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Abstract:
this study summarizes the current research status and development trend of TiO2 photocatalytic reduction of 
carbon dioxide, including the reaction mechanism, metal-loaded TiO2, semiconductor composite TiO2, and organic 
photosensitizer-modified TiO2, and shows that the metal-loaded TiO2 enhances the catalytic activity, and in particular, 
copper-loaded catalysts on the surface of TiO2 have the potential. Semiconductor composite TiO2 enhanced the 
photogenerated carrier transport efficiency and improved the catalytic activity. Modification of TiO2 with organic 
photosensitizers can improve the photocatalytic efficiency, but challenges such as stability and light absorption 
efficiency need to be addressed.
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1. Introduction
In the current context of global warming, carbon dioxide 
emissions have always been considered one of the major 
greenhouse gases and have had a non-negligible impact 
on the global environment. Climate warming has led to 
frequent extreme weather events, rising sea levels, and 
threats to ecosystems, posing huge challenges to human 
society and the economy. Therefore, it is particularly 
important to explore effective carbon dioxide emission 
reduction and utilization technologies. The TiO2 photocat-
alytic reduction of carbon dioxide technology has attract-
ed much attention as a potential environmentally friendly 
method. TiO2 is recognized as one of the most promising 
environmentally friendly catalysts due to its advantages 
such as safety, non-toxicity, high activity, resistance to 
chemical and photocorrosion, and low cost[4]. Based on 
these advantages, TiO2 shows potential application pros-
pects as a photocatalyst in the reduction of carbon diox-
ide.
Photocatalytic reduction of carbon dioxide can convert 
light energy into chemical energy and convert carbon di-
oxide into high value-added chemicals or fuels, effectively 
reducing greenhouse gas emissions. This article will sum-
marize the research status, development trends and appli-
cations of TiO2 photocatalytic reduction of carbon dioxide 
technology in existing research. Through the comparison 
and summary of research on different catalysts, we can 
gain a more comprehensive understanding of the current 
research status of TiO2 photocatalytic reduction of carbon 
dioxide technology.

2. Reaction Mechanisms
The mechanism of TiO2 photocatalytic reduction of car-
bon dioxide is based on TiO2 as a semiconductor material. 
TiO2 can absorb energy under light irradiation. According 
to the wavelength of absorbed light, it can be inferred that 
CO2 is mainly reduced by photoelectrons excited by the 
photocatalyst [6]. The excited electrons jump from the va-
lence band to the conduction band, and holes are formed 
in the valence band at the same time. Form electron-hole 
pairs. These photogenerated carriers have oxidation and 
reduction capabilities [18-20, 24], participate in the photocata-
lytic reduction reaction of CO2, and reduce CO2 to organic 
compounds. It is worth noting that these photogenerated 
carriers are unstable and prone to recombination reactions. 
Therefore, improving the utilization efficiency of photo-
generated carriers is an important topic in the research of 
TiO2 photocatalytic reduction of CO2.
In TiO2 catalysts, current research shows that TiO2 has 
three crystal forms in nature: rutile, anatase and brookite. 
The difference in crystal form often leads to different re-
activity in photocatalytic reduction of CO2

 [3, 23]. The ana-
tase crystal form of TiO2 has high photocatalytic activity, 
mainly due to its high band gap and surface adsorption 
capacity [14]. The anatase crystal form has higher photocat-
alytic activity for the following reasons: the band gap of 
the anatase crystal form is 3.2 eV, while the band gap of 
the rutile crystal form is 3.0 eV. The high forbidden band 
width of the anatase crystal form is The band width allows 
its electron-hole pairs to have higher or lower potentials, 
thus having strong oxidizing ability [3]. In addition, the 
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small grain size and large specific surface area of anatase 
TiO2 also play a positive role in the photocatalytic ac-
tivity. As studied by Akple et al., the crystalline surface 
heterostructure will have an impact on the degree of elec-
tron-hole separation and catalytic activity [1].
In addition, the advantages and limitations of a single 
TiO2 catalyst in CO2 photocatalytic reduction are also one 
of the focuses of research. Although TiO2 has certain re-
dox capabilities, its photocatalytic reaction has low quan-
tum efficiency, which may limit its efficiency in practical 
applications. Therefore, in future research, methods to 
improve the photocatalytic efficiency of TiO2 need to be 
further explored to achieve more effective CO2 reduction 
conversion.

