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Table 1 Arsenic residue content of main elements (mass

fraction, %)

Cu As Zn Co Ni

47.27 10.67 5.78 243 0.74
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Fig.1 XRD pattern of arsenic residue
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Fig. 2 Leaching experimental device
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mE 2 iy, MEAAPRE, SR HERS
2.68%, iR HREFEE 2.98%. FEE RS,
FEE IR H I R8T i IR FE A 40 CHE= 3 95 °C,
fil, BER R BN 73.91%F0 86.51%E 11 100%.

o T Bl ARV AE BV TR R AR I 3 S
wr:
2Cu;As+40, + 60H™ =3Cu,0 +2As0;” +3H,0 (2)
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Table 2 Effect of temperature on leaching rate of

cobalt/nickel residue containing arsenic

Leaching rate /%

Temperature/'C
As Cu Ni Co Zn
40 73.91 0.43 0 1.89 86.51
60 82.96 1.96 0 2.01 100.00
80 95.93 2.68 0 2.21  100.00
95 100 1.50 0 2.98 100.00
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4Cu;As+110, +120H™ =12Cu0 +4AsO3 +6H,0
3)

4CoAs+70, +120H™ = 4C00 +4As0}” + 6H,0  (4)

4NiAs+70, +120H™ = 4NiO + 4AsO;” +6H,0  (5)

M Zn-H,0 £ o—pH B AT F 1, pH>14 i,
Zn FEVEIH UL ZnO3™ TERAFAE, 4 Zn 9332 R R0
(67~

2Zn+0, +40H™ =2Zn0%™ +2H,0 (6)

B 3Q)~S)FTE H, SR AR Sebr 24
i & @A SRR, T A AT AR B
HEAT, WEMFRNEETR, BEERENF G, RN
BT MK, HRESEhRA =, 7EEE N 80 CHY, fif
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IR R B
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Fig. 3 Effect of alkali concentration on leaching rate
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Fig. 4 XRD pattern of crystalline
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TER NI E 80 'C, YR EL 5:1, Bk F 5 mol/L.
HH 250 r/min ZAF T, ANENR H I TADG S iR B R
HsEm e 5 fis. (RN I RGN (<48
h), #1383 5N 2.68%, 44 1R R BN 2.84%.
RHE A 6 h ZEKF] 12 h, FEIR R H 87.55%TF
mE] 100%, FEMRHFEH 81.09%IGME] 100%. fE
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Fig. 5 Effect of reaction time on leaching rate of elements
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Fig. 6 XRD patterns of different leaching time residue
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¥ 250 r/min 500 T, B EE TR X e RS R R
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Fig. 7 Effect of liquid-solid ratio on leaching rate of elements
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Fig. 8 Effect of rotating speed on leaching rate of elements
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Table 3 Leaching rate of verify experiments

Experiment Leaching rate /%
No. As Co Cu Ni Zn
1 99.97 221 2.08 0 100
2 100 2.08 1.89 0 100
3 100 2.43 2.14 0 100
4 99.99 227 2.05 0 100
5 100 2.09 1.97 0 100

ESEEREFMT, SR PFREEN:
N 99.99%; Eih 2.21%; H1H 2.03%;: BN 0%; £
N 100%, IEEIT . BAERORE.

SRR N IR ST 0T, B SILERTN
BN UNER 4 FioR, R EERO R, B RSEAN
&g, LTR iR, bl 68.24%, i 3.04%.
MR HE K] XRD A E H(LE 9), . Bitb LI
I RAFLE

x4 BB

Table 4 Composition of leaching residue (mass fraction, %)

Cu Co Ni Zn As
68.24 3.04 0.87 1.4 0.01
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Fig. 9 XRD pattern of leaching residue
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Je SR AELRE £, N 11.617 kI/mol, Tt HA%,
TS 1) SR H 3 B s il o AT T PR 2 1 S5
SER B AE, BN 60 CHENE| 95 C, MR
AT 17%; HHEEEEM 50 r/min NE] 250
r/min, NS HRBINT 55.4%. XTHATEH, HEE

