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& E. WU LR AsIDYIGG R ARG I s I sh )% BRI YRR N 235
A’ RN 168 hy R As(IDVILAIKREE N 0 I, & As ¥ (TAs)M 10.00 g/L 394 10.62 g/L, Sb
[FIHREE M 0.40 /L B ANZE 0.45 /L, Bi IIIKEEI 0.22 o/L BEINZE 0.24 /s 24 As(IIDWIEHIKREE A 5.00 g/L I, As(IIT)
M 5.00 g/ FF%4 1.80 g/L, TAs M 10.00 g/L FFEZ 9.70 /L, Sb UMM 0.40 g/L FF&%E 0.26 g/L, Bi KK JE
M 0.22 /L TP 0.18 g/Ls MAFEE N 235 A/m®, FRARI N 144 h i, As(IID AR 7.62 gL FFE4 3.71
/L, TAs KJEZI4 11.16 g/L, Sb HIWEM 0.22 /L 142 0.26 ¢/L, Bi FIMEH 0.086 g/L. &R,
As(IIBERSFNHI ARV H TAs Sb Fl Bi M ERIIG N, FAT T Al e s As(ID A4 tL, o4k x
NRFE— RN B A, TGRS 46.11 kJ/mol.
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Purification effect and oxidation kinetics of
As(III) in copper electrolysis

PENG Ying-lin, ZHENG Ya-jie, CHEN Wen-mi

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The purification effect of initial As(IIT) concentration on copper electrolyte and the oxidation kinetics of
As(III) in copper electrolysis were investigated. When the current density is 235 A/m’, the electrolysis time is 168 h and
the initial As(IIT) concentration in electrolyte is 0, the total As(TAs) concentration increases from 10.00 g/L to 10.62 g/L,
the Sb concentration increases from 0.40 g/L to 0.45 g/L, and the Bi concentration increases from 0.22 g/L to 0.24 g/L.
When the initial As(III) concentration is 5.0 g/L, the As(IIT) concentration decreases from 5.00 g/L to 1.80 g/L, TAs
concentration decreases from 10.00 g/L to 9.70 g/L, the Sb concentration decreases from 0.40 g/L to 0.26 g/L, the Bi
concentration decreases from 0.22 g/L to 0.18 g/L. The results show that when the current density is 235 A/m’, the
electrolysis time is 144 h, the As(IIl) concentrations decreases from 7.62 g/L to 3.71 g/L, TAs concentration is about
11.16 g/L, the Sb concentration slightly increases from 0.22 g/L to 0.26 g/L, the Bi concentration is 0.086 g/L. In the
process of copper electrolysis, As(IIl) can restrain the increase of the concentrations of TAs, Sb and Bi, and it has
purification effect on copper electrolyte. As(Il) is gradually oxidized, and the oxidation process is applicable to the
first-order kinetic model, the activation energy of the reaction is 46.11 kJ/mol.
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1.1 SKETRE

FEATHLR, NN As,O3(AR)EL As,Os(AR)
A TAs Al As(IID S o 5206 = SCIG I, FAiRAA
L0 1.6 L, [N 90 mm, ] HL-2B H%0EH
IR IR A E 2 417 mL/min. TMESCE
N, KA 6 Hfiftdl, S ARl 3.5m’, [k
P52k 95 mm, FEMHEZA 7.14 L/(min‘m’).

HOAAR R 62~65 °C, MG EL R BRI SRR
SN, AE 235 A/m® LGSR R IE S Ha g — e i1,
SE IS ICRE A M AR T TAs As(TITT). Sb Al Bi ¥ % o
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K FH BHARASB7 1EARH 1 N R HRH P AR S B
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1.2 SN

KR A — IR RN e b As(TTiRBE,
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235 A/m?, HIfERSTEA 168 h, IR AsIID)#]
URIRFEAT 0 04 5.0 g/L i, HLMEI TAs. As(III)+
Sb AT Bi it £y B B L At BT T (R AR 46 43 il 16 1 A0 2
FiR. TLSCEGm, RN 235 A/m®,  HU i [#]
4 144 h, W As(IDWIEHKRE N 7.62 /L, Hifi#
W TAs. As(I1T). Sb Al Bi J5 2 y4< Fi Bl HL g ) 1) () 22 4
Wi 3 ot H AR BV T ML SE R A
PR IR i 2 2 fr gt
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Table 1 Compositions of copper electrolyte (g/L)

Cu TAs Sb Bi H,SO0,
43.6" 10" 0.4 0.22Y 185Y
46.96% 11.16% 0.22% 0.086% 183.26%

1) Laboratory experiment; 2) Industrial experiment.
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Fig. 1 Concentrations of TAs, Sb and Bi as functions of

electrolysis time at initial As(III) concentration of 0
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Fig. 2 Concentrations of TAs, As(IIl), Sb and Bi as functions
of electrolysis time at initial As(III) concentration of 5.0 g/L
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Fig. 3 Concentrations of TAs, As(Ill), Sb and Bi as functions

of electrolysis time at initial As(III) concentration of 7.62 g/L
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Table 2 Anode slime components of conventional electrolysis

and novel electrolysis (mass fraction, %)

Technology Cu As Sb Bi

Conventional electrolysis  12.5 3.52 6.54 2.03
Novel electrolysis - 486 11.74 3.37

B 1 AT, AR As(IDIRE A 0 B, TAs.
Sb 1 Bi (1934 5 B v A o] ) SR TR 386 e 44 FL A I (1)
3 168 h IFf, TAs M 10.0 g/L ETF4 10.62 g/L, Sb M
0.40 g/L _|-T}%50.45 g/L, Bi ) 0.22 g/L =714 0.24 g/L.

