o115 3 TEEREEFIR 2001 4F 6 /1
Vol. 11 No. 3 The Chinese Journal of Nonferrous Metals Jun. 2001

[ XE4S] 1004- 0609(2001) 03— 0495- 04

B ARSERY SO, PR R h

I %%, wefEsk, o
(VYR AL T2 BE, BeHS 610065)

[$8 2] W0 T kR i R b, FiT SO, £ BH RS AR 2 45 () 7K 43 At 0 Pk T AR AR o R, LA 3K 30 g 1
Hf . AR BAPE R AR, FE AR P B N SO, BEAT HLME, T RETTIE 40% . X SO, P AL th £ oIl s, BT
SO, WL HS0, WL il JEE M5 44 30 S 0T FHAN e W B R i o I 9 3 0 E B B A B SO, FH A S B 75 4 LAk
T, MAIEIFER A S0, FRMBHN 3.3, RMIEHEN 31. 8k)/ mol, TR RNMEHAE .

[ REEIR)] £Erfif; SO, FHBR RN 3%, ke
[PFE2ZES] TF8I13

[ XEKFRIRED] A

FESRVE MR TP R B BT T AE I e = Y e A
FEII ML REFERT 63% . WM R T 22 Re & L BE, IR
AR Ay A RE I AR 80% , 1 4% A8 4 HL R A
30% Aoda o AR AR RRIE H R ak, AR RS A W
BRETEOL T, WP M TR A A EER
L

AR I AR BT REAT 2 M TVE, N AR B AR A
BE IR IR & TF R B R Y 53w
JIEAREE, A8 AR I AN SE b g ot A AR BH AR
N PR 5 BR AR =B ) 5%, BAT AR 7 B R A2
KE A A, M H AR K 8% 51 ). Robinson
S0 VT T LEA AR BN SO, I HLARTE, %Ik
Mo TR R B, Ad R AEREAR —2F . (HAERRH
I T A N SO e B BH AR S8 AL A BH A 31 ) 27 W 5%
WA LR o 138 A5 SCHR[ 8] T FT T 4% HL R W
I SOz Ja & RS HC BEFERISE IR, A SCH Rk
TEPE LA SO, BHBR Y B N 3l ) 2 BE 5T

1 SRIGAE

SR G 1) B o AR R AT SR 56, F AR R R A3 R
Zn55g/ L, HyS04 70 g/ L. T SO, B85 BIHAT H
[ 4 Je8 5 A A 27 S I T A2 B ERLJBUBRS,  N TTT AR
TR A Qe g, BRIAE T2 R ==
BB L, R RVF SO, AL T FHAR = M AN E A B K
=, PINCR iR, AR B E b . b Jw A
Fam YRt e H L H, FH DT-890A 24 %+ 07 H

@© [Y¥s B HEA] 2000- 06- 19; [1&iT HH#A] 2000- 09- 20

RN e HIE . AT SO, BHM S )25 LB R ] =5
HL A, PR A 2 TR) AN KCL ShAF I, AheiE
HLA A .

SO, KM 5E LAVE RS A F8 /-7, FHAR A BR A b
YEVR W a2 . BRI M DL R RS AR FR s A, H
EDT A Frof s i & .

2 IBigHth

75 SE By B L R e, B HAR Y BB RE TR
AL

W/(KW * h) = M??l—z (1)
Arh VMR V), N—BRACR( %), g 4
AL &, 1.2193g/(Ah) .

AR G SO, AFAEI,  FRUREEIN 1) FAR S
B Zn®* + 2e= Zn, ¢°= - 0.763V

J2-02+ MY, 9= 1.230V

MRN Zn*t + HaO= Zn+

PR H,0- 2e=
%02+ 2H+ R
¢°= 1.933V
S E Y AR 100%, J& SO, FEALEI
(D) VAL 1 H A BE I B S H BE T FE N 1634
kWeh.
I SO, HLMREE I H AR S N A
AR Zn® + 2e= Zn, ©°= - 0.763V

[PEZB N 77 $(1965- ), B, Wit



. 496 - P E AT 4 8

2001 4 6 H

FAA%  SO,+ Hy0- 2e= SOT + 4H*

¢ 0.170V
BN Zn* + SO,+ H,0= Zn+ SOF + 4H'
¢°= 0.933V

G EMEERE N 100% I, 77 1t HHAREE)
HLBE T RE A 765k Weh o UL ETFEER] LLE H,
TEFAR B LA SO, AR KO I, A7 1t Hifg
PEA] FRAGHERE 869 kW eh, Bl FERAGAERE 53% .

3 BXRSEN SO, FAET RMRFFETIRE
aEA

W T AR WOR U L SO, Al HySOy
WBEIIE R o R TR i e A R A Bl PR AR V0 R 1 T
F I B B, M B T 10 CHPBHMK b IT 4R
0, Hrih, DRIl FE e i PR FE AE 20~ 50 C. Al
J% BEFE Bt R 2 B )38 KT v, DRl b O R Y
YERELEE B VS P . A e s K BEFE BB SO, KE
(38 0y B A%, SO, S LL40 g/ L E . H,S0y
SRR FEALE 50~ 150 g/ L i [ P X A8 e e R 8 FE B
TEHE W 7RSI R AE A RN SO, T REIA
40% .

