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Abstract

In situ DRIFT characterization technology was used to analyze the mechanism and reaction route
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of high-efficiency self-assembled bimetallic Co304/Ce0; composite catalyst for low-temperature
catalytic combustion of toluene. Characterization indicates that the key to low-temperature cata-
lytic combustion of toluene is the further oxidation of the intermediate products of toluene oxida-
tion to carbonates. The promotion of catalytic performance is mainly attributed to the activation
of the C-H bond caused by the interaction between the active sites of Co and Ce, the improvement
of oxygen mobility and the rapid transfer of intermediate products. The reaction process was
roughly deduced by in-situ infrared: adsorbed toluene — benzaldehyde — benzoic acid — higher
fatty acid —» small molecule carboxylic acid —» carbonate material (CO; and H20).

Keywords

Catalytic Combustion of Toluene, In-Situ DRIFTS Technology, Co-Ce Composite Oxide,
Toluene Reaction Path

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1 55

WAk, BT DAV R RS R A UL S (VOCS) ™A TS . AR IR AT % 55— &
FUAEE 1] [2], AT S T AT 2 %0 . S5 H AR VOCs FIHARMEL, ATk T H %
BREbcR s, REARIRH L B0A A R PV ROy A i@ ez —[3] [4]. Stef@ERI(Pt. Aus Pd 55)
i H AR IR (200°C~300°C) R X VOCs (AL A R IR, (HARRBA . Ba XS A7 5 o2 R 7
EATRTZ M H[5]e WP R AR, JUHR BRI AT, T i A I SR RE AN it AU
73, AT g ARG A oA iy B2 51 R B AUVAL6] [7]0 AT A2y 3 KT S H R AL S AL D 45
K = PEFUR R0 T Ce FEAEALFHIRE— B IT R T RE R B R BN . UTEEk, I8 AL LA EOAR R TE 8
FRT e 8] 720 DT PR AT S 2 45 422 328 T BN (A T 7 ) B 5 SRV 3R 8], A SCIE I HF 7E Co30,/CeO, M4l CeO,
P AP ) SR 38 SR Z0 A (In-situ DRIFT), [ B 1 S 00k S S SERS AR K52, JF
SR T HRAE AL PR I ) A S RLEE AR

2. SEIENE

JRAL LT AN SIS AERC 445 DRIFTS N it (Harrick) 1 MCT il #5(64 VX F$5) {8 37 28 e 21 Zh 6184
(BRUKER INVENIOS) b7 . fE#EAT AL DRIFT SE56 2 Fi, ¥ CeO, Fll Co30,/CeO, BiFh 4k 71 73 T 7E
DRIFT 33t 300°C I N, LA 50 mL-min™ fIFE TRALEE 1 ho S 7 BF 70 R S8 Ak S P AL 77 2 T
W B, RS 442(1000 ppm HIAE + 20% O, + 80% N, 50 mL-min %) 5] A SRt k47 (AL 771 £
AL, JF#E 20°C. 160°C. 170°C. 180°C. 190°C. 200°C 1 240°C [{#RJE Fid)titk . X FAEA iR
NI, FEAR R B YRGS T e N TR IR 2R S O, IR, 1 s FR SR S5 T
AbEE I AT — 2 AE 180°C R 51 N, LUA B EAT. F N, (50 mL-min )AL LA &
YIRS, 51N 20 vol% Oo/N,, AT s AN Al S SIS 1] f1 5 i

3. RIELER
3.1. C030./Ce0, E A MW FIR AL SMRAE
Kl 1 IR T /E Co304/CeO, AL L H A M AL S A FR I LD A6 B B B2 AR Ak . AN R T DA H

DOI: 10.12677/hjcet.2021.113020 142 =AW EESE YN


https://doi.org/10.12677/hjcet.2021.113020
http://creativecommons.org/licenses/by/4.0/

£ 160°C R, GINFFZEA 20% M55, FASAKIR C=C Frfhid H BLAE %5 B 1489~1500 cm (113t Y
[9] . 7% FFES (s 0 HH EILAE 1507 omt Ak, R BAFE BRIR BE T K SOl S8 R 28 RS » 4R iA 3 170°CH
B2 55 B PR [1) C=C i {HiAR A5 FIAR §5[10]. 7£ 1660~1720 cm &b H FIL 1K) 5 Y FB) 55 06 A2 5% PP S B 2 YRR 1)
C=0 hfhfRzhIE, 7F 1432 cm ™ Ab MR IIG & TR ERER I B, 1542 om ™ Ab 2 S5 AR B (e AR XK PO B 2
B #h (UG [11] [12] [13]. Rk, 7E SN FE AR AT BE P2 A K FH R, AR5 /0. 4IEE T+ % 180°CHY, 1432 cm ™
A VAT e, TRIFE 1542 et AR SN, 3R W SO ORR Eh AR S MR R T R PR R . FHJEAE
1358 cm A 1371 ot Ak (A8 P U FA 18 5t RT AR SR — W . 1523 omt AR FRUESKT I TN R R
PRGWE[14], 1K SR LEF= T AR I o 200 0 (1 5 5 I 5 T P2 ) T T 38 0, e LA P e A 4 ko
FR, RUZIBEE 25 R W e . 1544 om ™ Ab (U4 5 IR FE X T T n, 2R WK TR B SR IR
Eht— B R E BN TR £ . R HELE 1507 om L AL IE AR (k4 5 1589 em AR IR AL . 243
JEFFE 200°CH, K HERIEIEATE K, IX 3R WK PR FH AR S B Hp (a4, ELJE o R i o 3 2 ) T
EEE — D R A [15] . 2360 cm AL I S CO, AR, I HiZ 04 B IR BE I T e i 4, W AR
I T R T e gk T2 A S B RAIK . 7E 180°C N A B IS SEM AT, W B 04 i i B Ao
ERE T BEAL, R Cos04/Ce0, R I 3= 1% M4 2 LA I PR 1) B 2K 78 00 I B

A\
NSTT1720 1660 1542
l0.01 e 1 ils23 1460 H;T:ss
_2;\6'0\ 240°C ! 15&/&/&,397 {14007 1040
=5 . i A st i
il B 200°C f he 1473 A
(o] o ik i |
% | B 190°C I 148? 321 ip
= iR 5
2 180°C N Ve
= POER i
< 170°C N AL
160°C A~ R
2300 1600 1400 1200 1000

wavenumbers (cm™)

Figure 1. In-situ DRIFT reaction diagram of toluene on Co30,/CeO, catalyst
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Figure 2. In-situ DRIFT reaction diagram of toluene on CeO, catalyst
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Figure 3. Reaction path diagram of toluene low-temperature catalytic combustion
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