0.7
6t ////;"/fa
o\o 05'
2
5 04
o
£
=
: 03 a0 C
= —60 C
02
s—80 C
0.1} 90T

05 10 15 20 25 30 35
Time/min

B 10 AS[FJE S X R (5
Fig. 10 Effect of different temperature on arsenic leaching

rate
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Fig. 11 Fitting results of kinetics equation of arsenic leaching

at different temperature
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Table S Ink and n of arsenic leaching at different
temperatures
Temperature/K Ink n
313 —0.9597 0.2386
333 —0.6565 0.2336
353 —0.4538 0.1795
363 —0.3218 0.1523
-0.2
-0.4r
= -0.6f
-0.8r
-1.0 : . .
2.8 3.0 32
T7/107K™!
B 12 R AR TR S Ink-1/T &
Fig. 12 Ink—1/T curve of arsenic leaching at different
temperatures
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Fig. 13 Effect of different alkali concentration on arsenic
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B TR FRLE 1) S ) R S AL BE N 11.62 kI/mol, J& T3
HEdl; PR EECHN 0.69.

3) AR BE] 5 P4 68.24%,

£h 3.04%, % 0.87%, HEH{E 0.01%, W T4,
B AR — 25 B,

REFERENCES

(1]

[2]

[3]

(4]

[3]

[6]

[7]

oK, AR, 2= 0 NI R R Bl 5 B Bl T R o R R TR
Iz B FEI]. PR KR R (SRR AR, 2013, 44(12):
4881-4886.

WU Tie-bin, YANG Chun-hua, LI Yong-gang. Study on the
control of waste acid addition in cobalt removal process of zinc
arsenic in wet smelting process[J]. Journal of Central South
University(Science and Technology), 2013, 44(12): 4881—4886.
KRR, ZEILAe, F oA, BRI Y BE IR0 A B B R B
R, BEIES K, 2009(4): 60-63.

LIU Song-lin, LI Jiang-hua, MENG Wen-jie. Resources
treatment technology of arsenic sulfide residue[J]. Powder
Fertilizer & Compound Fertilizer, 2009(4): 60—63.

mgoRt, HEE, Fh &, KRR, KEBH LSSVM TR
AL AL RR S P RO R D]. v A (e 241, 2012, 22(8):
2382-2386.

WU Tie-bin, YANG Chun-hua, SUN Bei, ZHU Hong-qiu.
Application of grey fuzzy LSSVM prediction model in zinc
purification and cobalt removal[J]. The Chinese Journal of
Nonferrous Metals, 2012, 22(8): 2382—2386.

TR, % K. WHREETZHORED. PEA AR,
2011(3): 20-23.

WANG Hong-zhen, WU Hao. Study on purification process of
arsenic salt[J]. China Nonferrous Metallurgy, 2011(3): 20—23.
AR, B L 2 R A SR R (] P E A a4,
2015(5): 4-7.

ZHAO Xiao-chao. Optimization of arsenic salt purification
process and production practice[J]. China Nonferrous Metallurgy,
2015(5): 4-7.

TR, SRS, A PR VE MR I AL R I A B ALLT].
B L ROREIST), 2001(1): 10-13.

NING Mo-gong, ZHANG Yun-gong. Experimental study on
treatment of cobalt nickel residue by hydrometallurgy[J].
Nonferrous Metals(Extractive Metallurgy), 2001(1): 10—13.
O KN, RER, TR HUEOTE Fe-MnO, 1 5E
TR ED] PEA 68 ESIR, 2017, 27(10): 2170-2179.
XU Hui, MIN Xiao-bo, LIANG Yan-jie, WANG Yun-yan.
Stabilization of arsenic-containing waste residue by mechanical

activation of Fe-MnO,[J]. The Chinese Journal of Nonferrous

(8]

[10]

[12]

[13]

[14]

[15]

[16]

Metals, 2017, 27(10): 2170-2179.

BN, BERUE, 9K W R MR IR A B AR ]
BB 48 1732 T E, CN105567999A[P]. 2016—-05-11.
LIAO Jin-peng, DUAN Liang-hong, ZHANG Li. A method for
recovering valuable metals from cobalt-nickel residue cleaned by
wet zinc smelting: China, CN105567999A[P]. 2016—-05—11..

YU Guo-lin, ZHANG Ying, ZHENG Shi-li, ZOU Xing, WANG
Xiao-hui. Resources utilization of arsenic extraction and arsenic
salt preparation in arsenic-cobalt-nickel slag[J]. Transactions of
Nonferrous Metals Society of China, 2014, 24(6): 1918—1927.
MOCE, X—7, Ftede. — IR HRER il 15 10 B B
FEUA AN AR R T R B, CN102534235A([P).
2012—-07-04.