4 SO, PRtR/R N zh 5

4.1 SO, PAR R R IR BT HI SR E

TER R B IR B HL P, SOo 7E B AR E Ry
22 RN AE— AN Z A AR SR Y, SRR L
AL 1) SO5 W A ) F AR SR T, B
WAL L RE; 2) SOF 7F H WY 55 s WAL T 964745
KT B E SN 3) 724 B R AR AR T ) T
YRR . DL BRSPS 1 D IR AT B RN
HEAN BB SN ) T 25 A B

e R PR, E Zn55¢/ L, HyS04 70
g/ L, S0,40¢g/L, #JE 15 C, F#i#Z 50mV/ min
(R 45 A TSI T A [ 40 1 380 B %) B AR b Ak 1 2 11 5%
Wi . AL 1 R) DL H 503 F AR R 45 TR X SO,
RH AR J5 8T8 26 A R MR, 3X 13 BH e I 4 B ™ ) 1
W BT O RS e AR R R 2R . I SE R &
0 P AR A B HEAT A0 3, 25 Fan 2 FioR, fE
0.30~ 0.55V Z[HZLNEFARIGIEAERBIE b=
0. 11 . ZESLHLAZ G P 7] AN SO, B FE AT &
LAY S D B

700
0 0r/min
e 100 r§min
& 200 r/ min
6001 4 300 r/min
5001
& ol
< 400
N
h—.
3001
200
A
100 ‘ - . .
0.1 02 03 04 05 w6 0.7
¢(vs SCE)/V
1 AN[F] o H T 5 1R B B bR Al i
Fig. 1 Anodic polarization curve with
different stirring speeds
4
~ 0 r/min
e 100 /min
31~ 200r/min
P, 4 300 r/min
=
< 2f
I
b“
=
1 =
()

0.2 0.3 0.4 0.5 0.6 0.7

(vs SCE)/V
B2 RIFABHEE R e—lg) [

Fig.2 % —lg/ plot with different stirring speeds

4.2 SO, iRE X SO, BAR f2 7 1% 2= #Y 52 i

#Zn55g/ L, H,S0470g/ L, W 15 CH &A%
NHEELT SO, WX SO, B S N 2 B 520 . H]
PEAER A TO0 S B £ s EAT AL B, S5 IR WK 3. W)
DA H,  FEAR S5 R R B SO, %P8 PR o i L 3 4
K, HAE 0.3~ 0.7V JulHE M52 TR 1 8 2tk %
R, HERMHAZRR, BIRERE J & SO, WKRIE 1
. M J= KI1S0,1™ Fon. BAlal SO0 % 1o 1EK
AR HZ, HEE m= 3.3 84 S0, kN5
(K 4) .
4.3 REX SO, PR K MR K B $2 00

T FEXT SO, BRI S5 WV 18 2 A7 85K R 5% Wi ( A, (€]
5) . Bt T R, I BH AR B NS 2R ) HA O



B EH 3

R, S HUREERN SO, PFHRR R B ) 2 * 497 -

gl J/(A-m™%)]

1l (SO;1/(mol-L71)]

J/(A'm™?)

4
0 p(SO)=1g/l. e p(S0O;)=20g/L
a p(SO,)=30g/L a p(S0,)=40g/L

.1 0.3 0.5

y

¢(vs SCE)/V

3 A SO, WkETH) ¢—lg] K
Fig.3 % —lgJ plots with

different SO, concentration

0.7 0.9 1.1

/;lﬁ//'

800

7001

600

500F

400}

200

100

0.5 1.0 L5 2.0
iglJ/(Am™3)]
4 SO, MR ML

with respect to SO,

2.5

Fig. 4 Reaction order of anodic reaction

*»>00
[F RPN |
O'J'Lﬂ(*
Soa

0

0.1 0.2 0.3 0.4 0.5
¢ (vs SCE)/V

5 LEEXS SOy BHAR Sz V33 1) 5 Wi
Fig. 5 Effect of temperature on SO,

anodic reaction rate

0.6 0.7

JE B2 58K . B FE R A AL B SR 25 2, fE
F/NT 0.5V I, AT EREFINEL SR . /£ &
AT, HLUES R S SROUE A R TR ) K
Al TR
leJ = B= 5303 R (2)
Mg 3 1T 16, SR ] k5580 iE
fbBE A 31. 80 kJ/ mol( F 6) .

2.5

2.0}

1.5¢

lglJ/(A-m™?)]

1.0

0.5 ) : . . .
3.0 31 3.2 3.3 3.4 3.5 3.6

T /1072 K-!

