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Fig.1 Various monolithic catalysts and supports[m]
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Fig.5 Catalytic oxidation activities of toluene (a) and ethyl acetate (b) on monolithic Co,Mn,_,O, catalysts
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Table 1 Characterizations of different coating material preparation methods and catalytic combustion activity of VOCs on catalysts
Preparation Ts0, Toos Ti00
Method characteristics Catalyst VOCs Ref.
method /°C
Pt/CuMnCe/cordierite Toluene Te=216 [15]
) ) ) Ethyl
Impregnation Simple process, easy operation, low cost Mn/Al,05/COR Te=238 [19]
acetate
Co-Mn/cordierite Toluene Te=171  [33]
. . . . .. . CoCeO T5=217
Mild but time-consuming synthesis conditions, high Ok Propane 50 [26]
Sol-gel Co-CeO, Toluene Te=275 [34]
cost Pd/Co-OMA-6 CH, Towi=550  [35]
Ce35Z1.55L80,05PT0.050, CsHg To=309  [36]
S ) ) Ag/CeZr, 0, Toluene Ty=240  [38]
Precipitation Simple operation, easy process control, low cost Ethyl
Cu-Mn-La/cordierite Te=239  [39]
acetate
3D-OMm-Co0;0,/Si0,-
Toluene Ty=289 [27]
0.5AP
Others - .
OM-Co0;0,@Si0O,-S Toluene Te=236  [28]
Mn;5,-NF Toluene  Ty=185 [41]




260 g T A (o3 30)

#
ot

3 RE

FE VOCs HEALIR LA AL 77 S ek o, PR = Ak
FIPA AR E L = R AL RO = e
A, Y HTSEIE Tl VOCs A B FEAR Ay itk 7).
PR AR b, AT P AZ OB 20 R T T L8 U
JERERI LR TR, 7E RN i AR TR B v, X
S a1 b Gy A W = A LR i R S
SR VOCs B AR A AL I O 2 IS — 2 e,
B PN HATH 1 VOCs BARALFIUH T 2R
LR 2R HIORAES) OV Y VOCs T BR, XF FRaRbE
1225 VOCs., Z44) VOCs UL K & K KiK. B
Y. AW A ¥ A HESUK vOCs BRI 2
— AR SR ARG O IR ASE F RN 2 B Ak
Fil 5 T2, H R HF 2 4 00 T 1) VOCs ik
WRIoe N T, A DAt A 70 B4 4 FH 7w LA R P A
RIa) . (R, R Se iR n 3D FTEREORAE, JF
KPR T2 SR miE . s e,
IRBE AU () B AR AR S St s A A Ak 7 1)
KBTI,

S k-

[1] a Huang H, Xu Y, Feng Q, et al. Low temperature
catalytic oxidation of volatile organic compounds: A
review[J]. Catal Sci Technol, 2015, 5: 2649—2669.

b. Zhang Ying (3K il), Zhu Wen-jie (2 3C7%), Fu Te
(& #%), et al. Research progress of Ce-based catalysts
in catalytic combustion control of volatile organic
compounds (§li AT TEAE 2 A ML AL BTE
R T SEERE)[J]. J Mol Catal (China) (53T HEAL),
2022, 36(1): 58-70.

c. Liu Yu-feng (X] £ JX), Zhou Ying (J& #&), Lu Mei
(F5 ), et al. Preparation of noble metal single-atom
catalyst and its applications in catalytic oxidation reac-
tion of CO and VOCs (5% 4 J& S {4k 7] 1) il 28 S
HAE CO. VOCs 5¢ 4= % Al [ B2 H 1) 2 HD[I]. J Mol
Catal (China)(53F1#1k), 2022, 36(1): 81-97.

[2] Chen X, Li J, Wang Y, et al. Preparation of nickel-
foam-supported Pd/NiO monolithic catalyst and
construction of novel electric heating reactor for
catalytic combustion of VOCs[J]. Appl Catal A: Gen,
2020, 607: 117839.

[3] Tomatis M, Xu H, He J, ef al. Recent development of
catalysts for removal of volatile organic compounds in

flue gas by combustion: A review[J]. J Chem, 2016,

[4]

[5]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2016: 8324826.

Yang C, Miao G, Pi Y, ef al. Abatement of various
types of VOCs by adsorption/catalytic oxidation: A
review[J]. Chem Eng J, 2019, 370: 1128—1153.

