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Table 1 Catalytic performance of MgO/MCM-22 prepared by complexation impregnation for alkylation of toluene with DMC

Parent MCM-22

MgO Loadings (% )

3% 6% 9% 12% 15%
Toluene conversion (% ) 43.2 33.6 32.0 29.0 28.8 28.7

Product selectivity (% )
Xylene 65.7 74.4 73.6 73.7 73.0 72.7
Trimethylbenzene 23.3 22.7 23.9 24.0 25.5 26.8
Others 11.0 2.9 2.5 2.3 1.5 0.5

Xylene isomers (% )

p-xylene 24.5 33.3 37.9 48.2 50.1 49.8
m-xylene 53.2 43.6 42.1 34.1 33.8 34.7
o-xylene 22.3 23.1 20.0 17.7 16.1 15.5
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Fig. 1 Performance evaluation curve of the 12% MgO/MCM-22
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Fig.2 XRD patterns of the MgO/MCM-22 catalysts prepared

6000

Intensity (a.u.)

by complexation impregnation
A-MCM-22;B-6% MgO/MCM-22;C-9% MgO/MCM-22;
D-12% MgO/MCM-22;E-15% MgO/MCM-22
(") XRD FRAF % & 2 ar L, gk MgO )5,
MCM-22 FEAEUENT B 5 5 B AR R AR, Ui
# MgO J5 I A Sl MCM-22 (1) 4544 e fLaE M o
ILAh, 24 MgO izl Ik T 6% I, WA A& B MgO 1)
RREIE, WA MgO i B2 /314 T MR . 1 24
MgO it 5 B 9% B, 437t B MgO HFAE I
(20 = 42.9°), HBEHE GMEEAIEMN, MgO FFFi
B, X F 2R T 28 MgO FE 431 Ak
TP ERE, TR MgO JURLA S FoA] 8 )
T AT 5 R 5 1 1 1 MgO U MCM-22 43 i
AR, SEARBE S A AR, ER

AP, MCM-22 [ FRAE I 5 B B T R AR, H
24 MgO g im ik 5 12% WA FF i H 38 MgO Rk
i i R AR R TR 2 AR A3 T IR A
HEAFLIE, MTIT-FE MCM-22 [ RFAE i BT .
2.3 N, AR RIELE R

3 i MCM-22 Ji7 #y 1 MgO/MCM-22 44 1k 5]

400

BET surface area (mZ/g)
» “w
(=3 n
=l =}
T T
-
1
>
~
w

13

n

=
T

1
>
~
8
Total pore volume (cm’/g)

200 1 1 1 1 1 1
0 3 6 9 12 15
Amount of MgO (%)

Kl 3 P it MgO/MCM-22 AL 1Y
BET LRI AR M ALIAFR
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of the MgO/MCM-22 catalysts prepared

by complexation impregnation
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Fig. 5 Pyridine-IR spectra of the MgO/MCM-22 catalysts
prepared by complexation impregnation
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Table 2 The distribution of the amount of acid Brgnsted and Lewis in the results of Pyridine-IR characterization

Samples Bronsted acid sites Lewis acid sites
MCM-22 1.28 0.21

3% MgO/MCM-22 0.95 2.78

6% MgO/MCM-22 0.89 2.32

9% MgO/MCM-22 0.82 2.28

12% MgO/MCM-22 0.80 2.26

15% MgO/MCM-22 0.79 2.27

a: The number of acid sites is a relative value of the Brgnsted acid sites and Lewis acid sites as estimated

by the corresponding calibration peak area.
PV TAE, | Py-TR AT, MG B 204K
TR, R B RP.OET, RN FEEAELL
EWNESHAT. LB RMEG R AT, BLG R BEHERT
VI R0 B o - O A e T i R vk vhocy , BHE RTEK
TR ASLIE , BB A R0 ORI FLIE N ER IS PE O A

ZHM.
32 it

DISESRBREC & Mg Bk MCM-22, A{UAH 3L
(BRI T 40 T I AN I R BR R s, AR T %
ARTEST AN T A A A SO, 1T H ARG ) PR 4
Ty F T N ERFLIE (R, MR & 4 fh 6 1 W] e
Aeky TR AT HUORE B, AR R B AL
T R M AR SR A B L 9%
MgO/MCM-22 JpfEAbs, FEIEE AT, R AL
ik F]29.0% , X B IR 48.2%.

