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Table 1 The preparation methods of CeO, , liquid phase methods and their advantages and disadvantages

Preparation

Methods Advantages

Disadvantage

Sol-gel method

Easy homogenisation of trace elements for doping; low
synthesis temperature; simple operation [ 21 ]

The concentration of the components of the reaction, the
pH of the solution, the temperature of the reaction and
the time have a great influence on the sol-gel process

Uniform particle distribution and effective control

Microemulsion of particle size; different surfactant encapsulation of ~ The dispersion and stability of the nano-catalyst particles
method nanoparticles can improve the interfacial properties of ~ prepared by this method still need further improvement
P P prop prep: y P
nanomaterials and thus their catalytic properties [ 19 ]
Hvdrothermal Good crystallinity of nanoparticles, homogeneous Long preparation cycle, high energy consumption and
¥ ’ morphology, easy to control particle size; low production  agelomeration of the resulting product; the reaction
method P 2y y P p 28 gp
cost and mass production process is not easy to observe
Simple operation and low cost; good dispersion and —
. ympe op 8 P The calcination process tends to agglomerate the
Hydrolysis of metal  uniform size of the prepared CeO, nanocrystals, one of . . .
. . S nanomaterials, making the preparation process complex
salts the most promising methods in the liquid phase method . .
(19 ] and energy intensive
Flectrolytic Low production cost, simple process, no need for high

deposition method application | 19 ]

Electrolytic
deposition method

Template method
(soft template, hard
template)

temperature roasting, good prospects for industrial

Simple method, low cost, low contamination, easy post-
processing; the nanomaterials prepared by this method
have high purity and good dispersion [ 24 ]

The morphology of the product is highly consistent
with that of the template, allowing the preparation of
nanomaterials with different pore structures

Lower productivity

The use of surfactants and precipitants can easily cause
secondary contamination

Soft templating agents are more complex to prepare; hard
templates are more costly and greatly limit the scale up
of cerium dioxide production
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Table 2 The VOCs oxidation performance of Cerium based catalysts

. Preparation Pollutant type/Concentration WHSV/ a
CATALYSTS Methods /Flow rate (mL-g,'*h™) Too/ C Ref
Pt-Ce0,(Rod) 3 150

Pi-CeO,(Nanoparticles) ~ Hydrothermal method T(.)luene (4107.14 mg/m )+Dr}17 48 000 175 [37]
) Air (20%0,/N,, 160 mL*min
Pt-Ce0,(Cube) 190
Pt-Ce0,(R)-1.3 159
Pt-Ce()z(R)-l 5 Toluene (4107.14 mg'm_3)+ 156
Pt-Ce0,(R)-1.8 Hydrothermal method Dry Air (20% 48 000 143 [38]
Pt-Ce0,(R)-2.1 0,/N,, 160 mL*min™' 151
Pt-Ce0,(R)-2.5 155
Templating and incipient Trichloroethylene (4399.22 mg*m™) +
3D Ozdegzd_mcac(;opores wetness Impregnation 20% O, + N, 20 000 255 [39]
T e method 16.7 mL+min™'
Ag/CeO, Incipient wetness method Naphthalene (686.68 mg'm™) + 10% O, +N, 240 000 210 [40]
2.5VCe Hydrothermal method/  Toluene (4107.14 mg'm_g) +18.8% O,+ 5.8%
Ce . - 300 [41]
2 5AuCe Impregnation Ar +75.4% N,
L3
CoSr-Ce0, Hydrothermal r.nethod/ Toluene (4107.14‘1 mg*m )+ B 253 [42]
Impregnation Dry Air
Pd 3D -3
Ce0, Templating method Benzene (3142872.11@. m™) +0+N; 20 000 187 [43]
0.5Pd/kit-CeO, </ b
10%MnCe (9 : 1)/ Equal volume Benzene (3482.14 mg- m>) +
KL-NY impregnation method Dry Air 125 mL+*min™' 20000 238 [44]
CeO,-R 3 239
Ce0,-HS Hydrothermal method T"l]‘;e“‘;(_“ 11%145% m)+ 48 000 207 [14]
Ce0,-C ry Air mL-min 206

3D CeO,-PS L3 238
3D CeO,-RS Hydrothermal method T"l;‘)e“eA(f”?g(')Mi“.g m")+ 48 000 249 [45]
3D Ce0,-HS Ty A A mLomin 205

CeO, 400
Cey.75Y,.250,- CH,SH (1%) +N,, 420

Cen.5Y,.50,- Hydrothermal method 30 ml* min”! - 440 [46]
Cey-25Y,.750, 450

PiCu/CeO Colloidal crystal N-pentane (161.05 mg*m™") 30 000 380 [19]

e template method pentane 0 meTm
ARCeO, . 225
RCeO, tc"u"l“ial "‘z;taé Styrene (232.48 mg+m™) 30 000 240 [ 11]
Ce0, emplate metho 750
Mn-Ce-CMS-MnO,/ , Benzene (348.21 mg'm™) +

Ce0,=3: 1 Impregnation Synthetic air 200 mL+min” > 381 244 [47]

5.0%Ce-OMS Hydrothermal method Chlorobenzene (5025 mg'miz) +5% H,0 60 000 350 [48 ]

Too/ °C: The temperature required by the catalyst when the pollutant conversion is 90%.
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Abstract: Cerium-based catalysts have been widely studied in catalytic reactions due to their special RE-DOX
properties, and their surface properties are particularly important in heterogeneous catalytic reactions. The oxygen
vacancy easily formed in the cerium oxide lattice plays a very important role in the surface catalytic reaction, and
cerium oxide can effectively regulate the acidity and alkalinity of the catalyst, modify the structure of the catalytic
active center, improve the oxygen storage capacity of the catalyst, enhance its structural stability, and improve the
dispersion of the active components. In this paper, the preparation methods of CeQ, catalysts, active sites and types
of catalysts, the relationship between oxygen vacancy property and catalytic performance, and the recent progress
in the catalytic degradation of volatile organic compounds (VOCs) by pure CeO, and CeO,-based catalytic materials
are reviewed. Finally, suggestions and prospects for the treatment of volatile organic compounds (VOCs) by cerium-
based catalysts in the future are put forward.

Key words: cerium oxide (Ce0,); oxygen vacancies; cerium-based catalysts; catalytic performance; catalyst

support; volatile organic compounds (VOCs); structure and morphology



