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Microwave In-situ Regeneration of Cu-Mn-Ce/ZSM Catalyst Adsorbed Toluene

and Distribution of Bed Temperature
HU Xue-jiao, BO Long-li*, LIANG Xin-xin, MENG Hai-long
(School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: Microwave in-situ regeneration of Cu-Mn-Ce/ZSM catalyst adsorbed toluene, distribution of fixed bed temperature,
adsorption breakthrough curves of the catalyst after several regenerations and characterizations of the catalyst by BET and SEM were
investigated in this study. The research indicated that regeneration effect of the catalyst adsorbed was excellent under conditions of
microwave power 117 W, air flow 0.5 m’+h™" and catalyst dosage of 800 g. Toluene desorbed was oxidized onto the surface of the
catalyst, and the adsorption capacity of the catalyst was recovered simultaneously. Under microwave irradiation, bed temperature
decreased slowly from inside to outside in horizontal level, and increased gradually from down to up in vertical level so that the highest
temperature reached 250-350°C at the upper sites of the bed. Sintering and agglomeration occurred on the surface of the catalyst in the
course of regeneration so that the special surface area and micropore volume of the catalyst were reduced and breakthrough time was
shortened, which was verified by six adsorption breakthrough curves and related characteristics of the catalyst. However, the structure
of the catalyst was steady after two regenerations, and adsorption breakthrough time was kept at 70 min. The result showed that the
changes of surface morphology and pore structure were positively correlated with the distribution of bed temperature.

Key words: Cu-Mn-Ce/ZSM catalyst; microwave in-situ regeneration; distribution of bed temperature; breakthrough curve;

characterization

TERRATGRY Z — LA IL S Y
(VOCGs) , EREBTIRIRR | MR R A2 A= e e
FIMFE AR R Z 7 IR R 5 R

LSRN, W R P00 R £ R Y 591 o 2 2 A RE K S
WFRE T, FIRG 32 28 1 P AR T kA R 2R | e
N - N T 52V 2 FARRIN 1 (T

SRS P . R T8 5 B e, [RIA VOCs
WL PM, F A WL IR B RTIR A, & R A7
T L 228 R ™ L Jl P 280 R B o et R A 2K
BE. PRI, KA H VOCs 8976 BH A 24 i 3R 85 5
IR IS 2 —.

VOCs A IA HE AR A HHB ek | Witk
M 4 R R ST A R BRI R T A
VEfRTRA . RBRR m gz v, e R X KR
IR RN A [BLBOR] FH A A 9 VOCs B SR

W RO P A A SR IR AT LS R 4 Tk
ST R Sl DR S A AR R AR R A I ]
WL, REFE/ VRIS A RS2 TR R e S
FEAJCRE R BE R A AT AP A I B0 9 [ P 41
BIFSE RBP4 (E A S O i
BRAR Ty RRGR T 5 52 I, 58 1 5 ) B #4742 s 7 A
W EHA: 2014-12-23; £ITHHA: 2015-03-25

TEERA: RS E(1990 ~ ), Lo WL RS0, BT 1 AR

752 | E-mail ; 573395868@ qq. com
w JETHIEE R A, E-mail ; bolongli@ xauat. edu. cn



8 PRI : Cu-Mn-Ce/ 731 AHE PR W BT PR 232 I 4 SRl S 7 P02 % PR Sl BE 3 A1 R 5 3087

PESMRLRY R ST, 3K 30 T Tk i AR AR
3t 2 — ol o 1 22 LR B R L S R A
A A b aE, S IR A E A T RS
BRI, A B 43 F O 02 M BE PG S 09 A Ak R 2K
PR R B LA SA A>T 0 R AR A gt
4R Cu, Mn AR +IC K Ce, il £ HHWLRRE, W% 0%
I Cu-Mn-Ce/ 53T AL, BF 5% & B0 1% 18 Ak 590 2
W B AL ML VOCs R R . Mt T
(AL SR A, W2 R - 57 P A i AR T 2 5% A 1 52
e 1, 2R T R S 0 £ 750 Bl Do 7 P A o) IR 2%
T I 0 43 A B T A 70) T A 255 SR S i) ) O 5
AR MHE) B CHE H B AT X 7 1 5T
A i LA

AL LA VOCs— 2K R W B X 42, ifF 5 [
FE PR A Y Cu-Mn-Ce/ 430 fH A 370 W52 B R 2 e
R SR PR AE O IR AR S5 T B 58K 2 TR
(53 A0, S BT AL R S 4 5 IR BHE RE 0 A2 Ak, X 75
Az 3 A e G R FR 2 %) Bl el B A SR 4 A fi
IWARIEAT T 4.

1 MRS

1.1 ARSI

LI SA 310, @3 ~ 5 mm BRIE UKL, K HER
WA TE At s TR | GEIRAN | W% ,
Bral, Kdgm R AL AR50 WA, sl 1ifg
Ui TABR A H.

