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Table 1 Main chemical composition of antimony anode plate 106
Sb* As Cu Bi Pb S Fe Ni Ag Cd
99. 98 15 27 19 22 0.771 5 5.5 9 3.2 1.1
* ALY

TR B P AR YA« DAIG Ay IR R = 48Pk — 4 R R
e I A R 0 VS TR, I A — 2 i TE K B R BN 5
TR . B AR A R (AR) L =44k Bk
(99. 9%) | JG /K B BR B (AR) K %R (G /K 4.
=>9996) . FAL AR VR IC 1 58 B R FH RLBRS G AE S
TR K 6% 2 (ICP-OES) 43 B H: il %1 7= i #e
LRI 2.
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Table 2 Main composition of initial electrolyte mg/L

Sh* As Cu Bi Pb
45.59 13.46 1. 00 0.58 14.1
*  Bfih g/L,
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Table 3 Standard electrode potentials of base

metals and typical impurities

JL#E (Me) LR o o AR LA/ V
Au Aut +e Au 1.83
Ag Agh +e Ag 0.799
Cu Cu?t +2e~ Cu 0. 34
As As*t +3e” As 0. 30
Sb Sb*T 43¢~ =—=Sb 0.24
Bi Bi* " +3e~ Bi 0.317
Ni NiZt +42e~ Ni —0.257
Pb Pb?" +2e Pb —0.126
Cd Cd*T +2e~=—=Cd —0.414
Fe Fe?™ +2e~ Fe —0. 440
Sn Sn?* +2e Sn —0.136
Ga Ga’t +3e~ Ga —0.56
Zn Zn*t +2e” Zn —0.763
Si SiO;+4HT +4de™ Si+2H,O0 —0.86
B H;BO; +3H" +3e~ B+3H,O —0.87
Mn Mn?" +2e™ Mn —1.185
Al APt +3e” Al —1.662
Mg Mg?" +2e Mg —2.360
Na Na® +e~ Na —2.71
Ca Ca’" +2e~ Ca —2.868
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Fig. 1 Effects of diaphragm type on current efficiency, cell voltage and electrical energy consumption
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Fig.2 Effect of membrane type on antimony ion mass

concentration in cathode chamber
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Fig. 3 Effect of diaphragm type on purity and typical impurity mass fraction of cathode antimony



+ 514 -

AP e R

2026 4 8 H

FTIAL 3 AT - A [ i JIE 7= o 018 B A 6 4 52 4%
£ 99. 96 L L i T [ 7 BH 1 1 B 1 R A
B 5% Ak 7 Y ISF A3 5 1) 0 J3E A o 3 0 ) Ay L AT )
1K 99. 950 5 fdt 1 FH B AR D BRI L B i Bk 2%
Jo R A il 25 B RO WD S G T T A s A
R L 0P e I 53k 20 R D . L £ P B
VR D B BB B 22 o 3k 32 SR PR O 4% 2% T A HE A R
H B R AN () s LA A DX 3 X
H BB A B8 25 . 5 IR0 R4l
6 ) i o M 4 A 14 2% S DAL kg O ORI R i o

99.8 - 0.9
99.4 | 0.8
N
5 99.0 F 0.7
& 0.6
£ 98.6 |- 05
# —a— HRME :
98.2 — FEHE 0.4
97.8 L L . 40.3
50 100 150 200 250

HIREE/(A * m2)

HE/ V

LA O 5 1 ot e 205 2R 5 82 3 48 G A v O 0%
L IAL FELFE A A T SR D 7 91 2 - RS Ay I
2.2 HRZEENIMNE

FL g ok e (P D B S MR A ol S, R
FHIK U 503 A Fi A R P L B2 18, 2 ) P ik UL 2
18 25 °C WL WG PR FE 2 300 mL/min AH4R ]
BHAR 4 7R T BE 9 70 mm , H 3 %% B 78 Ak 38 [
50~250 A/m”, % 5% HL I B B G HL I AR A
R L I A RE L BH A 6 4l B B i R 2 S I A
B2 L 25 SR 4.5 FiR

