z Fe 1.47% Fe 38.3%
s 22.9% S 20.2% S 25.4% : s 27.3%

CATHODE Ni
12,456 MTY

FOR CONVERSIO
TO ACID
140,641 MTY

CATHODE Cu
87,551 MTY

PRECIOUS METALS
34.91 MTY

Fe 0.000987% Fe 0.00099%
S 0.00084% S 0.00099%
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Fire treatment usually plays an important role in producing.metal from ore
or concentrate. Both the quantity of heat as well as the intensity of heat
effect metal recovery. Fo]low1ng is a review of the operations of roasting,
smelting, and converting as used in the pyrometalTurg1ca] treatment of

copper-nickel sulfide ores.

ROASTING

Roasting is defined as a meta]1urgica1'operétion wherein a material is
heated to an elevated temperature in a desired atmosphere to create a
certain desired chemical change. Stated differéht]y, during roasting, an
ore is heated under such conditions and to such a temperatﬂre_(be]ow that |
of fusion of its mineral constituents) that the metal componehts qf the

ore which is sought for recovery; will be chemically changed from the form

“in which it occurs in the ore to some other form which will be amenable to

some definite subsequent treatment. Roasting processes are generally of

the ox1d1z1ng, reducing, sulfating, or ch]or1d1z1ng type. Oxidizing roasting

involves ox1dat1on of a portion of the su]fur and iron sulfide content of

30
a sulfide ore or concentrate to iron and su]fur oxides.

Typical types of roasters include:

1) mechanical roasters
2) agglomeration roasters

3) fluid roasters

Mechanical Roasters

The most widely used mechanical roasters today are of the superimposed

 multiple-hearth type. The ore is continuously raked by rotating rabble

38
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arms from hearth to hearth. During its passage down the furnace, the
rabbling action continually exposes fresh surfaces to the oxidizing action
of air. In the case of sulfides, provided sufficient sulfur is initially
present, once roasting has commenced the heat generated by the reaétion is
sufficient to run the su]fur'down to a Tow content without the need for
extraneous heat. The gases Teaving the top of the roaster contain from

2 to 6 percent S0, (1pw for sulfuric acid manufacture) and cafry away
approximately 6 percent of thé roaster calcine préduct, Su]fur'elimination
in the roaster is varied by regulation of air flows.and charge retention

30
time on the hearths (Figure 25).

Figure 25. Cutaway View of a Multiple Hearth Roaster.
(Source: Biswds, 1976)
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Agglomeration Roasting

The chain, circular, and Dwight-Lloyd types of traveling grates can be
considered as proveh industrial agglomeration roasting machines. Reactions
are usda11y performed with the beds supported‘horizontaTiy, though in some
unusual cases, grates have been mounted on inclines to elevate the discharge
end. Wind boxes and, in some instances, hoods used for confining draft |
that is either induced or formed by blowers, are used. as-auxiliaries for
- traveling gratee. External igniting or firing is perferme& by the use of

. open torches in cases of sintering, by 1ncandescent refractory ‘heat
reflectors in cases of coal combust1on w1th autogenous ignition, or by
elaborate combustion chambers mounted in the hoods of the traveling grates
when substantial quantities of heated draft are required. | In some
processes, rec1rcu1at1on and recuperation of draft are used by compart-

menting and connecting the w1nd boxes and hoods with blower arrangements

The circular type of grate 6perates by having the grate carriers under
cbﬁpreséion and tension induced by a friction or gear:driven mechanism
'outboard of the ring of grate members . The circular grate revolves in a

horizontal plan and offers the unique feature of having grate components

in continuous use.throughout the processing period. Discharge is accomplished.

by a tripping mechanism whieh can be operated'byAgravity or by a separate
gear-tilting mechanism. This type of grate was applied very early in the
sintering of ores. For this service, relatively heavy-duty components are

required.

The Dwight-L]o}d type of traveling-grate is operated by a tail end drive
~which pushes pallet cars (containing grate bars and side walls) through the

processing zone. Pallets made of castings are arranged as a train of cars



under compression. Individual pallets are removable to allow the insertion

of spare pallets. The re}ative]y heavy narrow pallet énd grate members

serve as a heat sink and consequently a119w processing bed temperatures'as

high-temperature downdraft operations in the production of metallic and ~

nonmetallic sinter and pe11ets°3 (Figd%eVZG)Jt A'_ Ve

Figure 26. Simplified I1lustrations of Various Types of Traveiing
Grates: Chain or Stroker Type (A), Circular Type (B),
Dwight-Lloyd (C)ﬁa (Source: Ban) :

Fluid Roasting

Fluid bed roasting is characterized by a gas—soiid reaction.in a dense

suspension of solids maintained in a turbulent massiby'the upward flow of

N
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high as 3000°F. The Dwight-Lloyd machine has been extensive]y-app]ied'fdb]‘;“_
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;géses:tﬁét affect the reaction: The roaster is essentially a cylindrical
refractory-lined steel shell used to contain the suspended solids

(Figure 27). R S

Figure 277 (A) Cutaway View of a Fluid-Bed Roaster, and (B) Roaster-
Reverberatory Furnace Flowsheet. (Source: Biswas, 1976)
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collectors. Once started, combustion is self-sustaining. The heated
suspension of solids in the reactor diluted by the air/gas streams acts in
many ways like that of a fluid. Material will flow like water into and
-out of the reactor. It will exert a gravity head which is used to effect
movement of the mass. Upon the introduction of heat, either in the form of
gas or fuel, the fluidized bed, because of its vio]enf motion, quickly
reaches a uniform temperature throughout. The temperature of the reactor
can be controlled by regulating the vo]&me of combustion air and by the

21
admittance of spray water to the chamber.

In roasting, concentrated sulfide ore is dried and heated until the sul fur

begins to combine with oxygen to form sulfur dioxide gas (SOp) 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 low in sulfur content gehera]]y bypass the roasting stage).

The affinity between copper and sulfur is greater than that between sulfur
and any of the other metals present. Consequent]j, in smelting, the copber
&i11 take enough of the sulfur to form CUZS, the residual sulfur combining
'with the iron, nickel, etc. The amount of FeS which will accompany the Cuzs
in the matte is therefore entirely a question of how much sulfur is left to
combine with the iron after a]l.the coppe;‘has been satisfied, the amount
being controllable by the preliminary roast, which in turn controls the
grade of the matte. 'If, therefore, a high-grade (40-70 percent Cu) matte is
required, the roésting is carried to a high degree and for a low-grade matte
the roast would not be pushed to the same extent. The most desirable gradeA
of matte is a question which is decided on an individual smelter basis.

Several factors assist in deciding the question, e.g., relative amounts of

*
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copper, niékel, and sulfur initially preéent in the ore, re1ati§e furnace
and converter costs, fufnace capacity, etc. These factors are by no means
uniform as is realized by the fact that the coppér content aﬁone of mattes
produced by various smelters varies from 20 to 70 percent. A compromise is
usually reached on the production under prevailing conditions of the most

suitable grade.

Roasting is usually autogenous, however, some hydroéérbon fuel may be

required if the concentrates are excessively moist. Temperatures generally .
range from 500-7009C in the roasting chambers (temperatu?es of 500-5500C 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 ih 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 gradé‘than the original concentrate.

Dust content generated during the roasting reactions depend principally on:

o characteristics of the copper concentrates

evolume of air aspirated by the roasting furnace

oextent to which concentrates remain continuously in suspension
in traveling from hearth to hearth

@size and number of the aperatures in the hearth
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SMELTING

Smelting is a process for metal extraction involving the reduction of feed
to molten metal or matte (matte is.an artificially created 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 ihe slag. The major metals

simultaneously combine with sulfur to form the valuable matte.
Treatable materials in the formation of mattes include:

1) naturally occurring sulfides
2) partially roasted sulfides

3) mixtures of sulfides and oxides

In reference to a predominantly Cu-bearing calcine, two theories exist
concerning the chemical reactions taking place during sme1£fng. The o1der
version is based on a neutral or slightly oxidizing atmosphere wherein
copper has a greater affinity for squur‘than does iron. Little or no sulfur
is essentially lost in the éystem. A11 of the copper combines with the
available sulfur to give the stab]e Cuzs form. The remaining sulfur

. combines with available iron to give the stable FeS form. The remaining
iron and gangue coﬁbine as a s1ago In the newer version, however, the
affinities of both copper and iron for sulfur are considered to be approxi-
mately equal at 13000C. It is believed that the difference in the affinity
of oxygen by copper as opposed to iron is responsible for the separation

of copper into the matte.

1) 2Cu (&) + FeS (1) Fe'(!) + CUZSV(X)

K=3



2) Fe (v) + Cup0 (4) = Fe0 (1) + 2Cu (1)

K = 1300
3) Cu,0 (X) + FeS (1) = Cu,S (2) + Fe0 (1)
K = 3900

Bt

The above chemical equations, with their corresponding equilibrium constants,
indicate iron's greater affinity for available oxygen than that of copper
for oxygen. The iron tends to combine with oxygen, whereas the copper tends

to remain in combinatign with sulfur.

For copper-nickel bearing calcines, smelting occurs in a similar fashion

with copper sulfides and nickel sulfides forming the matte.

With this in mind, a review of available smelting apparatus is in order'.

Typical types of smelting equipmentA include:

@ Conventional Blast Furnace ~ s

e Momoda Blast Furnace -+ - _ - "> _
V T =3 = > Smelting Furnaces
e Reverberatory Furnace - > - > ~ 3 =~
B B

@ Electric Furnace

.® Qutok F T = '
utokumpu FUrnace = > - >« 5 _, = 3 Flash Smelting Furnaces

- - =

e INCO Furnace - » -> > -7
® Noranda Furnace-~ .

, -
® WORCRA Furnace - & _ S e

RS S .
. - T~ TR .
e Mitsubishi Furnace- > - > - > - > — 3 =3 Continuous Smelting Furnaces
- T 7

® Britcosmaco Furnace- ™ -

r
-y 7

® USBM Furnace-» ~
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Processing operations for the conventional sme]ting furnaces include only
the smelting phase. Flash smelting equipment combines both bhases of
roasting and smelting in a single confined un?t. Continuous smelting
apparatus, on the other hand, combines the phases of roasting, smelting,
and converting (with slag cleaning in some instances) in a single contained

unit.

