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

FE i i Cu/(g-L7") As/(g'L7')  Bi/(mg-L7') Sb/(mg-L°')  Na/(g-L°") Ni/(g-L™") H,80,/(g-L™")
I 31.71 26.71 258 1030 3.86 16. 24 279.9
1l 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



.36 - v EH A & L& A BHRIE

Je M O, A SRR AR £ P BE AT ik 2 B st ey
4 5 2 RN D, 2 s R R AR S N T
B IR A , AT AR PR HH B, S BBk
DUBERI A o b TP AR A i vp B S 5 2 i
A ) S foPER AR D PR BRI DTTE T 5 A I A,
O S AR B SO, I B BB ES 1 DAk,
BB IS IR T A5 IR AT Al 2730 B A 7= B A S B
F PR SRR o e o R A i S DL

(1) ~(5)
i e
3Ti0SO, +2H,AsO,—(TiO),(AsO,), | +3H,S0,
()
A IR P
(TiO),(As0,), +6NaOH—2Na, AsO, +
3TiO(OH), (2)
(TiO),(As0,), + 6NaOH—3Na, TiO, +
2H; AsO, (Il SR (3)

IR VR 3
3N,H, +3As0; " =3N, 1 +AsO, +2H,0 +
8OH ™ +2As (4)
P T 0 R A 3
Na,TiO, + H,90,—Na,S0, + TiO(OH), (5)
1.3.2 R® ik
i LU H Bk BT 0 1) R 45 B FE—
T E T SR — B i (8] Ji5 2 i, K 0 A S R B A
TN 5 3 7 42— o VR T] b TC A S A S U, A —
ST SN — B[R] S5 3k U8 R i I TR R
FERSIN 5 oK 7 A6 T 7Rt T )5 4% — o VT L RT3
SR PR Bt R 40 1 ¥ . pHL AL S By — BN 7] 5 3 0
VI VR BB AR T 5 Ik A 0D Rt T S AT R Tl

FEL % 25 8 2K 52 G A 5 5 i IR YR D s A 1R A 49
VW pH ELZ P IAE BEK & HE IR 45 4 R
fift CRELA) o

2 FR5ihe

DAAFERBETUIE R A28 S B A B L 2
FESE 25, AR SC TR T I — 80 YA el 1522
— P TUIE T R P A — 5 i Bl 2 83 i ol 5 <2
Al R CTE TR B 9 24550 i 4 e B VROR BE il
JEE ORE IR IF) 452 PR 2R 0] 2% RO BRABCR Y R
2.1 Ring
2. 11 R[5 A B TR R SCR A 2R

SR VKK T8 5 Pk Bl A 1 B e il 2 12
SEANTRI ] £ 7 125 0 i R SR B - LI K 5 W AT B
P, FEHEAT AR X e . DUOKIRTHALTE PR
R -RRK G T X8 1K ORI T
BUBRERE +F , I B2 B ) 10 °C LR J5 A ] 10 mol/L
NaOH P17 5 pH = 6.0, FEH L8 KRR 21l
FA/NT 100 ps/em, BT I @ B 1L
5, R B R S K- B BOK 5 W07 T 10 mol/L NaOH %
0,75 100 CRIEALIERE 1 h )5 258 7Kk ik, ot
TR s D BRiR 1L 12 , 5 4 R AU Bk - BRI K 5
P17 T 10 mol/L NaOH ¥, # il 3527t 24 h Ja I %
BT IR UER BT RE R

ek b B 1500 mlL, Jid Aol A 0 3 77 S50
BB TCRE Y 1.2 A8 45 SO IREE 60 °C | SN v
] 1.5 b ARl 5P A o R ) SR B i 5
il NaOH &2 50 /L, [ i i B 2 80 °C., 5 i
] 1.5 h, BEANR] 5 3 i a8 B TTIRE G B i
R AN — BB ACR A , IR 2 R A 2,

R2 AFETURERA SR 50

Table 2 The effect of different arsenic precipitation agent on arsenic removalefficiency

