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Abstract: In this study, Cu-Mn-Ce/cordierite honeycomb catalyst was prepared by an impregnation method and applied to catalyze
gaseous toluene degradation through a fixed bed reactor under microwave heating. Catalyst activity and stability, and bed
temperature were investigated simultaneously. It showed that bed temperature of cross section was nearly uniform under microwave
irradiation and the optimal reaction temperature for toluene oxidation was between 230°C and 270°C. The removal efficiency of
toluene was higher than 90% when reaction retention time was more than 9.7seconds and bed temperature was higher than 270°C
concurrently. Monometallic oxides of copper, manganese and cerium and their composite oxides had spinel structures and were main
active components. Toluene was oxidized on the surface of the active components that followed by pseudo-first order reaction.
Cu-Mn-Ce/cordierite honeycomb catalyst had both high catalytic activity and good stability after eight-time repetitive tests although
high temperature had a negative effect on the structure. The research work provides a theoretical support for the pilot-scale test and
further practical application of microwave catalytic combustion technology in treating VOCs exhaust.

Key words: microwave heating; catalytic combustion; toluene; reaction kinetic; characterization

28I R AL S Y (VOCs) & 1 R N 11
W, FLDE M AR B R A B . BoE . B R E
PEI =0 Ak VOCs S O3 Fl — IR LI

AT PR SR P (E I FRAFAE T B 1 AN )
LA T S o 4 S5 e s s BN FA RAT PRI T P
PN AL T P TN AA I e, DR IR P A A

B AR, AT A OB L e R sE RS B
2016 4 [F Z00 5 BB A =TI 44 T LA A sAT
FEAT VOCs HEUE B35 1 LA Hlevs Wi 28 ol i ) Rl
VOCs ¥4 B R K5 e S 757 AR e it — AN H
%m%LVMX%ﬂ&*IKﬁWW&M\WW
PR P EAL R RTOY A A R 45
ﬁﬁméﬁ%%&l LHERAERT B R AR
WAL R E . s G DR TG T S0 s A
h SR AR E N RS AR A R K HIE [RIOR
fH VOCs KM —MAREAR A R Tk
FH AT 5% 2 A fE AR o 2 1 22 SR P Rk A R A

Ak 25 H N FRORs 2 — TB1) 5 M 1 T A 2 KSR
LTI TR T I T 1 S 5 s A A T AR 20 Ak
s R R REREN T o AR E T
e OVl A5 28] 7 4IF 5525 Fl BV B, [ 452 Ak 74 2
SR BT T PR 2 U 4 AR A e
fithh b, AN A BE R EAT T R 2 B i A A DA SK 7
R F it

WS R A BN B S A

IgisHE: 2019-01-24
EEWB: Biis 8RR 4:(2009IM7004)
* THTAER, RIZd%, bolongli@xauat.edu.cn



8 31 BRI -

DR AR U R AR R SR SR B 93 AT 3243

FEA AP HIFUEN Cu-Mn-Zr A HALFIN 2
R AT BT A MEAR S ME L AR AR Y, S Je A
TR 8 S0 1 4 F Cu-Min—Ce/ 43 1 9 &
Cu-Mn— Ce/2ETT A fEALAIMEIALE VOCs 4,3
HA5H B A 0 e 2k SR 2020 0 K L SR S A 79
Ll e B IR AR AL TR ELAT B . HUBRSER 4T T it
R BEAAR AN s 5@ T T A S, AT T L gt
LI VOCs A 7 24 e 5 5 7 4 53 P s A S
TE T IBE S EAE b ek n T 7 BOK AR 6 1
YR MST. 1 F R R PR A AR e e R Ak B R
KAEM VOCs RS CIEEREH A4 B kbl &
A i 7 AR A 5D, DA R R W 00 525 A Ak
FIEPERE PR 2 L 20 ) 2% B HAG e M, IR0 IR 2 i B
(43 3 A EAT AR50 BT, LA S 56 30F A 1 700358 M R 4 A
(03 1, A 3 — 20 v 3 2 T e R i S A B 4
AR ST AR R S T ST A