Conventional Blast Furnace

The blast furnace consists.eSsentia11y of a tall vertical hollow shaft,
rectangular in cross—Sectfon,'surmounting a hearth or crucible. Afr
required for combustionkis supplied by a blower; it passes into the blast
main surrounding the furnace and from there to the fuyeres, hencg into the
furnace. Where the air enters the furnace, very high temperatures are
generated by the combustion of fuel, and as the products: of combustion
ascehd, they yield up their heat to the charge. Gases and fumes escape
from the top of the furnace through a fiue located just below the charging
floor. Metal and s1ég separate according.to their specific gravities and
are tapped from the crucible. The blast furnace, although simple in_
construction, is elastic in operation and ié capable of high effiéiéﬁcies,
Coarse or sintered ore, however, is required for efficient working "

30
(Figure 28).

Blast-furnace smé1ting was used extensively in the pés%»for producing large
quantities of matte from Tump sulfide ores. IEAwas also used at one time
to produce a crude, iron-contaminated "black topper" ffom oxide ores.
However, depletion of rich lump ores and the increasjng prevalence of froth

flotation concentrates have gradually eliminated the blast furnace from




48

Figure 28. Cutaway View of a Blast Furnace for Producing Copper Matte
from Sulfide Ores. (Source: Biswas, 1976)

matte smelting. _The blast furnace'is unable to directly treat fine]y-.
ground flotation concentrates because they are quiék]y blown out of the
“furnace by the rising combustion gases. However, the blast furnace still
~ finds some use (usually with a sintered_chargej in Africa where mixed
oxide-sulfide ores are treated, in Canada for Cu-Ni concentrates, and in
Japan. World-wide there are few than ten matte blast furnaces remaining

in operation (1974).
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Typical charge to the blast furnace consists of sintered concentrates,
lump ores, silica fluxes, converter s]ags,‘and meta11ur§ica1 cokes. The
products of theforhaée,include:

® altopper—rich liquid matte (» 50 percent :Cu)

e a liquid slag ‘

. @ gases containing approximately 5 percent SOZ
(gases are generally laden with dust) '

Momoda Blast Furnace

The Momoda process involves the feeding of plasticized concentrates

directly into a furnace’without‘hrior briquetting or sinterfﬁg. The -
plasticizing step consists of thorough kneading of fine copper concentrates,
flue dust, and other fine material such as cement copper into a stiff
plastic mass containing 10 to 15 percent water. The furnace is charged
alternately at approximately 6ne—ha1f hour intervals through a central
hopper opening, first with plasticized concentrates, and then with a coarse
mixture of coke, silica flux, limestone, crushed converter slag, and

crushed sku]] material. The plastiéized concentrafe represents 50 to 60

percent of the total charge to the furnace (Figure 29).

Figure 29. Specially-Designed Hopper Feeds Momoda Furnace Without
Briquetting or Sintering of Concentrates.
(Source: Treilhard, 1973).
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Reverberatory Furnace

The reverberatory furnace is composed of a shallow hearth with side and end
wa]]s surmounted by an arch roof. The hearth is well constructed, being-
bui]i of concentrate overlaid with silica brick and sintered sand. Side walls
are of silica brick with frequently two or more courses of magnesite brick
at the level of the slag line. The arch, or roof, is composed.of a span of
silica or'magnesite bricks ﬁe]d in place by iron plates which run along

the longer sides of the furnace and are bolted to cast—ironAubrights set

in the foundations. The plates take up the‘thrust, the weight resting on
the side walls. Horizontal tie-rods acroﬁs the‘top'of the furnace, bolted
to the vertical uprights, serve to hold the furnace rigid. Heating is
usua11y by pu]verized fuel or gas injected into the furnace via burners
inserted in the end wall. The ore is charged either through holes iﬁ the

~ roof 6r through openings in the side walls. Metal is withdrawn through a
tap-hole in the side of the furnace, slag either being tapped from the |
opposite side or, as in the case of copper; running continuously through a

30
tap-hole in the front end (Figure 30).

The reverberatory furnace is the most wide]y'used unit for smelting. The
dimensions of reverberatory furnaces vary considerably, but modern furnaces
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 to 800 metric

tons of matte (35-40 percent Cu) and 500 to 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 sme]ting) to recover

copper from recycled, molten converter slag.

50



Figure 30. Cutaway View of a Reverberatory Furnace:for the Production
" of Copper Matte from Sulfide Concentrates on Roasted
Calcines. (Source: Biswas, 1976)
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The extensive use of reverbefatory furnaces is due to their high degree of
versatility. The h;at for sme]ping is provided by burning fuel in the

furnace and by passing the hot combustioh gaées 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).

A

| During the melting phase in a reverberatory furnace, approximately 20 to 50
peréent of the sulfur in the charge is oxidized. Thé range of sulfur dioxide
concentration 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 to 80 percent is
removed in the matte, 18 to 30 percent in the flue gas, and 1 to 2 percent

in the slag.

Dust from the reverberatory ‘furnace is a substantial problem. Heavier

particles settle below the waste heat boilers and into the hoppers of the
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2) The SO, concentrations of its effluent gases are readily controlled
by adjusting the amount of air infiltration into the furnace. With
a minimum amount of air infiltration, the SO, concentration may be
as low as 0.4 percent, for venting directly to the atmosphere,
while extensive air infiltration and sulfide oxidation leads to SO
concentrations in the order of 5 percent. This latter gas is b]enged
with converter gases and the S0p is extracted from both as sulfuric

acid.
The electric furnace has the same versatility as the reverberatory furnace,
and this factor plus the environmental advantage; have led to its adoption
for new smelting capacity in several environmentally sensitive areas.
World-wide there are approximately 15 electric smelting furnaces in

operation, including those used for producing CQ«Ni mattes.

Mattes and slags produced in electric furnaces are similar in nature to the
mattes and slags from the reverberatory furnace. SOz'gas emissions generally
range from two to four percent with minimal dust losses, a consequence of

low gas velocities.

,F]ash Furnaces

Flash furnaces for smelting are of two types: -

1) The Outokumpu Furnace
2) The INCO Furnace

In the f]ésh smelting process, flotatioq concentfates are injected along
with flux and either preheated air or oxygen into a combustion.chamber
maintained at smelting temperature by "flash" combustion of iron and su]fuf
while the partiq]es are in suspension. The heat of the exothermic oxidation
reactions is used in the smelting, with any heat deficiency augmented by a
small addition of fuel; preheating of combustion air, enrichment of the

combustion air with oxygen, or a combination of the above.



OQutokumpu Furnace--Concentrate, dried to less than 0.2 percent moisture is

mixed with heated air in a burner at the top of a reaction shaft. The
melted droplets collect in the settler and develop the two normal liquid-
layers—matte and slag. The off gas has a sulfur dioxide content of
approximately 14 percent and a dust burden of 6 to 10 percent of the chérge;
The matte grade is ordinarily 50 to 60 percent in Cu. The slag, which
contains too much copper to discard, must be cleaned by sett]ing in an
electric furnace, or by casting, slow cooling, and treating by conventional
flotation-concentration methods. The high matte grade substantially
reduces the amount of converter processing which follows. Héwever, the
amount of secondaries which can be smelted as coolant in the converter is
limited. The amount of heat avai]able to f]asﬁ smelting depends upon the

30
iron and sulfur content (Figure 32).

Figure 32. Cutaway View of dutokumpu Preheated Air Flash-Smelting
Furnace. (Source: Biswas, 1976)
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INCO Furnace--The INCO flash furnace uses commercially-pure oxygen in the

flash smelting of sulfide concentrates. The concentrates are dried to
approximately 0.1 percent moisture and partially oxidized with the oxygen
in burners located in the ends of the furnace. A furnace of modest propor-
tionﬁ offers a high throughput. The gas volume is very small, containing
approximately 80 percent SO2 which can be scrubbed and Tiquified by
compression and cooling. The slag developed in the furnace isAlow enough
in value to discard, but the converter slag is returned for cleaning.

Thus, slag-cleaning facilities must be included in the smelter design.

The oxygen flash furnace is dependent solely upon the oxidation of a portion
of the iron and sulfur for the furnace's energy so that its application
generally covers the same concentrate grade ranges as the Outokumpu furnace

30
(Figure 33).

" Figure 33. Cutaway View of INCO Oxygen Flash Smelting Furnace.
(Source: Biswas, 1976) '
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Flash furnaces 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 Jower than those of reverbefatory and electric-
furnace smelting. Flash furnaces are also excellent from an environmental
point of view because they produce SOZ-rich effluent gasses from which the
SO2 can be efficiently removed és sulfuric acid or Tliquid 502. For these
reasons, flash furnaces have accounted for most of the new matte smelting
capacity since 1965. The principal product of f]ésh—furnace smelting is a

high-grade (45 to 50 percent Cu) liquid matte.

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.

Continuous Furnaces
Continuous smelting furnaces include the following:

1) The Noranda Furnace
2) The WORCRA Furnace
3) The Mitsubishi Furnace ¢
4) The Britcosmaco FurnacéAvw

5) The USBM Furnace

In continuous copper smelting, each metallurgical stage of roasting,
smelting, and converting, with slag cleaning, is accomplished in an

individua] unit with continuous tapping and transfer of matte and metal.
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Noranda Furnace--The Noranda process is based on two considerations: by

combining smelting and converting in the same furnace, the fuel consumption
can be minimized, and dynamic conditions can be created in the bath which
will allow the production of copper while charging copper concentrates in’

the furnace.

Pelletized concentrates and flux are fed through a slinger belt into a
‘¢ylindrical furnace of the same diameppr but twice the 1ength.of a large
converter. As oxygen-enriched air is fntroduced through tuyeres, three
Tiquid layers are produced and coexist in the furnace: slag, matte, and

copper.

.

Matte and slag flows aré controlled a§ they move's1ow1y to the tapping

ports. Oxidizing gas is introduced into the matte to oxidize the FeS..
Continued injection of the gas into the resulting white metal gradually
oxidizes CuZS to metallic copper, which is tapped periodically after it

separates by settling.

Slag tapped from the reactor is a low-silica, high-copper prdduct, which
is treated by milling to yié]d a high-grade concentrate, which is ﬁecyc]ed,.

. 30
and a Tow-copper (about 0.5 percent) tailing which is discarded (Figure 34).

- HORCRA Furnace--In the WORCRA process, ‘concentrate, and flux are introduced

in a mildly oxidizing smelting zone by pneumatic or mechanical injection
at an appropriate angle to ensure particle penetration into the liquid and
to aid‘the continuous circulation of matte and slag in the "bowl." Some
éoncentrates may be added in the converter zone closer to the slag exit,.

where they help'to control magnetite formation in the slag.
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Figure 34. Schematic Longitudinal and End View of the Industrial
Noranda Single-Step Reactor. (Source: Biswas, 1976)
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A form of hot solvent-extraction is achieved by forqing'the slag to move

generally countercurrent to the matte. ~Unwanted nonvolatile components,

particu]af]y iron, are thus continuously being transferred to the slag-after

oxidation. Conversely, and particu1ar1yvin the smelting and slag cleanup
zones, valuable copper in the slag can be caused to revert to the matte
phase‘by interaction with ferrous sulfide in the matte. In this separate,
but connected, slag-cleaning zone, additions of concentrates or pyrites are
made to cause both separation or settling of entrained matte, which is

continuously returned by gravity to the smelting zone via a sloping hearth.

