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8 ZFE: 5L Ti/SnO,+Sb,y05 Fl Ti/SnO,+Sb,03/PbO, FEAN A FHM AT FHFEHE I HAb 22584, BF9E T R 43 )8 S8k
FEA% L P B A AN AP PRI S N . FIR AR M2 COD IASAK,. SeBe s L], WA 4@ AL BT AR 3 B AT 2R
LU AR TR, SR S A B — 2 S N B ) A, 7E Ti/SnO,+Sb,05 Al Ti/SnO,+Sb,04/PbO, HiA - A RS AL it
T TR IR HS A 0.148 F12.43x102 min'. A Ti/SnOy+SbyO; 7 FH AR FELF 30 min, FFIERE I BE AAIEE N
0.305 mmol/L [4 % 4.89x107 mmol/L, M L2k 98.4%; 7E Ti/SnO,+Sb,03/PbO, FIMK -, A [ i fig it 7] T R
FERHIRSE HBEZE 0.14 mmol/L, #AL3R N 55.0%. SASF HL A [ FF R0 v b 22 S A0 T P2 L IR R R T 9 e 1

Ti/SnO,+Sb,05 FEL MK () HL IR AR W B 5 T Ti/Sn0,+Sb,05/PbO, HLAK. Ti/SnO,+Sb,05 HLMR [ o MR A . HIR AR & 1

BE T LA R AT A AT
KA ALY Wbt HEER
FESZES: TQ150.9 TEAARIRAD: A

1w &

BN, gigUTIRIKE R, HBUkKEZ, HHIK
IR KB KRR ZAE . (T, k. &
PIErE R MERRRAERE S H AT T BV R K R A B
PAA Ak il =Y, S R R A B AR, {H 1%
D5 AR BRI T ARG e o AR U 4% 0y M T AR o
R BRSO, 10 HLYR R K & B A d ks
BLAIAR AL R P IR 2 2 PR, DRI, — ey Bqh 2%y
e WP JefiEtbik. AL WA AEIE AR
DT BAAS 52 23578,

F AR 273 A B 7K DR LA AN T AR BRAR 2 T R4 2
IRA ALk IR g BRAEIA 2 S5 St 7 VR
DUEESRLAIAE A5 RS T AR5 35 1 2% 012, Polcaro 25
5T 2-SBAE Ti/PbO, FI Ti/SnO, Hitk L4 AL, Feng
AEEUAT bR S AN [ R T SR 1) SR A B A R
HEAT TR, 45 3R W AR LI B Ak 2 58 Ak
FRAAA I IR eI, A7 OC FRR RS B RERS Ak 22 4 AL
B ks e b, R RV T
Ti/Sn0,+Sb,0;, Ti/RuO,+Ti0,, Ti/PdO, Ti/NiO Flfi5s 5
RO Ry . FIRE . AR RS 10 RSl
KR HAR 22 B R, e T A WL EAN IR B b b B
I 1F COD £BRr#, SLKEK W Ti/SnO,+Sb,0; ¥ COD 2%
R g, Ti/RuOL+TiO, (1) COD 22 AR, ATk
B AL BLAN R B — A5 T BT S LA

A TAERH S EaR A FEAS 1] 1 5 1 R A4 07 v

gt BE3: 2007-01-08, f&[E HER: 2007-03-16
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% TR & )8 E AL A Ti/SnO,+Sb,05, F I8 I 7
Ti/SnO,+Sb,05 LNl PbO, 3 ¥ J2 4% T Ti/SnO,+
Sb,03/PbO, Hitk. HIZREA H ORI T7 VA HI15 1 4 8 S Ak )
WRIZ RIS A g%, kLI, A6 A
KO {228 b T P RS R (1) e 2 S B A S R
WARGE. B, AHIFFE UK P FAS 7] 4 LA 4 rL R Ay
FHAR AT FRRERS (1 FRA 224840, IR T BHRSR R X AR R
P A 2 S A B A e R S WV TR FIRAER ). COD
PRSI AN

2.1 FENEEHR

DHI715A ZPIR Hide LA m i, 5B-1 2
COD Pl 5E 4, TU-1800SPC £ 4h—T] W40 66 it
CHIG660 7 Fi Ak 2 T ARk, LR . RIRENIY N /b4l
2.2 ERMFAHIE""

BRILAR M TIAL B . S RDACHT B A 3 5 (1) Bk ik A4
10%(@)[FIHERAE 100 °C FACEE 2 h, SR FH A ETSES,
T 280 7K P k.

