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B-PbO,/Sb-SnO,/Ti BRI AL 1AL 52

Fom ' MR 23T RER?, FRF!
(1. R E Al 25 P 55 5 0 2 2 B IR B TR %k V195 #:H 221116,
2. R E b K A A T BT W Ll YL TR 2211165
34N T TR G VI R 221116)

. SRR P-4 T 275 T B-PbO,/Sb-SnOy/Ti MM, % 1 X 5 £ 717 4 (X-ray Diffraction , XRD) I3 4
145 (Scanning Electron Microscope , SEM ) #1759 A1 40 1 73 1 5 fOWLIE 55 W 2% . Sb-SnO, H 1] )2 414l PbF, #4248 1,
NaF & #F — U HT R A9 BB 5 0 180, T BR T B-PbO, 3 . i i 2% /A 2 (Scherrer) 1153 f A7 R =F 2 25.2 nm, HL )
FE S5 T E R 100%. B A I 7R L B-PbO,/Sb-SnOy/Ti Hi A 47 Hi B H A7 X BT 48 H 43 1 Tafel #4243 514 1.85 ~
2.15V.2.08 V #1 0.84, {f T B-PbOy/Ti HLH% AT 1.40 ~ 1.80 V. 1.75 V FI 0.36. fd Ji| B-PbO,/Sb-SnO,/Ti B-PbOy/Ti Hi
He#E O mA - cm? HL I 25 J3E X % A5 00 1% /K b B 240 min, 17 % COD (Chemical Oxygen Demand ) 25 4 5% | Hi 3 8% %
(Instant Current Efficiency) 5 i5 90.1%7F1 63.28% , 1 T & 66.9%71 44.96%. 3% 1k % i 1 it 7 W , B-PbO,/Sb-SnO,/
Ti L 5 B-PbO,/Ti MM AH FL K 10 %, Tolk % i Al 35 8.6a, A %5 i 1Y A2 B A (4.

KHEIF : Sb-SnO, il )2 ; B-PbO/Ti; M ALHRIE 3 H WAL 5 i 5 i ) ik

FE 42K S . TQ050.4;X703

FL 4 K ik AU AR 4 F A (B-PBOL/Ti) B AT /5
LI NN VA= <0 A A i A0 R 1 N e 11953
Shy HL A2 I 7K A B R ) FEAEL BE B A RO, SR TR
PbO,/Ti AR A1t #2  Ti £ 5 PbO, 4% )2 0] 5
o 24 5E {8 TiO, 2B AL, K TiO, M PbO,
fm b RO 22 S B 2 I v, R AN G v e Al M e
1M 2% 7% 19, Sn-SnO, H (8] 2 119 i FH /& PbOy/Ti FHAK
P41 R AR, AR SR P R A A i oL B
24115 T PbO,-SnO,-Sb/Ti HLH% , 1000 A-m? HL i %
JE R Tl Al F5 ] Kak 8a, (HAF 76 FL 6 1 FL A
B2 W) 043 A AN ¥ (). Duan S5 UR F AH [R]
715145 PbO,-SnO,-Sb/Ti BAME, 7E 10 mA -cm? Hi,
T FE RN H RGN By R AT H AR A R A S0 FRLAR 6 h
HIOE W COD 2 B 5 AL 0 80R A3 3 ok 34.3% Al
26.5%. 740, Vicent Fll An 250G T B B TR
7 NaF 43 857 %t PbO,-SnO,-Sb/Ti H 4 J& 51 Al
RE 1Y 5E .

A SCAE R NG He Al b P Ak Ik — S A T e
Wil % T4, Hl45 T 8 B8 2% PbOyTi FH

Weks H 9T 2013-10-21, &3 H 1. 2013-12-05

iﬁkﬁiﬂﬁg: A

(B-PbO,/Sb-SnOy/Ti) LA rey H: Ha A b & 10 2K
JB K COD 2% B 5 B i s80% , JiE 4 B AR 4 75
i
1 £ &
1.1 #EERF

FRE B (2 cm x 3 em) 316# A E589(4 x 4 cm).