B4 RRBEEVERANEERENEREZNZN

Fig. 4 Effect of current efficiency, cell voltage and electrical energy consumption
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Fig. 5 Effect of current density on purity and typical impurity mass fraction of cathode antimony
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Fig. 6 Effect of temperature on current efficiency, cell voltage and electrical energy consumption
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Fig. 7 Effect of temperature on purity and typical impurity mass fraction of cathode antimony
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Table 4 Main composition analysis of electrolyte after

purification mg/L
Sh* As Cu Bi Pb
40. 348 4.13 0.79 0.025 <0. 02
%, Bl g/L,
x5 PRENEERSHW
Table S Main composition analysis of cathodic antimony
ST 1T wy/107°
i WE/Y pmikZk As Cu Bi Pb
e i ] )
S ) 99. 954 1.15 270 67 59 63
i I 846
99. 983 9.459 110 43 6.4 0.17
1 jf 79
HH 225 o Al B0 R W B 0 s o BT A 6 ki
100
0.84
+§ 08 0.80
:‘% 0.76
E 96 0.72
0.68
94 . ' : 0.64
200 300 400 500 600

ARV G A 18 B /(mL * min™")
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Fig. 8 Effect of cycle speed on current efficiency,cell voltage and electrical energy consumption
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Fig.9 Effect of cycle speed on purity and typical mass fraction of cathode antimony
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Fig. 10 Effects of pole spacing on current efficiency, cell voltage and electrical energy consumption
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Fig. 11 Effect of pole spacing on the purity and typical mass fraction of cathode antimony
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Table 6 Experimental results under optimal conditions

wp/107° U HLFE
i 402415 Wit B/ % MR/ REAOR/ % o T,f
SlikkZe As  Cu Bi  Pb (kWh+t™1)
1 99. 995 2.10 16 20 9.5 0.40 0.708 96. 27 485.75
2 99.993 13. 80 18 27 15.0 0.20 0.691 97.59 467.68
a Al S P S R R B R TR A TR AR B T B

a—H L4H;b—5 24

B12 2 BXBABARENTRAESR
Fig. 12 Deposition morphologies of cathode antimony

obtained from two sets of experiments

i

it

Sl A2 SR ol v S IR R H 2 K
AR R B K T — i T A R AR AR AR A B B

3 ¢z

250 g/ L. Bh B F T i Wk B 45 /L. LU B
150 A/m?® H i 6 B 35 °C . M i 0 PR
300 mL/min AH<E 5 BH A% B e [ FE 70 mm B
FET 2 41FF . T il £ 4l 18 99. 983 % . F il 3K
B SE 0 BAR B L BRA B SRR AN Ay 16 B
TP S B RE R E AR SN s gl Bk Sbh-05
P B 2 O i R . (SR L T2 AR
A, TG 1 S B X A % S5 il L A R ) R
HeAb L R L T E — 20 il B R R SMIE BR i R B
A Be PR E B B e 2 B 1 B ) & . A S A 1 P A
AT A Bl 5 W B 5] K H ik W M 3R 1
b 2 8 T S 3 H i T TR BE Ak L O 3R A 2B A
£ 99. 995 %0 By FIAR 6 . B A E IR 96. 27 %0, B
HLFE R 485. 75 kWh/t, % T4 204 il d e i



5545 B AW BHRASE R TINA BRER A R B0 B0 IR R R R EOR R AR B BR WP - 519 -

Pb.Bi.Cu.,As %J/Eﬂi. Binll %’g Dﬁ: ‘]ZE E = %%\ % fﬁlj % F% aly [5] Krastev I,Koper M T M. Pattern formation during the elec-

%—g E"J E’{‘E‘ Xﬁ ,'f—i = 4 % B( HE— i I % ik *% ‘rﬁf E trodeposition of a silver-antimony alloy [ ]J]. Physica: A,
\ N Sy 1995,213(4) :543-554.

B IRARBORF LGB A SIS R AT R RS (6] akUE, TR0 X055 55, b [EOHLBA S M o8 AR S5 B[] .

