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Fig.1 XRD patterns of zeolites
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Fig.2 N, adsorption isotherms and pore size distribution of zeolite
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(a) Z-5; (b) 1-Z-5; (c) 3-Z-5; (d) 5-Z-5
Fig.3 SEM of samples synthesized
(a) Z-5; (b) 1-Z-5; (c) 3-Z-5; (d) 5-Z-5
F1 HFIREHIMER
Table 1 Textual properties of zeolites
Sample Sexerma /(g Suico” /(m*g™) Spr V(g Viiera (em’™g™) Vi /em’™-g™)
Z-5 23 358 381 0.14 0.32
1-Z-5 52 297 349 0.11 0.37
3-7-5 63 249 312 0.10 0.41
5-7-5 59 236 295 0.11 0.43

D .@ surface area covered by mesopores and micropores calculated from t—plot, respectively; 3 total surface area calculated using BET

method; @ pore volume covered by mesopores and micropores calculated from t-plot; B total pore volume of P/Py=0.99 and diameters

were calculated by BJH method.
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Fig.4 NH;-TPD profiles of synthesized zeolites
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Table 2 Acid content and silicon to aluminum ratio of the synthesized ZSM-5 zeolites

Acidity by NH;-TPD /(mmol+g ™) ®

Acidity by Py-IR /(mmol - g”)‘@

Sample Si0,/A1,0,4
total weak medium strong L/B Lewis Bronsted
7-5 0.57 0.13 0.16 0.28 0.27 0.046 0.17 50.0
1-Z-5 0.56 0.13 0.21 0.22 1.07 0.14 0.13 51.3
3-7-5 0.55 0.14 0.22 0.19 1.58 0.19 0.12 52.2
5-7-5 0.54 0.12 0.24 0.18 1.91 0.21 0.11 52.4

@ Density of acid sites, determined from NH;-TPD; @ determined from 300 °C Py-FTIR

2.3 EFIRREEFS ML ERE

FEEE IR W % 55T B 2-5 5 M-Z-5
Xof 5 Re) A B 7 e A 3 R B 1 5 ) . Ak
TEPEPEM 45 R an e 3 MR S, % 3 ORI 410 fi

TR B FP I R A RO 7 P 89 B Ry S A X
i AR 3 AL USRS AR O B A 7R Y
BTX AT e B B R4 5 |, JF ELBE PZPMS
FH A 5 g S B BT, BTX WA M 44.0%
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Table 3 Product distribution on aromatization reaction of different molecular sieves catalysts

Product distribution/%(Mass fraction)

Catalyst — ) H r oMo omction) (Ve Kction)  Hictime
C,-Cs B T 0-X m-X'  p-X* o
7-5 564 25 78 56 128 34 115 32.1 737 20
1-2-5 475 41 112 69 175 43 85 44.0 83.8 26.8
375 454 43 121 75 182 44 8l 465 85.1 274
575 427 40 132 81 188 48 84 48.9 85.3 282

a. Reaction conditions: 0.5 MPa, 460 °C, WHSV= 1.2 h™ time-on-stream=4 h; b. C,_5 alkenes; c. Benzene; d. Toluene; e. ortho-Xylene;

f. meta-Xylene; g. para-Xylene; h. Cy and Cy" aromatics.
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Fig.5 Conversion of methanol and selectivity of product with time on stream over different molecular sieves catalysts
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Fig.6 Selfassembly synthesis of mesoporous materials under structure direction by liquid crystal template
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Synthesis of Hierarchical ZSM-5 Zeolite with Liquid-Crystal Template
and Its Catalytic Activity

ZHANG Ling
( School of Petrochemical Engineering, Liaoning Petrochemical University, Fushun 113001, China )

Abstract: Using piperazinyl propyl methyl dimethoxy silane coupling agent (PZPMS) and cationic surfactant cetyl
trimethyl ammonium bromide (CTAB) as composite liquid-crystalline template, under hydrothermal conditions porous
7ZSM-5 molecular sieve was synthesized. The performance of the catalysts were characterized by XRD, SEM, BET,
XRF, FT-IR and NH4-TPD. The result shows that the addition of the PZPMS/CTAB can reduce the particle size and
increase the external surface area, which is beneficial to the synthesis of porous ZSM-5 molecular sieves. The liquid-
crystalline template can effectively adjust the ratio of B acid to L acid on the catalyst surface and improve the acidity
of the catalyst surface. The performance of the synthesized catalysts were tested in the MTA reaction. The catalysts

showed higher selectivity to aromatics and the catalytic life was improved to varying degrees in the reaction.

Key words: ZSM-5; PZPMS; hierarchical pore; MTA ; liquid-crystalline template



