5539 & 5 3 1 PERLN: & Vol. 39 No. 3
2025 46 H NONFERROUS METALLURGICAL EQUIPMENT Jun. 2025

Sl ER0, 25646, 4 b, 55, & IH s AT 20 8] 95 e A Ao SEBR AT ST [ T ] A (1345 ,2025,39(3) ;111 - 116.

WANG Peiyuan, LI Weiwei, YANG Jinzhong, et al. Practical research on energy saving and cost reduction reconstruction

of outdated electrolytic lead workshop[ J]. Nonferrous Metallurgical Equipment,2025,39(3) ;111 - 116.

% |FL BB AR 57 2 60 5 B AR BSOS SRR 56

IHET, B, aE T, BEE, BEA
(F R 77 R (R B AR S, T R 459000)

(# Z] HPLMRR RS H AT IR BRI BEPR Z —  AAIT ST SR AR A4 A ) E 0 RE R AR it 52 B i
T AL RS B ST ARG BLA , AR AR 6] B AR BOR N AR bR R O 2 s )
FeI8) E AR i A P ROR AN EE At R IR R A< R 22 A KRS , i St 259/ R AR ORI RESF RERIN B . 5 M iz
AT s B8] E R AR E B B RE IR AR E 107, 36% , KRR RE Y TF A6 45 W] 10
6 BRAF R Aall 548 A AR 2 389 Ti ot , e KRR A1 4 128 J1o0 BB 1948 68 J1on A BUMA T4 193 T1
TG MEAh, BGE BT A SMTREE DU TARRREE , BE— P T H 23 aE . 4o10] E B A (A BEET IR MR B A 1 12

A R ALl o S 3 B R BRSO LR R AR ATl Y T RS R AR AT 2 O
[ R8I ] FUMAT R AIOE ; HURIY ;. R0y s BIRGIBEHLAL ; S BRAR

[FESES] TF812 [ XEkFREE] A
DOI:10. 19611/j. cnki. en11-2919/tg. 2025.03. 013

0 55

B —MEZNA R, B A Z/MmEEn
PrE AR R Y AR SR Tk AR
PUBR 3 | fb 2 Tolb R e A5 | 3838 32 A 25 i
KTl DL R Hofth 2 4~ SR ER A & T 32 1 I
R4 YRR R R B AL K R R AR v
RS, BT 2Bk B R 28U R Ak DL
JOEB R T ARG B AT A IR RIS
JEA i Ab FIR B s B B

KPR TR = R A R R ROREL T R
PRPIR T BEA AL " ML Fi S e B R A A ok
PRI I B A S Ay, HE R VR T LB B9 21 20
et X — AR B HIZZ (Beus) &M, T
1902 AEFE NN & KA RIR (Trail ) #5) E R T Tolk
A R AR R 25 R R H B
PRl B EHA AT A—A BT B B, HE 30 T 45 Y
AEAL AN SRR B AR K R . AERAZE 1 0 2 W, 4%
FAUAE B T AR T4 B8 B KR RS R B R (B A 4l
JERTE [l CRAR AR [ R MAZK 3 i Fi A )

[YFmHE] 2024 - 11 -29

[ XEHES] 1003 —8884(2025)03 —0111 - 06

D, W DA AR S B R S O SRR v
PR AR TCR IS e

FUHT, 2 R4 5 20 R AR 74, iy REREAS
PR AR, R G P 2 — A% iR Y A AR LR A
8] B, T SCRIFRCY 40 E) ST IR T g o, A
AP0 I Xk L A A R A | PHAR S AL Uk A AL
21 R S 15 o SR REAT TR U0E , RS AR TE] E TR
IR 5 A AR AT i BEIRTHAE A TA S
PEAT RS WM A G 04 ol A B2 TR bR S
il 4 LG T ZORBGE 4 (AR R 28 55 HE AR 2EA 70
FCI AT BIETE I 1Y RE R AR 2A0E ORI O HoAth 4
AR AR ) F R i S RO SR S I

1 Eiig&siEA R

ARG S [ N ek T2 %) s i 42 08) E Y
LR FHAM ST BRI (8 AL R PR i 45 S b A T
Mg TR, B AR E MOERT R B AR R R A

ME 1 A LLE T B B —A) B4
B P, 3 2335 A8 LTS G BRG0S0
B i, XL 1 (a) FIE 1 (b) FTLLE H ik

[E—1EE] EHIT(1986—) 5  WmHF iR, BB TARRIN, 2N A (5 8 i B 7 i AT TAF
[BEEER] Hah (1994—) 55 s PR AL, TR, 3220 A (0 G v ok S i < 11 IS s T A AP 1A

111



FEBEE 2025 455 3
(W Tag R A
L w3 T g g | ORI S e )
Hi o [T P
e — R LB B T N
R x|
BRI
i o
o fit
X X
P Do Pt Dot
IR e SELALE L)
li 4 I Horena
(@) BT (&) Hi e