L]

As the matte moves slowly through the smelting and converting zones, it is’
sequentially lanced with air (or enriched air), causing conversion to white

metal and then to copper. Significant differences in specific gravity of

these phases aid.in the separations. The hearth in the converting zone
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continues to slope downward to an underpass through which copper passes

continuously to a "copper well" which overf]oWs with the blister copper

product.

Furnace gases rich in SO2 can be treated for waste-heat utilization and

dust recovery in conventional equipment prior either to venting or to

conversion in a sulfuric acid plant. In a commercial-scale plant, the low
502 gases generated by the burners that heat the slag-cleaning zone could

be used separately for concentrate drying or combined with the rich smelter

30
gas (Figure 35).o

Figure 35. Plan and Elevation Views of the WORCRA Process Pilot
Reactor. (Source: Biswas, 1976)
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Mitsubishi Furnace--The Mitsubishi process is a relatively recent development

and utilizes three separate furnaces. In the first furnace, concentrates are
dispersed in air jets which impinge against the surface of the melt, and are
smelted and partially converted to approximately a 60 percent copper matte.
This matte then flows into a second furnace and is converted by air lances,
while the slag is treated pyrometallurgically in an electric furnace. The
basic elements of the Mitsubishi process are similar to those of the flash
gmelting brocess, with the exception that the three furnaces are inter-

connected and transfer of slag and matte between them is by gravify flow

(Figure 36).°°

Figure 36. Schematic Plan and Elevation Views of the Mitsubishi
Continuous Smelting System. (Source: Biswas, 1976)
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Britcosmaco Furnace--This process is intended'to bring together the best

features currently available in pyrometallurgical methods for the treatment

of sulfide concentrates. It is based on minimizing the use of oxygen to

not only oxidize suifur, but also produce a slag of high enough oxygen

potential to allow metallic copper to be made direCfly in the process.

Dry concentrate and flux are fed into the main smelting shaft with
sufficient preheated or oxygen-enriched air tolprovfde for autogenous
smelting, producing enriched white-metal ahd slag phases. These collect

on the hearth in two layers.

As the volume of slag fncreases it flows along the phase-reaction section

of the hearth. Contact with matte and Tow-grade matte causes more copper

to Be rejected. As the slag progresses toward the top hole, it is subjected
to even greater reduéing action immediately under the secondary smelting
shaft. In the final stfetch between the shaft and thé tap hole, fine
part1c1es of matte d1sperse through the slag, reducing oxygen potential

even further and causing additional rejection of copper

Meanwhife, at the other end of the hearth, copper fa?ling down the main
smelting shaft ié'oxidized up to the state of metal, with variations in
oxidation level evening out as the pafticles work their way through the
slag. The copper dissolves at the top pfvthe enriched white—méta] layer,
is precipitated from the bottom as metal, when it is removed via a bottom-

30
tapping xyphon arrangement (Figure 37).

USBM Furnace--The USBM process consists of a furnace with a sloping hearth.

Sulfide concentrate and flux are blown into the furnace through a burner.
Flash smelting produces approximately a 50 percent copper matte, which flows

down the hearth countercurrent to slag flow. ‘ .
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Figure 37. Britcosmaco Process Needs Low Energy Input.
(Source: Treilhard, 1973) :
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At the converting end of the furnace, oxygen is introduced via a watercooled
lance immersed in the matte layer, where conversion to blister copper

proceeds. Injection of oxygen into the matte by a lance passing through

the slag layer concentrates heat in the matte, where it is needed, and keeps .

the s1ag at lower oxygen potenfia1, thus lowering its copper content.

Slag formed in the smelting and converting reactions flow to the slag well,

undergoing cleaning enroute by:

1) contact with lower-grade matte

2) the roast reaction of copper sulfide and copper oxide

3) the reduction of copper oxide by sulfur and ferrous sulfide

30
4) the reduction of magnetite (Figure 38). .

A1l of the continuous smelting processes combine 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 processes are concentrates, fluxes, and air; and the

products are blister copper, a gas of high SO2 strength, and a slag suffi-

ciently low in copper to be directly discarded.
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Figure 38. Bumines Autodenous Scheme Combines Multiple Processing in
- Single Furnace. (Source: Treilhard, 1973)

CuFOS;
0,
§io,

2
Outer furnace  FeS, §i0,

~ ! / 77 Coppar overflow
7 R77k

W

‘White metal Copper

“\Verticls elevation saction through center

(Common reactions by zons

G}'Iah rossting sand smehing . @ converting: ' . @) siag cleaning

2CuFeS, +0; = Cu,S + 2Fe§ + SO, ‘2Fe§ +.30, = 2Fe0 + 250, . 2Cu, 0 + Cu,5 - 6Cu + SO,
_2FeS + 30, ~* 2Fe0 + 250, -2Cu; S +30,; = 2Cu, 0 + 250, Cu,0 + FeS - Cu,S + FeO
"{Fe; 0, and Fe,0, also formed) “Cu,; S +2Cu; 0 = 6Cu + SO, 2Cu,; 0 +S—~4Cu + S0,
3Fe,0,'+ FeS— 7Fe0 + 50, 2Fe0+ 8i0, -+ Fa,+ Si0, " FeS+3Fe,0, — 10Fe0 + SO,

3Fe,0, + FoS = 10Fe0 + SO, 6Fe0 +0, = 2Fa,o,
‘2Fe0 +5i0, ~ Fe,SoO¢ :

" The potential advantages of such a single-step process for producing
blister copper would be: |
1) a reduced amount of material hand11ng due to the absence of inter-
* mediate steps.

2) a 1ow or zero energy requirement, due to efficient use of the energy
obtained by oxidizing sulfides continuously in a single vessel

~3) the production of a single étream of high SO» strength gas suitable
for sulfuric acid or elemental sulfur recovery.

4) the ability to apply on-line, automatic computer control to the
entire copper-making process

5) Tlow capital cost requirements of a single unit as compared to
multiple-unit operations

The Nor&nda and Mitsubishi processes are operating on an industrial scale

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

shut down in 1970 and it has not operated since.
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Generally speaking, smelting produceé SO2 and yo]ati]e oxides of arsenic,
antimony, lead, selenium, tellurium, and other trace elements. Depending
on the material being processed, and the particular smelting system employed,
the dusts emitted in smelting may have commercial value when collected or

may pose pollution problems when emitted to the environment.

The behavior of metals other than copper and iron during smelting is
estimated in Table 6. 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 pointé are:

1) 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.

2) Significant quantities of impurities harmful to copper. also enter
the matte; specifically antimony, arsenic, bismuth, lead, se]eggum,,
and tellurium. Some of these are also recovered as by- products B
during subsequent converting and refining operations. .

3) Much of the zinc reports to the slag from which it can be recovered
by "slag fuming" (reduction) if it is present in sufficient quantities.

Table 6. Estimated Distribution of Elements Other Than Copper and
Iron During Matte Smelting. (Source: Biswas, 1976)

Distribution

Metal ' Matte  Slag  Volatilized®
Alkali and alkaline

' earth metals, aluminum, titanium 100

X Ag, Au, platinum metals 9 1

: Antimony 30 55 15

i Arsenic 3s 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).
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CONVERTING

The process of converting is essentially an oxidation process, no extraneous
fuel being utilized. Air for oxidation is admitted a foot or so above
tuyeres, so when the converter is in the normal operating position, the

air is forced by pressure froﬁ the blower through the matte.

The conventional-type converter lies in a hofizonta] plane and is capéb]é
6f being rotated on its long axis for purpoées of charging and emptying.
Liquid matte from the smelting phase is charged to the convérter together
with s{]ica flux. In the case of a copper rich matte, oxidatioﬁ'commences
and slag begins to form, the oxidation of‘the fron producing the heat
necessary to maintain the slagging action.

‘2FeS + 30, = 2Fe0 + 250, + 224,000 calories
‘The iron oxide produced combines with the silica flux to form an iron
silicate slag which is poured off, more métte and flux added, air readmitted,
and the acéion commences.

. 2Fed + $10, = 2Fe0+Si0, (slag)

When sufficient copper sulfide has'beenvaccumulatedvfn the converter, this
in turnkés oxidized, the product being blister copper (98 tp‘99 percent Cu),
thch is transferred to furnaces for casting into anodes prior to electro-
lytic refining. |

2Cu,S + 30, = 2Cu,0 + 250

2 2

CUZS + 2CU20 = 6Cu + 502

3Cu25 + 302 = 6Cu + 3302

.

In the case of a copper-nickel sulfide matte, separation of the non-magnetic

. copper-nickel sh]fides is generally affected by flotation, the copper



sulfide being conveyed to the copper smeTter, the nickel sulfide being

sintered for the production of nickel oxide.
Typical types of converters include:

1) The Pierce-Smith Sideblown Converter
2) The Hoboken Horizontal Siphoﬁ—Type Converter

3) The Kennecott Converter-Smelter Vessel

Pierce-Smith Sideblown Converter

The Pierce-Smith Converter is an efficient macﬁine whose high air-floﬁg
allow both large coppeg throughputs and the smelting of bulky copper-
bearing materials and scrap that might otherwise be difficult to dispose
of. Outlet gases are genefal]y Tow in SO2 concentration, a consequence
of excessive air infiltration into the off-take hood over the converter

30
mouth (Figure 39).

Hoboken Horizontal Siphon-Type Converter

In the Hoboken Converter, reaction gas is taken 6ff the vessel cdnstant1y
through one end, and matte charged to the convertér through the small
pouring-mouth while the converter is in the upright blowing poéition°
Dilution of the exhaust gas is minimized by controlling the converting

draft to give zero suction at the converting'mouth°

When the converter is being poured or skimmed of slag, blowing air is
discontinued and the weak off-gases are vented to an escape stack rather
than to the acid'p1ant. Significantly, an average of eight percent 502

gas is consistently obtained during converting operations, and three or
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Figure 39. Cutaway View of a Horizontal Side-Blown Pierce Smith
- Converter for Producing Blister Copper from Matte.
(Source: Biswas, 1976) »
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more Hoboken converters are operating on a continuous basis, it should be
possible tovsupply an acid plant with a mixed exhaust gas containing all
of the converter off-gases while avoiding excessive fluctuations in gas

30
volume and 50, concentration (Figure 40).
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Kenneéott Converter-Smelter Vessel

This unit is based on the modificatioh of existing converters to a]]ow éhem
to double as smelting and converting vessels. Pelletized coﬁcentrates and |
flux are fed through the mouth of the converter and aré smelted and converted
to high-grade matte thbough the use of oxy-fuel burners and oxygen-enriched

tuyere air.

