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Photoelectrochemical Degradation of Reactive Brilliant Red K-2BP on
Ru0,-PdO/Ti Electrode

WU Jin"? DU Lin' Li Gui-Ying ' LIANG Bin-Yong' QIN Song' HU Chang-Wei"
(‘Key Laboratory of Green Chemistry and Technology, Ministry of Education, College of Chemistry, Sichuan University, Chengdu
610064, P. R. China; *Yibin Health School, Yibin 644000, Sichuan Province, P. R. China)

Abstract: RuO,-PdO/Ti electrode was prepared and used in the photoelectrochemical degradation of reactive
brilliant red K-2BP. The effects of supporting electrolytes, such as NaCl, NaNO,, and Na,SO,, on the discoloration
were studied. Several parameters altering the efficiency of the photoelectrochemical degradation were also investigated
and optimized. It was found that under the optimal reaction conditions, that is, pH =6.0, the NaCl concentration 0.02
mol *L~, and current intensity 0.25 mA -cm™, a color removal of 91.6% within 30 min could be obtained. The main
cause of the discoloration could be attributed to a synergetic effect between electrochemical process and photochemical
process, that is, to a synergetic effect between the active chlorine formed during the electrochemical treatment as well
as the derived HO *, O-, Cl *species under photo radiation and the photoelectrochemical degradation. The electrode
performed well over a wide range of temperatures and initial concentrations of dye. This showed promise for the
application of RuO,-PdO/Ti electrode in the treatment of dye-polluted water.

Key Words: Photoelectrochemical degradation; RuO,-PdO/Ti electrode; Reactive brilliant red K-2BP;
Synergic effect; Active chlorine
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Fig.1 Comparison of the discolorations of reactive
brilliant red K-2BP in photoelectrochemical process

with and without Ru0O,-PdO Coat
(a) photoelectrochemical process with RuO,-PdO coat, (b) photo-
electrochemical process without RuO,-PdO coat; D: discoloration rate
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Fig.2 Dye discoloration in different processes
(a) photoelectrochemical process, (b) electrochemical process,
(c) photochemical process with electrode, (d) photochemical process
without electrode
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Fig.3 Different degradation processes on RuO,-Pd0/
Ti electrode
(a) electrocatalytic process for 15 min followed by 15 min of
photochemical process, (b) photochemical process for 15 min followed
by 15 min of electrocatalytic process, (c) photoelectrochemical process
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(a) electrocatalytic process, (b) electrocatalytic process for 15 min
followed by 15 min of photochemical process

BF, TG PRI LT K-2BP (9 (8 38 2515 2, 30 min 7]
KE] 91.6%, RIR FHIX = Pl e fff BB, 36 PG 21 K-
2BP Jlii (7,5 Y% 4 : NaCl1>NaNO,>Na,SO,. [ NaCl
55 NaNO; 5§, Na,SO, 1§ & EhVE 2 F:5 i i i, ot €
ZOR LC B NaCl 2R 22 28 (R SR B . X2 A
b NaCl 7ECHAE = ARG A, IR a4
B HO® Ol C1* 455 A4y Joa fiff e It £ Sk 2%
P O T L S A o X b ) B S BRAR B, AR
SRR R N A S AR B NaCl, HOH AR 3
CI". SOl NO; [ 5L BREP 4L I K & A R
2.32 NaCl & & %

SEGF, HAB AR R], el Sk B 4 5l
4 0.005x1072.,0.01 x1072,0.02 x102,0.04 x10 > Fl
0.06x107 mol - L™ B, JL bty i 4 32 B %5 NaCl ik FE
FIBE TG A, 1524 NaCl % 153 2.0x102 mol - L™
BF, ARSI N NaCl i L, SEHUB RO AR AR, B
DLTEASSZI 26 F R, NaCl il B v ol 2.0x1072
mol - L, 3X 55 Ha Ak B A 15 M HE 210 K-2BP A% 0L
AR DR Sy Y G Ak B B S B, CLAE FRAR | 1Y
W B} 4 o, N s IOk 55 5 RIS, MG HEL 2 Bl Cle
JEE R TIT R ATRU, oA = A T R B 2 3G 22, S P
()55 I 448 5, SCfelT 5 R 3R AR B {H Y NaCl ik
FEIRF] 2.0x102mol - L LU |, WP IETEE N ED
ANBET I LL 48 i, 2k 2234 K NaCl 59575 4 Rt
I R AR AS KT
233 BREBEHYW

HoAh SRR, fL 3% R 250 R 0.15.0.25.0.50
F1 1.00 mA -cm™ B, G PEHIZT K-2BP 19 R A i
R BE A R I 2 B A T e i e, REIR S

100

—e— (a)
80 -
—=— () —
o R / /
~ 60f TAT@ /
B —X— (e)
2 ¥ /
a0t —
I/
I/
20t o — .
./ /Q/C—_”—O/
0 Q/? L L L
0 5 10 15 20 25 30

