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Table 1 The compositions of mother liquor of CuSO, after concentration-crystallization stage

FE i = Cu/(g-L7") As/(g'L™")  Bi/(mg-L7') Sb/(mg-L™'") Na/(g-L™") Ni/(g-L™") H,80,/(g-L7")
I 31.71 26.71 258 1030 3.86 16.24 279.9
I 28.25 23.92 448 624 1.934 17.59 353.8
I 27.20 26. 02 780 882 3.54 14.83 353.0
v 31.89 24.72 558 676 2.97 17.37 336. 4
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Fig.1 Schematic diagram of novel arsenic purification process from copper electrolyte

and its resource utilization
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Table 2 The effect of different arsenic precipitation agent on arsenic removalefficiency

N—— P Cw/ As/ Bi/ Sh/ Ti/ H,80,7  As BiBRZ/
(L) (gL™)  (mgL™)  (mg-L™') (mg-L7') (gL' BHFE%
X 30. 34 14.59 134.9 35.01 520. 1 298. 6 48.8
L i WOKEIE R 30.10 13. 19 90. 69 59.76 771.2 255.8 48.2
SRR SR ROE I ALk 33.02 17.98 133.7 174 678.2 254.2 37.7
R Tk 30. 67 18.57 217.9 133.4 611.5 273. 4 37.4
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Table 3 The effect of TiOSO, -nH,0 dosage on arsenic removal efficiency

m(As):m(VLER)  Cu/(g-L°") As/(g'L™')  Bi/(mg-L™')  Sb/(mg-L™') Ti/(mg-L') H,S0,/(g-L™") AsikxF/ %
1:1.2 31.57 14.59 134.9 35.01 99.27 298.6 48.8
1:1.8 31.43 6.50 128.1 13.97 130. 4 299.1 79.3
1:2.8 32.36 2.03 115.2 25.21 760. 8 320.7 93.4
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Table 4 The effect of reaction temperature on

arsenic removal efficiency and titanium dissolution

i DUMUS W As & DUMUSW Ti & As BB
R/
Ji/(g'L’I) E/(mg'[ﬁl) R/ %
a7 15.72 828. 1 27.71
40 11. 40 698. 2 52.34
60 10. 54 540.3 60.78
80 4.02 208.5 84.54
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2,14 2 S BRIRR BE X A A8 R BRI A 1) 52 i)
B i B 11 500 mL, 6% R 480 Bk - R K & 9

RN g R Y 1.2 A%, R RO I E] 1.5 b

FR A E 40 °C, %5 2845 i BE VB B8 Wk BE 43 0l R

50 g/L.100 g/1.200 g/L.353 g/L( JERFR ) B X it

40 °C, HEBLERF ] 52% ZE AT A IOOT R 2R, O PCR BBRIE AR i sm il 8 1 3R 5,

RS AR REIRRR L XL A SR ARV i ) 5 0
Table 5 The effect of H,SO, concentration of crystalline mother liquor on arsenic removal

efficiency and titanium dissolution

WG H,80,/ 245 H,80,/ DUEW As i/ TUR SR Ti 5 i/ .
I ] As BiRZE/ %
(g-L™") (g-L1) (g:L7) (mg-L™")
50 43.22 14. 43 15.7 40. 12
100 81. 54 13. 40 124.7 43.96
200 184.2 12.47 373.4 47. 88

353 (JRIRE ) 345. 1 11.40 598 52.34




.38 - T EHKRE & S 4 BIETE

W 5 BN, 78 40 °CF B Bk 2R It 25 R 2
P IR e, LR B8 sy, K ) S A i 2R K, TR R K
FE R R BERR IR 25 1 5 Bl 5 e A= I KR ( PT g
PEFURFRE 43 i IR EK IR ) 2, 106 B 13 1R 2% 1 7R 5
T BRIV AR o DR PR BRI TR B 25 R R 4
AN RN RA 25675 18 25 S BRI B R i
IR
2.1.5 27 kA Kok At A 255 SR ) 5 g

B i R T 500 mLL, 87 R 8Bk - BRI K &4
TN R A Y 12 A% TEREFE A T R
iR 40 °C, B EE NI E S 4 h 6 h 8 h M 12 h
TR R, S as RIE LR 6,

W 6 Frow , A W i 5 i Bl S R B [ 1 184
TR/, 24 5 I E] Sy 8 h BF, T R TTHE N 60%
ZeA RS A w5 N7 B R) X A A 58 B s ] B 3870
IEAI 8B SN R BE A 40 °CF, I N ] 8 h e
JeA e K S BT A 538. 1 me/L [ % 97. 2 mg/L,
Ui FH B BB N A R A, i g e ] 3 e 25 7
AR AR AE LA T P Ak S S R R AT S A AR