In the KCS process a high bath of high—gradé matte is maintained in the
vessel at all times; slag is skimmed peribdica]ly and treated by milling;

and at hourly intervals excess high-grade matte~fs transferred to a finishing
converter for blowing to copper. .Thé process may provide a low-capital
a1£ernative for existing smelters which for some reason do not want to

29
continue operating their reverberatories (Figure 41).

Figure 40.  Hoboken Converter Can Improve Sulfur Recovery but Lacks
Pierce-Smith Unit's Smelting Efficiency.
(Source: Treilhard, 1973)
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- Figure 41. Kennecott's Converter Process Offers an Attractive Low-
Cost Alternative for Existing Smelters.
(Source: Themelis, 1976) -
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In converting,the sulfur from the metallic sulfides is driven off as a
S0, gas and the remaining iron in the system is oxidized. The iron silicate
slag which forms is poured off Teaving the nearly pure metal or metals in a

Tiquid 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 typé convertef. The converting reactiohs are
exothermic and the process is autogenous. Typiqa1 convefters treat 300
to 400 metric tons of matte per day to produce 100 to 200 metric tons of
copper. A smelter will-normally have from three to §ix converters (with
one or more of thesé in the process of being relined or on standby),

depending upon the capacity of thevsme1ting furnace.

Converters emit principally Sdz as a potential gaseous pollutant. Dust
loads in converter gases (also considered as a pollutant) may amount to
10 to 20 tons/day/unit. Seventy;five to 85 percent of the solids generated
settle in the flue system. The remaining 15 to 25 percent is composed of |

smaller particles, and for the most part is removed in dust collectors.

- The dust content depends principally on the chemical compoéition 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 is shown.
in Table 7. This table indicates that, generally speaking, As, Bi, Cd, Ge,

Hg, Pb, Sb, and Sn are extensively removed as vépors during. converting

Awhi]e most of the Zn is removed along with the iron in the slag. The



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

copper and are recovered during electrorefining. J

Table 7. Estimated Distribution (In Percent) of Impurity Elements
During Converting. (Source: Biswas, 1976)

Blister copper  Vapour®  Slag*

Ag 90 0 10

Au 90 0 10

Pt metals 90 0 10

As 15 75 10

Bi 5 95 -0

Cd 0 80 20

Co 80 0 20

Fe 0 0 100

Ge 0 100 0

Hg . 10 90 0

Ni 75 . 0 25

Pb 5 85 10

Sb 20 60 20

Se 60 10 30 o
Sn 10 65 25 (—}
Te 60 10 30 s
In 0 30 70 o

“Not including ejected droplets of matte and slag.
®Including entrained matte.

Converter gases often have entrafned droblets of matte and slag which have
the approximate composition of their respective liquids at the time of
ejection. The solidified droplets are caught in the flue system (generally
in the balloon flues and the electrostatic precipitators) and are recycled

- to the converters. The dusts and vapors from ihe converters are of "
sufficient concentration (contain sufficient copper) to be recycled to

the smelting furnace or to the converter itself. )
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POLLUTION AND POLLUTION CONTROL'

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 ofi
time is a direct function of the se]ectioﬁ (including the type and the
quantity) of auxiliary anti-pollution devices which are capable of

minimizing emissions to the atmosphere.

The following broad categories summarize the sources of man-made atmospheric
air pollutants:

e transportation.

e domestic heating

o electric power generat1on

e refuse burning

o industrial fuel burning and process emissions
Of the major sources of man-made air pollution, approximately 20 percent is
attributable to industrial processes, 30 to 35 percent when pollution from
power generating facilities is included. Major industrial polluters are

classified and categorizéd in Table 8 with estimated annual emission levels.

Pollution control in the nonferrous metals industry (Wh%éh fnciudes copper,

lead, zinc, and aiuminum) is principally confined to air pb]lution, Water

pollution being of secondary consequence. Specific air pollutants include:
e particulate effluents to the atmosphere |

e minor constituents and/or volatile fumes
e sulfur dioxide emissions

Particulate Matter

Particulate pollution control must deal basically with two constituents:

dust particles mfcron—size and larger, and metallic fumes (metals or
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Table 8. Major Sources of Industrial Pollution. (Source: Ross,

1972)
INDUSTRY TYPE OF POLLUTION : TOTAL ANYUAL AMOGY
(Metric tons)
- Particulates Sulfur Oxides Carbon Monoxide Fluorides Hydrocarbons
Petroleum Refining % L] & ] 3,809,500
Smelters ¢ o - 3,764,200
Aluminum .
Copper
Lead
Zinc
Iron Foundaries & L 3,356,000
Kraft, Pulp, and & o L & ) 2,993,000
Paper NMills ' .
Coal Cleaning & Refuse & R ) LI 2,131,500
Coke (used in steel I . 1,995,500
manufacturing) )
Iron & Steel Mills * # ' 1,632,650
Grain ¥ills & Grain & ’ 997,700
Bandling
Cement Manufacturing ® . ) ) : v 771,000
Phosphate Fertilizer . # » # N 283,000
Plaats : o A . .t ..
metallic compounds that have been volatilized at high furnace temperatures, :j>

condensed at Tower temperatufes, and carried by furnace gases into flues).}

- The coarser dust is easily remoﬁed; however, fine dust and metallic fumes
are more difficult to treat due to their size range'(particleé of fume are
very fine and do not settle easily, rather have the tendency to pass through
the stack with the stack gases).} The existance of metallic fumes is
characteristic of the nonferroﬁs metals industry. Table 9 summarizes

particulate emissions for the primary nonferrous metals industries.

The chemical and physical properties of particulate effluents from primary
copper smelters are summarized in Table 10. 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.
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t. Aluminum

A. Preparation of Alumina
1. Grinding of Bauxite
2. Colcining of Hydroxide

B, Aluminum Mills
1. Soderberg Cells
(o) Horizontol stud
bY Vertical stud
2. Preboke Cells

C. Maoterials Hondling

It, Copper

»

« Ore Crushing

. Roasting

« Reverberotory Furnace

Converter

Fire Refining

Slog Furnoces

Moteriols Hondling: Ore,
Limestone, Slog, etc.

nTmogN®
Prii,

o

. Zine
“A. Ore Crushing
B. Roasting
1. Fluidized Bed, Suspension
2. Ropp, Multiple Heorth
C. Sintering ond Sinter Crushing
D. Distillotion
E. Maoaterials Hondling
( . Leod
- A. Ore Crushing
B. Sintering
C. Blast Fumnace
D, Drossing Kettle
Es Softening Furnoce
F. Desilvering Kettles
G. Cupeling Fumaoces
H. Refining Kettles
f. Dross Reverberatory Furnoce
J. Moterials Hondling

Table 9.

Quontity of Material

Emission
Foctor

13, 000, 000 tons bauxite
5, 840, 000 tons cluminag

800, 000 tons oluminum
700, 000 tons oluminum
1,755,000 tons aluminum

3, 300, 000 tons aluminum

170, 000, 000 tons ore
40% of 1,437,000 tons copper
1,437,000 tons copper
1,437,000 tons copper

1,437,000 tons copper

18, 000, 000 tons ore

75% of 1,020, 000 tons zinc
15% of 1,020,000 tons zinc
60% of 1,020, 000 tons zinc
60% of 1,020, C00 tons zinc

1,020, 000 tons zinc

4,500,000 tons ore
447,000 tons lead ~
467,000 tons lead

467,000 tons lead
467,000 tons lead

6 Ib./ton bauxite
200 Ib./ton olumina

144 Ib./ton aluminum
84 Ib./ton aluminum
63 |b./ton aluminum

10 Ib./ton aluminum

2 Ib./ton ore
168 Ib./ton copper
206 1b./ton copper
235 Ib./ton copper

10 1b./ton copper

2 Ib./ton ore

2,000 Ib./ten zinc
333 Ib./ton zinc
180 Ib./ton zine

7 Ib./ton zine

2 Ib./ton ore
520 Ib./ton lead
250 Ib./ton lead

20 Ib,/ton lead
5 Ib./ton leod

Efficiency of Application of

Net
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Emission

Particulate Emissions-Primary Nonferrous Metal Industries.

(Source: Jones,

1972)

Control, C.  Control, C4  Control, C.+Cy “tons/yr,
- - 0.80 8,000
- - 0.90 58, 000
0.40 1.0 0.40 35,000
0.64 1.0 0.64 10, 000
0.64 1.0 .64 20,000
0.90 0.35 0.32 11,000
142,000
Total from primary eluminum industry
0.0 0.0 0.0 170, 00
0.85 1.0 0.85 7,000
0.95 0.85 0.81 28,000
0.95 0.85 0.81 33,000
0.90 0.35 0.32 5,00
Totol from primory copper industry 243,000
0.0 0.0 0.0 18,000
0.98 1.0 0.98 15,000
0.85 1.0 0.85 4,000
0.95 1.0 0.95 3,000
0.0 0.0 0.0 15, 000
0.90 0.35 0.32 2,000 -
Total from primary zine industry 57,000
0.0 0.0 0.0 4,000
.0.95 0.90 0.86 17,000
0.85 0.98 0.83 10, 000
- - 0.50 2,000
0.90 0.35 0.32 1,000
Total from primary lead industry 34,000
Total from nonferrous metals industries 476,000



Particulate

Source Particle Size Solids Loading Chemical Composition
Roasting furnace 15<10 6-24 Cu: 9, S: 10, Fe: 26
Blast furnace - 6.6 Cu: 4.4, Zn: 12.5, S:

) 7.3
Reverberatory 51<37 1=-6 Cu: 6.2, Zn: 13.0, S:
furnace ' © 13.6 Oxides of arsenic,

ontimony, aluminum
silicon sulfates (traces).

Copper matte e= 5.3 Cu: 1.2, Zn: 18.0, S:
converter ‘ 10 (also see reverberatory
furnace)
Copper refining 50<44 - Cu: 7, 5: 1.5
(coal dust ’
fired)
» Coding Key for Tobles of Effluent Chamcteristics

8. General Note:  All data for uncontrolled sources unless otherwise noted.

fl. Specific Notes:

A, Particulates

. 1. Porticle size:
. X<y, x> y.
x = weight percent, y = particle size (u).
. Measuring technique noted, If no notation is listed,
measuring technique wos not reported or is unknown.
2, Solids loading: grains/scf, unless otherwise noted.
3. Chemical Composition: solids = weight percent (unless otherwise

noted).

