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Fig.1 Migration of arsenic in ISA furnace smelting process
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Table 1 Reaction equation of copper concentrate and arsenic in smelting process

F5 TN BB ANy s N AG, 9 /K
1 T/ W 3Fe0 +1/20,(g) =Fe;0, -290.2
2 pragen 2CuFeS, +0,(g) =Cu,S +2FeS + S0, (g) -249.8
3 o HR R 2Fe0 + Si0, =2Fe0-Si0, 177
4 W IR Cu, O + FeS =Cu, S + FeO ~127.6
5 Wk 2Cu,S +30, (g) =2Cu, 0 +250, (g) _25.2
6 WK/ i A Cu,S +2Cu, 0 =6Cu + S0, (g) _45.5
7 Her K IR As,05 = A5, 05 (g) +0,(8) -21.3
8 TR/ R 2As(g) +2.50,(g) =As,0; —479.8
9 i As,05 +2C0(g) = As,0,(g) +2C0,(g) 23309
10 B/ TR M 2As(g) +1.50,(g) = As,0,(g) _501. 1
11 T/ W As, 05 +Fe,0; =2FeAsO, ~136.9
12 g 2FeAsS +50, (g) =Fe, 05 + As, 05 (g) +280,(g) ~-1170.8
13 TR/ W 2AsS(g) +3.50,(g) =As,0,(g) +250,(g) ~776.8
14 Hes 24,05 (g) =As; 06 (g) -102.5
15 it 2As8(g) +3.50, () = As,04(g) +250, (g) ~1051.8
16 YE B/ W 2CuzAs +28,(g) +6.50,(g) =3Cu,S + As, 05 (g) +550,(g) ~898. 1
17 I As, Og =2As, 0, _4.6
13 S 4As0(g) +0,(g) =As,04(g) ~114.8
19 et 3FeAsO, +7/2C0(g) =3/2As,0, +Fe, 0, +7/2C0, (g) _353.9
20 g 2Cu;As +3Cu, 0 =As,05(g) +12Cu ~98.8
21 fipn 4As +50,(g) +6Na,CO; =4Na;AsO, +6CO, (g) _439.4




2022 4E8 A% 4

AL AR S . SRR AR i P rh T R A R S A i O 1k - 63 -

—=— 2Cu,AsS +6.50 (g)=3Cu,S+As,0,(2)+550,(g)
—o— 2FeAsS+50),(g)=Ie,0.,+As,0.(2)}+250,(g)
—— 2AsS(g1+3.50,(g)=As,0,(2)+250,(g)

—— 2As5,0,(g)=As,0,(2)

—— 2As(g) + 1.50,(2)=As,0,(g)

—; As,0.4+2C0(g)=As,0,(g}+2C0, ()

—— 2As(g)+2.50,(g)=As,0,
—— Asz()3(g)+02(g)=Asz()5
—— As,0+Fe,0,=2FeAsO,
—v— As,0,=As,0,(g)+0,(2)

+A5205(g)+02(g):A5205
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Fig.2 Arsenic chemical equation in an oxygen-enriched smelting furnace
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Table 2 ISA Furnace Electric Dust Collection
Component

%y G
Cu/% 0.939
Fe/ % 0. 604

S/ % 7.232
As/ % 10. 041
Pb/ % 44.751
7n/ % 6.950
Sh/ % 0.309
Bi/ % 1. 604
Ca0/% 0.036
ALO3/% 1. 685
Au/(g-t7) 0.275
Ag/(gt™") 68. 467
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Fig.3 XRD Patterns of ISA electrostatic precipitator
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Table 3 Converter slag and crude copper

composition %0
L% ek YRR
Cu 3.681 98. 673
Fe 45.722 0. 055
S 0. 608 0. 081
As 0.110 0. 131
Pb 4.736 0.223
Zn 4.615 0. 004
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Table 4 The compositions of anode copper

Ay ope
Cu/% 98.98
Au/(g-t7) 11.95
Ag/(gt™") 1172.24
As/% 0.24
Fe/% 0.01
S/% 0
Pb/% 0.25
7n/ % 0
Sh/% 0.07
Bi/% 0. 02
Ni/% 0.08
Sn/% 0.01
Se/% 0.11
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Table 5 Distribution of arsenic in smelting process

- — As &R/ A
t /%
A M 49.90 96. 08
BAWE S A 2.04 3.93
it 51.94 100. 00
SCRE R AR 30. 57 58. 84
AR 2.36 4.54
L G2 A 2.19 4.21
TK Wi 4.45 8.57
ek 0. 61 1.17
SR BRI 021 0.40
Bl BRI A 3.43 6. 61
FH AR 5 0.21 0.41
FAbBIR (RIR RS ) 7.92 15.25
it 51.94 100
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particles in anode copper by SEM backscattering
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Fig. 6
guide pipe of ISA Furnace
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Migration characteristics and control methods of arsenic in
copper smelting by ISA process
ZHAO Li-heng, ZHANG Xin, SHU Bo, YU Bin, YANG Bin, GAO Rong
( Chuxiong Dianzhong Nonferrous Metals Co. , Ltd. , Chuxiong 675000, China)

Abstract: When high arsenic copper concentrate is subjected to pyrometallurgy, arsenic and its compounds mostly
volatilize into gas phase (offgas) , which leads to a series of problems such as high operation cost of equipment and
serious environmental pollution. This paper took the ISA furnace-PS converter-anode furnace intensive copper
smelting process as an example, studied the state and migration characteristics of impurity arsenic in ISA furnace
smelting, cleaning furnace reduction, converter converting and reverberatory furnace refining, of which 58. 8% of
arsenic entered ISA furnace dust and 0. 4% remained in anode copper. In this test, oxidation volatilization method
and alkali addition slagging method were applied, and the control measures of three procedures, namely smelting,
converting and refining, were put forward. According to the arsenic characteristics of easy volatility and difficult
solidification, the control methods such as injecting alkaline impurity remover and installing ISA furnace guide pipe
can improve the arsenic solidification effect and arsenic removal amount in pyrometallurgical stage, and solve the
problems of large amount of arsenic-containing dust in smelting and high arsenic content in copper products.
Key words: arsenic; copper smelting; migration characteristics; control method; ISA furnace; PS converter;

anode furnace