B1 ZEENSHEHREEE

Fig.1 Simplified diagram of the layout before and after the renovation of workshop E
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Fig.2 Natural gas consumption for electrolytic lead

in each workshop
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Fig.3 DC power consumption per ton of lead in each

workshop from july to november 2023

M 3 ATRAE Y, oo J5 0 2 8] E T BT
FEU AR T HoA 4 DARBGE %R, 4206 E 1Y
R Y B AR 8 H A7) 100. 7 kW - h, F fI i
Y ERAEFE AN 11 H A7) 94.9 kW -h,5 ™~ H NF
YUt B A 98. 4 kW - h, HiAth 4 R ol 42
[EIFEARTE] 5 A P e AR i L I AR Ay H 4 4 [
B 1E 9 AP i 105. 7 kW - h, 5 5 Wi 4% B 37 FL R
WPEHL AT 4208 B 76 8 H AE /i1y 125.7 kW« h,
4 A ARPE ZE R 5 A P 34 W I F AR 43l
A 118.78 118. 84 112.94 115.72 kW - h, HA({E
= TR AR B AP e B AR, 4
Kol vE GE0E 5 A H P EE Y AT U R FE N
116. 57 kW -h, L HUfBST428] E w1 18. 17 kW -h 1
TN AR 0.75 JC/KW - h 15, B AR A 20 0] B B0
JE R AR 68 Fiot, #£3 A 2023 47 ~11
F A e TR A B R AR T 22

T3 2023F7~11 ARFEMSAEREBRERE
Table 3 Variance of DC power consumption per ton of

lead in each workshop from july to november
2023

FEL A 4R ] A B C D E
WA B AR T 25 5,472 64.998 34.213 9.357 5.060

T A T L L RE Y 22, ] DL B H A
PR rE, NE3 ATLUE AR E 765 A H g
Y E AL 220 5. 060, BUEH R/, X EWIZE
[B) R 5 A ZETa) rp AR P e R B — AN 2] e T
(B8] E ehoik i el f AL
2.4 ABRBA

N GURASE AL 32 B A T DR 2 —,



EROTAE: B IH AR 4 )Y RERE A s S BRAT T

FAE B A RE S AT 5e 4 T1 5 B
HIFOCAL A AS , BERS 1 2 FE T L i iE B ROR
SR A Y I W 55 Faf i R PT 4P 2L R S RE T, IR
] E AYRA0E 5 8 2 B A R, 2 4 S 48] E 2
HHTE B
®4 FHEEFMEAAER
Table 4 Workforce situation before and after the

renovation of workshop E

BReR/BE L PE/PE A BE

M M " JEPN 4
IR kA kA
Rl e 8/3 6/3 16/2 74
o e 6/3 5/3 18/1 51

M 4 PRl DL S 2 B v B v e B
TARAPRA T LA 2 R 1A KAV 2748
B3 AN /NI ROE B8 R T A PR AT L e
1N SR FH B ST AR ML AL FER A 6 A 4 1 40 ) 256
PR 2 DA L 1 DPRH, N4 TTLLFE
LR E g tdE E SR T AR (A SRS
T M 74 AWK 51N, B 6 AR 2 e A
WA LLEE H 290 7 000 J6/ NG, 255 i S fEAS
KA ST shsk B A RTHE T 42 E T BRI 23 A,
ARV T N RAS T 44 2 193 Jiot, 1EARKE NS
SRR R AL X TRl B A RS
B E RN,

3

&y

(g

AHIE G X RS 2 (R B R AT R R A
SR A I A RR A | B ST ARAILAL AL
2 o5 A A % A QB R A% T O T A, RS I 3

1) R FH — 1 e S0 =2 H fip 1 1A% 0 1 1 1) =
FL AP, A AR R AR AR T L A 32 38 KUY, e T
T JE ek e R A SRR A R AR AR R AR
MG BEE T RLHERN, i 5B A Bt
sl IR, AR R 107.36%

2) BIARBDK Y MR s s, B AR A 1 =4
ANBURA SRS, W AR T A A BRI FE | 32
TR L AOR BRI F R, S0 T e B

3) R ek (0 S AR B 5 H AR AR B LA, 2
T T AR A R o R A kR TR AR TN
B 57 B i AR A R J b T A AR T T AR
FE it R E P2

4) KM 2 A 150 ¢ BREFRIUE 3 4> 80 t BRif

] LU RCRE AT 5 P 9K SR T AR i ) Ao R

H ISR ST I ] R P, S R B TR T L 1 4 T

B2
5) x4 E TR S 5 A P e

B RETRINAE N AR SE 2R B R AR A T e

OIMT, T ARG B AL R AT X b, S5 R PR A

0] B Ff AN FUL T REAF 748 A AR 24 389 JT e,

Hh RS 128 JioC, SR 1T 2 68 J7

JC, NBUNATTE 29 193 JoT, B 5 %8 E 78

T RE R AT TIPS W 25 AL, by H A F R 4 T Y

U SR AL TR ARE R S
25 E R IR AT 5E b B0 R A TR RE R ARk

LB FTAT R, AR T T A P R A i B

0 REAR T AR RN FE RN A B A A

B (AR, IS

[ &% 30K ]

(1] A ARG aIM]. Kb R R ik, 2004.