B PR, FA/JA B g R RS S R U A
FRAE; TR KR 48, THZ-82 #Y | &35 FFH
I TADEBEE T BT 146, 101-3AB A R
MRS AR A A Sk, SX-4-10 Y Jb 5T
BHE AL A R 5 500 pL Sl dhkess, b
RS TR PR ) 5 MCL-2 {0k Se g5 5 pu )|
KEFTCR R A ATE(L,6890N Y | 3¢ [H ZHE(
BHE A F].

1.2 fi b5l 4 5 R=AE

I B R 05 B Cu-Min-Cee/ - A 700 B4 1 4 R
HLGEREEY 4 SA 4010 8 46 SRR N
20:1:1:0.33" ¥4 SA 43 F0ifi 800 g = A1 600 mL
(IR ERE | WS ER 4G MRS PR A TR SV WP IR A=
Ui F 150 remin "' ¥%3% 6 h, BLAPIHAGE TR0, 4t
FPN106°C T 12 h, D3k 500°C =il k%
4 h, V5 RIAT A 7 ).

AR T L 3 T AR B FLAR 20 A SR A i A
] V-Sorb 2800P 74y W B S0 7 , 2% T 50 % HH

H 7 B, 7 ik 2 2 JSM- 65101V 2 49 4l 4% 1 LA
pUE -3
1.3 SEEdE 5k

SEE%E B AN 1 Fi s, Cu-Mn-Ce/ 53 F 0 i 4k
FIEEIE T HA 110 mm., 5 150 mm FEEE 3 mm (1Y
A1 D [ 2 RN 2 P, R A 2 BT I R k]
JAAY MCL-2 7 e by, DU 5 A0 1 S 4 1]
| EEH ARG REME. LR E TSR R
(AR A TR B, 2 R 0 i sl ol e R A R
FAE ARG o SO 3 SO S D R R
A28 P TR VRIS A J HE 2, LA B
1ERRARTE Y 2 AR SR A R
J2 U B0 S5 A AT DR U Pl A 0 e
AT E .

3 4

Lo 25H 20 AR 3. IR 4. A6,
5. R A 6. BHAY; 7. WA 8. BRI
B1 XBEEFRE

Fig. 1 Experimental apparatus

45 mm 10 mm
- .
g —
=] |~
= - T
£
-
- - * .
&
E
. . * g
- ™ .

2 REFHNEENEATRE

Fig. 2 Schematic of measuring points of temperature in reactor
L4 pHritk

SR ETEE BT PR AOEAE S5 R AR IR
LA20 °C-min " BB EE 1 100°C TH 2 180°C IR 4 3



3088 o

Bt 2% 36 #&

min, VAL A 190°C , K #RIEE 300°C 5 #A0N
AR, AR 300 L, 3B Re , 433 LS0: 1.

A € - = O AR T R R ) (GC-MS/
MS, Agilent, USA) & MM A= B H 2R AL 7=,
SR E N A (AR, 99.999% ) i 1.2
mL-min "5 A% HP-5MS(325°C ,30 m x 250 pum
x0.25 pm) , FEEERE 270°C , FahBEREA /0 1E
Wil Fasfr, sERE R 1 pl. BRI R TR IR E
230°C , B TR E - 70 eV, HIEIEH (m/z) 50 ~

9000

() B TR O VA JE R S0

8 000

7000

6000

5000

4000

Bk B /mg-em™

3000

2000

1000

0 o A R L
0 20 40 60 80 100 120 140

9 000

8000

7 000

6 000

5000

4 000

H 3k B /mg-cm 3

3000

2000

1 000

0 I

350

300

250

200

R pECC

150 + |  _ ooaeB

—&6— 0.5mh!
—B— 0.75m*h™!
—#— 1.0m*h™!

0 20 40 60 80 100
I} [i)/min

450. FHEFET A GRIGERE 35°C ,f4%F 2 min; K5
PAFHEHE R 15 C -min "' F} 2 250°C , {45 7 min.

2 HREWE

T SR A I R S )
MR 6 R AR A 700 T ) 2 R 2 00 TR 2D
AR AR, 508 5 e B T B
PO A XA AT P A AR R DR J2 1 B 114 5 i 45 2R
& 3 fis.

2.1

9 000

(b) Z2/SHREHOR AP € JEE 19 0

8000

7000

6000

5000

4000

F e JiE/mg-em™

3000 o 05mih

—F— 0.75m*h™!

2000

1000 Hf

of

350

300

250

200

L E/°C

150

100

0 20 40 60 80 100 120
(f) B B P SRk 24 30 B P 3

i HE~C

——400g

0 20 40 60 80 100
i} fil fmin

3 AESHEFHTANELTBELROZM
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Table 1~ Six breakthrough time of the regenerated catalyst
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Fig. 8 SEM images of regenerated catalyst
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