R oK G E ey A s IET
Pt GEALEN IR AR R | EELAN BRRR R IR R
13 121 2 53 B 2. V5 R PR 25 B K I A
1.2 EBHRFH&

f£ SbCL;(0.42 g) + 1E T I (4 mL) %W,
A SnCly-5H,0(4.2 g), JFi# N 2 mL ¥ £ i@ LA B i
SACB KA BEFEALE 245 5 58 @V CE B W FL A
W) K TR 5T U AR AT B | 20 o A 3R ) o R S 1)
(B 5 RR I ) =Tt , 2 IR BT 10 min, BCA T 58
130 °C #E T 15 min, %% A 5 3f 97 500 °C # i 20
min. DIRERIEER 10 K, G ES P 500 °C
ke 1h, AR HEHUH.

DL Ak Bk BE AR 5% Sb-SnO,/Ti M FH AR (2 cm x
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3em), NENHBAM(4 x 4 cm),0.5 mol - L!
Pb(NOs),.0.2 mol - L' Cu(NO;),.0.1 mol - L' HNO;
F1°0.04 mol - L' NaF HL W, H 14 5 +F (%% 3 250
r-min’), 7£ 2.3 V {5 B AL HL 2 (60 °C)2 h, Al 15
PbO,/Ti L% F1 PbO,/Sb-SnO,/Ti HL#.
1.3 W7

fiff i X 9F 2k fi5 9 42 (Bruker Corp,D8 Ad-
vance ) F1¥7 4 HL 7 & 50 8% (FEI Corp , Quanta250 ) &
TIE FEL AR B ) AR R U 56 L BOUE IR 35 ol P F, Ak~
T fE ¥4 (Zahner Corp, IM6 ) il 3 B, B¢ A 4% £k il 28
W3 H AR 7 i (o HY L-A U e e /| 3 U5
14 ZFEBEK

Ll B-PbO,/Ti B-PbO,/Sb-SnO,/Ti 1 FHHY , 4k 3
A AR, %00 2508 T B AL R A 200 mg- L & By
JE7K (Na,SO, = 3% (w/w)). M #5F 10 cm x 10
cm x 3 cm, B AREIFE 3 cm, L% E 9 mA-cm? &
A SRORE | FH 8% 1R 9 [l 9 v 0 2 COD 8., IF 1155
ZERA(X%).
1.5 /A E

FH A 2R 1T A R ROST (D, nm) AT 8 38 2k 2 =03
GRLT,

_ kA
D= () cost (D

Ak NH B, B0.89;0 A X B4R, 1.5482
nm; FW(S) Ml A 564k ,nm ;0 117 45 /1, Rad.

Ty HL A T A e i FL AU (ICE ) 2,
[COD,-COD,]
8-1-At
A, COD,,COD, 43 5l 24 91 i Fl ¢ B 2] 55 W3 1% K
COD fH (g (Oy)-LY) ;I I FAE (A);t SN ET[H]
(s); F RHIEPLEE 4 (96485 C-mol™) ; V H i i 4

TH(L).
fif FH T 2R A7 B A 52 %5 i 5 Tk 75 i i
2,

ICE = F-V (2)

=[]

Ay RSB LU B (A m?) A Sk Tl R FH O
JE (1000 A-m?) ;¢, S5 774 (h); ¢ 2 Tl
M fr (h).
2 #R5WH]R
2.1 X GPEATH

B-PbO,/Ti 5 B-PbO,/Sb-SnO,/Ti Hi# XRD i
Ban il 1 s, W 1 AT LU A H,B-PbOyTi 5

B-PbO/Sb-SnO,/Ti Lz XRD i [ 1 I {37 Al i 755
AEARL, 156 B vl [e] J2 48 0TS 5 1 P A 2 T ) R 40 B
g Ak B IEAHH TR 5 3% PDF brifl -k (65-2826#)
25.354°.31.936°,36.190°,49.070°,52.068° ,54.231°
58.763°.60.676° 4k 5t BL T B & i B-PbO, fi7 i I ,
AT o R A, BD T R R OE M E £
B-PbO,; [Al it 31.65°.49.23° 62.50° &k {4 11 §F g (=
HEbR W R 13-0509#) ©] H| W PbF, 1 17 1F .
B-PbO,/Sb-SnO/Ti Hi # XRD % & # Y PbF, 5 B
R, 7N Sb-SnO, # ] T PbF, 4= i, X 4454
B F DT A PbO, 1Y AR B 5 5 v ] J2 15 )5
i 2 1 45 AL BE 43 5 R 96% 1 100% , L B 35 T 44
AEAFES B E, X BB T NaF % E 1 ik
et JHC H A SR TS P B A EOCE M ), AR T A
R A N U TR K K B/ 1
B-PbOy/Sb-SnO,/Ti HL MK 3R 1 B 8% 145) , 45 dh ik
JEPET B-PbOy/Ti HLtl 5 #5224 2 Sb-SnO, 5 4¢
AUJGE , HLA T PbO, SR K /N4 5128 16.8 nm Al
25.2 nm.