3. Research status of different catalysts
3.1 Metal-loaded TiO2 photocatalysts
The research progress of metal-supported TiO2 photocat-
alysts in the photocatalytic reduction of carbon dioxide 
has attracted increasing attention. By loading metal on 
the surface of TiO2, the energy level structure and surface 
active site density of the catalyst surface can be adjusted, 
thereby improving the photocatalytic activity and selectiv-
ity and promoting the conversion of CO2. When studying 
metal-supported TiO2 photocatalysts, factors such as metal 
type, loading method, catalyst structure, and photocatalyt-
ic performance need to be considered. Transition metals 
such as copper (Cu[12, 13, 21, 22]) and platinum (Pt[13, 21, 22]) 
show good activity and stability in CO2 photocatalytic 
reduction. Studies have pointed out that the emergence 
of low-priced copper plays a key role in the formation of 
Cu+/Cu2+, which in turn improves the photocatalytic redox 
performance of the catalyst [2]. It can be seen that the cat-
alyst with Cu supported on the surface of TiO2 has great 
potential in the photocatalytic reduction of CO2. Compar-
ing the performance of different metal-supported TiO2 cat-
alysts can reveal the advantages and disadvantages of var-
ious catalysts and provide guidance for further research. 
In addition, the performance and applications of different 
metal-supported TiO2 catalysts also need to be compared 
and evaluated. By comparing the photocatalytic activity, 
selectivity, stability and other performance parameters of 
different metal-supported TiO2 catalysts, the advantages 
and disadvantages of various catalysts can be revealed.
In the future, the development trend of metal-support-
ed TiO2 photocatalysts will mainly focus on improving 
catalytic efficiency, expanding application scope and im-
proving stability. Through advanced catalyst design and 
preparation technology, metal-supported TiO2 catalysts are 
expected to play a more important role in the field of CO2 
photocatalytic reduction. Future research should focus 

on the optimization of catalyst structure, improvement of 
metal loading methods and in-depth exploration of photo-
catalytic mechanisms to achieve the goal of more efficient 
conversion of CO2 into renewable fuels.

3.2 Semiconductor Composite TiO2 Photocat-
alysts
Research on semiconductor composite TiO2 photocatalysts 
in CO2 photocatalytic reduction has attracted increasing 
attention. By combining semiconductor materials with 
TiO2, the separation and transmission of photogenerated 
carriers can be achieved, thereby improving photocatalytic 
efficiency and selectivity and promoting the conversion of 
CO2. When studying semiconductor composite TiO2 pho-
tocatalysts, factors such as the type of semiconductor ma-
terial, composite method, photoelectric performance, and 
synergistic effect with TiO2 need to be comprehensively 
considered.
Among semiconductor composite TiO2 photocatalysts, 
common semiconductor composites include composites 
of titanium dioxide and other semiconductor materials, 
such as zinc oxide (ZnO), gallium nitride (GaN), etc. The 
formation of these complexes can effectively expand the 
photoresponse range of TiO2, and the semiconductor com-
posite TiO2 can effectively separate the photogenerated 
electron-hole pairs of the catalyst [8-11, 13, 16], thereby en-
hancing the photocatalytic activity of the catalyst [7].
However, with the in-depth research on composite materi-
als, there are also some challenges, such as the appropriate 
proportion control of composite materials and the effec-
tive separation and transmission of photogenerated carri-
ers. Therefore, in future research, it is necessary to further 
explore the optimized design, combination method selec-
tion and stability improvement strategy of semiconductor 
composite TiO2 photocatalysts to achieve the goal of more 
efficient conversion of CO2 into renewable energy. In sum-
mary, the semiconductor composite TiO2 photocatalyst, as 
a new type of photocatalytic material, has great potential 
in CO2 photocatalytic reduction. Through in-depth study 
of its photocatalytic mechanism, influencing factors and 
performance optimization paths, important theoretical and 
practical guidance can be provided for future green energy 
development and environmental governance.