Table 10.  Effluent Characteristics-Primary Copper Production.
(Source: Jones, 1972)



Technology has been developed to provide equipment which, when operated
efficiently, minimizes the negative effects inherent in a particular metal-

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

either marketable or inert under atmospheric conditions for regulated disposal.

The selection of suitable control devices requires careful consideration
of the characteristics of the pollutants and the equipment capabilities.
Poor system performance in many cases is indicative of poor equipment

selection.

Control equipment is often classified into two categories:

e equipment capable of removing particulates
e equipment capable of removing gaseous pollutants

Equipment available for each of these two broad categories 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 o condensors

electrostatic precipitators

. 16,17
Particulate Matter Removal

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

engineering construction is necessary in all situations where a po]Tutibn
problem is evident. This means that all potential anti-pollution devices

are studied with respect to a particular situation.
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There are certain fundamentals which are applicable to all practical

collectors of particulate matter. These fundamentals are:

1) A1l collectors clean the gas by cont1nuously removing the dust from
a moving stream of gas. 7 T

2) The size of collector and its cost are d1rect1y proport1ona1 to the
gas quantity to be cleaned. :

3) The collection efficiency is calculated by the f0110w1ng formula
(expressed as a percentage)

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

4) 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 11 summarizes the basic types and subtypes of particulate'c911éctors.

Table lé éummarizes various characteristics of thé‘contro1 equipment
described in Téb]e 11. Included are the efficiency‘factors attainable by
éach class of equipment. }Efficiency valués are based on many factors,
some of'whith directly correlate with the parameters énd characteristics

of the original ore concentrate being treated.
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Table 11. Fundamental Operating Characteristics of Commercial
* Particulate Collectors. (Source: Ross, 1972) ’

COST IN $1650 FOR A COLLECTOR
TO CLEAN 100,000 CFM

Typlcal Enargy Eftoct On
Typics! Roquired  Required and % Annyal Cost Colloction of
Plan Areafor Colleclion Cost to for /Mainton- Oporastion at
5 Coliector to Clean Efticiency on Purchase lob anco and Over or Under
. - » Typical Capacity 700,000 cfm* Fine Dust* Shop and Install Powor . Capacity* :
: in cIm of Gas !
Basle Besic Maossure per Basic ;
Qperating and Unit of Mcasure of Inchas fob in- main- pow-
Basle Type Spocitic Type Force Capacity Capacity zq. 1. w.g. % shop® stall fenance or® ovor under
settling gravity casing 20 2600 0.2 To25 10 3 b3 035 down up
chamber volume
(cu ft)
Mechanical baffle intertia fnlet arca 1200-3600 . 300 0.5 40 13 4 2 13 up down
Collectors (sq ft) N
high- centrifugal inlct area 3000-3600 125 4 80 20 5 2 10 up down
efliciency (sq ft)
cyclones
manual filter fabric 14 1000 4 99 as 20 7 10 down no
cleaning cake arca change
filtration (59 1t) X )
Fabric “sutomatic filter fubric 1-4 1000 5 99 €0 30 10 13 down no
Filters shaker cake area ’ change
cleaning filtration (sq 11) °
automatic felt fabric *3-8 L 600 8 99 80 35 15 20 no no
reverse jet fabric arca change change
cleaning filtration (sq ft) :
Impingement liquid baflle cross- 500-600 ' 300 - 4 . 80 30 15. 7 10 up down
baflle Tapture scctional area
(sqfr) )
Wee packed liquid bed cross- 500-700 250 7 90 - 40 20 9 17 down up
Serubbers tower capture . sectional arca '
(sq ft) .
venturi liquid throat arca 7,000 100 30 99 50 50 11 75 up down
* capture (sq ft) to
30,000
single electric collectrode 5 270 0.5 95 3 55 4 1.3 down up
ficld arca
Elgqtrlc (sq (t)
Precipitators multiple electric collectrode 3 500 0.5 29 100 70 8 13 down up
ficld arca .
(sqft)

°Fob shop custs, installation and maintenance costs are based on 1970 mild stecl construc- *Energy costs are based on electric power at $0.015/kwh.

tion costs, and Jo not include auxiliary equip such as supporting structure, connccting ‘Fine dust is considered to be 70% Ly weight minus 10 .

flucs, thermal Insulation, foundations, stacks, ete. They are subject to substantial variation ‘Some collectors can be modificd to maintain collection cificioncy at over or under capacity.
due to the specific fequirements of cuch installation including geographic location, Use only ‘Plan arcas do not include connceting flues.

for general comparison purposeo.

L - o
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REQUIRED UTILITIES

1
| @
‘ H e £
3 Optimum® Optimum Approximate | E R g § =
§ Size Concen- Temperature Pressure l 9 25 s S £ 5 2
= Particle tration Limitations, - Drop | e -84 = ;3 T B = 2 Collected .
Contro! Equipment & {microns)  (grains/cu ) (°F). . (inwg) | & we e =T & & & = Pollutant Remarks
Mechanical collectors: - : ] . !
Settling chamber ~ 50 >5 700 <01 | <50 L X X dry dust | good as precleaner
Cyclone ) 5-25 >1 700 1-5 i 50-90 M X X dry dust |} low initial cost
Dynamic precipitator > 10 >1 . 700 Fan L 80 M X X dry dust
Impingement separator > 10 >1 700 <4 . : > 80 S X X dry dust '
Bag filter <1 > 01 - 500 >4 | >099 L p'e p'e dry dust bags sensitive to humid-
) ity, filter velocity &
- temperature
Wet collectors: g - : i Yoo
Spray tower < 25 . >1 . 40-700/ 05 ¢ <80 L X X X liquid 1. waste treatment re-
) . i . quired .
Cyclonic 5 o> 1 . 40-7007 >2 < 80 L X X X liquid 2. visible plume’ possxble -
Impingement 5 >1 0 40-700f LS 2 < 80 L X X X liquid 3. corrosion
Venturi <1 >01 = 40-700/ ,1-60 <99 S X X X liquid 4, high-temperature -
. . . o .. operation pessible
Electrostatic precipitator <1 "> 0.1 " 1000 el 95-99 L X X dryor sensitive to varying con-
: " R wet dust ditions & particle
S properties
Gas scrubber AR P 40-100 © 10 > 90 ML X X X  lquid same as wet collector
Gas adsorber . Looe . 40-100 - < 10 > 97 L X X ox - solid or adsorbent life critical
3 : s . R i v liquid
Direct incinerator g ; 2000 . <1 > 98 M X X none operating costs prime
O . combustible ' consideration
Catalytic combustion B vapors 1400 >1 @ >98 L X X none contaminants could

! . poison catalyst

-*Minimum particle size collected at approximately 90% efficiency under usual operating *Adsorber: concentrations less 2 ppm non regenerative system; greater than 2 ppm re-

conditions. generative system.
®Space requirements: S, small; M, moderate. L large. *See Chapters 8 and 9 for specific requirements.
*Dependent on solubxhty of pollutant Limited by materials of construction when sprays not in operation.

i

Table 12. Contfol Equipment Characteristics. (Source: Ross, 1972)
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Mechanical Collectors--Mechanical collectors are designed to take advantage

of differences in specific gravity between typical industrial dusts and
the gases in which they are entrained, separating the heavier dust from
the lighter gas. Refer to Table 13 for a summary of the types of equipment

which fall into this category.

TYPE CHARACTERISTICS UNiQUE DISADVANTACES

Gravity settling Physical S{ze-very large Low collection

chanber Installed Cost-low efficiencies on fine
Energy Cost-very low and moderately fine
Maintenance Cost- low . dusta

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

loads
Efficiency At =decreases
overloads
Recirculating baffle Physical Size~small Collection efficiency
collector Installed Cost-low * not sufficient to meet
Energy Cost-low current emission control
Collection Efficiency-low requirements

Reliability-excellent
Efficiency At Low-lowera slowly

loads
Efficiency At =increases slightly
overloads
o
High Efficiency Fractional efficiency
Cyclones (efficlency drops off

rapidly below a certainm -
size of dust)

Draft losses (propor-
ticnal to the square of
the inlet velocity)

Chip trap or cinder tray

trap louvre separator

Dynamic Precipitator

Centrifugal Inertial
Separator

Ordinary Cyclone

Vet Cyclone

Cyclonic Drouplet Collector

Ultra High-Efficiency
Collector

;Tab1e 13. AMechanicaT'Co11ectofs°

Fabric Filters--Fabric filters are versatile collectors used in the removal

of dry, particulate matter from a gas stream. Dust 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
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on the dirty-gas side of the fabric while a]lowing the gas to pass through

- the interstices between the woven threads of the fabric. interstices as

£
large as 100p in typical commercial bag filters (woven fabric media) trap

dust particles as small as 0.5u.

The capability of the woven fabric filter to cq]]ect fine dust is a direct
consequence of the buildup ef a fragile, porous layer of dust on the dirty-
gas side of the cloth. This layer, better known as the fi]ter cake, blocks
the larger interstices preventing the finer dust particles from passing
through. The thickef felted fabrics are less dependent on the formation

of the filter cake. They, however, cannot be c]eaned effectively by shaking

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

The mechanisms responsible for the formation of filter cake include:

e agglomeration of upstream particles

e impaction of larger particles on the fiber
e electrostatic attraction and repulsion

e thermal effects

o coarse sieving by cloth

e fine sieving by filter cake layer

Table 14 shows a typical operating eycle‘of one compartment of compart-

indicated.

The major advantage of the fabric filter is its relatively high efficiency

1.w§t all particle loads from zero to maximum gas flow. Disadvantages

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

Additional problems result from the exposure of the bags to elevated
temperatures causing destruction, or exposure to moisture resulting from

operation below the dew point causing blinding or plugging.
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Alr-to-Cloth
Ratio or _
Cycle Filter Cloth Filter Cake Filtering Velacity Draft Loss Collection
Number Cycle } Status Thickness (tt/min) {in./W.G.) Efficiency
1 new clean zero 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 cycle numbers:
(1) When new and clean, the draft loss across the fabric filter
EEE media is much below 0.5 in. W.G.
] . (2) During the precoat cycle the draft loss will gradually increase
. - as the Jayer of filter. cake is built up: The efficiency will in-
Rt ’ . crease to operating levels of plus 99 percent; the gas dis-
S charge will becomne clear,

(34) During the fikering cycle the drah loss will increase to the
maximuin achpnble level as the layer of filter cake thickens,

(5) The conventional bag house will damper off the compartment
being clcaned. Maximum filter cake is shaken off the cloth
and drops into a hopper under the influenge of gravity. The
vigor and duration of shaking must be adequate to reduce
flter cake thickness from maximum to minimum. Excessive
shaking may reduce collector efficiency by reducing filter cake
thickness bejow minimun,

(6) Compartment is vestored to filtering cycle, Cycles (5), (6),
and (7) are repeated for each compartment by a predetermined
program so that no morc than one compartment is removed
from service at une time.

