Yy HAL R (Wuli Huaxue Xuebao)
338 Acta Phys. -Chim. Sin., 2010, 26(2): 338-344 February

[Article] www.whxb.pku.edu.cn

IKFLAMIBXFLh 5K HZSM-5 4 F s B R
1L BB I 7R U B2 Iz 14 BE B 22 i)

ES 5 3R o Pl
(TR AR 2 Bifb 22 5035 T AR 2EBe v AR ST BT, BV 200235)

FEE. XAk HZSM-5 40 T 64 7K S, A N, W BRE- PR B X 59 2k 107 S (XRD) 45 [ A4 A% i L 9 (AL
MAS NMR) , %{-F2 /7> - B8 B (NHL-TPD ) FI0H B 0 SFHE 7 AR 4 2T 71 (FT-TR ) i S5 47 A Ko ehe i /i J5 5 o 1R 2254
AERPEVEAT T PRANRAE, FF7EH R 500 TP FEfT & 4 B(WHS V)N 1.0 h™ (9 ROW A5, 7835 S2 3 s i 78 [
FE RN A% A5 T A AR B B A N s PO, A P BE . 45 SRR B, 306 AR K S BR A 40Kk HZSM-5 43T 0
BRI AT IRV R NIRE 25, MR/, IR R B RRAIS, LA AIFLARIE O, DT P9 97 A e B A Al 4 FR B oe 4
BV 0% 58 I e (B AR 300 25 4) 20 90 ;BB AT B9 30.1% 40 75 h 3 2 325 2= 38.9%F11 160 h. {H1d 7 iR B A /K #ukd
PR HZSM-5 43T i et B sk 35, SR b0 JL-F- 58 22T 2%, WU P I B4 s 31k A i A 350 10 R 1k s i
FRREAL.

KEIR . KPHALFE, 4Kk HZSM-5 o Fii; Bl IR sEEM Ruetk
FESES: 0643

Effect of Hydrothermal Treatment on the Acidity and Catalytic
Performance of Nanosized HZSM-5 Zeolites for the Conversion of
Methanol to Propene

MAO Dong-Sen * GUO Qiang-Sheng MENG Tao LU Guan-Zhong
(Research Institute of Applied Catalysis, School of Chemical and Environmental Engineering, Shanghai Institute of Technology,
Shanghai 200235, P. R. China)

Abstract: A series of modified nanosized HZSM-5 zeolites were prepared by hydrothermal treatment at different
temperatures and characterized by the adsorption and desorption of N,, X-ray diffraction (XRD), Al solid state magic
angle spinning nuclear magnetic resonance (*Al MAS NMR), temperature-programmed desorption of ammonia (NHj-
TPD), and Fourier transform infrared (FT-IR) spectroscopy of adsorbed pyridine techniques. The conversion of methanol
to propene was tested using a continuous flow fixed-bed microreactor at atmospheric pressure, 500 C, and a methanol
weight hourly space velocity (WHSV) of 1.0 h™. Results showed that after the appropriate hydrothermal treatment, some
of Al was removed from the framework of zeolite and extracted out of the zeolite channels after treatment with an
aqueous solution of citric acid. This led to a decrease in the strength and amount of acidic sites and an increase in the
volume and diameter of the pores. As a result, propene selectivity and the reaction time continued to maintain the total
conversion of methanol (i.e., life time of catalyst) increased significantly to 38.9% and 160 h from 30.1% and 75 h over
the parent nanosized HZSM-5 zeolite. However, severe hydrothermal treatment decreased the acidity remarkably and
the strongly acidic sites were almost totally destroyed, resulting in a remarkable decrease both in propene selectivity
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and catalyst stability.
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Fig.1 XRD patterns of the different nanosized
HZSM-5 zeolites
HZSM-5 zeolites prepared by hydrothermal treatment at 500, 600, and
700 °C are denoted as HT-500, HT-600, and HT-700, respectively.
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Fig.2 Al MAS NMR spectra of the different
nanosized HZSM-5 zeolites
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Table 1 Specific surface area, pore volume, and pore
diameter of the different nanosized HZSM-5 zeolites

Sample SBET/(mz.gil) Vied (cm?®* g7) Dy /nm
total micropore external

HZSM-5 374 227 147 0.24 2.56

HT-500 386 198 188 0.26 2.69

HT-600 371 175 196 0.25 2.69

HT-700 361 203 158 0.25 2.79

Signal of TCD(mV)

100 200 300 400 500
T/°C
3 AEK HZSM-5 5 F i) NH-TPD £k
Fig.3 NH;TPD curves of the different nanosized
HZSM-5 zeolites
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Fig.4 IR spectra of pyridine adsorbed on
the different nanosized HZSM-5 zeolites
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Table 2 Absorbance (A) of B acid and L acid sites
and Ng/N,, of the different nanosized HZSM-5 zeolites
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Fig.5 Changes of selectivities of the main products
with time on stream on nanosized HZSM-5 zeolite
hydrothermally treated at 500 °C
reaction conditions: m(methanol):m(water)=3:7, WHSV
(weight hourly space velocity)=1.0 h™, m(catal)=0.50 g,
p=0.1 MPa; conversion of methanol: 100%
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Table 3 Catalytic performance of the different

nanosized HZSM-5 zeolites for methanol

As AL Ng/N. conversion to propene
Sample
P 100 C 300 C 100C 300 C 100 C 300 C Selectivity of main products (%) o
Sample Life time (h)

HZSM-5 0.348 0.212 0436  0.133 1.06 2.11 methane ethene propene butene
HT-500 0.224 0.133 0.219  0.092 1.35 1.91 HZSM-5 11.6 14.2 30.1 11.8 75
HT-600 0.120  0.035 0.151 0.032 1.05 1.45 HT-500 4.0 12.8 38.9 16.0 160
HT-700 0.071  0.030 0.094  0.030 1.00 1.32 HT-600 2.9 11.2 35.6 12.4 130

B acid: Brgnsted acid, L acid: Lewis acid, Ng/N;: the ratio of HT-700 2.6 10.5 27.0 11.7 77

number of B acid to that of L acid

The reaction conditions are the same as those in Fig.5.
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160 h. {H3 = I A K S B 400k HZSM-5 43 F
i R S BH SRS, JLT AR SRR 0, TS
PRI P9 20 R £ 351 PR e s T R R AR
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