3.3 Organic photosensitizer modification
Modification of TiO2 with organic
Photosensitizers is a common strategy used to improve 
TiO2 photocatalytic activity and selectivity, especially for 
applications in CO2 photocatalytic reduction. Since the ex-
cited state potential of the photosensitizer used needs to be 
more negative than the conduction band potential of TiO2, 
the excited electrons can be injected into the conduction 
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band of TiO2; the catalyst uses the electrons injected into 
the conduction band to reduce CO2 

[7]. By introducing or-
ganic photosensitizers, the light absorption range of TiO2 
can be expanded, the generation and utilization of photo-
generated carriers can be promoted, and the photocatalytic 
reaction efficiency can be enhanced.
In the process of studying the modification of TiO2 with 
organic photosensitizers, some key organic photosensi-
tizers such as phthalocyanine compounds, azo dyes, etc. 
have been widely studied. By interacting with the TiO2 
surface, these organic photosensitizers can effectively 
regulate the surface energy level structure of TiO2 and 
improve the separation efficiency of photogenerated elec-
tron-hole pairs. The introduction of organic photosensitiz-
ers can not only enhance the light absorption capacity of 
TiO2, but also regulate the selectivity and product distri-
bution of the photocatalytic reaction.
However, TiO2 modified with organic photosensitizers 
also faces some challenges, such as the stability of the 
organic photosensitizer, light absorption efficiency, and 
separation efficiency of electron-hole pairs generated by 
photolysis and absorption. Therefore, in future research, it 
is necessary to further explore the interaction mechanism 
between different types of organic photosensitizers and 
TiO2, and optimize the method of modifying TiO2 with 
organic photosensitizers to achieve more efficient photo-
catalytic reduction and conversion of CO2.
In summary, modifying TiO2 with organic photosensitizers 
is an effective way to improve the photocatalytic perfor-
mance of TiO2, and has potential application prospects in 
the photocatalytic reduction of CO2. In-depth study of the 
mechanism and influencing factors of TiO2 modification 
by organic photosensitizers can provide important inspira-
tion for the development of photocatalytic technology and 
promote research progress in converting CO2 into renew-
able energy.

3.4 Non-metal doping
Non-metal doping is one of the effective strategies to 
improve the performance of TiO2 photocatalyst. During 
the reduction process of carbon dioxide, non-metallic el-
ements such as nitrogen [16-18] (N), sulfur (S), phosphorus 
(P), etc. are introduced into the TiO2 crystal lattice, which 
can change its electronic structure and light absorption 
characteristics. This doping helps expand the photore-
sponse range of TiO2 to the visible light region and im-
proves its ability to utilize sunlight. Through non-metal 
doping, the effective separation of photogenerated charges 
can be promoted, the recombination of electron-hole pairs 
can be reduced, and the photocatalytic activity can be in-
creased. In addition, non-metal doping can also improve 
the stability of the catalyst and the selectivity of carbon 

dioxide reduction products.
For example, nitrogen-doped TiO2 can change the band 
gap of TiO2 so that it can absorb more visible light and 
enhance its ability to photocatalytically reduce carbon 
dioxide. Similarly, sulfur-doped TiO2 also shows excellent 
photocatalytic performance because sulfur can serve as 
an electron capture center and promote electron transfer. 
However, it is worth noting that the larger the doping 
amount, the better. Too much doping will Impurities will 
form an electron-hole pair recombination center on the 
catalyst surface, accelerating the electron-hole pair recom-
bination, which is not conducive to the progress of the 
catalytic reaction [5].
In general, non-metal doping is a promising method that 
can significantly improve the performance of TiO2-based 
photocatalysts in reducing carbon dioxide, help develop 
more efficient photocatalysts, and provide solutions to the 
energy crisis and global warming issues. new ideas. At the 
same time, technical challenges lie in the unclear reaction 
mechanism of non-metal ion doping, which poses theoret-
ical obstacles to further research, and the poor stability of 
TiO2 after non-metal doping.