S 3Lk
[1] Chen Qing-ling( BREK#HSY) , Kong De-jin( fL{#4:), Yang

Wei-sheng (4 Tt ). Petrochemicals (4L L) [J],
2004, 33(10) : 909 -915

Inagaki S, Kamino K, Kikuchi E, et al. Appl. Catal. A:
Gen. [J], 2007, 318 22 -27

Li Y G, Jun H. Appl. Catal. A: Gen. [J], 1996, 142
(1):123-137

Xue B, Li Y, Deng L J. Catal. Comm. [J], 2009, 10
(12). 1609 -1 614

M K Rubin, P Chu. US[P]: 4954325, 1990

Peng Jian-biao (3 @ %), Xie Su-juan (25 1F), Xu

(2]

(3]

(4]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

Long-ya(#% JEA7) , Wang Qing-xia( £1F# ). (KRAX
I)[J], 2011, 26, 42 -47

Shang Y Ch, Yang P P, Jia M ], et al. Catal. Commun.
[J1, 2008, 9. 907 -908

Ren X Q, Liang J H, Wang J. J Porous Mater.
2006, 13. 353 -354

Ding Chun-hua ( T % 4£), Wang Xiang-sheng ( F #f
), Guo Xin-wen( ZB7[H]). Acta. Petrol. Sin. ( Petrol
ProcessSect) (714 (fAilm 1)) [J], 2007, 23.
38 -39

Corma A, Fornés V, Triguero ] M, Pergher S B. J.
Catal. [J], 1999, 186 57 - 58

Li Yong-xin ( Z=7K W7 ), Deng Li-jun (XN 7 ), Xue
Bing ( ¥
gress(AL Ti3ERE)[J], 2010, 29. 4 -6

Zhao Zhen (% #2), Zhang Yong-mei ( 5K Uk H), Ma
Jiao( &y 5). Journal of Anshan Normal University ( %%
g Be i) [1], 2008, 10(2) : 26 -30

Wang Gui-ru( EHE%), RKiEM T R¥EHERAEIM],
2000. 87 —88

LiY G, Xie HW, Sh Y. Appl. Catal. A; Gen. []],
1997, 150(2) ; 231 -242

(],

VK). Chemical Industry and Engineering Pro-



556 1 AR R AR BT MeO etk MCM-22 FEFE Al s — I 519

Shape-selective Catalytic Synthesis of p-xylene over MgO Modified
MCM-22 Prepared by Complexation Impregnation

ZHANG Jia-liang, XUE Bing, XU Jie, LIU Ping, LI Yong-xin"
(Institute of Petrochemical Technology, Changzhou University, Changzhou 213164, China)

Abstract; MgO modified MCM-22 was prepared by complexation impregnation method in the present of malic acid
as the complexing agent. Selective synthesis of p-xylene by alkylation of toluene with dimethyl carbonate (DMC ) was
carried out in a continuous flow fixed-bed rector over MgO-modified MCM-22 zeolite. Physico-chemical properties
of the catalysts were characterized by means of XRD, NH;-TPD, pyridine-IR and BET. It was found that under the
optimal conditions, i. e. reaction temperature of 380 °C, n (toluene): n (DMC) of 4 and WHSV of 1 h ™", the
conversion of toluene and the selectivity to p-xylene were 29.0% and 48.2% , respectively. The results of charac-
terization show that the complex compounds derived from the malic acid-coordinative Mg”* loaded only on the exter-
nal surface of MCM-22 and did not enter the pores. As a result, the cover of the external acidic sites and the pro-
tection of the inner acidic sites of zeolite can be achieved simultaneously. Consequently, catalysts prepared by com-
plexation impregnation method exhibits high para-selectivity along with high activity in alkylation of toluene with
DMC.

Key words: complexation impregnation ; shape-selectivity; MCM-22; p-xylene