Table 14.  Operating Cycle of One Compartment of Conventjional
Compartmented Bag House With Woven Fabric. (Source°
Ross, 1972)

Table 15 summarizes the basic types of fabric filters available for

commercial use.

Wet Scrubbers--Wet scrubbers are mechanical type devices which use a liquid,

usually water, to capture and then remove particulate matter from a moving

stream of gas.

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

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

OF GAS FLOW DURING Cost per
Basic FILTERING CYCLE gg :g s gwffj
31 CLEANING TUBES pace oot o
Type of Type of Thry - Thru Ratios Require- Filter
Baghouse Bag Collector Tube Method Cycle (tft'min) ment Media
Inter- woven up inside manual or periodically 14 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 gutomatic tube intermittent 14 very low -
air flow cloth to . collapse by by isolated large
cleaning tube K ‘outside low pressure compartment
: - LT reverse flow
Reverse felted down  “inside travelling continuous on 38 large high
ring jet cloth " T 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 38 large . high
pulse jet cloth to pulsed jet by manifolds
cieaning tube inside while gas
flows

Table 15. Basic Types of Fabric Filters Using Cloth Tubes.
(Source: Ross, 1972) -

L

correspondingly, high energy collectors have high efficiency. The energy
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,
allowing selection of a collector suitable for almost any collection

problem. Collection efficiencies range as high as 99 percént.

Primary disadvantages include:

e disposal problems associated with wet sludges
e high energy costs assoc1ated with the high efficiency
scrubber



® increased material costs where chemical corrosion is evident
e potential problems of plugged nozzles

a

e unavailability of scrubbing liquids of sufficient clarity

o the presence of a visible plume discharging to the

atmosphere
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Table 16 summarizes the basic types of scrubbers available in this category.

WATER : : PERCENT COLLECTION
VS. WATER DRAFT EFFICIENCY ON
GAS FLOW CIRCULATION LOSS FINE DUST
Concurrent or gpm Inches
counter or per water
Baslc Type Specific Type cross 1,000 cim gauge Low Moderate High
tangential inlet concurrent or 3-5 1-4 X
wet cyclone cross
Impingement spiral baffle concurrent 12 4-6 X X
baffle " wet cyclone
single plate concurrent 24 1-8 X
multiple plate concurrent 3-5 6-12 X
X fixed bed concurrent or 10-20 2-4 X
counter
( I;z::‘;d fluidized bed counter 15-30 4-12 X
flooded bed concurrent 2-4 4-8 X
multiple bed counter 2040 4-12 X
Sub wide slot concurrent 15-30 2-15 X X
uorggzgeed circular slot concurrent 15-30 2-15 X X
multiple slot concurrent 15-30 2-15 X X
high-pressure 5-7 30-100 X
. medium-pressure ©ross or 3-5 10-30 X X
Venturd low-pressure concurrent 2-4 3-10 X X
flooded disc 56 30-70 X X
: cross-flow packed Cross 1-4 2-4 X X
Mlscelladneous centrifugal fan concurrent 1-2 . X X
com;irrl:ation multiple venturi concurrent 4-6 20-80 X X
scrubbers combination venturi cancurrent 5-7 15-60 X X
combination fan type concurrent 2-3 e X

*i% hp per 1,000 cfm.

Table 16.

Basic Types

of Wet Scrubbers.

(Source:

Ross, 1972)



Electrostatic Precipitators--The industrial electric precipitator, invented

by Frederic Gardner Cottrell in 1910, separates entrained particulate matter
from gas streams by: , iy

@ charging the dust to a negative voltage (; 50,000 V)

® precipitating the dust onto grounded collecting electrodes

e dropping the agglomerated dust into a hopper

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

efficiency collectors.

In commercial units, the dirty gas is passed horizontally through narrow,
yertica1 gas passages formed by paral1é1 rows of grounded collecting
electrodes. Electrically insulated high-voltage wires are spaced precisely
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 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 preéipitated. 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 - 101! @ - cm.~'

s,

i

~ After a 1/16 - 1/4 inch layer of dust hiéﬁbeéﬁ precip{tated, the dust

86
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particles next to the collectrode have lost 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 |
layer against the collectrode. A sharp rap causes the dust layer to shear
away from the co]1ectrbde, The force of rapping is restrained so as tov
allow the layer to be shattered into relatively large agglomerations of

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

The relatively large agglomerates fall into the hoppers under the influence
of gravity just as in the gravity settling chamber. Most electric precipi-
tators are operated at gas velocities in the range of 3-6 ft/sec to allow

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

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

rapping cycle.

The major advantage of the electric precipitator is its high collection
efficiency with a minimum of operating cost. Other advantages ihc1ude:

e minimum energy requirements of all high-efficiency collectors

® reduced maintenance requirements

® high reliability at any required collection eff1c1ency 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



. published as report PB 204, 861 by NTIS, (October 2, 1971), the gaseous
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Gases

As pointed out in the report "Exhaust Gases From Combustion and Industrial

Processes" by Englneer1ng Science Incorporated of Washington, D-. C s

emissions from copper smelters consist of sulfur oxides (Jones, 1972).

The chemical and physical properties of gaseous effluents from primar}

copper smelters are summarized in Table 17.

Sulfur Dioxide Removal * I

Over 90 percent of the world's pr1many copper or1g1nates 1n su1f1de

m1nera15 so that sulfur in some form 1s a byeproduct of most copper .

processing. Furthermore, most of the sulfur 1s emltted as 502 gas

In the past, and even today, SO2 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 %rom couﬁtry to country, but representative'

requ1rements for controlling copper smelter em1ss1ons are (U S. Environmental

Protect1on Agency):
1) not more than 10 percent of the sulfur enter1ng the smeiter can be
emitted to the atmosphere

2) the yearly average SO content anywhere at ground 1eve1 must not .
exceed 0.03 ppm (by vOlume)

3) the average SO content anywhere at ground level on any one day
must not exceed 0.14 ppm :

There has been a tendency fo build increasingly ta11er'chimney stacks
(380 m, INCO, Sﬁdbury) which might possibly meet criteria 2 and 3, but ) '

these will not satisfy requirement 1.



Corrier Gas

Chemical Composition

Source Flow Rate Temperature Moisture Content
Roosting furnace a. 60 - 131 600 - 890 == SOy: 8
b. 47.3
Blast furnace a. 21,2 248 = COq: 6.5
b. 7.5
Reverberatory a. 50 - 460 350 - 750 4-10 0O2: 5-6, COp: 10
furnace b. 71 17, Ng: 72 - 76, CO:
0-0.2, SOn1-2
Copper matte a. 102 - 750 300 - 650 == $O2: 4
converter b, 364 '
Copper refining a. 16 410 .= --

furnace (coal
dust fired)
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B. Corrier Gas

1. Flow rate: flow-rote dota presented in two forms:
o) thousonds of standord cubic feet per minute, M scfm,
unless otherwise noted.
b) thousands of standard cubic feet per ton of product
processed, M scf/ton, unless otherwise noted.
2, Temperoture: °F.
3. Moisture content: volume percent, unless otherwise noted.
Dew point is in °F. if listed under moisture content.
4. Chemicol composition: volume percent, unless otherwise noted,

Effluent Characteristics-Primary Copper Production.
(Source: Jones, 1972) ‘

Table 17.
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The copper smelter is faced with two major problems:
1) how te“capture most of the SO, and fix the sulfur in a useful or
stable form (e.g. elemental sulfur, liquid $0,, or sulfuric acid)

2) what to do with the product resulting from 1.
Three basic techniques are used to fix SO2 (and other oxy-sulfur compounds):

1) reduction to elemental sulfur

2) manufacture of’su1furic acid (or liquid 502)

3) direct hanufacture of ammonium sulfate (fertilizer) from ammoniacal
leach solutions

A1l of these products are suitable for use in fndustry or agrfcu]ture, but

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

possibly in worked-out quarries or mines. It has been suggested that SO2

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

* form discardable CaSO4 or MgSO4, but these products are of limited

usefulness and their long-term stability is open to question.

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
@ nearness of markets for sulfurous products
e availability of land for product disposal
e water pollution problems

Contact Sulfuric Acid Process--The contact sulfuric acid process is a well-

‘established chemical process for removiﬁg sulfur dioxide from smelter
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Smelter gases are first cleaned pf particulates, sulfur trioxide removed in
a mist cattrell precipitator, the remaining gas stream dried with strong
sulfuric acid. The sulfur dioxide in the dry gas is then oxidized to sulfur
trioxide in a catalytic converter. The sulfur trioxide is absorbed in
strong (98 percentj sulfuric acid to yield the product of the plant. The
tail gas ‘is treated»to remove droplets of acid and normally fs vented to

the atmosphere. Tail gases will contain from 0.2 to 0.5 percént 502.

(Figure 42).8

Cominco Absorption Process--This process is an ammonium su1fite—bi$u1fite

absorption process which involves chemical regeneration with sulfuric acid

to release SOZ'and form ammonium sulfate (Figure 43).

Sulfur dioxide-bearing gas, free of sulfur trioxfde and particulates, is
absorbed by an ammonium sulfite-ammonium bisulfite solution. The sulfur
dioxide in the gas reacts with ammonium sulfite to form the bisulfite.
Ammonia is added to convert part of the bisulfite to sulfite which is
recycled to the absorption scrubbers.: The remaining bisulfite solution is

divefted to the stripper, acidified with sulfuric acid, and stripped with

"air to produce approximately a 25 percent sulfur dioxide gas and a solution

- of ammonium sulfate containing approximately 10 percent of the feed sulfur.

The process will remove 90 percent of the sulfur dioxide from dilute flue
gases, even at concentrations as low as 0.5 percent. Tail gases contain

8
as little as 0.03 percent sulfur dioxide.

Dimethy]ani]ineijDMA) Absorption Process--This process, developed by the
American Smelting and Refining Company is used for recovering sulfur dioxide

ffom smelter gases containing 4 to 10 percent SOZ.(Figure 44),
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Figure 42. Contact Sulfuric Acid Process. (Source: Jones, 1972)

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 1s 3.5-4.0 percent.