¢/ min

5 AEEERREEEEL K-2BP REEEE
Fig.5 Photoelectrochemical process in different
electrolytes for discoloration of reactive brilliant

red K-2BP
(a) NaCl, (b) NaNOs, (c) Na,SO,, (d) NaCl+NaNOs, (e) NaCl+Na,SO,



272 Acta Phys. -Chim. Sin., 2007

Vol.23

ERETE 0.75 mA em™ UL FB, G H FEM# 15 min, J¢
BH R ST A5 97.8% A . SRR, A4Sz
JE A FE P A R 2R, R TR s ) P, 9 8 K
IR R R, A TR R, T
PEE SR H R kbt iy 2R 2, DA
AR} R It B U (L R 3 R A, A R A
151, FUAROE LU 25 ) P FE, At i 4

T b, FE AR VU L % B R 43 BIREf# 10 min
It YL B B € 3 29.1% \47.5% . 78.9% Fl1 93.9% .
AT UL, ZEAPG H T2 DX P, IO 6 38 ) A8 Ak 5 L
JEE TR P 0T 5 (P o L I 2 DX, PR
RS, S € 5 NS A o 5 1 B v P o
i ) R AR AN LI HE 3 2% B B

20 mg- L™ G HEHEZT K-2BP ¥R 7E HL I 25 1%
0.25 mA -cm™ B, Y6 H A% 30 min, i 8% 0] DLs
#| 91.6%, W ELH, RuO,-PdO HL M 7EMRRERE T Ot
FL R A T P 2T K-2BP VTR0 A3 R, A7 SEPr A
#rE.
234 EVEH LT K-2BP ATHA K B B H

Bl 6 s T ASIFI0) 6 e B 1936 P # 41 K-2BP
IR S . R 6 FTLIE H, 5 s AL A
[Fi], A% S5 1A 28 XA [V JE 119 76 P 21 K-2BP %5
AR AR B B8 (0 3500, MR BEAE 40 mg - L7 LAF, 6
HL %A 30 min i 0 R AR AT 3K 2] 75% L) |, AR 60
min i (R ER AT IA R 029% L) -, Ab P v BE TG 1
Z1. K-2BP ¥ i I L 803 T g . X R WKL RuO.-
PAO HL AT I T i v B Y3 /K 1) R i Ak 3, 9 HL
FERE ST 5 155 )W B 3 T P SR BB A I R
235 W pHEHZ®

FH H,SO, P85 1E PEHA LT K-2BP /KW 4 pH {E

(g e —e———e

D/D/‘

80

60

D (%)

—e— 10 mg.L!
—x— 20 mg-L~"'
—a— 30 mg.-L-'
—o— 40 mg-L-'
—%*— 60 mg.L-'

40 b

20

0 10 2 30 4I0 5I0 60
t/ min
6 VIAREINEEEL K-2BP BliBENZI
Fig.6 The effect of initial reactive brilliant red
K-2BP concentration on its degradation

100

X

A

60

D (%)

40t

AT
ST

g ’__’.\

\ T

.

—e— Smin
—u— 10 min \
20 —A— 15 min "
—x— 20 min 1
0 1 1 1 1 1
0 1.0 2.0 3.0 4.0 5.0 6.0

pH

7 % pH EXEMEHELT K-2BP iR B E A0
Fig.7 The effect of initial pH on the degradation of
reactive brilliant red K-2BP

FE 0—6 [ Bl P, X LR A 7% L R i S0 36, kel Bt
CRCRINE 7 FiR.

FHEKHE RuO,-PAO HIL ) Ay BAR AL i Ak B2 A 05 P
Ha 21 K-2BP B, Bl 45 1 TR R 240 3 5, ek i) it
R M B H TR s pH EM 4 3 3, Yok R —
AR FEER, HLAE B i 05 1 8 21 K-2BP 1 fe
pH {E K131 Kl 7 1T UL, SEHLBE A IS, B % pH
B 6.0 TRES] 1.0, Yrb I 85 8 =, pH (E
FE 1 LUT B, B 2me A MR o pH{EM 4 31 3
WA — PRI, BERM 51.2%48 55 71.3%, (H4E
AR EE LU HL AR AL R A /N s pH(BAE 1-2 SXASE TN
YuRh B RO B g, 18 A E a2 S 1 D R AT B 43l
J&:DJERE HCIO 43 A i HO * H OB R ClO-4)-fif
AR O~ ARk 5 1, PR VE B 5%, HCIO/CIO 8 K,
HO /O K, YRk (0 500 5 s QA MR M4 F T,
HCIO I fk 2k i HC1 F11 HCIO, B A2 AN [E], M-S
Y RHR @R AR s @A F IR 1 4% 14, CI7EFH
AR P IR o R AN ), AT 5 bR (o B AN [

FA4h, 7 pH {E 0.5-6.0 JEFEIP, St HL M 20
min B, [ 68 5 05 i ] ik 2] 98.8%, I fiith s 80.0%.
XU B YL} A 1R BB % O H B s el S K, 3207 VA 1
5 FH pH (R vE, 3 EL PR FHAMA.