Zhang L, Xue L, Lin B, ef al. Noble metal single -
atom catalysts for the catalytic oxidation of volatile
organic compounds[J]. ChemSusChem, 2022, 15:
€202102494.

Liu R, Wu H, Shi J, et al. Recent progress on catalysts
for catalytic oxidation of volatile organic compounds:
A review[J]. Catal Sci Technol, 2022, 12: 6945—-6991.
He C, Cheng J, Zhang X, et al. Recent advances in the
catalytic oxidation of volatile organic compounds: A
review based on pollutant sorts and sources[J]. Chem
Rev, 2019, 119: 4471-4568.

Wang P, Wang L, Zhao Y, et al. Progress in degrada-
tion of volatile organic compounds by catalytic oxida-
tion: A review based on the kinds of active compo-
nents of catalysts[J]. Water Air Soil Poll, 2024, 235: 7.
Zeng J, Xie H, Liu Z, et al. Oxygen vacancy induced
MnO, catalysts for
oxidation[J]. Catal Sci Technol, 2021, 11: 6708—6723.
Fu K, SuY, Zheng Y, et al. Novel monolithic catalysts

efficient toluene catalytic

for VOCs removal: A review on preparation, carrier
and energy supply[J]. Chemosphere, 2022, 308: 136256.
Tsai S B, Ma H. A research on preparation and applica-
tion of the monolithic catalyst with interconnecting
pore structure[J]. Sci Rep, 2018, 8: 16605.

Hosseini S, Moghaddas H, Soltani S, ef al. Technologi-
cal applications of honeycomb monoliths in environ-
mental processes: A review[J]. Process Saf Environ
Prot, 2020, 133: 286—-300.

Zhu J, Cheng Y, Wang Z, et al. Low-energy produc-
tion of a monolithic catalyst with MnCu-synergetic
enhancement for catalytic oxidation of volatile organic
compounds[J]. J Environ Manage, 2023, 336: 117688.
Kuhlmann K, Kaiser N, Sander J, ef al. A bio-inspired,
monolithic catalyst support structure for optimized
conductive heat removal in catalytic reactors[J]. Chem
Eng Res Des, 2024, 201: 534-550.

Zhu A, Zhou Y, Wang Y, et al. Catalytic combustion of
VOCs on Pt/CuMnCe and Pt/CeY honeycomb mono-
lithic catalysts[J]. J Rare Earth, 2018, 36: 1272—1277.
Long Y, Meng Q, Chen M, et al. Selective Ru adsorp-
tion on SnO,/CeO, mixed oxides for efficient destruc-
tion of multicomponent volatile organic compounds:

From laboratory to practical possibility[J]. Environ Sci


https://doi.org/10.1039/C4CY01733A
https://doi.org/10.1016/j.apcata.2020.117839
https://doi.org/10.1155/2016/8324826
https://doi.org/10.1016/j.cej.2019.03.232
https://doi.org/10.1002/cssc.202102494
https://doi.org/10.1039/D2CY01181F
https://doi.org/10.1021/acs.chemrev.8b00408
https://doi.org/10.1021/acs.chemrev.8b00408
https://doi.org/10.1007/s11270-023-06802-x
https://doi.org/10.1039/D1CY01274F
https://doi.org/10.1016/j.chemosphere.2022.136256
https://doi.org/10.1038/s41598-018-35021-2
https://doi.org/10.1016/j.psep.2019.11.020
https://doi.org/10.1016/j.psep.2019.11.020
https://doi.org/10.1016/j.jenvman.2023.117688
https://doi.org/10.1016/j.cherd.2023.12.012
https://doi.org/10.1016/j.cherd.2023.12.012
https://doi.org/10.1016/j.jre.2018.03.032
https://doi.org/10.1021/acs.est.2c02925

553

MK VOCs MR R UL SR IR AR S it f 261

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Technol, 2022, 56: 9762—9772.

Feng M, Lu H, Li C, et al. Carbon nanotube modified
ceramic foams as structured palladium supports for
polystyrene hydrogenation[J]. /nd Eng Chem Res, 2019,
58: 10793—10803.

Touati H, Valange S, Reinholdt M, ef al. Low tempera-
ture catalytic oxidation of ethanol using ozone over
manganese oxide-based catalysts in powdered and
monolithic forms[J]. Catalysts, 2022, 12: 172.

