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Effect of F-, Fe*-doping on Performance of Lead Dioxide Anodes
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Abstract: Ti-substrate PhO,(Ti/Ph0,), F~-doped PhO,(Ti/F-Ph0,), Fe**-doped PbO,(Ti/Fe-Ph0,) and F~, Fe**-doped
PhO,(Ti/F-Fe-Pb0,) anodes were prepared by a thermal decomposition-electrodeposition technique. The anodes were
characterized by XRD and EDX. The electrochemical stability and electrocatalytic characteristics of the anodes were
investigated through the accelerated life tests in H,SO, solution and degradation of phenolic wastewater, respectively.
The results show that Ti/F-PbO, and Ti/Fe-PbO, anodes almost have the same electrocatalytic activity; however,
compared with Fe** doping, F~ doping shows a better effect for the increase in the life of PbO, anode. For Ti/F-Fe-
Pb0O, anode, Fe’* doping enhances the conductive character of PbO, anode; meanwhile F~ doping enhances the
stability of PbO, anode. Moreover, compared with Ti/PbO,, Ti/F-PbO, and Ti/Fe-PbO,anodes, Ti/F-Fe-PbO, anode
shows the highest degradation rate for 4-chlorphenol(4-CP). The influence of F~ and Fe** doping on the performance

and electrocatalytic activity of PbO, anodes is also discussed.
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Table 1 Impedance data at 1.6 V(vs. SCE) for different anodes

Anode R./Q R./1Q R,/ Q 10°C, / F n 10°C, / F n
Ti/PhO, 0.89 252 1 002.5 1.25 0.89 1.14 0.85
Ti/F-PbO, 0.73 26.3 1196.8 0.72 0.88 1.86 0.88
Ti/Fe-PbO, 0.52 24.7 1130.2 1.57 0.95 2.36 0.98
Ti/F-Fe-PbO, 0.72 25.8 12123 1.46 0.90 2.61 0.90
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Table 2 Surface element compositions for different anodes
before and after 40 h accelerated life test

My * 1o

Before accelerated After accelerated

life tests life tests
Ti/PhO, 1:1.73 1:1.86
Ti/F-Pb0O, 1:1.72 1:1.81
Ti/Fe-PhO, 1:1.71 1:1.83
Ti/F-Fe-PhO, 1:1.71 1:1.79
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Fig.6 Variations of COD and ICE during the degradation
of 4-CP on different anodes

T UL R TERI) Fed ik B A 4 W v ol 2%
) Ti/Fe-PbO, Fl Ti/F-Fe-PbO, FH % (1) L i £k % fif 1%
PERARR, B 7 TR E FeX 88 W il
# [ Ti/Fe-PbO, Ml Ti/F-Fe-Pb0, BH % XF 4-CP & 7K
1 COD, ZZBRZE, EIha] UL XF Ti/Fe-PbO, FHHK , 4
PEH Fe R B Wi N %] 6 mmol - L™ Z2 47 I it
15 FHAR XS 4-CP %W COD, 25 bR 38 BI85 | 1y %t
Ti/F-Fe-PbO, BAM , %W 5 19 Fe’ W B2l 6~
10 mmol - L', L A TAE Ti/Fe-PbO, Fil Ti/F-Fe-
PhO, FHAAE Fe e BE 4350 6 mmol - L' A1 8 mmol -
L B Pl

90

o

o
Ti/F-Fe-PbO,

[¢]

o0
[
1

Ti/Fe-PbO,

Removal rate / %
(o]
—

~
W
1

70

o 2 4 6 & 10 D
Concentration / (mmol-L™)
Bl 7 FEARIEWR L Fed 8w Hh i 4 9 Ti/Fe-PbO, A1 Ti/F-
Fe-PbO, A XF 4-CP %W COD, U 4 h B
Fig.7 4 h removal rate of CODy, for 4-CP on anodes
obtained in electrolyte with different
Fe* concentrations

HA iy A A AL R AR 35 1R 1) PO, BH B N %A
BORRY HERAR /N i) Fi o e A% FiL BEL AT o i

PR AR TS R 1 B2 SR T e T
A1, 5 Ti/PhO, B AH L F-#8 2% fd Ti/F-PbO, FH % [
FLf 52 A% L BEL IS N, 33X 6 42 /85 Ti/F-PhO, BH B 11 Ha
RIS PE B ARSEA R (B 5 H 4-CP R S0 50 25 2%
AEGF AR, 3X — S g 500 A PR A4 & T Ti/F-
PhO, PHAR A b 2 Ta0 FRURN 8036 T A B 2 T ) A b T
PEAR SRS Xt F Ti/Fe-PbO, FAMY | B 2 1 R )
SEARTA, H e R AR S R4 A A A L ARG
AR IE M4 = 0 5 Fe B 24835 T A i
PEREA O, 74 i 5 Fe B 44 7E PbO, R T
05 FITE LA G i %o T HL A e s F A A e fif 07
i) Ti/F-Fe-PbO, P4 , bR A & R W] F-FIl Fer
{48 0 1 — 25 1 i e B A Ll TR LF- A 1E
., FI FR Fe+2hd8 048 5 1 F AR 1Y F R RS
PE XA Fe B 24108 T R S PR RE A G,
5 FH Fer LB 24 0038 T H A 2% 1 17 R A £k T 14
Ax,

mE 4 Bios, 7E Ti/F-Fe-PbO, FHMK /%5 e 51
FE A AL ZE T, T Fe (AT Ho Ph2 Al Ph i %
RE BTk B, KA B IR 2% Fe i B I T 48037
sty R IE TG SA R O3 I L™, 55— i, 1
Ph>Hil Ph¥ 7 b A= B ) % 1 SR F 72 K AR J2 T A R
i3 AR 5 A H O, A e TR T B A1 -
fE BRI PR AR AR AZ TR Btz s, IS
PR R TR S8 0,27, X TE— e R BE BARdE T
XEEMWER T2 520 G A T
F-H H 2 5k i S8, UL, BHBR 2 T Y Frag i i &
S FH i e R TG AT ML T R B, DA A R
S AR 2 T A R ) 3 P SR ORI ) i
R, T FH8 22 Fe 45 2% 1 X Fh 2 i b [ AE
F-Hl Fe b2 0 42 T Ti/F-Fe-PbO, FH % H f
AU B f A HL R 35 1

