Metallurgical Engineering 1< T8, 2026, 13(3), 120-127 Hans )
Published Online September 2026 in Hans. https://www.hanspub.org/journal/meng
https://doi.org/10.12677/meng.2026.133014

SHHENEBERATHEN_XERNHSETZ
& MEIL

HAH, AR, B
B A RA R, W DR

Wers H . 20264F8 H 100 #HHEM: 20264F9H8H; & AT HI: 20264F9H20H

H E

TG IR T B AN B RS R S i, AR BB AR R B AR, R AOHEIRES & LR 2.5%.
A HERREAREHETEKNSITERBHEAD ARG BEBBTFER. ERMEERE. ERES
HRAEDAER, SARENERBRERF, BIBCKRMIE. KFIE X+ A% A LT BERE TR
1, WS TRIAGMN: B P AREEEERE. SOEEREE. MEAIMERTE. InEARR,
B ZFRIDFERS R RNBIRS; B P A SRR &, RAXCEEERREW, BRI
BRYE R B AR IR S KB T ERE B, BRESGEEN)S, BARSE TR e%/RF70+1.5g/L,
PFHARVE4E 726 M 16.99% P2 11.0%, HBEBRMERERTTI3%. MERBRFMSHSENHER2.5%
R SR, PRV B feiA 2)54.18% + 0.23%, SLIGHERHRBENET FE. XEUEFEAH
|ATKERSE, TTEERTESHEIEAER, SENFREEE B BRIRAL B SR 5T 75 H 5

XKigid
REGRER R R, GRS, PHIRVESA RS, MAME, RELERE

Mechanism of Secondary Antimony
Enrichment and Collaborative Optimization
of Process & Equipment in Electrolytic
System of High-Antimony Crude Lead

Fuxin Gou®, Taotao Zhao, Haiyang Lv

Henan Yuguang Gold & Lead Co., Ltd., Jiyuan Henan

SEIERE

SCEG| M AR, BEE, BT SERHLETRARAR R TR R RN S L2 T RMRALD). 1h T, 2026,
13(3): 120-127. DOI: 10.12677/meng.2026.133014


https://www.hanspub.org/journal/meng
https://doi.org/10.12677/meng.2026.133014
https://doi.org/10.12677/meng.2026.133014
https://www.hanspub.org/

GEE I

Received: August 10, 2026; accepted: September 8, 2026; published: September 20, 2026

Abstract

Complex antimony-bearing lead ores and secondary lead wastes are widely adopted in lead smel-
ters in recent years, pushing the antimony mass fraction of crude lead to over 2.5% in partial
batches. The conventional silicofluoric acid electrolysis line of our plant suffered from rapid lead
ion consumption, frequent polar plate short-circuit, hardened anode slime and cyclic loss of anti-
mony on residual anodes. Full-scale industrial trials were implemented on a 100,000-ton annual
electrolysis line with two phases of optimization. In the first phase, multiple field adjustments in-
cluding litharge supplementary feeding, filter press pneumatic upgrading, infrared short-circuit
alarm and widened cathode plates were carried out to restrain adverse side reactions under high-
antimony working conditions. In the second phase, the residual anode washing machine was recon-
structed into dual-pass reciprocating brushing equipment to eliminate the difficulty of stripping
hard antimony-rich slime. Long-term production monitoring data demonstrate that after compre-
hensive optimization, the Pb2+ concentration of electrolyte is stably controlled at 70 + 1.5 g/L, lead
impurity in anode slime drops from 16.99% to 11.0%, and electrolytic current efficiency remains
above 93%. When treating copper-removed crude lead with antimony mass fraction of 2.5%, the
maximum antimony grade of anode slime reaches 54.18% * 0.23%, realizing centralized enrich-
ment of antimony in anode slime. This integrated transformation scheme cancels pre-pyrometal-
lurgical antimony removal, and can be applied to large-scale electrolysis of high-antimony crude
lead, offering practical on-site renovation references for antimony resource recovery in lead smelt-
ing enterprises.

Keywords

Silicofluoric Acid Electrolytic Refining, High-Antimony Crude Lead, Antimony Enrichment of Anode
Slime, Current Efficiency, Supporting Equipment Renovation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 51§

BiJE T B N USRS R, BRRARL, S SR L AR A S A e I AN TR R,
TR GRAR A EIOKT, BERESE N 20 30as, R PREEE N ERIE & B k4 . Bt JUAE, ATk
RIGC A A A BB IRAY P ARIECH, AR & BB LK, AR BRETHAER S L E RS T 1.8%,
Wiy A PE I B EEA B 2.5%

HHT LT A PR B R B T 2R B 2 SRR AT G B FR B TR BRI IS S R . KRB
s AR A E N EAL T, KRR D SRS G IR BERE, (X E TR, Bk5 i
RIENMHSE T3, RIS FERE K B R A a1 R, P BB AL S, SRR E B, &8
BRRICRIRZE[1]-[3]. X HRE, ERRBEASTEERIZT, SeRalceE s, BN ZS8EaH #
EAEHZ L Z[4]. BAARMIRET, BAAS KA IR, SMULRE . B8 & &M R, 77
i f5 AR h AR ILER( 5] o

gEAHAL AT IR RE, HYHEXT PO¥/Pb FRiEHAI—0.126 V, BRHELXT Sb*'/Sb AL IE, HEHZ+0.24 V

DOI: 10.12677/meng.2026.133014 121 Hae TR


https://doi.org/10.12677/meng.2026.133014
http://creativecommons.org/licenses/by/4.0/

