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BRRIE, 5. G, SO Pb-Ag FHARSEALIEZ RIS bhAT A 52 0 793

A BEAh, T RIS R ER, TR E R
SO BHAR R BE AR 1 2257 D Fl AR Ml 20 5 Nk
i AR T AR LB IR 2.

1 I8

1.1 K&

AR R A T R TG A B 2w SR AL 1 s 8
Pb-Ag(0.9%) & 4x. I KAE L VI EINLE A 40 TRk
10 mm X 10 mm X 5 mm FRAFE. SR S Lm0 L
ST A kA TARIRLDY 1 om® (K TAEHIAR . T
AR R IR 4 cm® (41 AR, Sl
Hg/Hg,SO,/MiAT K,SO, (0.64 V vs. SHE). WITC4s ki
W, SCR IR S S L. T ik
WRRAT, F SiC W4T TAE AT B 2, LET
PIQULYive RE X9

H,SO, W 7 4l H,SO, 258 1 /K lc il . R
160 g/L H,SO, # AL TV A s i, #5ic i BE
Wille B S HILL NaF Al NaCl (/BRI . AHt
FEOPAEH T 2R G SUREE HoSO4 HURL, h
T RIRTTAE, MBI T S, Wk 1 A,
S b A IR P AR (354 1) Ce

F 1 HREMG T LI WIREE
Table 1 Connotation and fluoride/chloride concentration of

different electrolytes

Connotation c(F)/(mg'L™" c(Cl)/(mg'L™")

BE 0 0

BESOF 50 0

BE100F 100 0

BE200F 200 0
BE250Cl 0 250
BES500CI 0 500
BE750Cl 0 750

1.2 k7%

Pb-Ag FH B AT AN [R] i v A48 18 38 LA (500
A/m?), HIfE 72 b SECHBIM, R B TOKE YT
76 80 C R 8 ho AR5/ K FH A a1 W Ase
(MIRA 3, TESCAN, Czech Republic)fl X S$}£EATHHMY
(D/max 2500, Rigaku Co., Japan) il 4 1b i 2 i 50
AR o SRHT B R [l e —FT BEIOG” 18 7 V83K 45 f
R IRIBRIAT, AR F5 SR 4 v 7 S A B R 5 S AR P A

GERA o WA, K ARk S PR BH B A o I FR DR B 75 (20 /L
HIZTHE+100 g/L NaOH) ¥ 5 min LAV 22 BRIH K
RINAMIE, ZEFKRmMvE Ittt REHA
L7 WA B S I OB 3. Pb-Ag FHAR 72 h
THAARAG(500 A/m®) J S BI SR FH v I BT 12593 B 484k
2 PRI & i, Ak —25 A/m®, ARk
i) 4 2 he

2 ZFERE5iHe

21 RUEERRERR

Kl 1 iz k) Po-Ag FHARAEAS [ 3 % HaSO4 %
HE RARAL 72 IR R A R AR 2 Y R T TS,
TSR EfadE R S B0 . B L(a)BiR
A Pb-Ag BHARAE BE ¥ AL BRI )2 B30 4
AR S SR “IURRIAE ” IR, BEE R AR . A
AL Z o SRR 322 A R 22 3 80 2.
— MU N A AR IR R TG g PbSO,
] PbO, AR T3, TP BER B 22K, S8
AR R A, R AL . A s SR
PR LA IR, A A IS J2 3 T 43 A A3 K 1A O TE A
Flo IXEEIRI) FEERLIS & PO, T IERAL A A e
PbO, [ 1H. & 1(b)FT7~ A Pb-Ag £ BESOF %
AR AR Z B . WTLLE Y, EERE
BT kb, VAR . R R I 2N B
i H T Lo g8 KT fL. WO B, PbO, X sk ik
JERIBOGH, EIHHIRZ MERIL. XSRS MY
TGRS EOE S h S 2 BT Lo R B3 2
100 mg/L (BE100F), Jijz2 i Hh OK & () i v, &
1) Fi7r. 1R 2 X I 5 CL I, % 1 I T ) i
ERIRE AL . #I8 Pavlov [IHTENLIERY, Hréd &
AN A 5 J2 AR S T BEAT 30 ] B2 P 3 2 B
AETHEAT o X LEDI G AR A, AT AT AR N,
P R AR s R R A R, T 0
¥ {F BE20OF ¥ (UL 1(d)), JJz 3 i (1 i Fobk
TN . SRR LG ARELE 1) T, R
TG, T HL SRR (R 2 45 A TR TE R . A,
I 2 2 T 40 /N AL BB BESOF A BE10OF 53 (1)
b WO B, PO, XG4, il s fify >
Rk,