1 MRETE

1.1 kS

20 H#EFH A7, 100x100x100mm, V1B 4 [H b &
BLR R R A7 HZEH A1, 150x150%150mm, B
SR E R P B B A | R, A 4, R T R
RIAL 2R T A R0 JE K S AR, 7 A 4k, R
AR I 7 A B 2 w5509 b R il 23 A 4, R L
AR RGN R B, 20 B 20, i LAk T
B2 #).
1.2 A& SR AE

HEH AR R T SUIHIRE IR 24h,58
S 28 ok w2 vh v DL 2o B A IR 0, 8 n v
R RN (B = DA NN =<8 7.8 1l e s
BB AR R VERE T 5 I B B T80
i o L 30301 PRUAS R, i TRl R i PR i V75 VA T
o SE RIS B AR T I T i R A fE L
HTN 500°C FHBkE Sh, H AR YA HI 2 S il R B AT A
Cu-Mn—Ce/ % 75 47 16 55 11 A 7711281,

MEALFIZR TS 5 1tk 21 20 KA B oy AT s o a
i Al T M (SEM,ISM -6 510LV 4, H ACHL 1)
T DLW 52, bl 2 1 BHCR B 3R 1 AR A (BET,
V-sorb 2800P ! Ak 3t 4353k 28 w) )t AT, ) AH 41
J A SRR /N XS 2T B {U(XRD,D/MA X~ 2400
A, H A B2 537

1.3 SEIGUEE 57k

ARSI E AL 1 B, 358 o E R
PY2% TR AR AR AESSE . MR RGN
AR S e A R T R RN i K x B xR =720%
320%320mm, /e A7 N & — G D% 1.0kW 1)
TR R s I I JEG S 2 AN Ry 33k 11 TOU A Ay
HAEE AR AR 30mm; i s fi AL 72
SELE Jos A o 0] (A7) 5 s e 2 T ) Rl i 7 i
B2 B AL F AL U ERY) 3 HE20 H (27 B
K7 H (12 502 P A FIRZ AR 73500 8 27 F1T40L;
RV ITAL K K IR ERE 1 N R E AT
7B TR A TR P SR A T 0L, DAk 23 AT R 2 4 A 5]
S T 1 0 A 1 05 B N i JR AR i o A L
TR A A B ST B A LRI A2 B ) C O, 544K,
Ja R A SN

SIS 2 A R A i A R 2 e A DA 2 R K
53 FIA LA, 30 3 ARt 1 42 o L0 s v S R
T R A 8 DA PR R R A AT i N
A 28 RO P A, G2 IO TR A 15 I 1N T
SE PR SN 8 HEATHE A AR s Wi i 1R AR E i SR
B CEOREINR, A B B AL G HE S SRR 5 T A
AR AN HE AR R R R kel B e AL 8%
B, 82 T AR AR 1, DA 2 AT DR 2 1
IYATIEXS B R B AR (1 50) ) 25 AT 23 A

)

K1 S B s =
Fig.1 Flow diagram of experimental apparatus
1A 2 T IO 3 R R PR AT: ;4 SR U5 5. G ERE 6. L 7. 28
D8 D9 KA 104 e /A 2 11 5 R S 8512 K i
LR LS 13 AT WLV TR SO 14 BV B O

1.4 5MrJTik
SEIG b R A H R R RO R RO R A



3244 SR == 7 N S 39 &

(Agilent 6890N) M 5 , 45 I 4% A K He B 4 DU 4%
(FID). < M AS W 4% 18 0 POVR: 4 40 46 3R % 100°C,
20°C/min [JEEFETFE 180°CJH AR 3min, FEFE I
I S35 23 590 A 190 1 300°C 5480 UL HERE
300pL, A P REFERR S AU b ok 5015250 i FE &
SE X 1 H ST R R P AT IR I DA T
S ORI B A 26 A 2 AR SE IR 8 EAT T IR
DA b oA S, R I 4 SR A TG W Y 2 e B A T
— Y1 S R AT AL B b