B-PbO,/Sb-SnO,/Ti il B-PbO/Ti Wi L 2 Ay
XRD &% 45 & 5L 30 Pb(I1)P  Pb(IIT) >4 5 14 | 3
F R T A AL R TR I Cu(NOs),,
T Pb* 1] PbO/Pb,O, 44k, Hi e — S AL B 1% 14
JEE AT DA L A S AN

FH A .

Pb(NO;), + 2H,0 = PbO, + 2HNO; + 2H"  (4)

Rl S«

2H20 = 4H++ 02 (5)
P4 .
Cu(NO3)2 +2H" =Cu+ 2HNO3 (6)

22 ARBERERA

Kl 2 45 i B-PbO,/Ti 5 B-PbOy/Sb-SnO,/Ti HL
U OESEIE RN GO N D <l N I R T D=y 1
F AW 3R TR ) GOV B0 R A R[], 7R Al 3 T A,
AT EIA] . AL AR HE T AT A RS Y AR B R
SYHC. PR R A G R R T VS 2 UK [B) 25
S FLBR R U] R AIG, 4h Ah RE BE (T A/
rn R HERR ), X5 XRD i & A A 2 14 LR
B AR . Sb-SnO, 872 J5 ,  HUB e T 1% 1 2
B R ST IEAT S K, IR XRD Aok 45 AR AT
2.3 iz

& 3 J& B-PbOy/Ti il B-PbO,/Sb-SnO,/Ti Hi
7E 1 mol- L' H,SO, %W etk th k. IIEl 3 F i,
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L2000 | .t s
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Z 3000 | < EN S/
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B 1 B-PbO,/Ti 5 B-PbO./Sb-SnO,/Ti Hi . () X 4 £k 737 5
T
Fig. 1 XRD patterns of 3-PbO,/Ti and 3-PbO,/Sb-SnO,/Ti

electrodes

Kl 2 B-PbOJTi(A)5 B-PbO,/Sb-SnO,/Ti(B) Hi # 1 47 #
L R
Fig. 2 SEM images of 8-PbO,/Ti (A) and B-PbO,/Sb-SnO,/Ti
(B) electrodes

B-PbO,/Ti 1 B-PbO,/Sb-SnO,/Ti HiL 1 A Akl £k T
I3 =B B — B B (a, ") LTI 9 R B A A0 2 AR
Ak, F A ) P A i SR TR AR O =X P R Y
LAV 58 BE 40 1.06 V~1.4V . 1.01 V~185V,
Bk 2 G v BB E B W 1Y) FL AV Y R PN AR e A
B 1y DR ARG AL 55 B B (b, b') L UL %% I HL 7 1Y
| I O O | = W Al
B-PbO,/Sb-SnO,/Ti L # ML £ 4 185 V ~ 215 V 4%
B-PbO,/Ti Hi#lz 140V~180V Kk, & EH B-PbO,/Ti
P B AR B 7 0 R 3 PR A X ) A 1.72 ~ 1.80 V, [A]
P 0] £ B-PbO./Sb-SnO./Ti A A B4 HCHa 37 Ha 7 X
[]°4 1.86 V~1.89V,{#i15 B-PbO,/Sb-SnO,/Ti Hi # F
AR LB E R, JRRET SnO, il A 2
REAIRAE A H AR 1 55 T P B, 35 4 19 Sb R AR fif S
#r Sb JEFHUR T SnO, fA& 4 4 Sn TR T
— P AR SnO, HLU S, 48 Sb &
I Z MBI T SnO, fhA& B TCIF M, H8 2 I k%
B I L S R R R B 5 & SnO,-Sb
[F) )2 R AR AT 480 LA, B /7 (2.08 V). 2R = i Be (¢, ¢)

Z 7R B B

E/IV

3 B-PbO,/Ti(a,b,c) #l B-PbOy/Sb-SnO,/Ti(a',b',c") 7E
1 mol - L' H,SO, # ¥ i M 1k il 2k, 49 48 38 % 10
mV-s!

Fig. 3 Polarization curves of 8-PbO,/Ti (a, b, ¢) and B8-PbO/

Sb+ SnO,/Ti (a', b', ¢') in 1 mol-L"* sulfuric acid solu-

tions Scan rate 10 mV s

HAL I % B2 i 67 2 4R 2 4R, T B-PbO,/Sb-SnOy/Ti
HL A 25 v HL AV T BB S DR R A i 1) e

WM E-lg ih £k S 808 TR,
B-PbO,/Sb-SnO,/Ti HL e 13 HL A7 52/, 11 58 48 L 37t
K.