. A ‘ Cu/ As/ Bi/ Sh/ Ti/ H,80,/  As [BER%/
DLV R il 28 5 ik _, . » . . \ -
(g:L77) (g'L7) (mg:L°")  (mg:L™') (mg-L7") (gL ") BHR/%
T 30. 34 14.59 134.9 35.01 520. 1 298.6 48.8
vkokEEfeEE: 30010 13.19 90. 69 59.76 771.2 255.8 48.2
RS-
o S PEELE 33,02 17.98 133.7 174 678.2 254.2 37.7
ERIE 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(PUER) Cu/(g-L7") As/(g-L71) Bi/(mg-L™')  Sb/(mg-L') Ti/(mg-L™') H,80,/(g-L™") As %/ %

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
W% 3 A, R v B R AR AN AR A A R AR K - R4 SO T IR AR R A 5 )
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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,/ UM S As &R/ U S Ti 9/ )
1 . As R/ %
(gL (g-L7") (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 (JRIREE) 345. 1 11.40 598 52.34
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WS 5 Yk A E AT M 538, 1 me/L % 972 mg/L, 50 1.10: 1464 F NaOH ¥ 4351 H 25 &/1.50 ¢/LL,
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Table 7 The effect ofliquid-solidratio and NaOH concentration on arsenic leaching efficiency and first circulated

arsenic removal efficiency

Bl NaOH W 50 1 W s 10: 1
W/ BRI R/ AUNaOH YR —CUEFRER BRESRAK B/ A NaOHIK  —AEFR
(gL BE/(geL™h) % BE/(gel™')  BBRE/%  JE/(geL7') % B/ (gLt BBRE/%
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 — — — —

W T Pon, iR AR EUR R T S A 2.3 BAETUEFIBRLAH
T 14 TR R S N A SR R DAL T A B 352 e DR ke AR 0l 2P 2B N R T NaOHL A S Bl 3511,
2 AR T PR A 30 e B ok BE T i o e IO R A A A M A O BRI B DU TE , AT
TRE LE AR , B0 BE R AR AL X Bk i AR BN ARSI AR, ABFTE S5 TSR DT I A
JOAE AR AR S 3 o DR R RO P s S RV RR E X P AR LU R R B B R AR A
RHOR , FEMIT IR A BT L 20 1, NaOH 3 2.3, 1 R[RJER T J5 125 X0 S I B 38R B Bk v i o 2

BE 25 /L XA L R S — AT BB A 6y, 445 F Al
A BB ARSI LE 100 1, BRI S0 o/ L 2% A PGS SRR T 5T x4, BB A eh i e

IR R AT, O 65.3% , — AR AR AR BR-BRRK G P US IR o AR B A9 1. 2 A8, P
50. 6% , [H Bt fis 3= 2 oo R IR B k4 200 1, BEHRJEE 40 °C SN R] 8 b fisER AL I R I B O
NaOH ¥R 15 25 ¢/ L, 20:1,NaOH ¥R 25 /L, # il SN 80 C L
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Table 8 Effect of different acid washing methods on sodium removal efficiency and titanium dissolution

ik H, S0, ¥ i/ ALK Na 5/ FRAGJE W Ti &L/ FRAE LRE A A pLyE R
(g'L™") (mg-L™") (mg-L7") Na &£/ % Ti &&/%
ARAL LA TLVE — — — 6.50 39. 70
10 535.7 111.1 0.33 36.93
PR R
30 562. 1 621.1 0. 056 38. 30
10 1 630.0 113.2 0.01 41. 06
TR R YE
30 1 660. 0 2680.0 <0.01 33.39
N3 8 TR, AEBRIRVE By 10 o/L BF, WK R 2.3.2  U[RIER 1k Bl M 18 v 2 %o 4 0 A 2 SR J% ek s

P 1 15 i A 0 00 b o DA 6. 14% 4y il e 2
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Table 9 The effect of H,SO, concentration on sodium removal efficiency and titanium dissolution

. H, S0, ¥ BE/ BRILIEW Na &8/ BRALEIR T &8/ FAVIIER] T Na PRAEVLTER| b T
ik (g-]_fl) (mg-]fl) (mg-lf]) HE/ % T/ %
AL PR AR T IEH] — — — 6.5 39.74
4.9%x10"*(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 —
e 10 1630 113.2 0.01 41.06
30 1 660 2680 <0.01 38.30
50
100 B IR R IR AR AR