Ma M, Yang R, Jiang Z, et al. Fabricating M/Al,O5/
cordierite (M=Cr, Mn, Fe, Co, Ni and Cu) monolithic
catalysts for ethyl acetate efficient oxidation: Unveil-
ing the role of water vapor and reaction mechanism[J].
Fuel, 2021, 303: 121244.

Qin Y, Qu Z, Dong C, et al. Highly catalytic activity of
Mn/SBA-15 catalysts for toluene combustion improved
by adjusting the morphology of supports[J]. J Environ
Sci, 2019, 76: 208—-216.

Mo S, Zhang Q, Li J, et al. Highly efficient meso-
porous MnO, catalysts for the total toluene oxidation:
Oxygen-vacancy defect engineering and involved inter-
mediates using in situ DRIFTS[J]. Appl Catal B: Envi-
ron, 2020, 264: 118464.

Hu J, Li W B, Liu R F. Highly efficient copper-doped
manganese oxide nanorod catalysts derived from
CuMnO hierarchical nanowire for catalytic combustion
of VOCs[J]. Catal Today, 2018, 314: 147—153.

He D, Liu L, Ren J, et al. Catalytic combustion of
volatile organic compounds over CuO-CeO, supported
on SiO,-Al,0; modified glass-fiber honeycomb[J]. J
Fuel Chem Technol, 2017, 45(3): 354-361.

Luo M, Peng X, Pan W, et al. Copper modified
manganese oxide with tunnel structure as efficient cata-
lyst for low-temperature catalytic combustion of
toluene[J]. Chem Eng J, 2019, 369: 758—765.

Zhao Q, Zheng Y, Song C, et al. Novel monolithic
catalysts derived from in-situ decoration of Co;0, and
hierarchical Co;0,@MnO, on Ni foam for VOC oxida-
tion[J]. Appl Catal B: Environ, 2020, 265: 118552.

Li X, Li X, Zeng X, et al. Correlation between the
physicochemical properties and catalytic performances
of micro/mesoporous CoCeO, mixed oxides for
propane combustion[J]. Appl Catal A: Gen, 2019, 572:
61-70.

Xi Y T, Dong F, Xu X, et al. A novel 3D printed tech-
nology to construct a monolithic ultrathin nanosheets

Co0;0,/S10, catalyst for benzene catalytic combus-

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

tion[J]. Nano Res, 2023, 16(10): 12173—12185.

Yao J, Dong F, Xu X, et al. Rational design and
construction of monolithic ordered mesoporous Co;0,@
SiO, catalyst by a novel 3D printed technology for
catalytic oxidation of toluene[J]. ACS Appl Mater Inter,
2022, 14: 22170—22185.

Sun X, Wu D. Monolithic LaBO; (B=Mn, Co or Ni)/
Co;0,/cordierite catalysts for o - Xylene combus-
tion[J]. Chem Select, 2019, 4: 5503—5511.

Dong Y, Zhao J, Yang X, et al. Synergy of Mn and Ni
enhanced catalytic performance for toluene combus-
tion over Ni-doped a-MnO, catalysts[J]. Chem Eng J,
2020, 388: 124244.

Dong N, Chen M, Ye Q, et al. Catalytic elimination of
carbon monoxide, ethyl acetate, and toluene over the
Ni/OMS-2 catalysts[J]. Catalysts, 2021, 11: 581.

Dai Y, Li K, Zhao J, et al. Catalytic combustion of
toluene over cerium modified CuMn/Al,Os/cordierite
monolithic catalyst[J]. J Fuel Chem Technol, 2024, 52:
55-64.

Zhao H, Wang H, Qu Z. Synergistic effects in Mn-Co
mixed oxide supported on cordierite honeycomb for
catalytic deep oxidation of VOCs[J]. J Environ Sci, 2022,
112: 231-243.

Zhou J, Wang D, Wu G, et al. Enhanced catalytic
combustion performance of toluene over a novel Co-
CeO, monolith catalyst[J]. Energ Fuel, 2021, 35: 6190—
6201.

Lin J, Chen Y, Liu X, et al. Microstructural property
regulation and performance in methane combustion
reaction of ordered mesoporous alumina supported
palladium-cobalt bimetallic catalysts[J]. App! Catal B:
Environ, 2020, 263: 118269.