4. Conclusion
Existing literature has deeply discussed the research status 
and key issues of TiO2 photocatalytic reduction of carbon 
dioxide technology. Through a comprehensive analysis 
of the research status of different catalysts such as met-
al-supported TiO2 photocatalysts, semiconductor compos-
ite TiO2 photocatalysts, organic photosensitizer-modified 
TiO2, and non-metal doping, we found that various mod-
ification methods have an impact on the photocatalytic 
performance of TiO2 Significant influence. TiO2 catalysts 
will also inevitably develop towards new TiO2 catalysts 
with higher light source utilization, higher quantum yield, 
and greater photocatalytic activity.
Based on the review and analysis of the literature, the fu-
ture development trends and research directions of TiO2 
photocatalytic reduction of carbon dioxide technology 
have become clearer. I believe that future research should 
focus on the refinement of catalyst structure design and 
performance optimization, and explore the synthesis of 
new catalysts and their application in CO2 photocatalytic 
reduction to improve photocatalytic activity and quantum 
efficiency and achieve efficient use of renewable energy. . 
In addition, it is necessary to strengthen the in-depth un-
derstanding of the photocatalytic reaction mechanism, and 
gradually reveal the reaction mechanism of photocatalytic 
reduction of CO2 through research methods that combine 
different detection methods, so as to achieve precise con-
trol of reaction conditions, products and yields.
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In summary, TiO2 photocatalytic reduction of carbon di-
oxide technology is of great significance in combating 
climate warming and reducing carbon dioxide emissions. 
Our research provides useful reference and inspiration for 
the future development of TiO2 photocatalytic technology, 
and also lays the foundation for further exploration of re-
search directions in the field of CO2 photocatalytic reduc-
tion.

References
[1] Akple S M ,Liu Jingxiang, Qin Zhiyang, et al. Enhanced 
visible light photocatalytic CO2 reduction performance 
of TiO2 micron sheets exposed to (001) crystal plane by 
nitrogen self-doping (English) [J]. Journal of Catalys
is,2015,36(12):2127-2134.
[2] Wu Shuxin, Yin Yanhua, He Fei, et al. Research on the 
photocatalytic redox performance of copper-doped TiO2 
photocatalyst[J]. Photosensitivity Science and Photochemist
ry,2005(05):333-339.
[3] Wang Chao, Chen Da, Liu Shu, et al. Research progress 
on TiO2 photocatalytic reduction of CO2[J]. Materials 
Herald,2011,25(07):38-46.
[4] Wang Huixiang, Jiang Dong, Wu Dong et al. Photocatalytic 
reduc t ion  of  CO 2 by  TiO 2[J ] .  Advances  in  Chemis t
ry,2012,24(11):2116-2123.
[5] Xiong Zhuo, Zhao Yongchun, Zhang Junying, et al. 
Research progress on Ti-based CO2 photocatalytic reduction 
and its influencing factors[J]. Chemical Engineering Progre
ss,2013,32(05):1043-1052+1162.
[6] Xue Limei, Zhang Fenghua, Fan Huijuan, et al. Experimental 
study on photocatalytic reduction of CO2 by C-TiO2[J]. Mining 
and Metallurgical Engineering,2011,31(01):84-87.
[7] Hou Xin, Ren Jianxing, Li Fangqin, et al. Research progress 
of TiO2 photocatalytic reduction of CO2 technology [J]. Journal 
of Shanghai Electric Power University,2019,35(01):67-71.
[8] Sang Huanxin, Wang Xiaoning, Liu Xiuli. Photocatalytic CO2 
reduction performance of ZnS/TiO2 catalyst[J]. Environmental 
Chemistry,2023,42(09):3043-3050.
[9] Li Fangqin, Wang Di, Feng Haijun, et al. Preparation of 
copper-based materials and experimental study on photocatalytic 
reduction of CO2[J]. Journal of Shanghai Electric Power Univers
ity,2023,39(01):80-84+103.
[10] Wei Yuechang. Research and development of high-
efficiency photocatalytic CO2 reduction catalyst and its product 
selective modulation mechanism [C]//New Energy·New 
Materials, Guilin University of Technology, International Thin 
Film Society, Guanghui.com. The 3rd National Solar Cell 
Materials and Proceedings of the Device Conference. China 
University of Petroleum (Beijing);,2023:2.DOI:10.26914/
c.cnkihy.2023.053265.

