54 5 5
2025 4F 10 A

HES RS
China Nonferrous Metallurgy

Vol. 54 No.5
Oct. 2025

R

™

SIzagst: skOH, HakdE, 2k, %, Ti/Sn-Sb0, /4541 #H-F - B -PbO, HUERAYHI & LIt fb-a R ity (], hiEA Gf

4,2025,54(5) :92 - 104.

ZHANG Daxin, SHAN Ruheng, YUAN Zhuang, et al. Preparation and electrochemical properties of Ti/Sn—SbO_/doped
graphite powder —F —3 —PbO, electrode[ J]. China Nonferrous Metallurgy, 2025,54(5) :92 - 104.

Ti/Sn-SbO,_ /5 s M) -

F-B-Pb0O, HiHAYH %

Je H A~ 1 BEAE 5T

g{/‘k% 1,2’ ﬁfi('bfll’z, Z%Z >]i3, Fli]:‘ﬁ_%l,zﬁ’ :g\_ %‘1,2,3’ gﬁ‘@iﬁil,ZQ
(1. BB T AR R A RA R, =5 BW 650106
2. ZEA RS AR TREARIR G, =8 BB 6501065
3. RWARE T KRB 4 SEEIR TRARE, =/ BW 650093)

[H 2] ZERRIBY dTRRRRYAEELS T ARRE TH SBABLSLWEMHHH R, F
M EE FIL FoR@%ERE, A KA AETORMH LA KGR EF R H iR LW
PHEBETUNIBRBARAGE ERGEN MR ZEMERE SR KRR E A AR,
B e B A ¥ IE B RACHAE A RSB E R B R & — AP AT AR S R A4
Bl b BAyFe BT FAAR BALZ R HoR, BRAY, B4 CLERE PO, BEEmHE, S C=2¢L
B, AR 4R R B R b R G B R ME 2. 137 V, I B A ik & LR A, AR 5e X R R34 ) T 305 ming 35
KAFAEZE UHBHERTELRKR, B FEFARMEA 0.1 o/L i, B4R RIS AL EXF R ME
2.016 V, Rl B k2Bt A sk K ;3545 C F B £45 C A5 F iR B R o9 AR AE S s R % B 4F, Kk it
[ 35 3] T 337 min; AAF 5T )& 69 3 R b A e AE %5 Ph—Ca—Sn MM AR & R4K 10. 3% , 5F AL 7242 )
AP R E AL RBATH L AR R T AR 25 AR AR b I AR GG 3 B IR R | BT A Ak

P KA AR AL,
[ &4t |
[PESZEST TF803.277; TQISI
DOI:10. 19612/j. enki. cnl1-5066/1f. 2025. 05. 010

0 55
TEAT (04 B O s B eh K2 80% LA I %

[ifE BT 2025-04-02

[HE—1EH ] IRRF(1995—) B WA B4, gk T
Ui, 28 TR 06 4 FNYT REFRLAR A BLTE ST

EFBER] BB (1977—) B 4, #5d2, FE050 7 ik
RA AT RE AR AR

[4TH] BERA KRR 4% BT B (52274409, 22262017,
51564029) ,

WA, BAEM, 4R, PhO, ; C#H, Fibde,; al)i ik, Fe AR 7 -
B RE]

A [XEHS]  1672-6103(2025)05-0092- 13

H120% 2245 1R 4 2 VR VR IR & F R P2 LR . UL
R R B TR TN RE TR AR G
fE2/3 WRERE" ), HAEA AR (B 6B
25 BB B B2 op BE AR A R S5 B4 5 i o
TR AL AT H AL AR b | TR AR RN LR T
FE  PHAR 77 iy B AR ™= 5 T S 48 A 3 b,
B A A R TR R A T B PHAR AL RE, (HZ A1 R
PR TR AR B A AR pE 0 4 s B P
e A o FH el A P R W A SR A AR T TS ok i T AR
25, B i G S AR T, S S0 U A A AN



2025 4F 10 A% 5 M

SRS Ti/Sn-ShO, /B f1 843 - F - B-Pb0, HUIRIHI % S UL A ERERFSY. .+ 03 .

