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Photocatalytic Properties and the Role of Ce in Co-Doped TiO, with Ce and N
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Abstract: Ce and/or N doped TiO, catalysts were prepared by sol-gel process with tetrabutyl titanate, cerium nitrate
and ammonia as raw materials. The photo catalytic activity of the as-prepared catalysts under both ultraviolet and
visible light irradiation was evaluated by degradation of methyl orange. Significant improvement of photocatalytic
activity were observed by codoping of TiO, with Ce and N. X-ray diffraction(XRD), low temperature N, adsorption
(BET), UV-Vis diffuse reflectance spectroscopy (DRS), temperature programmed desorption of oxygen (TPD),
temperature programmed oxidation (TPO) and transmission electron microscope (TEM) methods were employed to
characterize the as-prepared photocatalysts for the elucidation of effects of crystal structure and surface morphology,
specific surface area, optical characteristics and oxygen storage/release properties of doped catalyst on its
photocatalytic performance. It has been shown that the role of proper amount of Ce in doped catalysts played as to
enhance the thermal stability of catalyst for the suppression of growth or aggregation of crystal particles and transition
of crystal phase from anantase to rutile, to promote the circulation of oxygen storage/release, and concomitantly,

increase the optical absorbance, extend the light response to the visible region,suppress the recombination of charge
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carrier by trapping of photoinduced electrons, derive active radical species, and simultaneously, have a favorable

effect on the BET surface area increase.

Key words: titanium dioxide; photocatalysis; codoping modification; cerium; nitrogen
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1: air pump; 2: magnetic stirrer; 3: air leak distributor; 4: jacket
with NaNOy; 5: jacket with cooling water; 6: mercury or xenon

lamp; 7 and 8: water inlet and exit; 9: sampling mouth
B G R mr R
Fig.1 A Sketch for the photocatalytic reactor
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visible light illumination for 2 h
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Table 1 Crystal and surface properties of single and co-doped catalysts

Catalyst samples N(y%)Ce(x%)-TiO,

Anatase content / wt%

Crystal size / nm Surface area / (m?-g™)

Ce(0.00%)-TiO0, 52.7
Ce(0.01%)-Ti0, 534
Ce(0.03%)-TiO0, 58.6
Ce(0.10%)-TiO0, 82.7
Ce(0.3%)-Ti0, 98.1
Ce(0.50%)-TiO0, 100
(1.0%)Ce-TiO, 96.6
N(6%)-Ce(0.03%)-TiO, 100
N(6%)-Ce(0.1%)-TiO, 100
N(6%)-Ce(1.0%)-TiO, 100

22.4 29
322 48
21.2 67
18.7 78
12.4 83
9.1 87
8.9 96
10.5 125
9.4 137
9.1 141
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Fig.8 TEM image of titania catalysts N(6%)-
Ce(0.03%)-Ti0O,
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Table 2 O, desorption and consumption capacity of Ce doped catalysts

Desorption

Consumption

Catalysts

Peak area Capacity / (nmol - g™ Peak area Capacity / (pmol - g™

TiO, none none none none
Ce(0.01%)-Ti0, none none none none
Ce(0.03%)-Ti0, trace trace 81277 2.52
Ce(0.109%)-Ti0, 14034 0.23 101441 3.14
Ce(0.30%)-Ti0, 121477 3.77 115667 3.59
Ce(1.009%)-Ti0, 147520 4.57 301909 9.36
Ce(2.00%)-Ti0, 185147 5.74 410528 12.72
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Fig.11  UV-Vis diffuse reflectance spectra of photocatalysts
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