B 2 AT, A As(IDPIGaH Bk 5.0 g/L
i, TAs. As(III). Sb 1 Bi FrI3 5 B Hi At i i) SiE K 1
R, 4ELfAE N 168 h I, As(II)M 5.0 g/L FB&
% 1.8 g/L, TAs M 10.00 g/L FF&% 9.70 g/L, Sb M
0.40 g/lL FF%E 026 g/L, Bi M 022 gL FIK%E
0.18 g/L.

B 3 AT %N, YHLERT R4 144 hisF, HUfgrh
As(IDFKREM 7.62 g/L FREZ 3.71 gL, TAs K
11.16 g/L, Sb M 0.22 g/L 735 4% 0.26 g/L, Bi >k 0.086
g/L, TAs Hl Bi [k BEHEAARA

M 2 AL, SR, BIRJET As. Sb
1 Bi S E N 3.52%. 6.54%H1 2.03%. KH H
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R RER, BHAETH As. Sb.y Bi L= 1
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DRI, o AR ) PR B K, As(TIT)IR B 2T B,
MR R S As. Sb. Bi iREFEAMEFAAS, $#E5
M As(IIDARRE, W] 2% PR i@ b Sb. Bi
A, As(IT)X i Ho Al v B AT R U A e g . i
WP As(IIDi, Hifid b Asy Sby Bi WAL
T, AT R I F AR SRR, AR S
LB . S B SCIR AN T b SESG, Bl
REC, Wi SblkEE MR, 5 SbkEEA &, Xnf
BEL PHAR AT Sb I B 2%, u@@éﬁﬁmwmﬂp

Sb 7 it T 5E 56 % FH BH AR A v Sb 25

2.2 fEERP As(IDRYSE L
2.2.1 ARHUAREAT T AT AR As(IDF%E L

W0 1.5 L Al F A v T il o, B 3k 1
P, b As(UDVIZRHREE R 7.5 g/L, KRR,
FL MR AGFR 8 2 0 AT 4.17 mL/min I, As(IID)¥ FE B
B ] RSk T ] 4 P o

7.6

~
)
:

o
%

=— 0
e — 4.17 mL/min

As(1II) concentration/(g-L™")

I
~
(e

2IO 4IO 6'0 8I0 1(I)O 1I20 1210
Time/h
4 AFEEIERR As(ID A L 2

Fig. 4 Oxidation rate of As(IIl) at different circulating rates
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Table 3 Composition of copper electrolyte (g/L)

Cu TAs HzSO4
45 11.45 188
" —11.100g/L
10 F e—9.011g/L
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Fig. 5 Oxidation rate of As(Ill) at different initial As(III)

concentrations

S Argn,  As(TID) R FE R H A i i) 2B
B, As(TIT)AE A T 2 A B A JHC A< B2 PO 38 o i 348 o
HP s g5 Bt s s, 24 AsIIDFILEIREM 7.01 g/L
Bom#E 11.1g/L i, AsAIDEALEK I 17.26% 5 1 2]
40.09%. 4 As(IIDVIEEHEE N 2.89 g/L 1), As(IIT)%
thZ Ny 47.40%.
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Fig. 6 Oxidation rate of As(Ill) at different electrolytic

temperatures
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2.3 As{Dh&E ks hZF

A B 6 e T As(IID) 48 Ak 3 %, 1E
In p[As(IID)] 5 ¢ (f ek, 25 aE 7 fis.

M7 AT In p[As(IIT)] 55 HUARES 7] ¢ 52 R A2k
PESE R, AR B R KT 0.999, Hififd FE i As(IID)
(A A — B 2 T e
In p[As(IT)] = —kz + In p[As(IIT)], (10)
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11.65X 10%exp[—46.11/(RT)].
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Fig. 9 Oxidation rate of As(IIl) in industrial test process of

copper electrolysis
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1) HLRZEE A 235 A/m>. HAf#INt R 168 hy Hi
fiE b As(ID) IR R BE A O 1, TAs FI9 FE M 10.00 /L
TH4 10.62 g/L, Sb M 0.40 g/L LTH% 0.45 g/L, Bi
M0.22 g/L ETFE 024 g/L; Hfigrh As(IDWILaHK
&4 5.00 g/L i, As(TIHM 5.00 g/L FF%% 1.80 g/L,
TAs M 10.00 g/L FF%%2 9.70 g/L, Sb M 0.40 g/L B
% 026g/L, Bi M\ 0.22 gL F#% 0.18 g/L.

2) HLIREERE N 235 A/m*. HLMEINFA] A 144 h 1,
HLARR R As(IIN)M 7.62 g/L R %4 3.71 g/L, TAs £ 4
11.16 g/L, Sb M 022 g/L % 0.26 g/L, Bi A
0.086 g/L.

3) RHEMEAIETR, As(IDWIIHRIKRE N 7.5 g/L I,
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: ATEARE R As(ID R AR AL s i 2

1803

HL S 144 h Jo, As(IDFEALE N 6.41%; HIRR

EERH %y 4.17 mL/min 1,

1441 J5, As(IIDELZE

H13.07%. HURAIE R, HUEREN 235 A/m®, HLfR
WY 72 hy, 4 As(IDWIZRIRFEM 7.01 g/L B4 )
11.1 g/L i, As(IID%AZ M 17.26%5 i1 21 40.09%:;
M As(IDHIERKREE A 2.89 o/L I, AsIIDFALE N
47.40%.

4) HIRAAT T, AR As(IDA R R N AT 5

— o VAN S, iR 46.11 kI/mol, Hijx
N AR S TP S5 8AIE .
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