The major factor limiting production of sulfuric acid from smelter gases
1s the marketability of acid.

Disposal of neutralized acid poses serious problems for some smelters.
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Comments

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

it has seen only 11

St

ripping

Cominco Absorption Process. (Source:

mited application.

Jones, 1972)

.| Cottrell or
baghouse To atmosphere
thiQDQiEEE* ' S05 to acid plant
Mist l ! -]
SO,
Scrubber cotirell | Scrubber Scrubber H? 4 Stripper
|
I - - H,0 H—Air
| My 'jm%
| Ammonium
| sulfate

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 44. DMA Process. (Source: Jones, 1972)

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

The process can recover 90-95 percent of the sulfur dioxide from weak
gases and 95-98 percent of the sulfur dioxide from strong gases.
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Flue gases are first cleaned, the c]éaned gas stream then passing through a
bubble-cap tower where the SO2 is ‘absorbed by dimethylaniline. Tail gases

from the DMA absorption section in the bottom of the tower are scrubbed

-with a dilute sodium carbonate solution in the middle section of the absorption
tower, thereby recovering }esidua] sulfur dioxide from the gas stream. The
sodium carbonate also neutralizes the sulfuric écid used for DMA vapor

recovery as well as aﬁy acid formed through sulfur dioxide oxidation. The
upper section of the absorption tower scrubs with dilute sulfuric acid to

remove any remaining DMA vapor.

The Toaded DMA sb]ution'is stripped with steam 1in tﬁe stripping section of
the stripping column. Dimethylaniline and sh1fur dioxide are recovered
from the combined aqueous scrubber solutions by steam distillation in the
Tower section of the strippjng tower. The hot gas .stream leaving the _
stripper, containing sulfur dioxide, steam, and dimethylaniline vapor, is
cooled in the upper or rectifier section of the strfppiqg column. In the
presence of %he sulfur dioxide, dimethylaniline vapor is recovered as water
soluble dimethylaniline sulfate. Thi; leaves essentially pure sulfur
Qioxide which can be Tiquffied. The process can recover from 90 to 95
_percent'of the sulfur dioxide from a gas stream containing 2 to 4 percent
sulfur dioxide, and as much as 95 to 98 percent from a gas stream containing

8
8 to 10 percent sulfur dioxide. .

Monsanto Cat-0x Process--The Cat-0x proceés is particularly suited for gas

streams lean in sulfur dioxide. As indicated in Figure 45, the incoming
lean Qas is partially heated by exchange with producf gas effluents from
the converter. The gas is thén preheated to approximately 800 to 900°F,
and finally is oxidized to sulfur trioxide in the presence of vanadium

pentoxide catalyst. Conversions are on the order of 90 percent.
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Figure 45. Cat-Ox System for Smelter Gases. (Source: dJones, 1972)

Comments

The Monsanto Cat-Ox system is essent1a11y 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 su]furic acid formed
fn this final absorption step.
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Product gases from the converter are heat-exchanged against feed gases, the
sulfur dioxide then absorbed in water. Product acid ranging in concentration

from 80 to 93 percent is then recovered in a coolér, with offgases going to

~ the stack after cleansing in a mist eliminator.” Critical areas in the

process include:

1) fly-ash removal upstream of the unit
2) 1life and efficiency of the catalyst
3) quality and concentration of the acid prdduct

30
4) corrosion in the heat exchanger unit .

Wellman-Power Gas Procegs—-The We11mah-Power>Gas system is based on a
cyclical absorption-desorption phase, with sodium.su]fite'501ution'as the
absorbent (Figure 46). During the absorption cyc]e? the sulfite reacts
with sulfur dioxide to form. sodium bisulfite. The reaction is reversed
in desorption, with concentrated sulfur dioxide released and sulfite

regenerated and recycled back into the absorption system.

Gases coming from the smelter must be cleaned of particulate matter before
treatment. Upon enterﬁng the absorber the gases come in contact with the

sodium sulfite solution and the sulfur dioxide is tripped out by converting

the absorbent to the biosulfite form. Exit gases contain approximately

500 ppm when input gas has a sulfur dioxide concentration of 1 to 2 percent.
Desorption is accomp]isﬁed quite easily by stripping the enriched bisulfite

solution with steam in a countercurrent tower (7-15 # stream per #1'.S02)° :

Any entrained stream in the sulfur dioxide gas is removed in a two-stage
condensation process which removes the bulk of the water vapor at a rela-

tively high temperature, and most of the remainder at approximately 120°F.
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Figure 46. Wellman-Lord SO; Recovefy System for Smelter Gases.

Comments

Application qf the Wellman-Lord process to smelter gas is only speculative
and cost estimates recently published are discouraging.

s

(Source: Jones, 1972)
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The product sulfur dioxidétgas contains approximately 10 percent water

vapor, which makes it suitable as feed to a sulfuric acid plant or a su]fur

30
dioxide reduction plant.

Allied SOp Process--The Allied SO, process involves the removal of sulfur.

dioxide from relatively rich sulfur dioxide gas streams. The process
involves direct catalytic reduction of the sulfur dioxide to sulfur using

natural gas as the reductaht,(Figuke'dz),

Gas purification is optional, but generally is considere&'hécessary in
‘order to remove part1cu1ates and excess-water vapor. The cool, c]eén gas
leaving this step is preheated by exchange with hot roaster gases before

going to the reduction section.

Figure 47. Allied SO2 Process Preserves Reaction Heato
(Source: Trellhard 1973)
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In the reduction sect{on, approximately half of the sulfur dioxide is
converted to elemental sulfur by reaction with.methane, creating in the
process HZS' In the subsequent sulfur recovery system, sulfur formed in
the reactor is condensed and the remaining sulfur dioxide and HZS are
reacted in a multistage claus conversion system to produce additional
squﬁr via the reaction:

2 H,S + 50, = 2 HZO + 35 .
A11 sulfur recovered in the condensers is sent to storage and exit gas
incinerated to remove traces of H,S before it is exhausted to the

30
atmosphere.

Bureau of Mines Citrate Process--In this procesé sulfur dioxide bearing

gases are cleansed of dust and fume‘by precipitation or filtering, followed
by water scrubbing. Tﬁe wet gases have the mist removed by another preci-
. pitator, - then pass into an absorber system where they are contacted with a
. éartia]]y neutralized solution of citfic acid. Ninety to ninety-five

percent of the sulfur dioxide is claimed to be removed.

The sulfur dioxide stream next goes to a reactor unit where hydrogen sulfide
.reacts with the absorbed sulifur dioxide to y%e]d elemental sulfur. This is
separated from the citric acid solution by filtration, with the solution

recycled to the absorber.

A small portion of the sulfur product is diverted to a HZSAgenerator, where
it is burned with steam and methane to produce HZS and C02, the 1atterA

g ° o 3 30
‘passing through the process and exiting from the reactor (Figure 48).
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HpS Generation

Citrate Process. - (Source: Jones, 1972)
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Limestone Serubbing Process--A system for removal of sulfur dioxide from

effluent gases by exposure of such gases to materials such as Timestone

exists., Designed systems convert the sulfur dioxide to an innocuous form .

(Figure 49).

Flue gas is precleaned of fly ash, then blown into the bottom of a spray
tower where it is sprayed with a slurry containing 7 to 10 percent powdered

limestone. As contact is made, the limestone redcts with the sulfur f~ml§%§

dioxide to yield insoluble calcium sulfite and sulfate. Slurry effluent AA:}
drains by gravity into a delay-and-mixing tank, wherein éupersaturated
calcium salts settle out before the solution is recycled back to the

scrubber. Fresh limestone is added in this tank.

A portioh of the recycle stream is directed to-a clarifier that return§ a
fairly clear overflow stream to a wet electrostatic precipitator into

which the treated gases flow after scrubbing. Underflow from the classifiers
°is filtered so that precipitated calcium salts can be e]ihinated from the

system and filtrate returned to the mixing tank.
. . } 8
Other limestone-based processes exist, many in various stages of development.

Closed-Loop Control System--This approach to control of sulfur dioxide

“emissions involves the use of special automated instrumentation for the
continuous measurement of su]fﬁr dioxide in thé air. The'system includes
designed monitoring stations, digital computers which question éach monitor
and printing out average 802 values for each station periodically, a full-
time meteorologist, plus supporiing staff with extensive weather data

recording and receiving equipment.

N
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| Figure 49. Lime or Limestone Wet-ScrUbbing Process.
(Source: Jones, 1972)

Comments

In the Limestone Wet-Scrubbing process, a dood qrade of‘txmestone is
required, hence, substantial costs in m1n1nq, hau11ng, grinding, and
calcining will be realized. -

Disposal of the final product will invo1ve.prob1éms similar to those
encountered in acid neutralization.

Is flexible and applicable to variab1e gas flows and sulfur d1oxide
concentrations.



Two techniques are used to limit sulfur dioxide emissions. The first
{involves reaction to increasing concentrations of sulfur dioxide, the
second involves ufiTization of meteorological data in the prediction of

low winds and inversions.

A third technique in the developmental stage involves continuous measurement
of sulfur dioxide emissions with the simultaneous prediction of downwind

502 concentrations at grdund Tevel.
SUMMARY

Pyrometallurgy

Table 18 compares the production features attributable to existing smelting
type operations. Aléo, refer fo Table 19 for a statistical review of tﬁe
salient features of each principal piece of pyrometallurgical equipment;
refer to Figure 50 which illustrates, in a very-génera]ized combined
flowsheet, the various choices in current and developing technology offered

to smelter designers.

Figure 51 compares and contrasts the quality of metal product produced

from the various pyrometallurgical systems. The reverberatory and
‘electrical furnaces produce a matte of compositidn A, unless they are
preceeded by fluidized or hearth roasters, in which case matte is converted
s1ightly to the composition of point B. The flash sme]fing furnace and
also the converting furnace of the Mitsubishi process produce a matte of
approximately 55 to 60 percent éopper, near point C. In,tﬁe Noranda
process reactor, the matte can be converted all the way to point E

(98 percent Cu), unless there is an electrorefining problem due to the

retention of high bismuth or antimony content in the anodes produced. In

104
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this case, the conversion in the reactor proper is stopped at the white
metal stage of point D. The Kennecott converter-smelter process also

29
converts concentrates to the white metal stage of point D.

Table 18.  Production Details of Smelting Furnaces.

TYPE BLAST REVERBERATORY ELECTRIC FLASH CONTINUOUS

Bearth Area (M?) 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,
Sratric tons/day) 1 %987 Cu)

atte 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 (2 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 7.9-11.6 3.0-9.0

(Metric toms of .

charge per day/¥2) .