6 SN [ED XA 5 A A A R )
Table 6 The effect of reaction time on arsenic

removal efficiency and titanium dissolution

RV USRI As Fi/ VIR T SE/ BBERR/
A ]/ h (gL (mg-L") %
4 14. 46 538. 1 44.43
6 12. 85 373.6 50. 61
8 10. 84 97.2 58.34
12 10. 02 81.6 61.49
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Table 7 The effect ofliquid-solidratio and NaOH concentration on arsenic leaching efficiency and first circulated

arsenic removal efficiency

Ik NaOH TR H 51 TR H 10: 1
HeRE/ BRI R HR KM NaOH MK —kIEFFE BRI #RINR, ZAINaOH 6 —IRFEFFH
(g-L7Y)  BEE/(g LY % B/ (g L7 BBRFE/ % /(g L) % B/ (g L7 JBRE/%
25 — — — 9.84 53.4 <0.002 28
50 12.56 33.7 <0.002 34.8 11.67 63.3 10. 1 48.8
100 25.72 69.0 16.3 47.3 13.35 72.4 56.8 53.1
200 29. 18 78.2 45. 85 50.5 — — — —
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Table 8 Effect of different acid washing methods on sodium removal efficiency and titanium dissolution

Sk H,S0, ¥/ FRALJG W Na &8/ MRALEW Ti &g/ FLEDLER HAEDLER
(g-L7Y) (mg-L~1) (mg-L°") Na &5/ % Ti /%
T Ah PP A T T — — — 6.50 39.70
10 535.7 111.1 0.33 36.93
TR % Ik
30 562. 1 621.1 0. 056 38.30
10 1630.0 113.2 0.01 41.06
e AIrd
30 1 660. 0 2680.0 <0.01 33.39
e 8 Fin  TERRER M FE R 10 o/L B WRPEAT  2.3.2  IN[AIBR TG s A7 1 e 8 ok JO3d o 2 SR I K i

iR Y A P 2B DU TE 7 T 3 = N 6. 14% 43 0l [ &=
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TR BRI IR Z5 SR R 9,
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Table 9 The effect of H,SO, concentration on sodium removal efficiency and titanium dissolution

. H,S0, ¥/ AL Na i/ TRALJG R Ti & it/ FAVTIER ' Na FAVTHER P T
ik (g-L7") (mg-L™") (mg-L~") TR/ % T/ %
AL AE ORI — — — 6.5 39.74
4.9x10*(pH=5.0) 635 0.51 3.39 —
0.049(pH =3.0) 926 0.21 0.19 40. 4
4.9(pH=1.0) 1220 312.6 0.20 —
(730 10 1630 113.2 0.01 41.06
30 1 660 2680 <0.01 38.30
15;) 0 B

WEE 9 B, 45 il 8 3% 1R vl Aot 4 I Wk B8 Ry
0.049 g/L (pH =3.0) , RERB L BLAN B I BR M e e/ Iy
FEEEREER I P 2%, Horh AL S i h e & 2 R
926 mg/L, k& 0. 21 mg/L; FEAE VLTE R Pl &
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PLb it B b A BE S e iR B, S8 e sk
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2.4 EMERELFERSEEEH

FEFIRAC K A 2 5 IR AT ) 1 %o 2 4 1% Y i

) USRI S, 2 7K A JOE 30 5 1R 0 o 6 4 e A 11
PITESHCH As (V) —>As (1) —>As(0) —As( -
1), 2 Wit 22 6 30 Ji ol B IO e A 44 0 2% 12 ml A7
(), Had B = AR A &0 (AsH, ) A # 3R, KA
JHEIA B R R 1) Ak 2 S WL (4)
2.4.1  pH EXF 4 Ja ik J5 5 i

K FHK G VR 3 T ), I A A I Y ( As 7% i
4 25.27 g/L)100 mL, KA BFd i RECh 3, K G
R BEAT B S, RN R EE A 80 °C, SR I E] A 2 b, 2%
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L pH A0 7.0.9.0.11. 0 KA A AL Sk BN
10 g/ L IHF42 IR s R (K5 IR I6 25 5 L2 10,
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Table 10 The effect of pH on arsenic reductivity

WRRW As &/ @ik iR/
piif (gL %
7.0 6.27 75.2
9.0 9. 60 62. 1
11.0 13.47 46.7
AR 10 g/L 20. 67 18.2

2% 10 AT, & 8 A 38 IR R B pH 38 K
W/, 2 pH = 7.0 B, 4 JE A a8 SR R f Ok, AT ik
75.2% ., XSz T KA HER S5 08 I SR Y
P I K SRR AR A A SR BE 1, pH L = 10 11 2
A IE R A T
2.4.2 KA W RO 4 JE B SRR R

KK G BRI SR, B iR 1 (As 25. 27
g/L) 100 mL, BT pH =7. 0, K& R B BN
5, VN 80 °C, R NEEE] R 2 h, KA Mk
WRBON 1.2 3 4 B X4 8 8 S R 1052 ) X5
R 11,