Gk

[6]. BALWEFMAT, WHERAHSREE TN, SRR KER RN, EI7ES L
JETEATI, —EAEE S Emm, GRS REE R RS IE IR (7].
RJZ VRN 2 B 2 PO MR 5 AR A i, R IR ZE AL RPN B, AR AR I =) B B A AT A [ (RS, 3k
BB N IX A5, BRIFD T N U, AWDJRTT W B AR R AT 7 8- 10] -

R IGAE T 518 T =K s — A2 BHAR)E K Sy AR S ML AR s DA S ) BRIV R it A
FEAERNAR PO PG, MR TRE, BRACRER SRR, TR AR SRR T A A
(RIFEME, BRI I R AN &), AR AR I B AR T IR ST IR A s = v B T 00 T ZE ) B
AR 0 226 SRR ARE, R AL ) P VR Rl B 6 X LR (3t 2 8 LS D7) K LSRR R TR R, SR
B B AR P R (e L TR, IE R GRS . O RTAT MY P R A v e R Y s R R
fRORTT 58, HE DL IR SR R AR PR e 28R A 7 5 S < B D 1) — K 2

2. REMNEFE
2.1. RIEFEH S EREH

AR TANARBARFEA 47 10 /3 ¢ FEGRBEAH A s A r= e e, i Pl FH B AR R 32 A9 28 100 5 J B 4
FHARAR . AR B A 0 R B BUEHIE 1.27%~1.83%, BETZ. &&dusem)aE, &4 i
SR B A 2.5%, JFRAIR mreh e gl A 7=

P AR AR PN VRE P ek R B FE L U S AR IR T S At R, et A P AR VR I A . PB2T 75~85 /L, i
BHESIR 90~110 g/L; SHORIEBIARER AR I 45 P2, S IARR . AR RS LR n7), f2 M RREER
B AR A Sz e B S A TR BN, PR INIX 8] 150~200 g/t HY. HUARIEEC BRI S, MERS E 4Ly
40°C~50°C; A7 L% FEE 2 160~180 A/m?, HIARVE A BE A& 20~25 L/min. HS0& HY =28 L& ik
TRV e 45« TP ARAE R JEAL, BIARAR R 46 58 5 83.8 em, AT 1540 B E 28 M I T 15 4%

22. BIERESSHAGE

IR0 2 A PEUGE S R, WREE SN AL 56 Bt 58 AR PR GE v 0. R ARV 2 IR L
BN E TR (AAS) BRI BHARYE AR EY . BACE & B R A S B VE R 8 F AR SR
e PNl A B3R BRANRTIVE Z 5k B DU B I IR 4% . BURERR 25 & VA e il s 1 AR

3. ER51T1i8
3.1. S AR R B R RN

FELE PO B A T 22 I\ 22 7 T PR rE SRR A rEU AR T B AT, B LS 21 1 7 o AL 3 B ) B 2 7
EE A N o RIS RS, WA R . AR . BRI RS IR FEFe e s Bl
FHHE) AR S BRI, ARSI BRGSO BHAR VR A A bk R TR B AR
IS A

GESIVIAIRAIRAENEE, HAEE IR B B F) 1.3%I, PR SA m— EROimRiRE, WE D
Teim T AR e, HRER ORI GRS B T . BEE AR KN, REREIEIE, R B AT
. ZREI AR AA R Y, RSB, A S N E I B SR BRI BV IR A )2

XPHRIE | Bl sl 7 DNPEOR AR, ORI = 5 F AR B TR N R RRIUE T M 4%
FEBm, BB 1.27%32 2 1.87%, HMARETE TN 71 g/L R 45 /L. JEHRAE T PR e
JZ BELRR M S A, Y IE VA A AR 2B, VAR R AN B b 7 . IR R (R 2D Bl A B e Bk R
BB, RBRIERIN BT E 93% LA b, B i B 5 S IR 88.5%. X% NI R B = miik . [

DOI: 10.12677/meng.2026.133014 122 BE TR


https://doi.org/10.12677/meng.2026.133014

GEE I

PBEACTATHE S, JCRGRRHIE N, RIS A B B ke, AR B RS R T AN
AT AR E MR 22, 7 H B A R A HELRES

A A M B A B B R A R B RO A R B
(a) 75 (b) 95
2 — ool 9% [ U & it T |

70 [ msme
_ 93 TREAES
g} 65 2 (Pb2* &k, BETH)
= s
il %
_‘g 60 %I- 91
E
r:: g 90
%55 R TREES
e Ew (Pb* L)
Ber

