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Table 1 Chemical composition of antimony alkaline

electrolyte pg/L
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Fig. 1 Schematic diagram of electrolysis device
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Table 2 Key process parameters of electrolytic deposition

&R/ (A m™?) 50,100,150,200,250

FL i TR/ °C 40.50.60.70.80

min~ 1) 50,100,150,200,250

WA/ (mL

H A (8] B/ mm 35.40.,45.50.,55
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Fig. 2 Variation of impurity mass concentration in the

electrolyte with pre-electrolysis time

12 65 5.0

11.0

4.5
o 10 o 55 o40.8 o
S

S 8L = 45 35 2190 =
£ | S 30 104 2
* 6 = 35 * ®

2.5 40.2

4 25 - L 2.0 40.0

6 12 18 24
e AR 7]/

B 3 BAiRE rh B B 2 5 R 2 40 B T RR AR B U Y
TUME
Fig.3 Variation of mass fraction of typical impurities in

cathode antimony with pre-electrolysis time
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Fig. 4 Morphological changes of cathodic antimony
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Fig.5 Effect of current density on mass fraction of

typical impurities in cathode antimony
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Fig. 6 Effects of current density on cathode antimony purity,current efficiency, cell voltage and DC power consumption
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typical impurities in cathode antimony
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Fig. 8 Effect of electrolysis temperature on cathode antimony purity, current efficiency, cell voltage and

DC power consumption



+ 718 -

AP e R

2026 410 H

A& 8 AT, HL i BE R 40 °C B, R A LA
A1 At 2% 5 BT A 3 A 38 AR CIEL 7)) (B BT AR
RN NSV = I o e o i |2 B |
SR J0 R A 43 AR A Y T 42 B2 e 5 B TR EE
Th v s S ¥R e 32 8 0/, X R R Ol i BE T
[T AR A N T 2 SN T (1 1
JE s 40 CTFE 60 CHE, HL AR Z R
by NI (E 2 o = 2 S N S o Y =T
XA B B A TR R AT S AR B A R BT

2.2.3 HBEBEREMNTE

KT AR 12 h S i B BORAE by AR TR 7
R L 3 %% B2 A 250 A/m” R E R 45 mm &
FER 70 CLHL RN 4.8 h & 0F T . £ 6 b i
W N 50 ~ 250 mL/min, % 2% H, i W %
I3 26 v LAY T JB J5 A 43 BN B2 L 45 R AL 9
7R o PR VR B 0T B B 6 4 B L F SO LR
JE B HLFE ) 52 M W & 10 TR .

3.5 1.3
L T R AR L 60 °C R . B R U RUR B B Ly 7032
. 3.0
W 5 B 2 i e B 4 350 BUJR 2 R i 4 Sk 4 s L1 [0 8
WA BT AR R &R, A soLE 2 P s |2
N -~ e - = I 9 = 1024 %
AR T T 5 76 R FL TR R FL AR R (% 3t 1F) 4R £ 20 ﬁ% 2
T, 700 RE B IR T R B T R B 15} w1020
A Al ol 9 ' 1 1 0.6 0.16
50 100 150 200 250

23 L AT AR B AT T LB BB L
il ) 0 B 5 40 e U T R AT . 25 TR R i
M AR 2% 0 v S0P A vl e A 42 T ) A% B L S A
P i BR B BOR RE AT RO BR K7 R 38 T Jim £ 3 4
HEJE PRI I A 5 R et b By T EE B B o 2 Wi
T EL A R R A 70 °C

H AR R E/(mL » min™")

9 BEBBERENARGPABNEIRRESHH
AL
Fig. 9 Effect of electrolyte flow rate on content of

impurity elements in cathode antimony
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Fig. 10 Effects of electrolyte flow rate on cathode antimony purity, current efficiency, cell voltage and DC
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Fig. 11 Effect of electrode spacing on content of

impurity elements in cathode antimony
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Fig. 12 Effects of electrode spacing on cathode antimony purity, current efficiency,cell voltage and DC power consumption
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Table 3 Cathode antimony composition and technical and economic indicators of electrolysis

obtained under optimal conditions
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Fig. 13 Morphology of cathode antimony
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Impurity Control in Antimony Extraction by Diaphragm Electrowinning in Alkaline System
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Abstract: To address the technical bottleneck of deep removal of key impurities such as Cu, Pb, As
and Bi in the hydrometallurgical extraction of antimony, a process for producing low-impurity cathode
antimony by diaphragm electrowinning in alkaline system was investigated. The effects of single-
factor conditions, including current density, electrolysis temperature, electrolyte circulation rate, and
electrode spacing, on the purity of cathode antimony and typical impurity content, surface morphology
of the cathode deposit, cell voltage, current efficiency, and DC power consumption during the
diaphragm electrowinning process in Na, S-NaOH alkaline system were systematically analyzed. The
results show that pre-electrolysis can significantly reduce and effectively control metal impurities with
electrode potentials close to or more positive than that of antimony in the electrolyte. The appropriate
pre-electrolysis pretreatment technology combined with the optimal alkaline diaphragm electrowinning
process can achieve effective control of difficult-to-remove impurities such as Cu, Pb, As, and Bi in
cathode antimony. Under the optimal process conditions, a dense, bright cathode antimony with
excellent morphology and a purity of 98. 61% can be obtained, with an average cell voltage of 2.3 V,
a cathode current efficiency of 90.93% , and a DC power consumption of 1 667. 2 kWh/t. The impurity
As content meets the single impurity content requirement of 5N-grade high-purity antimony Sbh-05
specified in the national standard " High Purity Antimony" (GB/T 10117—2021), and the removal
rates of Cu, Pb, and Bi reach 66.41%, 99.62%, and 98. 56 %, respectively, which can provide stable
raw materials for the subsequent low-cost preparation of high-purity antimony.

Key words: antimony; alkaline system; diaphragm electrowinning; pre-electrolysis; extraction; impurity removal



