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Development of Active Photocatalysts for CO, Conversion

by High-Pressure Torsion
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1. Introduction

CO, as a harmful gas generated by burning the fossil fuels,
have led to environmental disasters in all over the universe.
All attempts have focused on decreasing this component to
minimize it's damaging effects. Photocatalytic CO, conversion
or CO, photoreduction as an artificial photosynthesis is con-
sidered as the cleanest method to convert the CO, to other
usable materials such as CO, CH,, CH;OH. Main drawback of
these process is the low activity of photocatalysts and various
strategies have been introduced to improve their efficiency.
Doping with elements is the usual method but it faces with
recombination of electrons and holes. It this work, high-
pressure torsion (HPT) was utilized to enhance the photocata-
lytic activity for CO, conversion by four different strategies
includes introducing the (i) high-pressure phases, (ii) strain
and oxygen vacancies, (iii) high-entropy phases and (iv)
high-entropy oxynitrides.

2. Strain and oxygen vacancy engineering of BiVO, pho-
tocatalyst

BiVO, is the typical photocatalyst for CO, conversion but it
suffers from high recombination of electrons and holes and
unappropriated position of conduction band. HPT method was
used to solve these problems by simultaneous strain and oxy-
gen vacancy engineering. After HPT process and introducing
the oxygen vacancy and lattice strain, the light absorbance of
BiVO, increased significantly in visible region and it's band-
gap decreased. The electronic band structured aligned and
recombination rate of electrons and holes suppressed effec-
tively. The processed BiVO, using HPT showed higher photo-
catalytic activity compared to sample before HPT and same
activity with P25 TiO, as benchmark photocatalyst.

3. TiO,-II high-pressure phase as new photocatalyst

HPT was used to produce the TiO,-II (columbite) as the
high-pressure phase of TiO, and was examined for photocata-
lytic CO, conversion for the first time. The TiO,-II phase was
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oxygen deficient and could adsorb the light higher than initial
anatase phase. Bandgap of this new phase was decreased sig-
nificantly and it had the optimized bandstructure compared to
anatase. This new photocatalyst could generate the photocur-
rent much more than anatase and produce the CO from CO,
under UV much better than initial anatase powder without
adding any impurities.

4. Defective high-entropy oxide photocatalyst

High- entropy oxides (HEOs) are new and promising mate-
rials with five or than five elements for catalysis. In this
regard, a HEO with composition of TiZrNbTaHfO,, was pro-
duced using HPT and evaluated for CO, photoreduction for
the first time. The synthesized HEO showed higher light
absorbance compared with initial binary oxides. It showed an
appropriate electronic band structure to support all CO, reduc-
tion reactions. The material could successfully generate the
photocurrent and convert CO, to CO under UV irradiation
without adding any co-catalyst. Activity of this HEO photo-
catalyst was higher than anatase TiO, and BiVO, and as high
as P25 TiO, as benchmark photocatalyst.

5. Highly-efficient high-entropy oxynitride photocatalyst

Metal oxynitrides are promising photocatalyst for CO, con-
version due to their low bandgap but their application for CO,
conversion has been limited. By considering this issue and
promising features of high-entropy ceramics, a high-entropy
oxynitride (HEON) with composition of TiZrNbTaHfO,N,
was fabricated by HPT for photocatalytic CO, conversion.
This material showed higher light absorbance, narrower band-
gap, lower recombination rate of electrons and holes, higher
CO, adsorption and finally higher photocatalytic activity for
CO, conversion compared with corresponding HEO and P25
TiO, as benchmark photocatalyst.
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