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Preparation of hierarchical ZSM-5 zeolites
and their catalytic performance in thiophene alkylation

ZHAO Cen, LIU Dong-mei, WEI Min, SUN Zhi-yan, WANG Hai-yan

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

Abstract: ZSM-5 zeolites were treated by Na,CO, solutions with different concentrations and characterized by
XRD, XRF, SEM, N, sorption and NH,-TPD techniques; the influence of Na,CO, treatment on their pore
structure, acidity and performance in thiophene alkylation was investigated. The results showed that the BET
surface area, external surface area and mesoporous volume of the ZSM-5 zeolites were enhanced through Na, CO,
treatment and the acidity was also modulated without altering the microporous structure of ZSM-5 zeolites. The
activity and the selectivity to alkylates of the ZSM-5 zeolites in thiophene alkylation are also improved after
Na,CO, treatment. With the increase of Na,CO, solution concentration, the thiophene conversion over the
hierarchical ZSM-5 zeolites increases gradually, while the selectivity to alkylates increases first, reaches a
maximum and then decreases along with the Na,CO, solution concentration. When the Na,CO, concentrations are
2 and 3 mol/L the thiophene conversions and alhylation selectivities are 81. 26% , 73. 15% and 90. 57% ,
72.59% , respectively.
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Figure 1 XRD patterns of ZSM-5 before and
after treated with Na, CO, solutions
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Table 1 Relative crystallinity and the SiO,/Al,O; molar ratio of ZSM-5 treated with Na, CO, solutions

Sample ZSM-5(0) ZSM-5(0.5) ZSM-5(1) ZSM-5(2) ZSM-5(3)  ZSM-5(4)
Relative crystallinity /% 100. 00 109.89 112.99 108.08 106. 43 99.27
Si0,/Al, 0, (mol ratio) 50 48 46 43 38 34
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Figure 2 SEM images of ZSM-5 before and after treated with Na, CO, solutions
(a): ZSM-5(0); (b): ZSM-5(2); (c): ZSM-5(4)
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Figure 3 Nitrogen adsorption-desorption isotherms for
ZSM-5 before and after treated with Na, CO,
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Figure 4 Pore size distributions for ZSM-5 before
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Table 2 Textural properties of ZSM-5 samples treated with Na, CO, solutions

Sample Ager/(m*+g™) A /(m>eg™) Voier” (107 ecm’+g™") Viee/ (1077 ecm’ < g™") d,./nm
ZSM-5(0) 317.91 78.70 11.94 2.14 2.09
ZSM-5(0.5) 335.07 102.96 13.83 4.92 3.68
ZSM-5(1) 337.18 123.68 15.95 6.54 3.95
ZSM-5(2) 335.65 130. 67 15.15 7.57 4.06
ZSM-5(3) 338.72 131.84 10.25 9.87 4.83
ZSM-5(4) 342.81 133.38 11.78 11.09 5.26
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Figure 5 NH,-TPD profiles for ZSM-5 before and
after Na, CO, treatment
<: ZSM-5(4); &: ZSM-5(3); v: ZSM-5(2);
A: ZSM-5(1); O: ZSM-5(0.5); m: ZSM-5(0)
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Table 3 Relative acid density of ZSM-5 samples treated with Na, CO; solutions

Relative acid density /%

Acid strength

ZSM-5(0) ZSM-5(0.5) ZSM-5(1) ZSM-=5(2) ZSM-5(3)  ZSM-5(4)
Strong 100 99.17 87.19 100. 80 108.28 111.79
Weak 100 99. 12 86.32 92.86 94.52 106. 25
Total 100 99. 14 86.74 95.49 101. 12 108.91

Bifi % Ab BE 2% 4 % 1 55 21, Na, CO, Ab B i f2 T
Fk 6 T U R AR R R I L R Si-0-Al
BERTE U i AR ARSI SRR A AR R
AN, 24 Na,CO, ¥WRHE N 2 ~4 mol/L B, 43
TrE b TR (R 1), — B, 5+

i P o7 Y e B 5 L BRI TR B IIE B TR 5
R BN, [R)I , A0 LU A AR R T R D Y
BEAE AL ANRE , 2 = A AL AR L RIS,
PRIt , 558 5 ek M m =7
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Table 4 Conversion and selectivity of thiophene over different ZSM-5 zeolites

Sample ZSM5(0)  ZSM-5(0.5) ZSM-5(1)  ZSM5(2)  ZSM-5(3)  ZSM-5(4)
Conversion x /% 29.63 30.71 60. 33 81.26 90.57 90.72
Selectivity s /% 53.22 67.18 71.35 73.15 72.59 71.83
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