RAL KGR ZR 00 45 Ja T s S 4 52 )
Table 11 The effect of N,H,+H,O excessive

coefficient on arsenic reductivity

WG As St/ GBI R/
KA WL R A
" (g-L7") %
1 22.39 11.4
2 14.38 43.1
3 6.49 74.3
4 5.94 76.5

H2 11 AT, & @ i A D R Bt 5 /K B ki
FEGEINHE R, MK A Bk R ECh 3 B, & JE e
I JFCR T 3K 74, 3% 5 Ak 2k 2 3 KA kit & R 4L,
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o RO K AR Ak 2 SN T SR A A RO
) A7 R AT, DT R 80 4 oS DR 5 L 24 K 45 b o
IR BN R, X HE Ak 2 BN [ A 2R AT 9 3
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B
-7 uﬂ o

2.4.3 4@ XRD M4l T

S JEM XRD M4 B an i 2 prs, 4l 43 Br sk
AN 12 B,

4000
3500
3000
2 500
% 2 000
1500
1 000

500
0

I L ‘ 30f0100>| ‘\]qu/qlﬁéwh ~ |AS
10 20 30 40 50 60 70
200(°)

B2 &JEf XRD Fi
Fig.2 XRD result of produced arsenic powder
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Table 12  Purity analysis of arsenicpowder %

ik, GE Ay R
Na 0. 643 Cu 0. 0262
Mg 0. 007 92 Zn 0.002 91
Al 0.0527 Se 0.004 51
K 0.014 2 S <0.001
Ca 0.054 1 Ag 0. 000 95
Cr 0. 000 89 Sh 5.294
Fe 0.0129 Ph 0.0127
Ni 0. 002 20 Bi 0.000 75
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Table 13  The result of comprehensive verification tests
T Cw/(g'L™")  As/(g-L™') Bi/(mg-L™') Sb/(mg-L™') Ti/(mg-L™') WBERR/ MR T %
Jit i 25.9 12.53 366. 6 30.91 101.8 51.8
AR DB AR 1.45° 13.78 11.2 72 1.88 80. 4
FEA DUTE R AR AL B4 10.54* L1® <0.05 0.42 1.67 —
R IR VRO I £ R <0.02" 3.42 <0.05 <0.05 <0.05 75.2
AR 24. 81 12.75 380. 1 45.34 120.9 50. 8
e ¢(EN A 23.94 12.92 320.4 53.21 122.3 50.3

VE % SRR me/ L.
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AT S 75. 2%
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on separation of lithium and titanium from waste lithium tianate

A new arsenic removal and utilization process of copper electrolyte
KUANG Chen'*, WANG Qiankun'?, CHEN Hang'>, WANG Jun’e'*, ZHONG Pingli'”*, WU Xinglin'"
(1. State Key Laboratory of Utilization of Low-Grade Refractory Gold Ores, Xiamen 361101, China;
2. Zijin Mining Group Xiamen Zijin Mining and Metallurgy Technology Co. Lid. , Xiamen 361101, China)

Abstract; Although the existing copper electrolyte purification method can remove arsenic, but there are still
problems such as environmental pollution, high energy consumption, and high content of antimony and bismuth. In
this paper, based on the mechanism of Ti—As—O chemical bond bonding, a process of titanium-based precipitant
removing arsenic, arsenic-containing slag alkali leaching regeneration, regenerated precipitant acidification
removing sodium, preparing metal arsenic was investigated. The better process parameters of arsenic removal
process are as follows: the addition amount of titanium oxysulfate-sulfuric acid hydrate is 1.2 times of the total
arsenic mass, the reaction temperature is 40 °C, and the reaction time is 8 h. Under this condition, the initial
arsenic removal rate reaches about 60% . The optimum process parameters of alkali leaching regeneration process of
arsenic sediment are as follows: liquid-solid ratio 20: 1, NaOH concentration 25 g/L., reaction temperature 80 C ,
reaction time 1.5 h. Under these conditions, the leaching rate of arsenic is 65.3% , and the arsenic removal rate
reaches 50. 6% in one cycle. The optimum process parameters for acidizing removing sodium of regenerated
precipitant are as follows : liquid-solid ratio 2: 1, end-point pH =3. 0, room temperature, reaction time 1 h. Under
these conditions, the sodium content in the acidized liquid is 926 mg/L, and the titanium content is 0. 21 mg/L.
The optimum process parameters for the preparation of metal arsenic are as follows; hydrazine hydrate excess
coefficient 3 times, dilution multiple 5 times, reaction temperature 80 C, solution pH =7.0, reaction time 2 h.
Under these conditions, the reduction rate of arsenic is about 75% , and the purity of metal arsenic is about 93% .
The process is simple in operation and has high selectivity for the removal of arsenic and antimony; the solution
after arsenic removal can be returned to the copper electrolysis system; the arsenic-containing alkaline leaching
solution can be reduced to prepare metal arsenic. The multiple cycle arsenic removal rate is maintained at about
50% , which does not cause the loss of valuable metals such as copper. Further screening of arsenic precipitation
agents and reducing agents is needed to reduce the cost of agents.

Key words: titanium-based precipitant; alkali leaching

copper electrolyte purification; arsenic removal;

regeneration ; acidification sodium removal ; utilization of arsenic resources; green metallurgy



