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Effect of Crystallization Temperature on Physico-Chemical
Properties of B-ZSM-5 and Ti-ZSM-5
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(State Key Laboratory of Fine Chemicals, Department of Catalysis Chemistry and Engineering, School of Chemical Engineering,
Dalian University of Technology, Dalian 116012, Liaoning Province, P. R. China)

Abstract: B-ZSM-5 zeolites with different crystal sizes were synthesized by adjusting hydrothermal synthesis
temperature. Ti-ZSM-5 samples were prepared by gas-solid reaction using acid-treated B-ZSM-5 as precursors with
gaseous TiCl,. The samples were characterized by scanning electron microscopy (SEM), X-ray powder diffraction (XRD),
Fourier-transform infrared (FT-IR) spectra, ultraviolet-visible (UV-Vis) spectroscopy, inductively coupled plasma atomic
emission spectrometry (ICP-AES), Raman spectra, nitrogen adsorption-desorption, and 1,2,4-trimethylbenzene adsorption.
The catalytic performance of Ti-ZSM-5 for phenol hydroxylation was investigated. Results showed that all the
precursors were agglomerated by the small cuboids particles and had MFI topology structure, but there were some
differences in the crystal size, the amount of framework titanium species, and pore volume. The optimized temperature
range of the low-temperature crystallization stage is from 333 to 353 K for the synthesis of B-ZSM-5. Moreover, Ti-
ZSM-5 sample using this B-ZSM-5 as the precursor has a better catalytic performance for phenol hydroxylation,
because of the smaller cuboids particles, the larger pore volume and surface area. In phenol hydroxylation, when the
molar ratio of phenol to hydrogen peroxide was 3, the conversion of phenol was 20.5%.
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Fig.1 XRD patterns of B-ZSM-5 precursors
crystallized at different low-temperatures
S-1: 313 K; S-2: 333 K; S-3: 353 K; S-4: 373 K
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Fig.2 XRD patterns of Ti-ZSM-5 prepared with
B-ZSM-5 precursors crystallized at different
low-temperatures
S-1-Ti: 313 K; S-2-Ti: 333 K; S-3-Ti: 353 K; S-4-Ti: 373 K
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Fig.3 FT-IR spectra of B-ZSM-5 precursors
crystallized at different low-temperatures
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Fig.5 UV-Vis spectra of Ti-ZSM-5 prepared with
different B-ZSM-5 precursors crystallized at
different low-temperatures
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different low-temperatures
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Fig.8 SEM images of B-ZSM-5 precursors crystallized with different magnificutions at different low-temperatures
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Table 1 Structure characteristics of B-ZSM-5
precursors crystallized at different low-temperatures
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Fig.9 Adsorption curves of Ti-ZSM-5 prepared with
different B-ZSM-5 precursors crystallized at different
low-temperatures
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Table 2 Catalytic performance of Ti-ZSM-5 prepared
with B-ZSM-5 precursors crystallized at different
low-temperatures for phenol hydroxylation

Ti-ZSM-5  Xpen(%)  Sear(%)  Siowso(%)  Xiol(%)  Muol(%)

S-1-Ti 16.2 47.5 52.5 36.8 55.9
S-2-Ti 17.3 47.6 52.4 89.1 58.3
S-3-Ti 20.5 47.6 52.4 92.7 66.4
S-4-Ti 9.7 46.0 54.0 67.8 45.6

reaction conditions: 7=353 K, =6 h, n(phenol)/n(H;0,)=3, n(Me,CO)/
n(phenol)=2.7, m(CAT)/m(phenol)=5%. X: conversion, S: selectivity,
n: effeciency, CAT: catechol, HQ: hydroquinone,
PBQ: para-benzoquinone

SN BT o BT AT B AR R 2 R, T
FEFLIE P45 BR 5T (R 40 0, A% BRRICR S &, A58 il
T A TR . SR, B B A AL Ak T
JE I s, AL K bR AT B IA 2, R Sk R
SIS R, FEU T AL PR KRR, I A
T G TR H A kb, (15 FE 5 Ti-ZSM-5
PRI T AR I S, phr ot m] D0, i B
IRIICIR B A ALIRE, v AL B-ZSM-5 1Y
WoRL K /N Ti-ZSM-5 (AEAL 1 i SR IR
B AN AL IR S R 5 I 7E 333-353 K Il .

3 & 8

P& K G BRI B-ZSM-5 3+ #5 H 4G L B
SR, 1531 B-ZSM-5 5 TiCl, <[40 [ % )5,
AR RIS RN . Bk Er i LA S R AR
Ti-ZSM-5 B 1 43U . AU Be A T B 3 vy 1
B-ZSM-5 A R G A, AR RT3, L &
Fe R AT R, FEELE N SR R R K,
DLz B HIAS 19 Ti-ZSM-5 B 3Rk & i PR A%, %
TR L IR AR 333-353 K YL, Al & i A #
/NURE RS B 4 AR BE R B-ZSM-5, 4 TiCl, B
AT EN Ti-ZSM-5 43 167K By 32 564k 5 g H
A ARSI ERE.
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