Total Encrgy in Fuel - 6x105-8x10° 10x105-16x10% 3.5x105-5.9x105 1.1x10%- 6.1x10% 6x105-13x105
(Keal/Metric tom ™ .~ A% . : o

of-chgygg).ﬁ,f‘ L

Total Encrgy &s an 6.75x105 13.33x105 4.18x105 4.45x105 10x105 (without air
Average (Kcal/metrie enrichment)

ton of charge)



Table 19. Salient Features of Ryrometa]]urgicaT Equipment and
Apparatus.

APPAVATTS : DESCRIPTION AND DIMENSIONS CAPACITY CAS GRADES MAJOR DISADVANTAGES MATOR ADVANTACES
#¥ultiple Hearth Roaster Cylindrical-brick-1lined vessel 2-6% S0, More expensive to operate in comparison to

other calcining operations.

Calcine Carryover of 62X in outlet gases.

Fluid Bed FPoaster Cylindrical-refractory-lined 1600 TPD 12-14X SO, Processing difficulties. : Yo moving parts im the combustion chacber.
steel shell Concentrate
Excessive calcine carryover of 80% in outlet Maintenance requirewents are *t s rinimm,
gases.

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

Little excess air is required.

LA A X f X A 2 1 1 ¢ 1 }J ¢y ¥ ¢ ¢ N2 R XR R RXYTITRRRYT T ZREL T oFTUFTYTLTE R E R EN_F E R _§ B K B R _§ 3 _N_ R N N B _JR_ N ¥ N_JR_J_ N _§_J 2 B2 3 1% J
Sintering Machine Traveling straight line grate 1.5-2% S0y Requires a very careful adjustment of the Excellent hearth efficiency.
' physical and chemical conditions of the charge.
25 fe. - 35 ft. long

5 fr. - 8 ft. wide . Sulfur control is not very practical.
(xR -3 R B N K _JF - J J § F K3 E_E_§_N_JX_J§_F R _J_J§ R _J§ 2 R 32 R_B}R_ X _J_ 32 X 2 R _J-3 } }B RON-F-N-E-F.J_R_B B S _BR_N_N_J§_ R 3 _§_ J R § 3 _ 3 3 -B_}_N_ N R J§ B B F B R _§g § -R_J |
Conventionzl Blast Purnace Rectanguler in plan with vertical 1000 TPD 5% S02 The blast furnace is uneble to treat finely The blast furnace has a high productivicy
sldes at the top, inwardly sloping Concentrate ground flotation concentrates. rating.
sides 1a the ceater section, and &
vertically sided hearth at the . The typical blast furnace uses a relatively
bottonm - small amount of fuel.

1.5ax7mx5n

Momoda Blast Furnace 500 TPD 7.3% S0, Lacks capacity for larger smelter operations. Lower BTU requirements per ten of charge
charge 9.5% CO, when compared with the BTU requirexents
3.12 0, . per ton of wet charpe in reverberatory.

Reverberatory Furnace A long horizontal furnace with a 1600 TPD .5-1.0% SO, Thermal efficiency of the reverberatory is low. Furnace possesses flexibility with respect
roof designed to reflect flame charge ) 11-207 of to feed.
down onto a charge on the hearth R sulfur .
content Capable of handling large tonnages of hot
120-150 ft. long; 30-40 ft. wide removed charge per day.

High terperatures 1400-1700°C
Tapping temperature 1100-1300°C

Gas temperatures 1100°C

Elecerie Purnece Rectangular in cross-section with a 2-4% S0 High hydrostatic heads attributable to deep It 18 completely versatile and it can be use
firebrick spring-arch roof and a layered slags constitute a definite furnace to smelt any and all materials.
basic-brick inverted-arch bottom . operating hazard.
It produces srall volumes of effluent gas
Bath runaways are a major hazard. (consisting of N, from infiltrated air, CO’

Py
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1. e 19, (contd.)

lleetric Purnace (cont.)

Copper matte is more difficult to produce
than nickel matte.

Furnace makeg little use of the energy which
is potentially available from oxidizing the

sulfide minerals of the charge.

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

and COg from electrode-slag reactions and
S0, from sulfide oxidation).

The SO, concentration of its e“fluent gas
48 readily controlled by adjusting the
amount of air which is fofiltrated {nto the
furnace.

It makes efficient use of electrical erergy.

Fiash Purnace (Cutoku=pu) W0z wxda
(not autogenous)

Fequires ¥ the fuel of an

eguivelent (¢ry) rever-

beratory scelting process.

Slags are too high in copper content to be
discarded. An additional electric furnace
18 needed to treat both flash furnace slag
and converter sglag.

Jts small physical size supports & large
throughput.

It is very econorical in its use of fuel,
the greater portion used for air heatirg,
and therefore, of low quality.

The gas produced is a gocd feedstock for anm
acid plant.

Direct production of elerental sulfur in
the flash-smelting erlssion systen is
being developed.

Flash ru}paéq iiNCO) Small heattthype furnace

(autogenous) - -
e 2axbmxim

3

Slags are too high in copper content to be

discarded. Additional treatment is needed
for both flasgh-furnace slag and converter
Blag.

It has a cuch lover oversll energy
requirement.

Its volurce of effluernt gas (per tor of
charge) 1a snall due to the absence of
nitrogen and hydrocarbon cocbustion products,
which means that ite gas-collection equip-
ment requirerent 4is small.

The SO, concentratior in its effluent gas
18 very high (€07) which sirplifies SO,
removal as sulfuric acid, liquid SCy, or
elerental sulfur.

Dust losses are low due to a relatively
small voluretric gas~-flow rate.

Its productivity (tons of charge per day/¥?
of hearth area) is approximately 30X higher
then that of the Outokunpu process.

Plerce-Snith Sideblown Cylindrical steel vessel lined
Converter ; with basic refractory bricks.

13 ft. diameter; 30 ft. iength

Relatively low concentration of S0z in outlet

gas.,

Very efficient as a srelting machine under
certain modified conditions.

L0OL



Table 19. (contd.) ] o . S .

Hoboken Horizontal Siphoa- 56.5 TPD 8% S0, Capital costs are high than Pierce-Smith
Type Converter . blister . converter
copper

Capacity per unit size is lower than ’
comparable units.

Efficiency as a smeltirg machine 18 low.

Mitsubishi Process (Continuous) 500 TPD- 12-15% SO2 The Mitsubishl process may not be suiftable
1500 TPD . for treating high impurity concentrates.
concentrates (Concentration of irpurities in the

blister copper is likely to be high.)

The wulti-step Mitsubishi process produces
SO0z-bearing gas in each of 1ts three
furnaces and a more extensive gas~
collection system is required.

The systen is pollution free, all exit pases
have a SO, content greater than 10% which
will permit recovery of sulfur aes sulfuric acid

Capital investoent is 70X of that needed to
build a conventional swelter.

Operating costs are reduced due to a staller
work force.

Blister copper requires relatively little
fire refining due to its relatively low !
(.1-.92 S) sulfur content.

Slag recycle to the melting furnace is kept
to a minimum by the small production of
slsg. s

WORCPA Process (Continuous) ’ 9-12% S0, The heat from the oxidation reactions is

{Ceilizes subrerged lances) ! not available to the settling branch. As
a consequence, hydrocarbon fuel must be
burnt in the settling branch and large
volumes of combustion gas, dilute in S0p
(1 or 2%) are produced.

Only a small part of the furnace is devoted
to copper-making reactions and hence the
productivity of the furnace is low, 2-3
tons of charge per M2 of hesrth area.

Capital costs 20-30% telow tha: of reverherator
converter plants.

Lower operating costs, with savings deperdent
upon local costs for fuel, power and labor.
7

Economic viability at low anrual throughputs=~
possible 10,000 to 20,000 tons/year of copper.

Efficient recovery of typroduct :ulfur frem
continuous SO, emission.

Process takes metal rather thaq,métte directly
from concentrates.

Most of the exothercic oxidation reactions are
generated and continued within the liquid bath.

Injection of oxygen~containing gases via
lances creates turbulence and continuous flow
in the smelting and converting zones.

In the converting zone, slag woves by gravity,
generally countercurrent to matte and metal.

Copper content of the slag 1s reduced te
throwaway levels as the slag flows through
the smelting and slag-cleaning zones; there
is po revert slag.

801




M @\L‘ 19. (contd.)

TORCRA Process (cont.)

Offpases generated in the smelting ané con~-
verticg stages are cocbined and leave the
furnace continucusly. S50, concentration is
mostly 4n the 9 to 12% range.

forznda Process (Continuous) Forirzontal cylindrical furnace 800 TPD-

(Cses subrerged tuyeres and with a raised hearth et one end, 1600 TPD

8 rotatable reactor) . and a depression near the middle concentrate
i in vhich the copper collects.

13 fe. diameter; .60 £¢. length

The sulfur content of Noranda process blister

copper (1-27 S) is considerably higher than
that of conventional converter copper and
hence requires more air and a much lower
oxidation period in the anode furnace.

The Noranda process may not be suitable for
treating high impurity concentrates.
(Concentration of impurities in the blister
copper is likely to be high.)

Kennecott Converter-Smelter 400-500 TPD
Vessel ’ concentrate

AT

¥
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Figure 50.
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Figure 51. Copper Matte Composition Dia‘gf‘am:» (Source: Rutledge, 1975)
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Data gathered from existihg operations have been tabulated in graphical
form and are displayed in Figures 52 through 91. The first family of
curves (Figures 52\through 61) represent computer print plots of the
distribution of the major elements of the concentrate into the matte,
slag, anﬁ other phase categories (product catggofies resujting from the
pyrometallurgical treatment of the concentrates). The "other" phase

category inc]udeé elemental distribution into the particulates, gases, -

. fugitives, etc. A1l curves relate elemental distribution to the matte

grade (percent copper in the matte). Assuming that the curves are truly
indicative of the distribution of the elements during smelting, these
plots indicate the change in the distribution of said elements with a

change in matte grade. As the matte grade increases:

the distribution of copper;
decreases in the matte phase
increases in the slag and "other" phases
reaches a minimum value in the matte phase at approx1mate1y
a 40 to 50 percent copper matte grade
the distribution of nickel;

e decreases in the matte phase
e increases in the slag phase

the distribution of sulfur;

e decreases in the matte phase .
@ increases in the "other" (gas) phase

the distribution of iron;
e decreases in the matte phase
e increases in the slag phase
This information may be of use to the metallurgist in predicting trends to

be anticipated with changes in operating procedures. The error bars,
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