Ti/SnO+Sb,05 HIMZIFI il #5: 60 C NIGFF IR I
LT, R ERIRVE RS I SnClL-5H,O F1 SbCl,
IS BT IR A (PP IR : £ - 1#:SnCl,:SbCls BE/R LE Ky
1:4.5:0.297:0.033). K- 1% 1 SR A4 A0 35 20 1 78 A R A
b SBAE 130 CHEAR TR AL 10 min, 4RJEHA 500 C )
g fE4E 10 min, HOPERES 10 K, &5 1 IRKs
BRISTTE] A 1.0 h, 73 Ti/SnO,+Sb,05 HLFK.
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Ti/SnO,+Sb,05/PbO, HL ¢ [ il #% = 7 il 15 1
Ti/SnO,+Sb,05 ¥ )7 L ¥R 8 A7 /b & 1 T B 1) 1
Pb(NO,), /K¥#H, 1£ 80 CHEARFALEE 10 min, RJ5FH;
N 480 CHILL 35k 10 min, KE 10 K, Ha—
DSGRERAIZE S 1.0 h, 75 Ti/SnO,+Sb,03/PbO, HiAK.
2.3 REEMELFEER

P RS 1) LA 2% S o i A 5 ) v Ao e o g
175 BIAA Ti/SnO,+Sb,05 B, Ti/SnO,+Sb,05 /PbO; Hi K,
FHAR R4 F s B 1S mA/em? RI38A1E B g 2 5 J0EA T AR
filt. WA RMEE N 25°C, WIEB VI IKRIE N
0.305 mmol/L, 37 $5 F#fi Jit Na,SO, I /5 24 70 mmol/L.
o fiAt— o B [0 J5 U ) v Al HR S IAR J J COD 1.
2.4 SR

LR AR S FH o e il , 1.0 em ALK
B, DLABSTIRIESL, 175 465 nm AbI e BT
6, LR IR EAE 9.20x107°~1.10x107* mol/L 7 [l
P, RS WOGE B RIFIZ ISR, TR RECY
2.1x10*L/(mol-cm).

2 KB (COD) K S IR 1%, COD pRig
WE AL S Bl 5
2.5 BRATHITENITE

S A A U SR T
(Instantaneous Current Efficiency, ICE)f4L2FFESA =L
Mz, A,

_ Fv d[cop]
8l

K, F O H £ (C/mol), V A IR RAL), | R

HLE(A), d[CODY/dt A EI; COD 2R [g/(L-s)], t A HL

fEIF ) (s).

3 ERS5H4

3.1 ERARMAHY X B BB P AR AT S2 N

43 ILA Ti/SnO,+Sb,05 F Ti/SnO,+Sb,0+/PbO, Jy i
B, 25°C T 1H R LR PG VA, TR LAV B P A
IR AR A i 1 B, BT RLE 43 IEL 2 Rl
A5k BH AR AT PR SR R 1 LA 2 B AT, SRR 5
FA7 i P AR B I (R 3G T W R B, it — s R e
fift, FRRERS LA A iR, H 2 ol Al b PR R 1)
P ARAE. LI Ti/SnOx+SbyO5 A BHARIN,  FLFR A E 5
W42 Lt Ti/SnOx+Sb,03/PbO, LB, Hif# 30 min )5,
PO BB U B 2 AT U6 I ) 0.305 mmol/L [ &
4.89x107° mmol/L, ¥4k % ik 98.4%; LEAH[R] S NI a] K,
L Ti/SnOx+Sb,03/PbO, HIFK A FHAK IR, FARERF M B2 R
B8 0.14 mmol/L, HALHFALN 55.0%.
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Fig.1 Variation of the concentration of methyl orange with
electrolysis time
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B PR B (R A8 4k PR BT L, 2 B AR IR COD {H 4B
FELfiE HsF TB] PR 16 KT S B, HL Ti/SnO,+Sb,05 HLAK ) COD
TR ] T Ti/Sn0,+Sb,05/PbO, HLKL. S48k, i
IhECACEE 1R 2 38 ] DL Y, FRRS ) A 2 L COD
(22632, L Ti/SnO,+Sb,05 HLHE A BRI,
SV 30 min, FIEERFIAALZ DA ) 98.4%(K 1),
B 2 PR NI R, COD {EA % s, COD 2%
bR KA 46.6%, 4R MNIFA]2 150 min B, COD (1) 2%
R A1k 2] 93.1%(18] 2), Ui I FRERS LA 2 b it v fk
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1 HL0 3477 B R[],
3.2 FEIFER E R EE B F RN ERNRERER

AHI AR R — e 2 o (1) B
AL, BN BRE R R I, 78 Hl b e
OB (2) TSR, RIZK AR SRR s 7 B 0 S A i
S48 BHAR S N A A AT A e D TSR, s
PR AN EAGRR R, TERIRIE R, AV A=A
PR 3= B LUEE 2 By sREA TR, JURONALER . %
T H,0 754 8 S8 A (MO, ) FUR 3 T 2B R 5 1 i i
-OH: MO,+H,0 ->MO,(-OH)+H +e™, 3 [ AL 54 HL
PR N RHMOy(-OH)—CO,+MO+H +e™.