2 FHR51E

21 HEAFIRIE

211 SEM iy WS AL AR 1T 30 A R4 4y
KNGS ARE DL, S50 7 H BT A A B
A7) B S 5K I AR e DX AT v L X R AL R AT T
SEM RAE, 45 Rl 2 firzs. K 2(a) T LUE IR VE
Ja PR A AR R T A R RZ
AL AN FLBR, A7 1 35 1 41 2 1R B B B R 23 110
W T T 2% R A R (P 2(b)) A T mT ) 8 o 31 47 2
()3 P 2 23 SR, FE K ANAS — HANY 5 53 A1 A7 AE W
35 1) [ 5 RSORS00 P R 1 DT I A2 At
1) 4 J8 AR S AR R V5 AT R AIE 4 e o o
W BT A P L A SR T BRI v PR 2 40 el b e L
{140 B 5 5 B0 AA P, AT BRI A4 AR 751 P A1 2 T T[]
I 34T AR o s I 2 R T 41 2R 1 PR 1 2 A
FE AR AL AN TE 5] 53 AT B A A7) T 4 BT 7 sl A
BB 2(c) (RO AT 2(d)(Rrili X)) A AL 7 B A2
i 63h Ja A FRLBE I, T LU HA S B A 7 2
AR SL R A T B HL AL AR AR R, 3 P R R <)
AR HA BRI G AR R K ANA— o3 A AE AL
FUTET P AN FLIE P v il DX IR AR B O I8 5 A LR
F14) 785 A 55 W e 750 £ Lt 2 T AL, 308 111 532 o VR
3 TR B ¥ P UL P 5 A 25 9D v MRV 1, AN T 5%
R s TRV NN N =S )L W) & &), & D AR
T8 2 A 5 ) A A R e R [ 5 T = R PR
UL SE SR R A AR e T A6 T2 5% AP U B8 0o A A 1) 5 1)
180 35 W) A W] 3k S DT R ARG o 3 PR A 70—
SERMIE N B3 00 H b, vl 98 2 B 0] A 351 1 AN R 5
M), DAL T S K A 551) ) FH 7

2.1.2 BET SR A0 800 S Al i A i) 4
AT T BET A, LA 43 BT FLBS AR b R4 BRI

BifE I EHIE 3 W0, B A A S R B
FRIVR BF I B 25200 2 kg A5 TR 250 2% P/Py 1F 0.8~1.0
TGN o ZR[EIEIR, UL AL FIAF AR FL S
PO BT 0 A A 5 L T BB /N (0.925mg), L.
- TE W B RE 3% HRE AR R AL M R S R AT
KM T CuMnCeO, 8T fi 44 771 L 2 i Bk
3.03m*/g, K T 3% 2, M SEAE HL S I HEAL 7 L 2%
i AR A TR B, i X (1.47m?/g) B AR X
(1.84m*/g) T B4 HE 22 A3 AT Ay, (i Ak 70161 4% e ) B o
RS 4y S 3 n 7 3L B 3R T R (H s R
A YA T AP I L BRAR K, AT 5 3K
EU R T AR HH I 7 ARG 3K 5 ) 2 () SEM i) 485 33t
— 80 BT AR 7 b i B AR /N, L B B E A 2
DL L F ¥ Y4 400 B8 A 10 5 AN K v e ) 5 B2 J ik
59 A7 D ki A e AR AR o, BT DA AR A R AL AR
I Ip AR Y ANA TN R AR &S AR NN

B2 LT SEM IR
Fig.2 SEM images of cordierite carrier and catalysts
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Fig.4 XRD patterns of cordierite carrier and catalysts
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