[11] Yang Ting, Zhang Yeke, Zhou Wenlong, et al. Application 
of TiO2 fiber in photocatalytic reduction of CO2[J]. Modern 
Textile Technology,2023,31(03):102-112.DOI:10.19398/
j.att.202207010.
[12] Zhu Kainan. Preparation of metal/TiO2 composite materials 
and research on photocatalytic CO2 reduction performance[D]. 
Jilin University,2022.DOI:10.27162/d.cnki.gjlin.2022.001643.
[13] Zhang Jiayan, Liao Wei. Research progress of TiO2-based 
photocatalytic materials in photoreduction of CO2[J]. Guangzhou 
Chemical Industry,2021,49(18):9-12.
[ 1 4 ]  Z h a n g  Yi n g y i n g .  P r e p a r a t i o n  o f  Ti O 2- b a s e d 
nanocomposites and research on photocatalytic reduction of CO2 
performance[D]. Ningxia University,2021.DOI:10.27257/d.cnki.
gnxhc.2021.000761.
[15] Cheng Guanrong. Study on modification of TiO2-
based photocatalyst and its photocatalytic CO2 reduction 
performance[D].  Northwest Normal Universi ty,2021.
DOI:10.27410/d.cnki.gxbfu.2021.001649.
[16] Wang Ao, Yi Xiuji. Review of TiO2 photocatalytic 
applications[J].  Contemporary Chemical Engineering 
Research,2021,(08):1-4.
[17] Xue Limei, Preparation of TiO2-graphene nanocomposites 
and research on photocatalytic reduction of CO2. Heilongjiang 
P rov ince ,  He i long j i ang  Un ive r s i t y  o f  Sc i ence  and 
Technology,2021-01-15.
[18] Zhou Xin. Experimental study on the performance of 
photocatalytic reduction of CO2 under the condition of graphene 
modified TiO2 nanotube array film [J]. Contemporary Chemical 
Engineering,2020,49(11):2446-2451.DOI:10.13840/j.cnki.cn21-
1457/tq.2020.11.022.
[19] Wei Yili, Huang Juanru, Zhang Yang et al. Research 
progress on CO2 reduction using TiO2-based catalysts[J]. 
Industrial Catalysis,2020,28(08):8-14.
[20] Zhou Xin. Preparation and modification of TiO2 

nanotube arrays and research on photocatalytic reduction of 
CO2 performance[D]. Northeast Petroleum University,2020.
DOI:10.26995/d.cnki.gdqsc.2020.000922.
[21] Li Youzi. Experimental study on photocatalytic CO2 
reduction of Pt and Cu metal modified TiO2[D]. Huazhong 
University of Science and Technology,2020.DOI:10.27157/
d.cnki.ghzku.2020.002861
[22] Ma Hangfan. Research on the performance of carbon-
based composites in CO2 photocatalytic reduction and 
dichloroethane electrocatalytic reduction[D]. Dalian University 
of Technology,2019.DOI:10.26991/d.cnki.gdllu.2019.003350.
[23] Xu Feiyan. Construction of TiO2 nanofiber-based 
heterojunction and study on the photocatalytic performance 
enhancemen t  mechan i sm[D] .  Wuhan  Un ive r s i ty  o f 
Technology,2019.DOI:10.27381/d.cnki.gwlgu.2019.000040.

4