Cui M, Zhai Z, Zhong Q, et al. Effects of precursor
moisture calcination on the properties of CeZrLaPr
solid solution and catalytic behavior of Pd supported
catalysts[J]. Ceram Int, 2019, 45: 12080—12087.

Li G, Zhao B, Wang Q, et al. The effect of Ni on the
structure and catalytic behavior of model Pd/Ce 4,71, 550,
three-way catalyst before and after aging[J]. Appl Catal
B: Environ, 2010, 97: 41-48.

Wang J, Lai X, Zhang H, et al. Low-temperature
toluene oxidation on Ag/Ce Zr,,O, monolithic cata-
lysts: of silver and ceria-
zirconia[J]. Combust Flame, 2023, 248: 112577.

Xiao R, Qin R, Zhang C, et al. Catalytic decomposi-

Synergistic catalysis

tion of ethyl acetate over La-modified Cu-Mn oxide


https://doi.org/10.1021/acs.est.2c02925
https://doi.org/10.1021/acs.iecr.9b01228
https://doi.org/10.3390/catal12020172
https://doi.org/10.1016/j.fuel.2021.121244
https://doi.org/10.1016/j.jes.2018.04.027
https://doi.org/10.1016/j.jes.2018.04.027
https://doi.org/10.1016/j.apcatb.2019.118464
https://doi.org/10.1016/j.apcatb.2019.118464
https://doi.org/10.1016/j.apcatb.2019.118464
https://doi.org/10.1016/j.cattod.2018.02.009
https://doi.org/10.1016/S1872-5813(17)30020-8
https://doi.org/10.1016/S1872-5813(17)30020-8
https://doi.org/10.1016/j.cej.2019.03.056
https://doi.org/10.1016/j.apcatb.2019.118552
https://doi.org/10.1016/j.apcata.2018.12.026
https://doi.org/10.1007/s12274-023-5631-0
https://doi.org/10.1021/acsami.2c03850
https://doi.org/10.1002/slct.201901034
https://doi.org/10.1016/j.cej.2020.124244
https://doi.org/10.3390/catal11050581
https://doi.org/10.1016/S1872-5813(23)60381-0
https://doi.org/10.1016/j.jes.2021.05.003
https://doi.org/10.1021/acs.energyfuels.0c04167
https://doi.org/10.1016/j.apcatb.2019.118269
https://doi.org/10.1016/j.apcatb.2019.118269
https://doi.org/10.1016/j.ceramint.2019.03.105
https://doi.org/10.1016/j.apcatb.2010.03.022
https://doi.org/10.1016/j.apcatb.2010.03.022
https://doi.org/10.1016/j.combustflame.2022.112577

262 g F Mk A (3 30) 38 4%
supported on honeycomb ceramic[J]. J Rare Earth,2021, Environ Sci Technol, 2022, 56: 1905—1916.
39: 817-825. [41] Wang C, SuS, Lv X, et al. Monolithic catalyst of Ni
[40] Zheng Y, Su Y, Pang C, et al. Interface-enhanced foam-supported MnO, for boosting magnetocaloric
oxygen vacancies of CoCuO; catalysts in situ grown on oxidation of toluene[J]. Environ Sci Technol, 2024, 58:
monolithic Cu foam for VOC catalytic oxidation[J]. 1410—-1419.

Research Progress of VOCs Catalytic Combustion Monolithic
Catalyst and Coating Materials

BAO Peng-fei'”, ZHOU Xiao-na’, HAN Wei-liang’, ZHANG Ji-yi' , TANG Zhi-cheng”
(1. College of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. National Engineering Research Center for Fine Petrochemical Intermediates, Lanzhou Institute of
Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China; 3. Inner Mongolia Xijie
Environmental Protection Technology Co., Ltd., Baotou 014030, China)

Abstract: Catalytic combustion method is currently one of the most promising technologies for VOCs treatment,
and the key of the technology lies in the catalyst. Monolithic catalyst has excellent mass transfer, good thermal
stability, high specific surface area, reduced bed pressure, high catalytic efficiency, good mechanical properties,
and easy handle and maintain. They are currently the best catalysts for industrial VOCs treatment. In this paper,
the research status of monolithic catalysts and coating materials used in VOCs catalytic combustion reaction is
reviewed, and the future development trend is also prospected.
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