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Abstract : For effectively photochemical hydrogen production, Ti ions (0.01, 0.10, 0.50 mol%) impregnated WO;3 (Ti/WO3)
nanometer sized particles were prepared using a impregnation method as a photocatalyst. The characteristics of the synthesized
Ti/WOs photocatalysts were analyzed by X-ray diffraction (XRD), scanning electron microscopy (SEM), photoluminescence
spectra (PL), atomic force microscope (AFM), and electrostatic force microscope (EFM). The evolution of H, from methanol/
water (1/1) photo-splitting over Ti/WOs photocatalysts was enhanced compared to those over pure TiO, and WOs photocatalysts;
3.02 mL of H, gas was evolved after 8 h when 0.5 g of'a 0.10 mol% Ti/WO; catalyst was used.
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Figure 1. Preparation of Ti/WO; using a impregnation method.
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Reaction conditions

UV-lamp: 3ea (6 W/ecm?, 365 nm)
Solution: MeOH (500 mL)+DI
water (300 mL) Reaction time:
1-8h (stirring) Catalyst: 0.5 g

Figure 2. Batch-type liquid photo system.
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Figure 3. XRD patterns of W03, TiO, and Ti/WOs nanoparticles:
(a) TiO2, (b) WOs, (c) Ti (0.01 mol)/WOs, (d) Ti (0.10
mol)/WOs3, (e) Ti (0.50 mol)/WOs;.
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Figure 4. SEM images of WOs and Ti/WOs: (a) WOs, (b) Ti (0.01
mol)/WOs, (¢) Ti (0.10 mol)/WOs, (d) Ti (0.50 mol)/WOs.
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Figure 5. Photoluminescence (PL) spectra of WO; and Ti/WO;

nanoparticles: (a) TiO,, (b) WOs, (c) Ti (0.01 mol)/WOs,
(d) Ti (0.10 mol)/WOs, (e) Ti (0.50 mol)/WOs.

1M

oo > ox o

DT 1 A O s
ﬁ
.\,L
01)1

7hete.
Ao S7hs Helh A e e SV o
+© ARt ol Eolut Alas whwA A
ol S7kste] A= Zuj9] 33 ddS STt
Hho 2 whed] Sdo)A o 142 Zdo
ubako] Welel Wt B o] QIH17]. Figure 59
olgste] W AE sk = Tio.9}
202} 2.85 evolal Tiz} #H7Mg el uhet 2.83,
Fo| bt o g2 o]=3sltlrt ElEHE©] 0.50 mol

AL 282 eVE TAo] ATAFO 2 ThA| 0]
= ATk E3 TVWOs= ElEhe9] H7HE
PL %7} #olAH, 0.50 =+ 0.10 mol= 3
e WOEH o 22 AI71E Bt o] A3
= YWOs7} 22gh TiO, U WOs T o 52 3 &4S
w Aoz oaat 4 gk

Figure 62 WO;1} Ti/WO;9] AFMJJ- EFM
W AC R Sl At ole2
Fol the el EHAkY] ﬁoM i%% ofus}=t], AFM

ox oY

rr o (A lo
)
ruln
rA o

o
T

a}

ﬂ.lg,ﬂ

o X

é es!
S
i g
N}
Noge B &

o w

7}
280 eVE @
7

_,4
o
32
mlo

off
ol
-
rr
pod)
f

o] U}o]-;ﬂ

z 2
y i

=2 T1NVO3 AA= 7?.4 Z’]o]— Zo| WO; EHoA Hul g
Fold= & 7 Stk EFME &3l AR7E 2ol o TV
WO; Q2 TH|A 9 T 73t Hst 524 ;?_3]_93\]—/]_' ol=
E3 W03HE} TiI/WO; E WA o718 A}
Ao =k AL 4 2 et

= AgolA e TYWO; U AAES ©o]-8-3to] gt

=g BENE Sl AT I A FS Figure 70
A A OWE} TiI/WOs &= 43 TiO2F WOs el & St
A FAFE eI 9o, £3] 0.10 mol%2] Tizh 7}
e o 8AI7J HES 2] 3.02 mLo| 4247t FAE 2L 39
3 4= Atk dub o R 25k TIOyS ARE-Slo] Bolu} et
29 BT A SAh7F Ao whAshR] A u 3k o] &

it
1o
fof
al
o
fin)

= =

SR Tl (T EICw), A, WEFPY 5)E T 1-10%

r r d
0.0 1: Height 20 w“ 0.0 2: Phase 20pm

[ Voosure | Deta Zoom

r — ) — -
0.0 1: Height 2.0pm 0.0 2: Phase 20 pm

(b)
Figure 6. AFM and EFM images of (a) WO; and (b) 0.10 mol%

Ti/WO:s.
35
—=—Tj0,
—e—WO, |
3.09 —a—0.01 mol% Ti/'WO, f
—v—0.10 mol% Ti/WO; /

2.51 ——0.50 mol% Ti/WO;

2.0
1.5- //

Hydrogen production (mL)

1.0 _
——1 ° )
7_‘%‘4‘
0.5 /
0.0 * » - - - » -
0 2 4 6 8

Reaction time (h)

Figure 7. Hydrogen production from methanol/water photo splitting
as a function of the reaction time over the TiO,, WO; and
Ti/WOs.
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