0 R R 300 0 LA R S B L e B W TR 2 4 CH AR REEIRD . 202146 (1) ¢ 1-8.

Y&%ﬁ E 7% /f'h ’ M 1] 'ﬁé ik % afi I‘P:jﬁ' F}: RO ﬁ\ *%\ Zhang Feng, Xu Baogiang, Deng Yong, et al. Status and

E‘]‘i . prospect of crude antimony refining in China[ ]J]. Journal of

Kunming University of Science and Technology (Natural
e ¢ Science) .2021.46(1) ;1-8.
(7] WPaEy. S m Ml s A ek, A 648 G #H

[1] Meng Chaosong, Yang Huan, Wei Xiaohui, et al. A novel
43):1976(5) :63-64.

process for directional impurity removal and preparation of

. . . . Xiangxi Tungsten Mine. Practice of extracting gold from sil-
front-end high-purity antimony from crude antimony[]J].
Vacuum,2023,215:112736.

(2] WERMAKKDOP. 866 &M b5 0h & Tk R

ver sulfate electrolysis[ ] ]. Nonferrous Metals ( Extractive

Metallurgy) ,1976(5) :63-64.

2009, 303. [8] BRM.BELMI. b5t i 4 Tl ik, 198712,
[3] BB MR R B T 2 B[], A 4 R Gh (9] ZERHF.LEB.GB/T 10117 maigh )b )] h A A
HRAB4T) . 2001(2) :23-26. 4 )8 . 2022(12) :138-140.
Lii Yongming. Summary of the process for producing pure Li Suqging, Zhu Jun. Interpretation of GB/T 10117 " High-
sulfuric anhydride from brittle sulfur lead antimony ore[ J]. Purity Antimony" Standard [J]. World Nonferrous Metals,
Nonferrous Metals ( Extractive Metallurgy ), 2001 (2): 2022(12):138-140.
23-26. [10] Garnica M C, Arcos J. Lopez Palacios J. Electroanalytical
[4] Madkour L H,Salem I A. Electrolytic recovery of antimony study of the reduction of Sb(Ill) in tartrate medium[ ] ].
from natural stibnite ore[J]. Hydrometallurgy, 1995, 39: Journal of Electroanalytical Chemistry, 1989,277 (1/2):
101-110. 351-363.

Antimony Diaphragm Electrorefining Technology and Impurity Removal Based on
Tartrate Salt System
TAO Xingrui**?*,WANG Yu'*?,WANG Guangping"**,LIN Yan'?**

(1. Yunnan Sino-Laos International Joint R&D Center of Analysis and Technological
Innovation for Energy .Mineral and Metallurgy , Kunming University of Science and Technology ,
Kunming 650093,China;

2. School of Metallurgical and Energy Engineering , Kunming University of Science and
Technology, Kunming 650093,China;

3. State Key Laboratory of Complex Nonferrous Metal Resources Clean Utilization s Kunming
University of Science and Technology , Kunming 650093,China)

Abstract: An antimony diaphragm electrorefining technology suitable for tartrate system was developed
using refined antimony as raw material. The effects of different diaphragm types and electrolysis
process parameters including current density,electrolysis temperature,electrolyte circulation speed and
electrode spacing on cathode current efficiency, cell voltage, direct current consumption, cathode
antimony purity and typical impurity removal rate are systematically investigated. The optimum
process conditions are determined as follows:tartrate ion mass concentration is 250 g/L.,antimony ion
mass concentration is 45 g/L, current density is 150 A/m?, electrolysis temperature is 35 C,
electrolyte circulation speed is 300 ml/min, electrode spacing is 70 mm. The research results show

that according to the single point impurity content requirements of 5N grade high purity antimony in
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the national standard * high purity antimony * (GB/T 10117—2021), the impurities that are easy to
exceed the standard in the antimony tartrate electrolysis system are mainly arsenic, bismuth,lead and
copper. Only regulating the electrolysis process conditions can not achieve the deep removal of the
above impurities. Further electrolyte purification measures are needed to ensure the batch stability of
high purity antimony products, while the remaining 16 main control impurities can meet the
requirements of the national standard Sb-05 by electrolytic refining. Under the optimal electrolysis
conditions, the electrolyte is deeply purified with antimony-based adsorbent (polyhydroxyantimonic
acid with the main phase of H,,Sb;,O,; (OH),,) to obtain cathode antimony with a purity of 99. 995%
and a dense and bright surface. The average cell voltage is 0. 708 V,the current efficiency is 96. 27 % ,
and the direct current consumption is 485. 75 kWh/t.

Key words: high purity antimony; tartrate salt system; diaphragm electrolytic refining; impurities;

removal
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