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Abstract

In this study, we evaluated the photocatalytic oxidation efficiency of aromatic volatile hydrocarbons by using WOs;—doped TiO,
nanotubes (WTNTs) under visible-light irradiation. One-dimensional WTNTSs were synthesized by ultrasonic-assisted hydrothermal
method and impregnation. XRD analysis revealed successful incorporation of WO into TiO, nanotube (TNT) structures. UV-Vis
spectra exhibited that the synthesized WTNT samples can be activated under visible light irradiation. FE-SEM and TEM images
showed the one-dimensional structure of the prepared TNTs and WTNTSs. The photocatalytic oxidation efficiencies of toluene,
ethylbenzene, and o-xylene were higher using WINT samples than undoped TNT. These results were explained based on the charge
separation ability, adsorption capability, and light absorption of the sample photocatalysts. Among the different light sources,
light-emitting-diodes (LEDs) are more highly energy-efficient than 8-W daylight used for the photocatalytic oxidation of toluene,
ethylbenzene, and o-xylene, though the photocatalytic oxidation efficiency is higher for 8-W daylight.
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Fig. 1. X-ray diffraction patterns of undoped TNT and Fig. 2. UV-visible spectra of undoped TNT and WINT

WTINT with different tungsten oxide loadings

(WTINT-6, 8, 10, 12 and 16).

27 27 SRS Eklsly] flel A 31
EAPI(XRD)E Abet Zaks e ok L 23
0 T2 e 2409 48°0]4] Leldey, ole) e of
24 34 JElS anatase OJARJEIERES] 28 u]T0]
25° 9 48°9} vh - fAfRE TS Wl k=, vj
spd sl WAl Ushtm g o=
anatase ©JAI3}EleRs 3 FfjEln} vjsst ofAfel e 5
QIgh 4= QUSITE WO; 2742 vle Tio, WeFEE
ALt XA o2 W03 SHFE(WTNT-6, 8, 10, 12,
16)= 2% SldufelS HojFal glom, 328 31 uj=
= 23.6°, 24.4°, 28° 4l 38°0j|A LR }AL 9J-29f ula}
TiO, W=FE WOy7t 33 o2 =gu3leS &
QI8 4= Aeh EeH WOs2] Flo] £ WO,
S w20 A7 S HA| LRtk

Fig. 2= UV-Vis spectrag o]83}o] TAIE JHES-
VAol eifgt Aol 7paAle] §4-8-2 thehdl 2
olt), FaAlatEo] EE Ti0,e] AolE(red
shifty S 2191817] 915101 2414 ¥ )= 200~800 nm
2 zgsiglon), BA 271e AelHe] UV-B 4o
=3 7R e Bao] TisshEs il
A A SRR WO =530 ofsl] AMolEol
ofthz Zlo Uefgton], WO, =3 Tl 271t
= Aol5el vt 371 AFE Bk ol
H|Z= TiO, WeFH.0] WhE-7H(band-gap)> 3.28 eV
2 Upebgtom], WO,2] alafol 57Hlel ntet - e
3.15~2.98 eV HQRE Aa} FoA|= AU Hol =3

pE:

> e

with different tungsten oxide loadings (WTNT-6, 8,
10, 12 and 16).

£ Ti0, heR b7k 7hAl Gololl ] 247t el
g AoR dZwlk
Fig. 37} Fig. 4% 34 28 hedsale] e
Q1 54 LeRHIL Stk SEM 42w Fig. 3)2e]
olo] ez 80l o] ol ol A1 B1e
glom], EaEl G4t} gl T Sol4

SIEE &, TEM 4 243KFig. 45 53l Hl= TiO,
L-EHel WTINT-109] tigt 221912 TiO, LheEH
(hollow open-ended)E &1 4= QJ3]ct

Table 10]= e TiO, WHeRH O] H|3EHZ] 74
(BET) 232 Jeligict H)E TiO, theRH o] 1]
HHAL 1125 mYg 02 UERLOH, WO, 24415}
=0 =g go) we v Sk AuE B
WO; SEFH(WTNT-6, 8, 10, 12, 16) B|FHA-2 zkzt
190.0, 247.6, 251.0, 212.0, 143.7 m*/g o2 JERFO
o, o]e|gh AFEHE WO; =30 TiO, LeFH o] =
2 3= EES e8] e AR AlmE fAREA
YATLZ Wei et al.(2013)2] Ao A = Fel Slapda
TiO, WieFHo|| gt A} v|sEHZ o] S7Fk= A
S vehith SRR WO; 5 10 wt.% =35 834
© 2 o] S7IRtol wet vl A o] Ak A O0R
UePg=tl, ol WOs7F A4 o =3l wet
TiO, W=t 350 #H¥(blockage)S U0 H]3EH
o] ZhAagl A 07 wrhETh

Fig. 59 H]%3 TiO, Y}=5HO WO; £ TiO,



2SI 4AT A 7hAT B A BB w

T WENI-6

K100L0K

W \'[ 10

re
o

15.0kV x100.0K 15.0kV x100.0K

A e a oL 83 B T BSkd AlEE B 971

S00 nm 3 K S00 nm

500 nm 150KV x100.0K 500 nm

Fig. 3. Scanning electron microscopy images of undoped TNT and WTNT with different tungsten oxide loadings

(WTINT-6, 8, 10, 12 and 16).
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Fig. 4. Transmission electron microscopy images of undoped TNT and WTNT-10.
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Table 1. Specific surface area (Sger), total pore volume, and pore size of one-dimensional photocatalyst

Photocatalyst SBET, m’ g" Total Pore Volume, cm’ g’l Pore size, nm

Undoped TNT 112.5 0.75 17.0
WTNT-6 190.0 0.94 19.8
WTNT-8 247.6 0.84 13.7
WTNT-10 251.0 0.88 14.1
WTNT-12 212.0 0.81 15.3
WTNT-16 143.7 0.59 16.6
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Fig. 5. Photoluminescence emission spectroscopy of
undoped TNT and WTNT with different tungsten
oxide loadings (WTNT-6, 8, 10, 12 and 16).
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Fig. 6. Photocatalytic oxidation efficiencies (POE, %) of (a) toluene, (b) ethyl benzene, and (c ) o-xylene as determined
using undoped TNT and WTNT with different tungsten oxide loadings (WTNT-6, 8, 10, 12 and 16).
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