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Vu Duy Thinh
Hanoi University of Mining and Geology,

Vietna

FABRICATION AND STUDY OF PHOTOCATALYTIC ACTIVITY OF TIO, NANOPARTICLES, N-DOPED TIO,,
TIO::(N, TA) FABRICATION BY HYDROTHERMAL METHOD

Summary
As we know, TiO; has a large band gap of 3.2 eV, so it can only absorb ultraviolet light. To enhance the
photocatalytic activity in the visible light region, many studies have shown that doping some non-metals into
the TiO, matrix, especially nitrogen (N), reduces the band gap of TiO,. The reason is due to changes in lattice
parameters and the existence of trap states between the conduction band and the valence band. Therefore,
TiO, doped with nitrogen (N) not only has the ability to absorb light in the visible region but can also increase
the lifetime of photogenerated electrons and holes. However, replacing N into TiO, will increase the number
of oxygen vacancies and partially reduce the photocatalytic ability of the material. To further enhance the
photocatalytic ability of the material, we co-doped N and a transition metal, specifically Ta. By combining
both Ta and N with appropriate concentrations, the neutralization of positive and negative charges, the
reduction of oxygen vacancies and the increase of electron-hole lifetime during the photodegradation
process. Based on this theory, we have fabricated TiO, nanoparticles, N-doped TiO; with 10.5% N, TiO; co-
doped (N, Ta) with 10.5% N, 0.5% Ta by hydrothermal method.
Keywords:
N-doped TiO,, co-doped TiO; (N, Ta), Fabricated by hydrothermal method

1. Problem statement

Because TiO, material has a large band gap and can only absorb ultraviolet light, this material has a
fast recombination rate between electrons and holes, leading to a decrease in the efficiency of the
photocatalytic process. Therefore, to create high photocatalytic activity for this material in the visible light
region, people have changed the structure, size, and shape of TiO, by using different fabrication methods,
doping or attaching other elements (N, Ta) ... To reduce the band gap, shift the absorption wavelength to the
visible light region and reduce the probability of recombination between electrons and holes. Thanks to these
properties, TiO, material with high photocatalytic activity can be applied in the treatment of environmental
pollution very usefully and is the main research direction of the future.

2. Theoretical basis and research methods

In nature, TiO, usually exists in 3 crystal forms: rutile, anatase, brookite. Of the three crystal forms of
TiO,, anatase, rutile and brookite, the rutile crystal form has high thermal stability. When heated, it will cause
the conversion between the 3 crystal forms as follows: anatase converts to brookite and then to rutile;
brookite converts to anatase and then to rutile; anatase converts to rutile and brookite converts to rutile.

By X-ray absorption spectroscopy, the research group of Hwu and colleagues demonstrated that the
crystal structure of TiO, nanoparticles depends on the synthesis method. At high temperature (973 K), TiO>
in the anatase phase will convert to the rutile phase. However, for very small nanoparticle sizes (<50 nm),
the structure of TiO, in the anatase phase has high stability. The study also showed that the predominant
form of TiO; crystal is the anatase phase. In addition, in a study by Banfield and Gribb, the effect of grain size
on the kinetics of phase transition and phase stability in TiO, nanocrystals was studied, in which when the
temperature ranged from 738 K to 798 K, the rate of anatase to rutile phase transformation increased
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