A, A ), EL A= 6 5 2 AT Y5

HET, G4 - (0.5% ~1% )44 T A
RZs 2 sk e )z Ve (4 R L tE M H
e, SR, VTR A Db S X A A = R SR R
TS 35 PR 5 A , FEBRAR ™ b Je 2% Ph 24T, b
A, B THE B AL Y B g b B 5 #0757
R fE R ILHE T B2 R E
O TR £ ELAT i A AT P R R IS T 1
e afnk . BRERGJE A a2 20 42 60 4F
TRTF SR 5 H BR8N 7 BB R e, L Rl 2
il B R AR A T 1 A R 75 el A R % i
K BARER TR — B, (LA 5 A o
i JEE ot JLP- N 2 R B R | s R R | S8 R4
A HLER I bl [ ) o i AR AR AR MR £, 38
1 FCX B AR A & — Rk 3L S AL | AL
V2 BIMR , Zead MRAS % FH AR HL A% 48 Pb - Ca —Sn
PHAR (4 F8 L FRARS 15% , I HLAE O AR b R 75 B H
R NI CoSO, , AT ZEXT PR e b T B
TARANIEH AR AL R, SERHSE 4
FH AR AR AH L, Ti/PbO, FH AR Al A HL 38 3508 2 i T
7. 85% , [A) ISt BARR AR L0 A A8, o BT B A, A A HH
FEH Ti/PhO, PEBRAR A H B 7% B4, DA T A 1 44
B TERAERI A PR B sAA T A o B A R AL
A5, & BLAE 300 d B Tk 3256 Ti - MnO, BHAR
(1) L B AL e B A B AR T T 40% , B %
JEFEHIFE 560 A/m? 54 F R L R BEIRZ) 5%

ST Ak PO, W2 AL TE MR AR e
ZAH R T I EUR 1B 2 OE SR B, 4Kt Co, 0,
MnO, , Ce0, ,Si0, , TiO, , BRAIKAE (CNTs) , £1 B 25
BIRTE PhO, WRIEH2 S BN [ A BRI
AL AR 4 TR 2 R TR R 7 R DT P S LA
A FRRPER —Fh sl & 2R s+, BRI AT AE i OB
PP REIE TBREAERNEY, BB ET
14 LB B L L 48 PO, HEL R EL A B U fL A2
Al P T B A B FH A I 0 1 B [ 25507 A el
AR MR, R i X4 2 A R R S A )
PR R A 2 PR R AR A 2 . A DT R ol
FLUE B TR 2R S A B 2 T DR i AR A A
FA 774 | FLAE AR TG T 55 R A 17 T T 2 OO 45 4
FaWEEBRNETHESEITEN F- A’
LB ILEW F'r  Mn®t | Co™t | Ag' %, Dai
SEOTIE T Co—PhO, LA, 18 i F 5 th 2 3 A

TEFMR LIRS 1. 0% Co —PbO, HL B i 1 AL 22 3%
PEAH XS F 41 PhO, AR 2 35 2 5, BB IR T FE RIS,
De Figueredo %5 % Bi — PbO, F# [ it 4 24 1%,
MERE (TBC) , SEHRIERT |, 48 2% Bi i ik 3 8% I, 1
e T A it A RS2 /1N | b e 3 T P RELARE 82 3 K, H
WAL RE I, Cao 55" il # F - PbO, HIML,
SCIIE T, AE L URUE RE R, F BT B A B AR DT
UGS, T PhO, AYTTAL, B2 T FL AR AY H
PRI SR T R IR S5 A RE T , B T Rk
5w,