B 2 B AARIRGEIRIE HaSO, H i TH A AL
72 h JEEAE R ITES. B 27~ A BE #
ISR Z TES. B 2((b)~(d)FT7~ 73939 BE250CI,
BES500C1 #1 BE750C1 ¥ A= IR S A0 I = 3 1 P
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El 1 Pb-Ag BHIAEA GRS HSO, W P AR 72 h FW&E%F%%E%%R

Fig. 1 Surface morphologies of anodic layers on Pb-Ag anode formed through 72 h galvanostatic polarization in H,SO, solutions
with fluoride ion at different concentrations: (a) BE; (b) BESOF; (c) BE100F; (d) BE20OF

& 2 Pb-Ag FHHAEAIREIRE HySO, v IR E AL 72 h J5E L2 R 50

Fig. 2 Surface morphologies of anodic layers on Pb-Ag anode formed through 72 h galvanostatic polarization in H,SO,4 solutions
with chloride ion at different concentrations: (a) BE; (b) BE250CI; (¢) BES00CI; (d) BE750CI



5 28 & 4 10

BRRIE, 5. G, SO Pb-Ag FHARSEALIEZ RIS bhAT A 52 0 795

o {E BE250CT ¥ (WL 2(b)) A= e 68 2= 2 Th it
REARAZ D, SRR . WIS AT A, i
R I EPIR(REER), Rl P, T B 5
HONKPAD . MR ER EF] 500 mg/LULE 2(c)),
JB T HE g — PR, 2 BRI RIS
W BPTHAER . BZR AL, HELIX
BN 2 5458 . TOMTESRER W], IEZ R T B
TALRE— b, I LR G R AL . AR
BE750C1 #WH (WK 2(d)), AR SRR AL 5 W
Bo BRIZFLRGRAD, PR . AROWIES EE
FUGRHCEIE TN, REETE AR R AR SRR,
245500 L I B SRR BE RN 0% o ML AE T
P, JREWAE, FEFRRE = (B2 g2 i s (R T )N,
FTUAER G P4 T Z JR RAE, X — p fridk
—UESE

Xof LU RN 7 S Ho SO, ¥ P A AL IR 2 R T TE S
ATLURIL, Sl SODAERRR M mD, R T
fEfEm. fEdamamrh, BZERmEEERR, RER
IR Z 41 SLs M & SR, RE R 2 R4
MR, WL RIS LB

22 FEWRERIEH
SECAG I 240 Ay B R T FL R ) ) B8 I e

(2)

SRR A B AR B AR M R A K. I,
ZTFUI AL R RSS2 . ARBIES R
F g BT RO ™ IRk T A2 1
IS, Wil 3 84 Fros. B By BRI
FARL BILEGRNE, IR SO S )2
MK AT Pb-Ag JEAK. Pb-Ag FEAA I HLIH
X IT B R R A SiC RORE .

K 3 Bz g Po-Ag BHARAEAN A S0 HoS O,
kil 72 b B EITE S . K 3()PT7n 4 BE %
WAL R BHAR AR E S, T2 R iR 3 AT 4
Y SEAIENAT VA 2R am i 19 T 1 2
TR PRI 2 B T LI o RITIESE T HoSO4 ¥
HPb AR 2 XRS5, RIBLZ A 5
B SR B 2 . fE BESOF ¥ (L]
3(b)), FRJZAR TSI N, IR KR, R
If-F4E S T BE W 2 WL IXUZ 454,
JZ AR B2 FLIR o 24 FA EE 1Y I 21 100 mg/L I (AL
Kl 3(c)), BJZAIMTES S BESOF T AL, A4 LH 30
B AL, B2 E AT . 9K A ] 200
mg/L N (WLE 3(d)), Bz A8 R K e (1 4 4 A LT
= S RERIR, B0 2