B RGBS 1 B A =) A AR A
AR e, AETTRRIE T &R K. IR
Ml J5 R R s R e il — b SR
P 356 S5 17 4% 4 2 SR AN P A

AN AR ) R N B ) 2 T Rk

—d[R}/dt=K'[R][-OH].

TR ] B 25-OH AR miivs o, SAH M I Y
(R AR, T RRAS AL B, B t R B [-OH]
NG IR ke, G, AP R AR fE
RN R N A -d[R)/dt=k[R]. HILA L, RKRE T, &
WL A 27 AN R A 52— S ) g 2 A

Pl 3 /2 In(c/co) 5 HRE IR T t 119K & il £ (co A1 ¢ 43+ 1
N SRSV AR AN ¢ B ZIK ).t AT AR
o 2 PR In(c/co) 5 t BILRAFIILENEL R, £
FILHS7E Ti/SnO,+Sb,05 M Ti/SnO,+Sb,04/PbO, HiHK -
(1 H A 2 S SRR AT B — RN Bl 7 2F R4 In(c/eo)—t
I 02 PR AR} 5 BT DAy PR AR e i P 20 DL 4 5 400 k. 2 P pu G
HLA 27 A8 A R VA R ) R WL 2 01 TR 1.
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Fig.3 The curves of In(c/cy) vs. t
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L In(COD/CODy) %} FfiE i 7] t 1 B (COD, il COD 43
ik H LR ) 4R COD AN t I ZIff) COD 1{H),
H4E R ILE 4. In(COD/CODy) Y5 t [FlREt 581 K I i 2k
PEXR, BAEREI COD FRFE & keop VT3
1. BIRATLLAH, LA Ti/SnO,+Sb,05 4 BHAR I, 3
P A AL R 8 B b COD 2 B ad R B B0k 1053 7 1%
T B P SR At () R D, T o 100 = 0 P B A R e 1.
SEE AR A HL,  FE RS B IR B AR R, (R Y F
fift iy 18] R (7 COD . F BRI LL 1.

x1 TEMEREEEFEMIERPEENRUEREY
Table 1 Apparent rate constant for the degradation of
methyl orange on different anodes

Anode Ti/SnO,+Sb,05 Ti/Sn0,+Sby03/PbO;
k (min™") 0.148 0.0243
kcop (min™") 0.0187 0.0104

Note: k is the apparent rate constant for removal of methyl orange,
and Kcop the apparent rate constant for removal of COD.
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Fig.4 The curves of In(COD/CODy) vs. t
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Fig.5 Variation of instantaneous current efficiency (ICE) with
time obtained with different anodes
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different anodes
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Degradation of Methyl Orange by Electrochemical Oxidation with Different Oxide Anodes

WANG Shu-yong, LI Gang

(College of Chemical and Biological Engineering, Taiyuan University of Science and Technology, Taiyuan, Shanxi 030021, China)

Abstract: The electrochemical oxidation of methyl orange was carried out using Ti/SnO,+Sb,05 and Ti/SnO,+Sb,0,/PbO, electrodes as
anodes, respectively. The degradation rate, instantaneous current efficiency (ICE) and chemical oxygen demand (COD) were determined
for the different electrodes. It is found that the reaction rate of the electrochemical oxidation of methyl orange on the different anodes
follows the first-order reaction kinetics, and the apparent rate constants at 25 °C are 0.147 and 2.43%1072 min”! for Ti/SnO,+Sb,0; and
Ti/SnO,+Sb,05/PbO, anodes, respectively. When the degradation has lasted for 30 min with the Ti/SnO,+Sb,0; anode, the concentration
of methyl orange decreases from 0.305 mmol/L to 4.89x10~> mmol/L and the conversion rate of methyl orange is 98.4%, while decreases
only to 0.14 mmol/L with the Ti/SnO,+Sb,0;/PbO, anode at same conditions and the conversion is 55.0%. ICE for the Ti/SnO,+Sb,03
anode is more than that for the Ti/SnO,+Sb,03; PbO, anode. The Ti/SnO,+Sb,0; anode with a higher oxygen evolution potential presents
high reaction rate and current efficiency for the elimination of methyl orange.

Key words: oxide anode; electrochemical oxidation; methyl orange



