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ABSTRACT

Objectives: The photocatalytic degradation of toluene in a batch mode photoreactor for the purpose of the
hazardous waste treatment was investigated.

Methods: Kinetic experiments using a low pressure mercury lamp (Lambda Scientific Pty Ltd, 50 Watt) emitting
both UV and visible light were performed at 31°C over toluene concentrations ranging from 10 to 50 mg// in
water with 50%TiO,/6%WO; (TW) concentration of 1g// at a pH of 6.

Results: Kinetic studies showed that 50%TiO,/6%WO; (TW) photocatalyst was highly active in toluene
degradation; we observed that 99% of the pollutant was degraded after six hours under visible irradiation;
furthermore, we observed that adsorption onto TW catalyst was responsible for the decrease of toluene with
pseudo-first order kinetics. It was also found that oxygen as a radical source in the sol medium played a
significant role in affecting the photodegradation of toluene, especially with a two-fold elevation. This increase
was achieved by a more than four-fold elevation of the photodegradation of toluene in the presence of acetone
than without, presumably via an energy transfer mechanism.

Conclusions: We concluded that photodegradation in acetone and oxygen molecules along with TW was an
effective method for the removal of toluene from wastewater.
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LM B 5o & S0 Atst
93} HJEA] UV APt g4
A FZu) vkZo] AT S e WA EES

5o BUWSS FE]
F 2

SRENECEE

acid” Z dyes*®9] Azl Qo] FFujE 0|83 W
He HHom fist 7les deiA vk 25
s o]§sh= WHES Ay Oi wfj-¢-

AR (B.0eV)E 7H TiO, 32 B3 niwAS

méJ

2 we

A, B 0= GAgo] Yo FF-2] 0] glojof }
v =4, FsleHA] GAETE 327 flEiME w4
3ol 2 cationic holes(h’; Egy>2.0 V v/s NHE)
< 7RI ofof & AlA, = EAEHFE OH- 2}

ol

"Corresponding author: Department of Health Science, School of Natural Science, Dongduk Women's University, Seoul
136-714, Korea, Tel: +82-2-940-4484, Fax: +82-2-940-4193, E-mail: kjhyon@dongduk.ac.kr
Received: 3 February 2012, Revised: 10 June 2012, Accepted: 15 June 2012



262 M35 - HXE

UZHE=2.4V v/s NHE)Z 2t38}517] 913k oA
2171 A AR (B,= 2.6 eV to approximately 3.0 eV)
Woll EAjaiol et mpxete g Azjo] Fagh i
Jow ZAAel7] fleiM s Al 78 e
A& AT 5 Slojof gt} HZoll A 7HA
FAL o]83 TIO/WO; Al=H S o83 &
o el gk A77F M= Y5

AREH O 2 TiO, 22 F5uje] Z8& WollA F
A @AY O 2 vvES E6t]
Oy, ‘OH, HOy ¥ O- &d4tart &R gt

He2

r_{

2

e + 0,-0, (ad) (1)
0, (ad) + H — HO,- (ad) )
h* + H,0 — -OH(ad) + H* 3)
h* + 0y (ad) = 2-O(ad) 4)

TiO, “dollAl WO;2 EX&/gol &t Fl=9] 2=
2 Akstol] o)gk ®&F S717F mixture®] A
o 71918} WO, band-gaptiollA] 57} ©2Ele] &
2ol 540 oJgt Zlojgtal HAFHTE Y 7]EA
02 WO,E T2 H$F 2HE-HS] near UV 3

TE 3 FRAIE BT AAE o)F
A1717] $13+ 43 conduction band potential(F =
PALS 7KL ok WiEle] & wiex|e] Add
S |83t P Abshih-g-2 valence band(ZFIA}
dHEFE conduction band(A=th)Z 2] H=}e] o]F
o] 2J3}eq electron-hole pair(AAL-& *4)S THETAA]
dojdt}, 1 HAEL Bol| mol3le qkhol 935
o AAEH FFEL OH*E FAs7] st Ht
A FWelr F4E OH £ H,03 nh-ah
A o2 FalE OH H09| Aeet Yol &3}

(52

& g
400~760 rm I

uvas Vis 44% Vis

\ W ! I
WOUTIO, WWTIO,  WV)TIO;* *WOTIO,

A
. W -t
MB degradation - MB degradation

Consecutive Photocatalytic Process

T3-S freshs =54 efEe Jggt
50%Ti0,/6%WO; (TW) composite TH<| At
Eajlo] FHE vSE& e} Fa ol JIgS F
Foltt, 2tert AW B3k g&% I
ke Ao® gEA A9 Ao F7h= T,
AEHZRE AAE AFaEA] wEA Agr]z]
ok TiO, $2 WO @502 ARS 74-¢H}
FEA) FHe] Asrt € MiAE AXE AL &
AATH WO7F 7%7HA 7 734 Akert S71e
W 2 oFelMe st HARR adke Aow
dHA T e =R E WOt 8%(wrwt)d
TiO, &522 AM-E 7Rt Ao 10W] H= 3
LAl Ego] AX = AR UETEY gk el
g2 WOt 1-5(wt.%) = =& &8-S et
AT TiO,/WO; composite filme 350-400 nm
telx & FFaPds 7 AU duRA] &%
T8 7 REEAY 2R @R eH 1:1(mol/
mol)®] vl &olX HUZ Eesh= slo2 Mt
Fig. 12 TiOy/WO; Fulle} 4tAe] A3} <Jsh
FES Ueple =40l
O E-L energy transfers 535l o] 2
o AdUAIE AN A T EHE HSAT]=
S 3l FoE dHFTP? Acetone THY
FEME ALEE O] FAFES =9 diazo dye
13|29 223 trichloroethylenedl] T3l ZE-s] &
< 259 AE FTTMTIE A= YERTHY
wEha] 2 =R E 50%Ti0/6%W0; HHEA
composite, 7FA]33A (visible light), 44 2 oA E
55 AA R ARG FES| AlzEe dAHe
2 AREste] Bl ok B g4 =AMs)

H
X o

o) rr

2

-

ro mo

o 1o 12 oo

%\ vy s c;(o’
Slow .
0,% ce O;
)
reloase of ¢ UV
-~ - w
N vn(
h'./ TO; ‘om
ve
Wo, LMo
et
Vis_ \"-‘."A o,
+
i Homo  TIO/C8) Loy
WO,

Fig. 1. Photodegradation mechanism of methylene blue on TiO,/WO; under visible light."
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Fig. 5. Comparison of photodegradation of toluene (50
ppm) in TW sol solutions with or without acetone
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Table 4. Kinetic rates of peudo-first order photo-
degradation of toluene in TW sol solutions with
acetone or without acetone (pH = 6)
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