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Table 1 Effect of MgO loading amount on alkylation of EB with DEC over MgO/HMCM-22

Conversion of EB

Selectivity (% )

DEB® isomers (% )

Catalysts

(%) DEB Benzene Others” p-DEB m-DEB o-DEB

parent HMCM-22 48.5 35.9 13.5 50.6 25.0 61.4 13.6
3% MgO/HMCM-22 24.3 77.7 2.9 19.3 34.8 57.5 7.7
6% MgO/HMCM-22 16.0 84.5 2.2 13.3 41.5 50. 1 8.4
9% MgO/HMCM-22 12.6 86.0 1.5 12.5 53.3 37.0 9.7
12% MgO/HMCM-22 9.5 91.4 1.2 7.4 65.7 25.4 8.9
15% MgO/HMCM-22 9.1 89.9 0.6 9.5 70.0 19.0 11.0

* Reaction conditions; 7'=360 C; 6 h, n(EB)/n(DEC)

=2:1; LHSV = 1 h".

" Others: toluene; xylene; polyalkybenzene; and aliphatic hydrocarbon.

° DEB: diethylbenzene.
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Fig. 1 XRD patterns of parent HMCM-22 and
MgO/HMCM-22 samples.

(a) parent HMCM-22; (b) 6% MgO/HMCM-22;
(¢) 9% MgO/HMCM-22; (d) 12% MgO/HMCM-22;

(e) 15% MgO/HMCM-22.
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Fig 3 NH,-TPD profiles of parent HMCM-22 and
MgO/HMCM-22 samples.

(a) parent HMCM-22; (b) 3% MgO/HMCM-22;
(¢) 6% MgO/HMCM-22; (d) 9% MgO/HMCM-22;
(e) 12% MgO/HMCM-22; (f) 15% MgO/HMCM-22.
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Fig. 4 Py-IR spectra of parent HMCM-22 and
MgO/HMCM-22 samples.

(a) parent HMCM-22; (b) 3% MgO/HMCM-22;
(¢) 9% MgO/HMCM-22; (d) 15% MgO/HMCM-22.
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Table 2 Effects of reaction temperature on alkylation of EB with DEC

Temperature  Conversion of EB Selectivity (%) DEB isomers (% )
(C) (%) DEB Benzene Others” p-DEB m-DEB o-DEB
280 6.5 11.3 5.0 83.7 47.0 20.1 32.7
320 6.9 48.8 7.3 43.8 61.7 15.4 22.9
360 9.5 91.4 1.2 7.4 65.7 25.4 8.9
400 13.2 85.1 7.3 7.6 54.7 41.0 4.3
440 21.6 77.0 15.8 7.1 40.0 53.3 6.6

* Reaction conditions: 12% MgO/HMCM-22; 6 h; n(EB)/n(DEC) = 2:1; LHSV = 1 h'.
" Others: toluene; xylene; polyalkybenzene; and aliphatic hydrocarbon.

2.3 BT EE/R EE XHE AL T RE R 720 69.0%. HLE L, BEH EB 76U & A,

EB 5 DEC EE/RELXT EB g 34k 5 1 52 i U
3. M EB 5 DEC FE/R LM 1:2 TFE5%)2: 1, EB
AR 15.0% FFE$19.5% , p-DEB Mtk (LR
T 1.3%, M4 EB 5 DEC WJEE/R R 4: 1 B,

DEC Z#rgffin ke, FEBA LB LIEARESS
EB AU, Pk, EB #4bRZ 8 F%. p-DEB
PePRPEREE EB 75 J5URL b &5 8 13 2 RS A 32
Uk, 3 EA EB 5 DEC (/R LR 1:2.

EB (R T RE 7.7% , p-DEB Bk = 5

&3 RHE/RIL X EB 5 DEC kB4 I Rz g9 #50m°
Table 3 Effects of feed ratio on alkylation of EB with DEC

Conversion of EB Selectivity (% ) DEB isomers (% )

n(EB)/n(DEC)
(%) DEB Benzene Others® p-DEB m-DEB 0-DEB
1:2 15.0 91.9 1.0 7.1 64.4 15.7 19.9
2:1 9.5 91.4 1.2 7.4 65.7 25.4 8.9
4:1 7.7 87.1 2.3 10.6 69.0 24.6 6.4

“Reaction conditions: 12% MgO/HMCM-22; T =360 °C; 6 h; LHSV = 1 h™.
"Others; toluene; xylene; polyalkybenzene; and aliphatic hydrocarbon.