B Am S T DI o A A O | R YRR
Tt v PR O ol R P BT R 1 LR
BRI AN B2 BBt AT DR S R A LA
PP BT (F) B ARE BUL PhO, H11Y O,
M REAIR PhO, 7 HL R 2% D A O AR o 6, (i — 44k
B AR ARLA /N $E T IR Z R M AR
TIRIZMIIN F7, FE i T AR AR e
IH F g5 Fe’* | Co™ F= A Ur IRl % B, K s 4
Fe, Co 7£ PhO, FIf MY & &, 42 = 9% 2 14 1 1k BB
F1 L BSRE R T A A AR A A
FHAR A 6}, (ER LA ARV i R o A AN 5] eFeE
JEEIS YL AF IR T A BRI PR TS JE el R 22, R
N SRR 1% 7 i e, 35O S AR B AR A s Bk
SEBHARA L ELA 4 K B4 ik B R AR S bk O FLH
FL Ak M R R A AL TG PR R O 75 T ok A e I
FEamE A, AT E 7R R K b A Oy T L T
() Ak 25 RE AN AR S 1, A R A T — RS Tl
AR 4 U I BRAR A L, B Bk I PR b L
AR IR

BT FaRAr T BG4 1 LUK O SRR B 8 4
JR ALY A a2 AR R AN 2 A T
2 il g — P AL AR A ) I AR AR R B A
A1 R RGNS BHAR LAk 2= PR R A 52, AR 5T 25 21
AT LA A 4 E AR A e s PR BE R ) e R R ORI
Lt b AIRRERE K B S %,

1 SEHA A
1.1 $ARMTLETZ

SEg BT A ER R 2SS TAL, RS 4350 Ry
30 mm x 10 mm x 1 mm, FRACEEBRUNT . 1 5l B
24 H AL O, MU 8K e #E47 Eab b 31 5 4K J= 4 s b
JaEk A BT 70 °C . 10% NaOH ¥ = 42 30 min, LA



- 94 - T H A E &

R &

k&R mimig ; S5 90 °C Mk E 10% H,C,0, %
WO ER F 6T 2 h HLRE AL b B
1.2 HERENTS

T B 2 A 25 o0 W 2B R AT B 1 TR, B —
Al g B2, 55 b AR b [R) 2 A T L AR
PO, 1HMEIZ . TEALIESBR A 2R LR i v E) 2 TR

M

- v
kb IR :
10wt.%
H,C,0, y

b

)

Ti/Sn-SbOx

-
il SR A Z

‘ e BNl

/ »& é'jI\ET”z::‘

>4 ~_Si

120 CHET R P AR, BE TR 5 ~ 8 min, 85
RS2 L frpagt 10 ~ 15 min, BEG5IEE 500 C |, 4t
TR -e 4 6 WK, ieJa — R T BT AR 1 hy X
JIF ) 45 B RE A R AT RR iC LABE FL UUAR PhO, AR 2
F . 2 B BE A Pho, TR Y %2 IR
i@t[zefﬂ] N

Ti/Sn-ShOx/B 11 B3 -F--PhO,

B s i A

Fig.1 Flow diagram of the preparation process

1.3 ZWHE

ARV S a4 T A ORI o SRR R I £ R
BuS i AR 4k, BT R AR R TR PO, J2
FOULZE 2254 Tt FE 1ol i B Ak 2= PR E

Horpr A ORI A 8583 (10000 H Bl T 5 ™)
RIE) BN EHI N 0 ¢/L.2 ¢/L 4 ¢/L .8 g/L,
TR ARV I 3 ] 3 2 i PR AR S % L XA [ ik
VAT B — R (A B o S iy, HL v s iy SR i
g S TN BN PR B ORI, IR R B RE .
DRGSR AERE I K S b i 47, AR oo &R
(14 FL IO ARSI 9 o o o sk B8 0y 45 I E 70 CARFRA
2 I BRI B sl — B TR hidE ., e
TEHL TR s i A7 52083 B 250 T A7 rLDTAR, X
AU ZH 245 ¥ | Tt 6 ok 75 A S Ak e R R E AT
M

