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Abstract: Mo-doped TiO; photocatalysts (Mo-TiO,) were prepared by the traditional sol-gel method using (NH4)sMo7024-4H,0 and
tetrabutyl titanate (Ti(OC4Ho)s) as the raw materials. TiO»/Mo-TiO, composite photocatalysts were prepared by mixing TiO; sol with sol-gel
derived Mo-TiO; powder followed by drying and calcination. The samples were used as catalysts for methyl orange photodegradation in
aqueous suspension under UV irradiation, which was used as a probe reaction. X-ray diffraction patterns showed that particles were in the
form of anatase and there was no change in crystal structure except a slight variation in crystallite size. The photocatalytic activity of the
Mo-Ti0; photocatalysts was lower than that of undoped TiO», and the photodegradation rate decreased with an increase in the level of mo-
lybdenum doped (on TiO,). The reduced activity can be explained by the fact that dopants act more as recombination centers than as trap
sites for charge transfer at the interface, especially for the samples with higher molybdenum ion dopant concentration. The TiO»Mo-TiO,
composite photocatalysts have the n-n heterojunction and have a higher photocatalytic destruction rate than the Mo-TiO; photocatalysts and
undoped TiO,, which is mainly ascribed to the electrostatic-field-driven electron-hole separation in the TiO»/Mo-TiO, composite photocata-
lysts. The best TiO»/Mo-TiO, composite with Ti0,:2mol% Mo-TiO,mass ratio of 10:1 shows 1.57 times the photocatalytic activity of un-
doped TiOs.
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HH 17 ml £k®2 T HiE (CP, _Lifg &1k 2R
MR F) 5 40 ml /K 2% (AR, #5804k T 65 bR
AT TEERBESBENBREP, EHnAH
40 ml Jo7K B .10 ml UKEEER (AR, R¥ETH K K4 T
BIR A A S ml 208K 4 IR A b, R
BB, s a4k sL B BE 0.5 h, & HIG TiO,
W, WIREERGE 24 AT E, w04 Eg,
FFF 400 °C FR%E 3 h, L J5 RIS 44K Tio, ¥y
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Fig. 1. XPS spectrum of the 2%Mo-TiO, catalyst.
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Fig. 2. XRD patterns of the TiO, catalysts.
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Table 1 Physicochemical properties and apparent rate constants of

the catalysts

Specific Apparent

Sample surface area Fjrystal rate constant

R size (nm) .

(m*/g) k(min™)
Undoped TiO, 65.1 13.7 0.00715
0.0005%Mo-TiO, 48.6 13.5 0.00584
0.001%Mo-TiO, 48.7 13.6 0.00539
0.002%Mo-TiO, 48.9 13.8 0.00420
0.01%Mo-TiO, 493 13.5 0.00387
0.04%Mo-TiO, 53.0 132 0.00357
2%Mo-TiO, 75.7 13.7 0.00115
4%Mo-TiO, 105.6 12.5 0.00090
8%Mo-TiO, 150.7 11.5 0.00060
Ti0,/0.01%Mo-TiO, 73.2 12.4 0.00739
Ti0,/0.04%Mo-TiO, 69.0 12.7 0.00944
Ti0,/0.9%Mo-TiO, 67.8 12.8 0.00987
Ti0y/2%Mo-TiO, 65.3 13.0 0.01124
Ti0./4%Mo-TiO, 65.8 12.9 0.00729
Ti0y/6%Mo-TiO, 70.6 13.1 0.00575
Ti0,/8%Mo-TiO, 74.5 12.6 0.00346
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TiO, K7D, X AT B /& By Mo® 3t N TiO, & ¥ 1 %
FE T TiO, fLiE, SE LR BN, 24 Mo & &
BRI (= 2%), HREARBCK, 12 F A E Bk

3 TiO fE{L5A TEM R A
Fig. 3. TEM images of the TiO; catalysts. (a) TiOy; (b) 2%Mo-TiO,; (¢) TiO2/2%Mo-TiO,.
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Fig. 4. Nitrogen adsorption-desorption isotherms (a) and pore size
distribution of the catalysts (b).

T o BH I e 70 it T R S R, M B U 2 AL
LERPY B A TiO)/Mo-TiO, L Itk £ H R 5
gl TiO, A 2= A K. B 4(b) y B ke S B &
BB L AT, AT LU K, LN 3~10 nm, “F3
FL4% 2.5~6.8 nm, 1X L&A FL F BE T TiO, ki [H
FH 5 TR R LR S50,
2.5 UV-Vis Sif&R

B S REERrFES Y UV-Vis . AL, Mo
45 221815 TiO, Ff Mok 2r %, HREE Mo WKLY
8 n it R B 2, XGRS Mo BN T T TiO,
[ 25 15 Mo Ja, TiO, 75 B = £ F 5
BT 0 e BT RE 2. AN 7 SR LT B R T R Y 7 2R
M FReENTE AR S LM, KL, BA Mo
o R 2 2 B B A RIS . 2%Mo-TiO, {1k 7172
450~600 nm H HLE 55 W, 3X 2 B Mo -Mo®*
Wrla) AT FE RS D Mo™ 1Y d-d BRIER >,
26 FSHER

Bl 6 27 i i 7R UK KA 320 nm [ FS

2%Mo-TiO,

/\/\ TiO,/8%Mo-TiO,

Ti0,/2%Mo-TiO,

Absorbance

0.002%Mo-TiO,
Pure Ti0,
1 i

300 350 400 450 500 550 600
Wavelength (nm)

5 TiO, #E51R9 UV-Vis i
Fig. 5. UV-Vis DRS spectra of the TiO, catalysts.
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Fig. 6. FS spectra of different TiO, catalysts.
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Fig. 7. Methyl orange degradation rate ((/ () as a function of UV
irradiation time over different catalysts. (1) Pure TiO,; (2)
0.002%Mo-TiO,; (3) Ti0,/0.01%Mo-TiO,; (4) Ti0,/0.04%Mo-TiO,;
(5) Ti0,/0.9%Mo-TiOy; (6) Ti0y/2%Mo-TiO,; (7) TiOy4%Mo-TiOy;
(8) TiO,/6%Mo-TiOy; (9) Ti0/8%Mo-TiO,; (10) 2%Mo-TiO,.
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