W9 B, 45 i Vel 5 IR e I A R ik B2 Ay
0.049 ¢/L (pH =3.0) , BEAE S BN Y BR 3L AE fre/h
o PSS BRI AR A1 2%, L P R 9 B AR
926 mg/L, Bk &0 0. 21 meg/Ls FEAR ULHE ] 4 35
A 0.19% ,Bh18 40. 4% o HEREE R F] 50 /L
DAL Pk e v A W AR o, 5 i DB AL
FAE e P, P BRI PE£F pH =3. 0 BONBIE
2.4 SWMERRLFERS B

ST AR 2 A TR AL > 0 488 4 1 Y

() ITSCRIF S, & K T 30 e 2 il & 4 Jas e 14
2B RN As(V) > As(III) - As(0) > As( -
TIT) |, & WYt 52 6 30 T Jlt BRI e 7 A8 ) 22 Bt Al AT
(1), Bt B A A 0 (AsH, ) A 8K, KE
JHRIA SR R 1 ) A R g L= (4) o
2.4.1  pH {E X} 4 J8 A8 JF R 5

SR KA IRV 38 550 B0 e B R ( As % ot
4 25.27 ¢/1)100 mL, KA i R ECH 3, KA
TR BRSO 5, RN BE A 80 °C, W B[] 2 h, 2%
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Table 10 The effect of pH on arsenic reductivity

WG As &8/ SRR RR/
pH i (g'L™") %
7.0 6.27 75.2
9.0 9.60 62.1
11.0 13.47 46.7
LA E 10 o/ L 20. 67 18.2

H1 10 A] 1, 4w i ) ik I AR Bl pH B8 KT
/N, 24 pH = 7.0 B, 4 8 A Y 0 i 32 B oK, )k
75.2% o EJE T KA E R 55 B I SRR VR
B ok R 23 BAR K A EA SR8 T, pH BT i 0 1 S
7 HY IE 8] 54T
2.4.2 KGR RBOT 68 0L IR R

R KB WV JE], S BB W (As 25. 27
/L) 100 mL, 35 %% pH =7. 0, K& W B ECH
5, SEEE g 80 °C, BRI 1] 4 2 h, B4R G i
ALY 1.2.3 4 W06 8 AR A e, 1850
ZERWA L,

RAL KGR i RO 455 S i S 9 52 )
Table 11 The effect of N,H, +H,0O excessive

coefficient on arsenic reductivity

kel U GRBEIE
(gL %
: 22.39 1.4
2 14,38 5
3 6.49 74.3
4 5.94 6.5

HIZ% 11 R, < Jm A A R R B K 5 ik
AROEIMTIR &, LKA PR RO 3 1, G
(B AR AT I T4, 3% 5 ARk K A WF i R R
SRR R B BE R KR NREE K
SORT S 6 N L R e I S Ul R
[ A5 AT , DATIT i 5 < o A 3 5 {E 24 K45 M P
IRF—E RIS, XA BE AL~ BV 1) A7 HEA T A HEBh
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Fig.2 XRD result of produced arsenic powder
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Table 12  Purity analysis of arsenicpowder %

ARA S T ey G
Na 0. 643 Cu 0.0262
Mg 0.007 92 Zn 0. 00291
Al 0.0527 Se 0.004 51
K 0.0142 S <0.001
Ca 0.054 1 Ag 0. 000 95
Cr 0. 000 89 Sbh 5.294
Fe 0.0129 Pb 0.0127
Ni 0.002 20 Bi 0. 000 75

t I 2 F1ER 12 FR, S iR I & K & FE IR
JEARAS 0 A5 ) T 2 XRD 4307y 43 @ i (B
fify) , Heafi gk 93. 88% .

2.5 IEZWIERE

iz B /R I8 A5 e fE T2 5 i R A
PR SR — B R /K A P s I Sy SR BT A ) 1. 2 A, 4
il 52 BE Ry 40 °C, B SN (1) Oy 8 hs B PR
TRV B 20: 1, NaOH YR 25 /L, 4541 520 it
&4 80 °C Bt Pt R NE I [E] Sy 1.5 by FRA UTTE A R 1k
PR Ak AR By 20 1, SR A o R 119 ¥ T 4% o
pH =3. 0, 355l 5O i BE 2k I, OB IRER] hy 1 by 25
TR VR K G kI ] 5 4 S A Rk 5 it o R
B 3 A8, MR RO 5 A, 5 ROV IR EE S 80 °C,
W pH =7.0, KW B[] 2 b, # M8 R T2 5%
1, S SRR S L, g 7 T8 giEd R, 2558 0
# 13,
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Table 13 The result of comprehensive verification tests