# 1 B-PbO,/Ti 5 B-PbO,/Sb-SnO,/Ti Hi# 1) Tafel 2%k
Tab. 1 Tafel parameters of 8-PbO,/Ti and B-PbO,/Sb-SnO,/

Ti electrodes

Electrode a/V bV i/(A-cm?)
B-PbO,/Ti 1.79 0.36 1.06 x 10°
B-PbOySb+SnO,/Ti 0.93 0.84 7.81 x 107

24 FBELEK

I 4 & B-PbO,/Ti il B-PbO,/Sb-SnO,/Ti HiH 4
iy e L AR Y X %-r 1R (A) 55 ICE- #i4k (B).
MNIEL 4 BT LU B [ 3, B-PbOy/Ti #il B-PbO/
Sb-SnO,/Ti HL IR A By [ fife 3xf F2 %2 7K COD ¥k B #4147
AN TR FR BE A BRAIR. 9 mA -cm? HL I % % T 48 240 min
B-PbO,/Sb-SnO/Ti L & H; COD M 832.8 mg-L"
TR 77.2 mg- L', LR #5E 90.1%, 11 B-PbOy/Ti
HL R 5 COD 9 L BRZ AL 66.9%, HI# HLIRALSE
70.32% 1 W i 55 T )5 3 49.93%. Sb-SnO, H1[a] 2
o A5 A SR T LB AR /N AR AR IS TR 2 1 43
i) | B e R B /¥ W S0 B N L S Y A= ]
AE 7. M TG PEL. M AT H,0 &R k2B RO
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A . 1.0y B « f-PbO,/Ti
80+ . ° ool —e— f-PbO,/Sb-SnO,/Ti
< 007 . 0.8}
= « ot &
40r . = 07t
20F /= = f-PbO/Ti 0.6
, e (-PbO,/Sb-SnO /Ti
0 50 100 150 200 250 < TR 20 3%
t/min Jmin

¥l 4 B-PbOy/Ti Fil B-PbO,/Sb-SnO,/Ti Hi i A& By v i Ak 8 Ak 1Y X %-¢ H1 42 (A) M2 ICE-¢ /1 4:(B)
Fig. 4 The efficiency of chemical oxygen demand (COD) removal (A) and instant current efficiency (ICE) (B) in relation with time
during phenol electro-oxidation using 3-PbO,/Ti and B-PbO,/Sb-SnO,/Ti electrodes

A= i M—OHP, Sb-SnO, 7 [B] )2 14 1] $2 /&5 FL B BT 4
037, B AT M—OH [i] -OH A& % 1 Jy 1 £ 4729, 53
Gh, RS2 B-PbO,/Sb-SnOy/Ti H % Hi i 1k 48 1k
1y COD 2B % e H i RI0O% i TR 98 b il U171
[F]2& Sb-SnO, & A Hi k.
2.5 BikFES

#£ 60 °C .1 mol-L"! B2, Lk B-PbOy/Ti
il B-PbO,/Sb-SnO/Ti J P, &k K FHM ,4 A-cm?
HLVR R F A R 20 mm, A5 E- il £k (K
5) MKAE R TEE 10 VAR Hb 2908 B 8, i 4
37 et ) RP Ay e A 0 5 A A5 . AT AT DLE
B-PbO,/Ti B 7E 4.6 h B f# R BP iR FTFZE 10V
PL_I,B-PbO,/Sb-SnO,/Ti HLM AT AE X 46 h, HLIK &
T EE R T2 10 £, X Al 882 th T B-PbO./Sb-SnO,/
Ti W7 18T PN JC e BELg A 3 U8 J22 B S Bt , fL i O, T
O [} BR FE AR /) 4 1157 21 B 1Y 1fi 38 e TiO, 19 A= 1.
F 41, B-PbO, HLUTLAIZE Sb-SnO, K2}, #f—/
Sy FIEF EHEES SnO, #EG i — 4w T B-PbO,
5 Ti M45E 71, BARM & &6 8 R W Sb-SnO, 1Y
TRINFEAR T B-PbO,/Sb-SnOy/Ti Hi 1 it 15 5% H 2420,
223 (3) F AT H A A AR Tl F iy ] 35 8.6a.
3 & it

