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Hierarchical 8 Zeolite by Surfactant-Templating Method: Preparation and
Catalytic Performance in Tetralin Hydrocracking to Benzene, Toluene, and Xylene

ZHANG Yan-Ting DANG Hui ZHANG Ni-Ni CHEN Sheng-Li*
(State Key Laboratory of Heavy Oil Processing, China University of Petroleum, Beijing 102249, China)

Abstract: In this study, a series of hierarchical 8 zeolites were prepared from the parent zeolites (8-60 and B-150)
by one/two-step surfactant-templating method with cetyltrimethylammonium bromide (CTAB) as the surfactant. The
physicochemical properties of the hierarchical B zeolites were characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), N, adsorption-desorption test, and NH,
temperature-programmed desorption (NH;-TPD) test. The results show that the mesopore volume of the hierarchical
B zeolites prepared in one step was increased by more than 3 times, and the mesopore volume of hierarchical B
zeolites prepared in two steps was increased by more than 1 time compared with the parent zeolite. Furthermore, the
hydrocracking catalysts were prepared by loading WO, onto these hierarchical B8 zeolites, and their catalytic perfor-
mance in the hydrocracking of tetralin to benzene (B), toluene (T), and xylene (X) was investigated. Taking 8-60 as
the parent zeolite, the mesopores of the hierarchically porous 8 zeolite obtained after one-step or two-step treatment
were both disordered, and BTX yields reached 53% and 51%, respectively. However, taking 8-150 as the parent zeo-
lite, the mesopores of the hierarchical B zeolites prepared by the one-step method were disordered, while the meso-
pores of the samples prepared by the two-step method were ordered. The highest yield of BTX prepared by the one-
step method was 46%, and that prepared by the two-step method was 50%. Therefore, the catalytic performance of
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One-step preparation samples

Parent B CTAB 110°C,24h

_— -ST
zeolite TEAOH 2

Two-step preparation samples

Parent 8 CTAB 110%C,24h

HClI 120%C,24h
zeolite TEAOH

pH=85 ralie

Scheme 1 Processes for preparing hierarchical B zeolites

by the surfactant-templating method
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Fig.1 N, adsorption-desorption isotherms (a, ¢) and BJH pore size distribution (b, d) of series B zeolites
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Table 1 Specific surface area and pore volume of series 8 zeolites®
Sample Sppr / (m*+g™") Shtiero / (m*+g7) Spu/ (m?-g™) Viga / (cm®+g7™") Vitiero / (e g7") Vitewo / (e 7")
B-60 528 489 39 0.30 0.25 0.05
B-60-ST 633 391 242 0.45 0.18 0.27
B-60-ST8.5 610 389 221 0.40 0.22 0.18
B-150 556 423 133 0.36 0.21 0.15
B-150-ST 710 280 430 0.74 0.14 0.60
B-150-ST8.5 622 341 281 0.50 0.17 0.33

*Sper 1s the total specific surface area, Sy,

pore volume, V.
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is the microporous specific surface area, Sy is the external specific surface area, V,

is the microporous volume, V. is the mesopores volume.

rowl 18 the total
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Fig.2 XRD patterns of series 3 zeolites
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Table 2 Relative crystallinity of ordered mesopores of series 8 zeolites®

Sample Relative crystallinity / %
B-60 0
B-60-ST 0
B-60-ST8.5 0
B-150 0
B-150-ST 0
B-150-ST8.5 27.1

“Relative crystallinity of ordered mesopores is the ratio of the sum of the peak

heights of all the characteristic diffraction peaks of MCM -41 to the sum of the peak

heights of the characteristic diffraction peaks of zeolite .
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Fig.3 TEM images of series 8 zeolites
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Fig.5 XRD pattern (a) and TEM image (b) of the sample prepared without adding CTAB by surfactant-templating method
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Fig.6  Effect of TMAOH as a base source on the preparation of hierarchical B zeolite crystals in a two-step method
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Fig.7 Effect of alkali concentration on the preparation of hierarchical B zeolite crystals in a two-step method
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Fig.8 Effect of pH in the second step on the preparation of hierarchical 8 zeolite crystals
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Fig.9 Effect of temperature in the second step on the preparation of hierarchical B zeolite crystals
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Fig.10  Main reaction route of tetralin hydrocracking and catalytic performance of hydrocracking catalyst prepared by series B zeolite
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