Ty Cw/(g-L7")  As/(g-L7')  Bi/(mg-L™') Sb/(mg-L7') Ti/(mg-L™") HiFERZ/MEHR %
Jii i 25.9 12.53 366. 6 30. 91 101. 8 51.8
A R T4 1.45* 13.78 11.2 72 1.88 80. 4
FA T TE R R AL B B 10.54 11" <0.05 0.42 1.67 —
E BRI I v 43 <0.02* 3.42 <0.05 <0.05 <0.05 75.2
G e 24. 81 12.75 380. 1 45.34 120.9 50. 8
RO L 23.94 12.92 320.4 53.21 122.3 50.3

Y B A me/Le
W13 s, RER IR B AR CR 5 2451
GG RIEA — 2, 0 A9 IBEBR R 50% 247, B8iEE
A IR A I 38y 80% A Ay, IR VR T
DLk 75. 2% .

3 g EE

ARG U H ff 28 S0 IR ] v 40 45 BB A i
BRXTG, LAS Ff v Ak S s IR AR o H Y, 61T
KBTI TE 7)1 B R 0 VA 4 45 B K, B
 BTIE P R 4 T o A e, B TS L
ESEOT IR R S B LR 458

1) SR AN TR] 2 6 B 149 46K 38 DL € 0 X Ui
TP B S S A A BRI R A T A A, 1]
BRIETTUE RS 2338 U 258 th & JE i ok, A&t
AL A B A K — Bt IR /K 5 W IO A 00 R B 4, 38 %)
48.8% .

2) TEORFR I 45 S BE VR R B2 I R T, B AR B A
T LSRR F K- TR /K & Wi i ok S 5T
S L2 A% RN EEE 40 °C ) NiETE] 8 h, A% A%
T B FEA 3] 60% 215

3) U I B R PR AR T R A T S EO
Lt 20: 1 \NaOH ¥R 25 g/L [ b it FE 80 °C | Jse v i
) 1.5 h, PEZ S AF R, i i %82 65.3% , —IK
TEF A 25 5] 50. 6%

4) BRI IR VR 1% J5 v AT R AR DOTE R R 1k
BN, BAE T ESBORE L 20 1 F WA R pH =
3.0 R H R R NIRRT h % 55T BERESE
PUEN LR , SURE Fic/ MR BE sk R K A I R % i1k
JE RS B 926 me/LL, BRE i 0. 21 mg/L,

5) B IR W K A I D A 4 T A A AR
FE LSRG i 7 2503 5 FRBAEELS 1%

B 80 C VE W pH =7. 0 S WL [A] 2 h, 7E1%
FAEN P IE JFR R T5% Fida , ARAT 4 Ja i afi i
H93% i

6 ) >R FHBA k0 70) 44 A 51 L A 2R 0 A TR A 4
AR P A R T 2R A T B, el T Ak B ASAI, X
T B8 14 58 ok EA 05 e S R, 5 YR P % ] ]
il 2R G, 5 BRI 2o I e Al ) e S A, S
TR T AL A T ARG 22 U0 B0 R AR 4 5 7E
50% ZeA , [a) I AN S0 S5 At 4 T O 2K

A P AR TR P A R T 3 TR 58 e — 28 e i
A — P A T R BR A8 B — 5 R W A 273 D
A ARAT R R Al A R . )R il 2 2l Ak JS AT A
6N ~ 7N (1w afifif, H A 32 F T s m AL B i R
BRI AL S AL B ) S sl G 4 fEBR 25 T
A i GRS A AN

AR T2 PR T A BR B TUTE ) AR G AR 5 e
(WERRTTRE 2550 Ay 5. 42 Jioe) , S8 & Tk sk
A FR J5 S R 24 0 R SRR i — 2 i 18 L
PR TR MO, 27 R A T2 A 7 4w fif
VE Ry VA 7 i 2R FH L2 R 1R Y O 2X0Ks <8 T b
— PR N R AR EVERY o B R,

E=2CN
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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. Ltd. , 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: copper electrolyte purification; arsenic removal; titanium-based precipitant; alkali leaching

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