3 & it

I FH G fife - Fa B8 5 1 25 1 Ti/PbO,, Ti/F-PhO,,
Ti/Fe-PbO, F1 Ti/F-Fe-PbO, P , LW T F#
¢ Fe 1B 2 R # L35 225 PO, FH AR H Ak 2 Fa e
PR TR A A R A T P T S

£ PbO, fi kL PN | AR 4l Hi o7 T 7 14 0] Fe*
Fl S B — > H i 3 PO SR — AN By 9 19 4R s
O, B e 3 P S BB e T PhO, FHAR
M PERE R FeP 42 28 B B 8 25 A F- o 4
ARG MG AR TR 2 N R PR e | R



%1

B HEAT TR Fe 18 22X Ti 4 PhO, BHHR M R i) 52 i 123

T A 4 R TR S R R PR Fed b B 2k A ik
Ti/F-Fe-PbO, FHA% S HL VL RE Ay [A] B | JEAS b OR4E T FH
e ) Fa s

F-Hl Fer 348 2% 0 2 52 & 1 Ti/F-Fe-PbO, FHH%
P A e i 0 1 AN L R B Y Bl A G
W5 FAB 22 M Fe 1B 24 Xt 4-CP R fift i 2 1 D3 [R] 4
A,

Sk,

[1] Panizza M, Cerisola G, Enwviron. Sci. Technol., 2004,38:
5470~5475

[2] Liu Y, Liu H L. Electrochim. Acta, 2008,53(16):5077~5083

[3] Zhou D L, Gao L J. Electrochim. Acta, 2007,53(4):2060~2064

[4] Leonardo S A, Romeu C R, Nerilso B, et al. J. Hazard. Mater.,
2008,153(1~2):252~260

[5] Di Giulio S, Carlesi J C, Fino D, et al. Ind. Eng. Chem. Res.,
2007,46(21):6783~6787

[6] Scialdone O, Galia A, Filardo G. Electrochim. Acta, 2008,53
(24):7220~7225

[7] Kong J T, Shi S'Y, Kong L C, et al. Electrochim. Acta, 2007,
53(4):2048~2054

[8] ZHOU Ming-Hua(J& B14€), DAI Qi-Zhou (¥ & ¥), LEI Le-
Cheng (% k), et al. Acta Physi.-Chim. Sin.(Wuli Huaxue
Xuebao), 2004,20(8):871~876

[9] Amadelli R, Armelao L, Velichenko A B, et al. Elecirochim.
Acta, 1999.45:713~720

[10]Borras C, Laredo T, Mostany J, et al. Electrochim. Acta,
2004,49:641~648

[11]Velichenko A B, Amadelli R, Zucchini G L, et al. Electrochim.

Acta, 2000,45:4341~4350
[12]Tong S P, Ma C A, Feng H. Electrochim. Acta, 2008,53(6):

3002~3006

[13]Velichenko A B, Girenko D V, Kovalyov SV, etal. J. Electroanal.
Chem., 1998,454(1~2):203~208

[14]Mahalingam T, Velumani S, Raja M, et al. Mater. Charact.,
2007,58:817~822

[15]Vicent F, Moralln E, Quijada C, et al. J. Appl. Electrochem.,
1998,28:607~612

[16]Comninellis C, Pulgarin C. J. Appl. Electrochem., 1991,21:
703~706

[17]CAO Jiang-Lin(& {LAK), WU Zu-Cheng (% f %), LI Hong-
Xia(Z£LH), et al. Acta Physi.-Chim. Sin.(Wuli Huaxue
Xuebao), 2007,23(10):1515~1519

[18]Cao J L, Zhao H'Y, Cao F H, et al. Electrochim. Acta, 2007,
52:7870~7876

[19]Ho J CK, Filho G T, Simpraga R, et al. J. Electroanal. Chem.,
1994.366:147~162

[20]Payne D J, Egdell R G, Hao W, et al. Chem. Phys. Lett., 2005,
411:181~185

[21]Gopel W, Rocker G, Feierabend F. Phys. Rev. B, 1983.28:
3427~3438

[22]Fitas R, Zerroual L, Chelali N, et al. J. Power Sourses, 1997,
64:57~60

[23]ZHAO Hai-Yan(# 1% #), CAO Jiang-Lin(& /LK), ZHANG
Jian-Qing (7K %% ). Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2007,23(12):2079~2084

[24]LIN Hai-Bo(#K¥#E i), LIU Xiao-Bo(X]/NJ%), SUN Zhi-Quan
(INEIEL), et al. Chem. J. Chinese Univer.(Gaodeng Xuexiao
Huaxue Xuebao), 2005,26:1709~1711

[25]Leonardo S A, Luis A M R, Romeu C R, et al. Chemosphere,
2007,66:2035~2043

[26]Pavlov D, Monahov B. J. Electrochem. Soc., 1996,143:3616
~3629

[27]Foller P C, Tobias C W. J. Phys. Chem., 1981,85:3238~3244



