Review Article ‘@@@@
d DOI: 10.22034/ijche.2022.344813.1210

This journal is an open access journal licensed under an

DOR: 20.1001.1.17355400.1402.22.128.7.0 Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

A Review on Photocatalytic Conversion of CO,
Over Modified TiO, Photocatalysts

A. Taghiloo®, A. S. Larimi®’
1- M. Sc. Student of Chemical Engineering, University of Tehran
2- Assistant Professor of Chemical Engineering, Niroo Research Institute
Email: alarimi@nri.ac.ir

(Taghiloo et al.)

Abstract

The process of photocatalytic reduction of carbon dioxide converts clean Received: 29 May 2022
solar energy to value-added materials, while reduces the carbon dioxide Accepted: 18 September 2022
greenhouse gas. TiO, is the most widely used semiconductor in this Page Number: 121-134

process. However, its large bandgap energy and high rate of
electron-hole pair recombination needs to be modified. In this review
article, ways to modify TiO,, such as combining with semiconductors and
doping metallic and non-metallic elements, as well as the structural
features and performance of modified TiO, photocatalysts with a special
focus on charge transfer behavior have been investigated. Various types
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of photoreactors, including fixed bed, membrane, slurry, etc., have been Keywords'
investigated. Doping with metal and non-metal increases the yield of CO; Reduction,
the product up to 207 times. TiO, modified by doping with precious TiO, Modification,
metals have high performance. Doping cheaper materials such as g-C3N, Doping,

can be employed to achieve similar performance. Moreover, the efficiency Heterojunction,

of monolith reactors is 23 and 14 times higher than slurry and fixed bed Photocatalyst,
reactors, respectively. Photoreactor
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Figure 1. Coupling of semiconductors and separation of
charge carriers [20].
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Table 1. Conditions of CO2 reduction by different phases of TiO, photocatalyst [14].

Catalyst

Reaction time (h)
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Figure 3. (a) Pure photocatalyst. (b) Photocatalyst doped with metal. (c) Photocatalyst doped with nonmetal. (d) Photocatalyst doped
with metal and nonmetal. hvl, hv2, and hv3 represent the bandgap of pure, metal-doped, and non-metal-doped photocatalyst,
respectively [11].
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Figure 4. Mechanism of surface heterojunction [40].
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Table 2. Modified TiO; photocatalysts and products of CO;
reduction reaction.

Photocatalyt Main products Reference
. CH30H and
g-C3N4/(Cu/TiOy) HCOOH [51]
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Pt/ TiO, co [53]
Pd-Au/ TiO,-WO4 CH,and CO [54]
Ni(OH),H,TigO}3 co [57]
AU/TiO,/N-
graphene CH. [58]
N-TiO,/CeO,/CuO HCOOH [59]
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Table 3. Advantages and disadvantages of different types of

photoreactors.
Photoreactor Advantages Disadvantages
Low mass transfer
resistance, high
heat transfer rate, High cost for
suitable for both photocatalyst
continuous or separation, poor
Slurry semi-continuous light penetration
operation, and into the catalyst
allowing due to the presence
continuous of bubbles
regeneration of the
catalysts
Simple design,
high contact
between reactants Poor heat control,
Fixed-bed and catalyst, low difficult to replace
pressure drop, the catalyst after
effective at high deactivation
temperature and
pressure
Limited mass
transfer, long
Controlled distance for charge
. transfer, membrane
Membrane reactions, back .
o fouling, water
reaction inhibition .
leakage from liquid
chamber to gas
chamber
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