K 4 Bz g Po-Ag BHARAEAN A SR HoSO,
kil 72 b B AERITE S . K 474 BE %

Bl 3 Pb-Ag FHARZEAR A IR E HySO, W IEIAL 72 h J7 FEAR AR TH T 50

Fig. 3 Cross-section morphologies of Pb-Ag anode after 72 h galvanostatic polarization in H,SO, solutions with fluoride ion at

different concentrations: (a) BE; (b) BE50F; (¢) BE100OF; (d) BE20OF
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4 Pb-Ag FIRAEA SR IE HoSO, ¥ P A AL 72 h J5 B AR T30
Fig. 4 Cross-section morphologies of Pb-Ag anode after 72 h galvanostatic polarization in H,SO, solutions with chloride ion at
different concentrations: (a) BE; (b) BE250CI; (¢) BE500CI; (d) BE750C1

VR IR (AR T 50 AE BE250CT I H (L 4(b)),
R JZ TG A 2, M Z R P HE R T BE Wl
1, X5 &SRR R —3. TR
I, 7r BE250C1 ¥ A8 A J2 S5 B2 B A /N T~ BE %
W . /5 BESOOCT il (LI 4(c)), AMTHiAL 2
I/ S FLIR AN A BT, 3808 P4 BE250CT i 1) 22
B AR/, KT BE Al BE250C] ¥ T 1) %5 )22
JERE . Sk P 2] 750 mg/LOLKE 4(d)),
ANIREAS i, RS E AL BESOOCT ¥ (1A
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X EE 7 AN P G Ho SO, ¥ Hh A8 A JIE 2 AT T 3
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JEBUE AR, fEEEHT, BHESEEY BE W
WA, AR R RN, IR R R B
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SN2 A AL R € T A2 1R g

W4 S ST PR S B A 3 A . DRI, A 32 220
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M. XRD FRIASTIERBE A AORK . mT LASRAGASE 2 2% T 11
YIARME R b TR R AR S B, AL
SR H IS HUAE (CPYE R 43 B A8 A IS 2 R AR A B o

Kl 5 ik Pb-Ag FIRRAEA R B S IE HoSO,
WA 72 b JEEABZE Y XRD 1% o 7EAN [ 9
% H,SOq R (L 5(a)) 4= K A2 = 5 H
)74 PbO, F1 PbSO4. 5 FHAAMNRJZ H1 (1) PO, H M
R, 250k a-PbO, 1 -PbO,*). [t g s AT 5
W o-PbO, MRFIEWE, 75 AT, XRD i
0-PbO, [ F I I 3R AL BE YW P 101K, 38 WD 7652 9
W EANRE)Z a-PbO, (15 & F K. 20 £14 26040 %)
MR JE B-PbO, FIAFIEIED, 768 HIET B-PbO, (1)
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RRFAEDE, W] LRI S8 W P 1) PbSO, [RARFAE
TR, UL SR AE RS T E T PbSO, I E
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Fig. 5 XRD patterns of anodic layers on Pb-Ag anode after 72 h galvanostatic polarization in H,SO, solutions with

fluoride/chloride ions at different concentrations
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(FFELIT ], R J5 Byl 1 A2 PO, (17
5 /b . 7F BE10OF A1 BE20OF ¥ % & % BESOF
WS E R, UL R BOREE TR, B
PbO, (1) & B FEA% . £E-0.85 V &b CP #h&k L AR — A e
PG, KHNF PbO, Fl PbO-PbSO, it 5%, BE ¥
W% G KA, BESOF Wik, i1fi BE10OF

1 BE200F ¥ T-4 o UESE T Bl A S 5 Y
N MF¢%oﬂwmmmm o IR TGN .

Kl 6(b) 7k Pb-Ag FHARAEAS [ G B HaSO, %
WAL ER CP gk, HIE 6b)rT WL, R K%
a0, PbO./PbSO, it J5-1- &K FEAR UKk, B4 AL
JEZ T PbO, 7 e A SR S B I i A X B Ak . 7
=0.7~-1.0 V HLA7 X JA], & S0P 0 s A7 #HE L BE

WA, BRI S TBE S PbO,
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B FEBAFIT PbO, MAEK . BEE R SIRIEHE
I A Z H PbO, & 58D, 1 PbO, A1 PbO-PbSO,4
DB BRSO A2 D AR IR 52 AR AL,
TREN AR A 2 AR T S M R 5 L UK