LIN Wen-jun, LIU Yi-ning, DOU Chuan-long. A method for
recovering valuable metals from cobalt-nickel residue purifying
from arsenic-smelting zinc-arsenic salt: China, CN102534235A[P].
2012-07-04.

WrRifgis, 8 &, AN, —MRiE e i s i b A i
JLERMIIREUT % HIE, CN102965499A[P]. 2013—03—13.
CHEN Hai-qing, TAN Ling, WEN Jun-jie. A method for
extracting valuable elements in zinc smelting arsenic salt
purification residue: China, CN102965499A[P]. 2013-03—13.

w AR, FBRRAL, AEAR. — b el R R B ) A
B Eh 7 %: HIE, CN102925701A[P]. 2013-02-13.

ZHANG Ying, ZHENG Shi-li, YU Guo-lin. A method for
preparing arsenate using arsenic-cobalt-nickel residue wet-alkali:
China, CN102925701A[P]. 2013-02—-13.

MRER, EE, & W, & IR — P EER e [ b
J7i%: HE, CN201810519112.6[P]. 2018—09-28.

CHEN Ai-liang, QIAO Jin-xi, LONG Shuang, QIAN Zhen. A
method for recovery arsenic-containing cobalt removal residue:
China, CN2018105191094[P]. 2018—09-28.

REM, T B, FREAL. B RIS B TR A B AR B
HLBE[T]. 32 TRE2E3R, 2013, 10(6): 939-945.

YU Guo-lin, ZHANG Ying, ZHENG Shi-li. Oxidation leaching
mechanism of arsenic-alkali in residue containing arsenic, cobalt
and nickel[J]. Chinese Journal of Process Engineering, 2013,
10(6): 939-945.

Fbke. BEFIEM]. U BREHARL, 2005: 174-176.

LI Hong-gui. Metallurgical principles[M]. Beijing: Science Press,
2005: 174-176.

VREES, R, R0, RN & L2 i1 ).
o E g E AR, 2001, 10(3): 510-513.

CHEN Bai-zhen, TANG Ren-heng, GONG Zhu-qing. The
thermodynamic analysis of the preparation process of copper

arsenate[J]. The Chinese Journal of Nonferrous Metals, 2001,



2528 B 11 1

T, 5 B UEAHIR & e

2365

[17]

10(3): 510-513. [18] #hKitl, BEERK, #%

UK. WA AR B SR B AR B T

ik, REM, MR, EROE, 5k B PSR
OB OE AL S AR R B 5 i B, CN104451198A[P).
2015-03-25.

ZHANG Ying, YU Guo-lin, ZHENG Shi-li, WANG Xiao-hui,
ZHANG Yi. A method for enhanced oxidative leaching of
arsenic in arsenic-cobalt-nickel slag: China, CN104451198A[P].

I FEE) Iy 22, R R R (B AR AAR), 2013, 44(9):
3599-3603.

SUN Pei-mei, TONG Jun-wu, XUE Bing. The kinetics of
dissolution process of alumina clinker extracted from fly ash[J].
Journal of Central South University(Science and Technology),

2013, 44(9): 3599-3603.

2015-03-25.

Alkali leaching of cobalt/nickel residue containing arsenic using air

QIAO Jin-xi', LONG Shuang?, MA Ya-lin', QIU Yang', CHEN Jing-yang®, MIAO Hua-lei’, CHEN Ai-liang'

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Zhuzhou Smelter Group Company Limited, Zhuzhou 412000, China)

Abstract: Arsenic and zinc are efficiently leached in an alkaline system using air as an oxidant. The results show that the
appropriate leaching conditions are listed as the follows: The alkali concentration is Smol/L, reaction temperature is
80 ‘C, reaction time is 12 h, liquid to solid ratio is 5:1. Under the above conditions, the leaching rate of arsenic and zinc
in the residue can reach more than 99% and that of cobalt and copper is below 2%. Nickel is not substantially leached. Its
apparent activation energy is 11.62 kJ/mol. It can be seen that the oxidation of arsenic leaching is mainly controlled by
diffusion. The average reaction order is 0.69. The leaching residue contains 68.24% Cu, 3.04%Co, 0.87% Ni, and only
0.01% of arsenic. It is conducive to the further recovery of copper, cobalt and nickel. The alkali leaching has simple
technical operation and low cost. The technology avoids the generation of highly toxic AsH; and has practical
significance for the comprehensive utilization of arsenic resources.
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