[2] E30H. GIRATREOTIE S R IR T ] . HURAT 585 0L
F,2003(S1) ;72 -73.

[3] #FAH, . EeEha = M]. bt f & Tl
#t, 2019.

[4] HOHJO E, KISHIMOTO K, KASAI Y, et al. Lead-acid
battery [ M]. EP. 1992.

[5] ZHANG C, SHARKH S, LI X, et al. The performance of a
soluble lead-acid flow battery and its comparison to a static
lead-acid battery [ J]. Energy Conversion & Management,
2011, 52(12) : 3391 -8.

(6] #Mil. EA OERRHRBTTI. SewE (M]. b
RS T REE, 1996.

[7] FF3CHT, BhEHT, TAE4e. BEBamR R (1. o
1R, 2005, 14(3): 49 -52.

[8] AT/IME S IGA] , GHRI 45, M0 e it i mh 4 el R Y A
FEHERELT]. B LR BRI ,2010(1) :34 -37.

[9] 2/ Zooude, A A TTE =30 Hi e
APPSR ], A R4, 2011,40(6) :13 - 16,23.

[10] sKFE. g EnG P X —T PR R (JE ) AR

AR BT T 0T P EA B E R, 2012
(15) .56 -57.

[11] TOKIAKI, TANAKA. Adhesion of anode slime on anode
surface in electrolytic refining of lead[ J]. Metallurgical &
Materials Transactions B, 1977,8. 651 - 660.

[12] s A B S [M]. Kb g K= AL,
2013.

[13] LU J, DREISINGER D. Lead electrowinning from meth-
ane sulfonic acid [ J]. Hydrometallurgy, 2021, 203(5) :

115



ik 2025 4555 3 1

105623.

[14] SR, ESCE AHRKSE, 5. HIZETE B S 25 6N =4l
ST T]. WA (48 ,2023,39(6) .73 -76,104.

[15] BT dsinRFEm ke 1T . s
{48 2003 (4) ;20 - 23.

[16] BEmImN , XA gl e, 5%, AT KRS BRBR AT T
R TIET [1]. A &R BT 57,2008 (1)

(20]

mony from Lead Anode Slime by Vacuum Distillation
[J]. Chinese Journal of Vacuum Science & Technology,
2012, 32(4) . 301 -305.

WU W, WANG Z, LIU J. Hydrometallurgical Pretreat-
ment Process for the Recovery of Valuable Metals from the
Lead Anode Slime [J].
2013, 813153 - 156.

Advanced Materials Research,

15 -17. [21] GAO Z, KONG X, YANG B, et al. Extraction of scat-
(17] RAE. MK ER R T A [ T]. LG 4, tered and precious metals from lead anode slime; A short
1999(6) .8 -9. review [ J]. Hydrometallurgy, 2023, 220:106085.

(18] ZMM= BRSO, TR K8, , 55 SRR A BH AR e [T i 4
MATFE )], BB R 222 4l ( A ARBL2E AR L2011,
36(5):14 -19,55.

[19] LI L, LIU D, YANG B, et al. Extracting of Crude Anti-

[22]

LI S, GAO Z, KONG X, et al. Separation behavior of
metal and oxide: Vacuum gasification for metal recovery
advanced from lead anode slime [ J]. Vacuum, 2024,

227.:113383.

116

Practical research on energy saving and cost reduction reconstruction
of outdated electrolytic lead workshop

WANG Peiyuan, LI Weiwei, YANG Jinzhong™ , ZHAO Zhihao, JIANG Chenlong
(Jiyuan Wanyang Smelting ( Group) Co. , Lid. , Jiyuan 459000, China)

Abstract; The lead electrolytic refining process is a crucial component of current pyrometallurgical lead
smelting. This study focuses on the energy-saving and cost-reducing renovation practices in Electrolytic
Lead Workshop E. By upgrading key equipment such as electrolytic cells, rectifiers, and anode vertical
mold units, Workshop E has achieved significant technological and economic improvements. Post-
renovation, the workshop not only enhanced production efficiency and safety but also reduced failure rates
and safety risks, while markedly decreasing energy consumption of natural gas and electricity. Five
months of operational data indicate that Workshop E% electrolytic lead output is stable and exceeds the
designed capacity, with an average production rate of 107.36% . The consumption of natural gas and
electricity has significantly decreased, saving the company approximately 3. 89 million yuan annually in
production costs, including 1. 28 million yuan in natural gas, 0. 68 million yuan in electricity, and 1. 93
million yuan in labor costs. Additionally, the renovation has increased automation levels and optimized
the working environment, further enhancing economic benefits. The transformation of Workshop E not
only advances lead smelting technology but also delivers substantial economic returns, offering valuable
insights for the sustainable development of the electrolytic lead production industry.

Keywords: electrolytic lead workshop transformation; electrolytic cell; rectifier; anode vertical mold

A

unit; centralized copper removal N