24 EKEHMAIR

BT R 119 JB8 b e A A B I AR R 2 S . S JRGHY
JE R TESUAAN S IS IR (1 S i RE S, 3 mT DA A 4
BB R PE, A BT AW A S 2R T I b SR AT
S BH BRI 3 ik 1 R AR AL E R 22

Kl 7 Bz k) Po-Ag LEAN R 350 HoSO, I A
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B G TR T, A . BRI BT
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Fig. 6 Chronoamperometry curves of Pb-Ag anode after 72 h galvanostatic polarization in H,SO, solutions with fluoride/chloride

ions at different concentrations: (a) With fluoride; (b) With chloride

Fig. 7 Metallic substrate corrosion morphologies of Pb-Ag anode after 72 h galvanostatic polarization in H,SO,4 solutions with
fluoride ion at different concentrations: (a) BE; (b) BESOF; (c) BE100F; (d) BE200OF

ORI, IERN, R R 2 A /N AL .
7£ BESOF ¥WCH (LB 7(b)), Ji AL BB ko
I, FLEBEAR, BRI, it BE Wi
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Fig. 8 Metallic substrate corrosion morphologies of Pb-Ag anode after 72 h galvanostatic polarization in H,SO, solutions with

chloride ion at different concentrations: (a) BE; (b) BE250CI; (c) BES00CI; (d) BE750CI
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BE % R, JE s A) . SR BT E) 500 mg/L
I OLE 8(c)), TG, AL BE250CT %
WHERIEY, R . AR, USRI
— AT 750 mg/L JE (LK 8(d)), HRE AR A
By5g, T R DI R R BEAIG, EG  DX3 H IR R A
BES00CI ¥ I JES i B 0

ST A7 00 ) 5 U 1 5 ke, o o ST R T 11 48
I, SR S PERE R, SRR . 45 A4
HIEIZIES . GAFI R e I OB 3 oA, S e 2
R FEE T PR S R 2 o o TP B2 SR R DN, LR R
JEIEFENG B IX 2190 i Al v R Ak BRI T L%,

M S (AR B ke BEAh, A 5 A
BTA, MZ UL HE. HF 25800578, CUEBEAL
TP AR RE B R, 1T H CU 5 48 4% & RE Tk
R, APHAR R R, — B CU il & 58,

ClU [ FE 23 038 2 G 1 J el

3 it

1) E ST, AR R 850k, Atk
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Effects of fluoride and chloride ions on
anodic layer and corrosion behavior of Pb-Ag anode

ZHONG Xiao-cong', WANG Rui-xiang', LIU Qing-sheng', JIANG Liang-xing®, LU Xiao-jun’, LAI Yan-qing?, LI Jie?

(1. School of Metallurgical and Chemical Engineering,
Jiangxi University of Science and Technology, Ganzhou 341000, China;
2. School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Effects of fluoride and chloride ions on surface morphology, inner structure, phase composition of anodic layer
and substrate corrosion of Pb-Ag anode were comparatively investigated after 72 h galvanostatic electrolysis (500 A/cm?)
in zinc electrolyte. The results show that both fluoride and chloride ions inhibite the growth of PbO, in anodic layer, and
increase the concentration of PbO, and PbO-PbSO,. In the presence of fluoride ion, anodic layer surface presents
scale-like morphology, the inner part of anodic layer shows lower compactness with large numbers of holes and crevices.
As fluoride ion concentration ascended, the number and diameter of corrosion holes presented on the metallic substrate
increase, and the corrosion depth increases. In the presence of chloride ion, anodic layer surface shows the cement
structure, the inner compactness is similar with that in H,SO,4 solution without chloride ion, while the thickness of
compact layer decreases largely. Metallic substrate shows the corrosion pits, and the corrosion depth is smaller than that
in fluoride ion containing electrolyte. Furthermore, the influence mechanism of fluoride and chloride ions on corrosion
behavior of Pb-Ag anode is analyzed. Fluoride ion accelerates the corrosion of metallic substrate through decreasing
compactness of anodic layer, while chloride ion deteriorates the corrosion of Pb-Ag anode mainly through decreasing the
thickness of anodic layer, especially the thickness of inner compact layer.
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