3 & it

L NaCl Ay 3 REHLfi# 5T, £k5E RuO,-PdO HLHK
BEIAR: , S R B A TG PEHE 21 K-2BP V3 & A A0 . 78
NaCl BYHJE M 0.02 mol - L™ FL R 25N 0.25 mA -
cm? pH=~6, 20 mg L™ IG5 641 K-2BP RO H
R 30 min, I (R 0] LUK F] 91.6%, A — 2 A0



No.2 R ESE K EE RuO,-PdO HIMRGHL BEMR 1S MEHE 41 K-2BP 273

TEAR LG 20T, K5 RuO,-PdO Hi e %t 175 P
HEZT K-2BP [ (05 i 22 30 1 I 25 1 't v IR ) 3
. FCALEE AT REZ, WM™ AR A9 15 MR & 2L HCI0 A1
CIO LA AAAE T D, TERIMDGIME T A T
HO* Ol C1°%, XL A bk B LS80 T ekt
) TG £

BRI RuO,-PAO HL AR ' L I fiff 15 14 YL LB, 4
FHPER SR, Al e pH EE B, %5 96 i 5 75 Wy vk
JEE TR B AT (R IO B A5R

References

1 Wang, K.; Chen, Y. X.; Ye, F. X. Chin. J. Catal., 2004, 25(12):
931 [E i, PRICHE I IFEL. Ak, 2004, 25(12): 931]

2 Herrera, F.; Lopez, A.; Mascolo, G.; Albers, P.; Kiwi, J. Water.
Res., 2001, 35(3): 750

3 An,T.C.;Zhang, W. B.; Zhu, X. H.; Xiong, Y.; Sheng, G. Y.; Fu,
J.M. Chin. J. Catal., 2003, 24(5): 338 [% KM, 5K3CIE, K4
Wy, BE I, BRI, S fiEILEAR, 2003, 24(5): 338]

4 Sun, C. C.; Chou, T. C. J. Mol. Catal., 2000, 151(1 -2): 133
Oliva, F. Y.; Avalle, L. B.; Santos, E. J. Photochem.. Photobiol.
A-Chem., 2002, 146(3): 175

6 Zanoni, M. V. B_; Sene, J. J.; Anderson, M. A. Photochem.
Photobiol. A-Chem., 2003, 157(1): 55

7 Waldner, G.; Pourmodjib, M.; Bauer, R.; Neumann-Spallart, M.
J. Chemosphere, 2003, 50(8): 989

8 Cao, C. C; Jiang, Z. P.; Yu, G.; Huang, H.; Chen, Z. Y. Environ.

10
11

12

13

14

15

16

17

18

19

Sci., 2002, 23(6): 108 [HAR, NS, & W, & 3, BRep

. AEERLE, 2002, 23(6): 108]

Ni, J.; Leng, W. H.; Shi, J. Y.; Zhang, J. Q.; Cao, C. N. Acta

Scientiae Circumstantiae, 2005, 25(6): 756 [{ii I, ¥ C4E,

it A, TR, AR . FREIRLA R, 2005, 25(6): 756]

Lou, J.; Hepel, M. Electrochim. Acta, 2001, 46(19): 2913

Pelegrini, R.; Perqlta - Zamora, P.; Andrade, A. R. Applied Catalysis

B, 1999, 22: 33

An, T. C.; Xiong, Y.; Li, G. Y.; Zha, C. H.; Zhu, X. H. J.

Photochem. Photobiol. A-Chem., 2002, 152(1-3): 155

Liang, B. Y.; Wang, B.; Li, G. Y.; Du, Y.; Feng,Y. J.; Hu, C. W.

Chin. J. Catal., 2005, 26(7): 557 [FBRE, £ I, PHIE, 4
e, 1B G, . R, 2005, 26(7): 557

Liang, B. Y.; Wang, B.; Du, L.; Li, G. Y.; Hu, C. W. Chem. Res. &

Appl, 2005, 17(5): 67 [BHRE, T B, A 3, ZEEEIE, W9 H 45

TR 8 5 R, 2005, 17(5): 677

Sun, C. J.; Pan, Y. Dyeing and Finishing, 2000, 26(12): 26  [#)

WZE, H 5. BN, 2000, 26(12): 26]

Wu, J.; Du, L.; Li, G. Y.; Hu, C. W. Precious Metals, 2006, 27

(12):18 [ #E K 3 A, BIE . St4E, 2006, 27

(12): 18]

Wei, F. S. Water and wastewater monitoring and analysis method.

4rd Ed. Beijing: China Environ Sci Press., 2002: 171-172  [#&

S AR K I A3 5 v R DU RR). b3t o E PR AR H R

1, 2002: 171-172]

Chen, K. N.; Wang, Z. P. Chlor-Alkali Ind., 1995, 3(8): 7  [FkE

TR ST, 1995, 3(8): 7]

Nowell, L. H.; Hoigne, J. Water Res., 1992, 26(5): 599



