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The Preparation, Optimization and Photocatalytic Properties of CoO,-modified TiO,
Photocatalysts for Hydrogen Generation from Photocatalytic Water Splitting
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Abstract: The CoO,-modified-TiO, photocatalysts have been prepared. The preparation method has been opti-
mized. The catalysts were characterized with X-ray diffraction (XRD), transmission electron microscopy (TEM)
and X-ray photoelectron spectrometer. The results showed that a small part of Co** metal ion was doped on the
surface of TiO, in Co0,-TiO, form. The photoelectrochemical and photocatalytic performance for hydrogen genera-
tion from water (ethanol as electron donor) were investigated. The results of photocatalytic hydrogen production
showed that the Co content and optimized temperature had an obvious effect on the photocatalytic hydrogen gen-
eration rate. The optimal content and temperature were 0.4wt% Co and 300~400 °C, respectively. In an optimal
condition, CoO, doping could obviously enhance the hydrogen generation rate from water with a satisfied stability
during the experimental period. The hydrogen production rates have increased over two order of magnitude (from
2.8 x 107 mol-h™ to 4.0 x 10" mol-h™"). The results of the photoelectrochemical performance showed that an ap-
propriate amount of CoO, doping on photocatalyst could produce phtocatalytic reaction sites — Co00O,-TiO, com-
plexing compounds on surface of TiO,, and enhance the photocurrent response. But with a higher doping content,
large numbers of Co0,-TiO, complexing compounds and a new kind of carbide compounds — probably Co,C or
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TiC were produced. They became the reactive centers of the photoelectron-hole pairs recombination, which in

turn reduced the ability of the photoabsorption and the photocatalytic hydrogen generation.

Key words: CoO,-doped TiO,; photocatalysis; hydrogen production; photoelectrochemistry
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Fig.1 TEM images of different CoO doping-TiO, samples
a, A: 0.4Co-300; b, B: 3.0C0-300
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Fig.2  X-ray Diffraction patterns of CoO,-TiO,
(R and A represent X-ray peaks of rutile

and anatase crystal, respectively.)
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Fig.3  XPS of different CoO,-TiO, samples
(a: 0.4Co-110; b: .4Co0-300; c: 0.4C0-400; d: 0.6Co-500; A: 3.0Co-110; B: 3.0C0-300; C: 3.0Co-400; D: 5.0Co-500)
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photocatalysts for H, generation
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Fig.6  Unbiased photocurrent changes corresponding to
successive sudden switching on and off the UV
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Table 1 Unbiased photocurrent of various Co content

(Wt%) of CoO,-TiO, photocatalysts

Unbiased photocurrent under UV

Optimized light illumination / mA

temperature / °C

00 Co  0.4Co (/0.6Co") 3.0Co (/5.0Co")

110 0.096 6 0.219 7 0.050 0
300 0.075 0 0.404 2 0.066 8
400 0.145 3 0.348 7 0.220 7
500 0.033 6 0.159 5 0.1155
*500 °C
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Table 2 Photo-reduction potential of C0oO,-TiO,
photocatalysts for hydrogen production

(V vs SCE)
Optimized Photopotential for H, production / (V vs SCE)
temperature / C 0.0Co 0.4Co (0.6Co")  3.0Co (5.0Co")
110 -0.540 -0.420 -0.427
300 -0.490 -0.392 -0.465
400 -0.432 -0.405 -0.436
500 -0.485 -0.465° -0.477"
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