1) R FH Wil i #4 i - L 8% T2 220 1 75 B-PbO,/Sb-
SnO,/Ti HLHL , 18 B AY NaF ¥ B g 0% {2 i vy A 3¢ 1
T P AR AT 2 R Y B R 3 . Sb B Ak ek
i A& 25 Cu(NOy), BN A Pb> A 1 Pb(ID) |
Pb(I1T) , $4& i1 3 14 2 4 B

2)Sb-SnO, H1[H] 2 1] I bk PbO, R A, 2%
HROWLIE A, W A 3% 1o 5 e LB 45 s B S AR T

12
= f-PbO,/Ti
—e— f-PbO,/Sb-SnO,/Ti
10 7 >
:
> gl |
= |
|
6F = ’
d' MM
4 L L 1 1
0 10 20 30 40 50
th

[# 5 B-PbO,/Ti 1 B-PbO,/Sb-SnO,/Ti i #% it 45 i iy £&
Fig. 5 Service time curves of the 8-PbO,/Ti and B-PbO,/Sb-
SnO,/Ti electrodes

LA

3)B-PbO,/Sb-SnOy/Ti Hi e H i £k, % Ak 7R B P
KA B i) COD 2B 4 5 i i k0% | o il 75 i 4
w110 i, Dol A anflith Al ik 8.6a.
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Electro-Catalytic Properties of 8-PbO,/Sb—-SnO,/Ti
Electrode on Phenol Oxidation

LI Peng', ZHAO Yue-min?>, WANG Li-zhang"”, ZHANG Yan-le?, LU Zhao-qing'
(1. School of Environment and Spatial Informatics, China University of Mining and Technology,
Xuzhou 22116, Jiangsu, China; 2. School of Chemical Engineering and Technology,

China University of Mining and Technology, Xuzhou 22116, Jiangsu, China,

3. Xuzhou engineering consulting center, Xuzhou 22116, Jiangsu, China)

Abstract: The combination technology of brush pyrolysis and electroplating was employed in the preparation of
B-PbO,/Sb-SnO,/Ti electrode. X-ray Diffraction (XRD) and Scanning Electron Microscope (SEM) results showed that the Sb-SnO,
as an interlayer would restrain the formation of lead fluoride and the crystallization degree on the electrode surface could be as high
as 100%. The grain size was calculated by Scherrer formula to be 25.2 nm and the agglomeration of lead dioxide was effectively
eliminated. The potential span of diffusion control phase, oxygen evolution potential, Tafel slope for the B-PbOy/Sb-SnO,/Ti
electrode during the polarization were 1.85 ~ 2.15 V, 2.08 V and 0.84, respectively, which exhibited much better electrochemical
properties as compared with those of the 8-PbO,/Ti electrode with the values of 1.40 ~ 1.80 V, 1.75 V and 0.36, respectively.
Furthermore, the B8-PbO,/Sb-SnO,/Ti and B-PbO,/Ti electrodes were taken as anodes participating in the electrocatalysis degradation
of phenol simulated wastewater under current density 9 mA - cm? within 240 min. Experimental results revealed that the efficiencies
of chemical oxygen demand (COD) removal and instant current efficiency (ICE) during phenol degradation were 90.1% and 63.28%
for the 8-PbO,/Sb-SnO,/Ti electrode, while 66.9% and 44.96% for the B-PbO,/Ti electrode. Ultimately, the accelerated life test was
performed to evaluate the service time of 3-PbO,/Sb-SnO,/Ti. The results presented that the industrial life of 8-PbO,/Sb-SnO,/Ti was
8.6a, which is 10 times longer than that of 8-PbO,/Ti, suggesting that 3-PbO,/Sb-SnO,/Ti would have a relatively high engineering

application value.

Key words: stannic and antimony oxides interlayer; 8-PbO./Ti; polarization curve; instant current efficiency; accelerated life

test
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