6 loJ 5UT XF
Fig. 6 Relationship between lgJ and 1/ T

4.4 H,SOys iKE 3T SO, BHR K713 22 il 22 1)

WP ER i IR 40 /L, 70g/L, 100g/L,
130g/ L #EATIAE:, &5 SRR WAL Fr it 9T 1 HaS0,4 K
FEO I P, Hk AR SO, BHAR S i FHEA
AW ILE 7)), MHLS04 RN 2 .

700
o p(HSO,)=40g/L
ool ® #(H2S0,) =70g/L
a p(H;S0,)=100g/L
a o(H,S0,)=130g/L
__ soo}
|E x
= 400}
=
300
200
100

0.2 0.3 0.4 0.5 0.6 0.7

¢(vs SCE)/V
7 HySO04 WREERT SO, BH R R N 26 [#1 5% )
Fig. 7 Effect of H,SO4 concentration on

SO, anodic reaction rate

4.5 SO, AR R 51 1 FHITAE

R S5 4 F R %S 506 SO, B S B 38 2R
[RISEHR, SO B S N.Id 22 77 #2 m] H R 3180 ) 2 07
Pk



+ 498 - P E AT 4 8

2001 4 6 H

i = nFKo[SO,]™[H,S04]" exp(- z}Ef) (3)
X KB TH, FEREEEH, E—K0
WEALRE, m —SO, IR N 2%, p —HoS04 KNV 2K
K, Ko — MR R R

FRAE S 56 075 W PH AR R N VG L BE E = 31. 80
kJ/mol, JRN ¥ m= 3.3, p= 0 MitHE LK
Ko= 1. 143 x 107>, SO, A % N (150 32 J7 FE a]
KRN

i= 1.143 x 10°% nF[S0,)>?

exp(~ 20) (4)

[ REFERENCES]

[1] LI Narjun, WANG Yinjie, LIANG Ying jiao, et al. A

new energy-saving sintered Ti substrate anode for Zn
ICHM’ 98 [ C].
tional Academic Publishers Ltd, 1998. 591- 592.

electrowinning [ A]. Beijing: Interna-
[2] Ropenack A V. Future changes in the physico-chemistry
LeadZinc’ 90 [ C].

of zinc electrowinning [ A]. T exas:
TMS, 1990. 641- 652.

[3] Buttinelli D, Giavarini C. Saving energy in zinc elec
trowinning by using organic additives [ A]. Proceedings

of International Symposium on Extractive Metallurgy of

[4]

Zinc [ C]. Tokyo: MMI1J, 1985. 313- 318.
LIU Yexiang( XDV FH) . H T Ni f1 Zn s8R 19799 B8 2
FaxZ FH A% DSA[J]. Nonferrous Metals (A A4 )8),
1985, 39(3): 53- 57.
Robinson D J. SO, electrow inning in copper hydrometal-
lurgy for energy conservation [ J]. J Metals, 1984, 45
(1): 25- 30.
JIN Zuo-mei, SU Yi, ZHOU Hurnan, et al. Energy
saving in zinc electrow inning by using SO, anodic reaction
[A]. ICHM’ 98 [ C]. Beijing: International Academic
Publishers Ltd, 1998. 574- 577.
Audry C, Voinov M. Inhibitions of the SO, electrochem-
cal oxidation reactions on platinum in sulfuric acid solution
[JI. Electrochemical Acta, 1980, 25(2): 299- 301.
Appleby A ], Pichon B. The mechanism of the electro-
chemical oxidation of sulfur dioxide in sulfuric acid solu-
tions [ J]. J Electroanal Chem, 1983, 95(3): 59- 71.
Group of Heavy Nonferrous Metals, Northeast College of
Technology ( 4 b 1. 2% e 4 (4 T < J ¥ Mk 200F %2)
Zinc Metallurgy (B:145) [M]. Beijing: M etallurgical
Industry Press (754 LMk HRRAE), 1978, 424.
Antropv L 1. Theoretical Electrochemistry ( 21 Hi 4t
2)[M]. WU Zhong-da( & ffiX), ZHU Yaobin( &
FEK), WU Warwei( %% J7 i) transl. Beijing: Higher
Education Press (5% 20 F Hihitkl) , 1982. 405.

SO, anodic reaction Kinetics in zinc electrowinning

SU Yi, JIN Zuo-mei, DAI Zu-yuan
( College of Chemical Engineering, Sichuan University, Chengdu 610065, P.R. China)

[ Abstract] The anodic oxidation of sulfur dioxide instead of water in zinc hyrometallurgy was studied for energy saving. T he exper

imental results show that under experimental conditions energy consumption can be reduced by 40% . The effects of SO, concentra-

tion, H,SO, concentration, temperature and stirring speed on anodic reaction rate were investigated using potentiostatic polarization

measurement. The results indicate that the SO, anodic reaction process is electrochemically controlled and obeys T afel equation. The

apparent activation energy for SO, anodic reaction is 31. 8kJ/ mol, and the orders of anodic reaction are 3. 30 and zero with respect to

SO, and H,SO4 respectively.
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