50 88 88.5 %

T e
i 87 | egemn
1 1 1 1 1 1 86 1 " 1 1 1 ¥ 1
6.3 6.6 6.9 6.11 6.14 6.17 6.3 6.6 6.9 6.11 6.14 6.17
YRR (i) PR (if )

Figure 1. Data analysis of unoptimized electrolysis of high-antimony crude lead ((a): Effect of antimony content in crude lead
on Pb?" concentration in electrolyte; (b): Effect of antimony content in crude lead on electrolytic current efficiency)
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Figure 2. Analysis of key process indicators before and after process parameter regulation ((a): Comparison of lead content in
anode slime before and after optimization; (b): Comparison of electrolytic current efficiency before and after optimization)
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Figure 3. Effects of widened cathode plate and infrared short-circuit monitoring on electrolytic current efficiency
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Figure 4. Response relationship between gradient increase of antimony content in crude lead and antimony
grade of anode slime

4. 1RIRE L BRI SRR kI R X AR E

y=525x+415

Oy BERE ST BE . HLAYES 1.78%, FHARIBES 50.30%; Bf 1.80%XF R 52.21%: £ 2.00%M 4 F-4TH
53.01%. 53.55%; %6 2.20%* 8 53.56% 53.71%; IR 2.5%%6 R TOL T, FHARVE i = 54.18%, J&
BHEAEERTE 0.1 N, BAMRIRES AT ik 0.525 N E 2 b, B SRR E T . AWERRL ) B A
FEMRRE RS OE AT PEAR AL ™ B BRAGE AR, — SV N BRI E IARAT tH, — B kG B
B T kid, RA/DEEEMRYE; BERAREHEME, FHRIRZEWRAIRTS, BB HE s N K
MR, BRI B o LU ARRIE Be & FE UG, SO e e A e R8s, JFURT N RSB
Yo BEAT PEAYE ,  TA 2R BRIA TG B A OGP, R S AR e 4 ot 7 B SR [R5 2R P Bk 2.5% 8
B R A PR IAIE], SRR E SRR 93% BT, MEHETLREAI, IR KA, ek
TS AZHIEAE, IFXERER R RIE R =B B A 7, FEANSG N RE . AN A L A

DOI: 10.12677/meng.2026.133014 125 BE TR


https://doi.org/10.12677/meng.2026.133014

Gk

PEREITRTEE T, SEBUBRERIIRJE AR TP E 4R, W ERIRET SHA)E P B NSRS U T, 45 BB i
R, FEARHEHEAE, $ETH kB ez 5 s

3.5. ERREAESHAREHRS

I SC MR AR LA RE SEBLBh ) FHAR R $6 78, 45 B R T Al o B Y JCVE MR B, B K I i ik
WA GRS, TOIETE e B w SR W AR . SR FOl R RS B e & WU I A 2, i AAR 2
UL N AHRAEAC B AR R =, D9k 2R (B SR AR e I AL AT 45 B So00E I3 R R R 6E, X o T E
BRIV BRI B, T W Bl e S K AT BT U 2 O TBCRE . SR A

DRI P e R AR (R R AR R R BB AT e AR Bk, AUAMUBE S 0 AN A DA SZ I RE A 1 B X
2%, IWEGR R MR TR NS 1~2 mm JEERJREEE, BHAUR BEAR R AL 78.0%, FIAR 22% 58
R i LS A EIP Y S 7 s S SN T2 S IS & 52 o0y € [ 7 P o S I O et N E R 2 S 7 BT S /674
Fe UG MU S . I TR [P T — o2 SRR SO RO AT B, SE A 6 5 A A T
BRI R e R 2L, SN A AR B AL, SRR SR R A RCR . =R R R
JEZ BB R, FEECRRE SRR HBI0, TR “ RO BRI + Kb 2R anle + om R TR
B — R R BE R .

K5 ATRVE Y, os e Al i IR TC AT We Z a5, RO, AL FRINE. CRS
THRIE R, SuE AR RS Rl 78.0%RTHE 99.2%, LTl Bk el M FRAR R 2 HE N 8 5
4.

A UG AN ST R AL Y PR SRR SRS P I R AR VRO 4% SR Eh FH AR AR A i R YR
Fers, AR I AL OR B i g 2R SE A K IIIE AT, AR il 8L 46 T B 1) I U1 W i ke AR [ 97 0 9 2K 3
i, MRS K E R TR AR, BT R R FUR At e, PR e B
A REAEE R 50%- WA 54.18%, HYAR AR EFEHIAE 11% LA, [RID R IR A AR A i AR 2 7=t ATl
[ S v B REL T JURE AL SR A T EL RV I AL B RO T 6

(@) (b)
: EMBERRTE o
- — N =
W,
BHEE  —AE, =
RRITEZ ST N e
BB AL IR - ey
(High mud residue) = ST o
SEFWENERATE B SRTRE
= 40
juny

<
= —_— N —
»E_’i AN 20

Dual-pass  ZI7K7KME,
e reciprocating BT S[F
BUE A £ B BN s 5 R BUSRT BUEE

(Zero mud residue) (BIBE) (BUBINE)

Figure 5. Comparison of performance and process of residual anode washing machine before and after equipment modification
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