TEf AL A 550 S in a2 LAl b HE AT SR 7 (LA
NaF FERAIN, 405 =98. 0% , Bl T B [ % ) 7%
TS50 0 ¢/1.,0. 1 ¢/1.0. 2 ¢/L.0. 4 /L BIERN
T FR ORS8RI AR 5
% O 2O AN ) vk B U B 1 — i ST Al &
PR F U it i 2 — AUk 3R 1H ) A AL s H BT b
W, Ferb S I R A R A S S s A PR
HL DB, IR . AR SL RO ZH 2451 | Tt Jig
i i B AR 2E P R AT IO, A5 H AR AR TR N A
AT H3B F e 286 Bk BHAR AR P BR (9 52 1, b X
LIk ZiIB S n e
1.4 Mk A E

I T R (SEM) 255 BE 1 o A

(EDS) 3RHL PhO, ¥ )2 MHOREsH 15 B, Lhitk—25
WA A RS A S RE B 5 B X SR AT A
PhO, HEJZ MY AR LR 25 S B L, 7E LAk T AR
i (RST5200 ) [ 5R FH — FEAR A4 R 2047 H Ak 27 1 RE U
R, ML P % Cus0,0. 281 mol/L H,S0, 1. 837
mol/ L, VAR IR 40 ~45 °C, Fril &t (REE
HEAUN 1 em®) B TAEHEM AR (1 em®) R AR R
B AR A ) A AR S L RPN Ak
(LSV) MR 10 mV s~ 3R R IR 221
(CV)MERR ] 50 mV s ' E AR, sk, B ik
“ABHHTIE (EIS) 7E 0. 01 ~ 100 kHz 30 [ 9 254 1Ak
FEHf0 R AR A2 R o FNZEAE . 7E BT AT b
R, 8 B % A B T 1530 mol/L H,SO, Al
1. 000 mol/LNaCl 1B & ¥ W&, Jiti o 88 vy F 3t %85 2
(20 000 A/m® ) WAk HAH P A B

2 R 51N
2.1 AEMBFEMTI

5, R A SRS I T2 RS A
KAk AR e RS, I T 4 AR S,
YW C=0g/L.C=2g/L.C=4g/L.C=8g/L,M
SN SRR TR 0 o o B FL R P R ET R B 25
mE 2 pros, IEH AT LU S C 7N it
1, LR AR R ST N MR sk %, B 2 (a)
W C =0 g/L i Bl & ik A SR TEDE B, AT LA
AR X B B -4 C i BT+ 2
/L B, FAR S AR FIURLAT Tt/ N AR 18K C R n i
8 g/ LB, dir RS it — 25l /s | (H 3 1Atk



2025 410 HEE 5 M

(al—a3) C=0g/L;(bl—b3) C=2 g/L;(cl—c3)C =4 g/L; (d1—d3)C =8 &/L
2 HUTBEANR C BmE T Frifil s Ak i SEM

Fig.2 SEM diagram of electrodes prepared under different C additions of electrodeposition solution
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Fig.6 XRD analysis and electrode performance
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Preparation and electrochemical properties of Ti/Sn-SbO, /doped

graphite powder -F - 3-PbO, electrode
ZHANG Daxin"?, SHAN Ruheng'?, YUAN Zhuang’, CHEN Buming'*”*, HUANG Hui'?*”,
GUO Zhongcheng' "
(1. Kunming Hendera Science and Technology Co. , Ltd. , Kunming 650106, China;
2. Research Center of Metallurgical Electrode Materials Engineering Technology, Kunming 650106, China;

3. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)
Abstract; In the process of electrodeposition, due to chlorine ions, sulphate radical ions, etc. in the
electrodeposition, the traditional lead alloy anode is easily corroded, resulting in the thinning and perforation of the
electrode plate, and the life-time is greatly shortened. Some literatures showed that titanium-based anode materials
have greater strength and strong corrosion resistance, and the doping of graphite in the electrode can enhance the
dense and hard characteristics, thereby improving its corrosion resistance and conductivity. This study proposes to

prepare a new type of electrode material with titanium as the substrate, tin antimony metal oxide as the intermediate
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layer, and lead dioxide as the outermost active layer, and investigation the effect of graphite powder and fluorine
doped in the lead dioxide layer on the electrochemical properties of anode. The results showed that doping C
element makes the PbO, layer more dense. When C =2 g/L, the cell voltage in the electrolytic copper experiment
reaches the minimum value of 2. 137 V, and its corrosion resistance is the best, and the sample failure time reaches
305 min; after doping F element, the size of the electrode grain does not change much, and when the addition
amount of F ion is 0. 1 g/L, the cell voltage in the electrolytic copper test reaches the minimum value of 2. 016 V,
and the failure time is the longest; the effect of co-doping C and F is better than single-doping C and single-doping
F, and the failure time reaches 337 min. The cell voltage of the new electrode material prepared is 10. 3% lower
than that of the traditional Pb—-Ca—Sn anode, and there is no need to clean the lead mud during use. The results
can provide a reference for the goal of high current efficiency, good corrosion resistance and long life of the anode in
the process of metal electrolys.

Key words: electrodeposition; composite electrode; titanium-based electrode; PbO,; C doping; F doping;
corrosion resistance; anode life

INIPNIPNIDNIPNZDIPNZDPNIDNZPNIDNIPNLDNIPNLDNPNIDNLPN I ZD DI NLPNIDNPNIDIPNZDNIDNZDNIDNIPNIDNINLDNIPNIDNINIDINID™

T E N 5E Sk T3 L tHX M I O &S

10 A 9 H  MREASGEANENL, W dEdr [ 52 e MM 55 BT B [P 55, 4 rb [ [ 55 Be At v, vy
55 BB 559 O B AT XS S B A R s R S IO 8 e R AR SC IS Y AR R A TR E
(RN, 58 95 03 A A 1 k5 F o AR 3 B S ARSI s AR S BOR S Hh A R A R E

55 ST I A 5 R 7 B A 1 O T i e SRR S I A TR 3 R v R SEORF AR 4 kR 1
M, 583 A S DA HRIIARIE S 0L . ATttt R R Bshg A%, R bR KR, PO R R ER
GBS 7/RUIE e SR Sl - A B o S P i S RN I TRE R EE S 7/ RS TS K & /IS DD il S22 S e
HIRF-55 1l XA E , AT BT A B 355

T R RN A Lt 0 AT 5 HLE B9 FR PR T RAVR AT it o A AT, 7 i XU A
AR AL AR 17 25 5% [ SR XA i , w7 BE -5 2% B it A 0 35 S O, S A A 4 ax Bkl B 1
PBEZRRARE o T8k, b E BURPRHRIEARHUIT S VE AT A XA HLE B9 B 3 LAV AT TR AR 2% e
A HVE AT VT 5 55 2 PRI it , A 28 fe it 5 L 5

U6 T RIS E] 10 H 10 B, SET7 5 AR, B X v 7 SR BOR A - S5 AR SC B T i 1048 ), 5 X w5 ik
1009 FEBL, FXH B A S AP S5t o 1P

XFIH, T 55 BT I R H NGRS, SR 0T A GRS R ML B A < U AR, IR, SE T 2 AL IR % 4 i
FHH VAR, ot A SR BB IR A0 | X A & IR S AR 2 77 ol St 0 R A R A A, 9 5 S B
Yok 3 000 T, 1 07 H PSS BLIIIUS 900 AR I, SET7 il T HE FV A A R AR S iR AL U R R DK (R
0% o FEI7 A HAR T AL E M5 vE A g, ™ H bl [ PRz SRR e, P SR B = I 2 2 E |

(BRI H A G &R R)