AN T EB -y 5w A e g Oz, i HA

34 it i+ o
T p-DEB #5744 fb S, A4 % T p-DEB
T Mg(NO, ), W AGIRIR el HMCM-22, fifl  eded.
FIZIH B FACH B TR, LRRECH TR, 3 s

PRI WA RO R, 55 R BE A I idi55. MgO/HM-
CM-22 £ EB 55 DEC Al S 1 Hh Bt Bl )
TEPERE. BEFH MgO SRR, B WA H /b

[1] KimJH, Namba S, Yashima T. Bull. Chem. Soc. Jpn.
[J], 1988, 61(4):1 051 -1 055



51 THEZ A MgO/HMCM-22 LML LR S RKIR — C IRl SE A& ixt — 2% 63

(2] BhatY S, Das J, Halgeri A B. J. Catal. [J], 1995, (5): 922 -927
155 154 - 157 [9] Shang Y C, Yang P P, Jia M J, et al. Catal. Commun.
(3] Guan X X, Li N, Wu G J, et al. J. Mol. Catal. A. (71,2008, 9: 907 912
[J], 2006, 248 . 220 -225 [10] Zhu Zhi-rong (K5 7), Xie Zai-ku (i 7E %), Chen
[4] Raj KJ A, Meenakshi M S, Vijayaraghavan V R. J. Qing-ling ([RERHS) , et al. J. Mol. Catal. (China) (43
Mol. Catal. A. [J], 2007, 270 195 —200 TFARAE) [T], 2007, 21(1) .79 - 81
[5] Ma Xin-bin( &%), Zhang Zhen( 5k ), Shi Hai- [11] Ding Chun-hua ( T & 1), Wang Xiang-sheng ( F #f
feng ( f7 ;U5 ), et al. Chemistry Online ({48 4R ) ), Guo Xin-wen( FR87 18 ). Acta Petrolei Sinica ( Pe-
[J], 2003, 66(8): 528 —535 troleum Processing Section ) (A7 124k (AN 1))
[6] LiY X, Xue B, He X Y. J. Mol. Catal. A. [J], [J], 2007, 23(5) :38 -42
2009, 301: 106 - 113 [12] Corma A, Fornés V, Triguero J] M, et al. J. Catal.
[7] Zhang Zuo-wang( iK#EH) , Zhang Yu(ik 4E), Wang [J], 1999, 186 57 —63
Zhen-lii( £HRJiK), et al. Chinese Journal of Catalysis [13] Rubin M K, Chu P. US [P], 4, 954, 325, 1990
(fEfb=#4R) [J], 2008, 29(10): 1 015 -1 020 [14] Martins A, Silva J] M, Henriques C, et al. Catal. To-
[8] Ding Chun-hua ( T % 4E), Wang Xiang-sheng ( T #f day. [J], 2005, 107-108 ; 663 — 670
), Guo Xin-wen(Z5Hi [ ). Chemical Journal of Chi- [15] Zhan Bi-zeng ( & 2 15), Zeng Zhao-huai ( §5 HE#).
nese Universities (15 25 24k =24k ) [ J], 2007, 28 Petrochemicals (41 3MALT) [J], 1989, 18(2): 92 -95

Selective Synthesis of Para-diethylbenzene by the Alkylation
of Ethylbenzene with Diethyl Carbonate over MgO modified
HMCM-22 Catalysts

YU Lou-yun, XUE Bing, XU Jie, LI Yong-xin"
(Institute of Petrochemical Technology, Changzhou University, Changzhou 213164, China)

Abstract; A series of MgO/HMCM-22 catalysts prepared by wet impregnation method have been tested for the syn-
thesis of p-diethylbenzene (p-DEB) by the alkylation of ethylbenzene (EB) with diethyl carbonate ( DEC) using a
fix-bed reactor. Several techniques such as X-ray diffraction, NH,-TPD, and pyridine-IR were applied to charac-
terize the structure and acidic properties of the as-synthesized catalysts. By analysis of results of the characteriza-
tion, the alkylation of EB with DEC occurred mainly on Brgnsted acid sites. Furthermore, the effects of MgO load-
ing amount, reaction temperature, and the ratio of EB to DEC on the catalytic performance have been investigated.
Catalytic tests demonstrated that, with the increase of the loading amount MgO, the conversion of EB decreased
while the selectivity to p-DEB increased dramatically. The best catalytic performance was obtained over the 12%
MgO/HMCM-22 catalyst under 360 “C with a ratio of EB to DEC of 1:2, affording a remarkable p-DEB selectivity
(64.4% ).

Key words: MCM-22 zeolite; MgO; ethylbenzene; diethyl carbonate; para-diethylbenzene



