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Synthesis of Monolith Hierachical ZSM-5 Zeolite Composed of Nanocrystals by
Vapor-phase Transformation Method
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KONG Qing-Lan, LIU Zhi-Ping, LI Rui-Feng

(Research Centre of Energy Chemical & Catalytic Technology, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: A monolith ZSM-5 composed of nano-sized MFI crystals was prepared from a dry gel by a vapor-phase
transformation method, in which the dry gel was obtained from a mixture of sodium carboxymethylcellulose and a
precursor yielding ZSM-5 zeolite crystals. The as-synthesized samples were characterized by X-ray diffraction (XRD),
scanning electron microscope (SEM), N, adsorption-desorption, in-situ IR spectra of pyridine and FT-IR. Organic Si-
or/and Al-species replace the classic inorganic Si- or/and Al-species to take part in the construction of MFI zeolite
frameworks. And the long chain organic groups, which connect with the Si- and Al-species, disturb the normal growth
of the zeolites crystals in the manner of the so called “bond block”. The evenly nano-sized zeolite crystals with the
sizes of 100—150 nm are therefore formed and then subsequently self-assembly form a monolith ZSM-5. A mesopor-
ous system which centers around 2—20 nm is therefore introduced into the as-synthesized hierachical zeolites samples.
As compared with the references catalysts, the monolith ZSM-5 zeolite composed of nano-sized crystals displays an
enhanced conversion of isopropylbenzene because of the dramatically increased external surface areas and mesopores
volume as tested by the catalytic cracking of isopropylbenzene.
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Fig. 1 XRD patterns of the samples

(1) ZSM-5(A); (2) ZSM-5(B); (3) ZSM-5(C)
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Fig. 2 FT-IR spectra of sample of ZSM-5 zeolite

(A): (1) ZSM-5(A); (2) ZSM-5(B); (3) ZSM-5(C); (B): (a) CMC-Na;
(b) the precursor gel with CMC-Na; (c) ZSM-5 contained CMC-Na; (d)
ZSM-5 has been removed the concealed CMC-Na
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Fig. 3 SEM images of sample ZSM-5 zeolite
(1) and (2): ZSM-5(A); (3) ZSM-5(B); (4): ZSM-5(C)
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Fig. 4 N, adsorption-desorption isotherm and pore size dis-
tribution curve (inset) of the samples

(1) ZSM-5(A); (2) ZSM-5(B); (3) ZSM-5(C)

Schematic representation of the process which CMC-Na affects the formation of monolith ZSM-5 consists of nanocrystals
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Table 1 Physical structural properties of the samples
SBET Smic Scxt Smcso Vmic Vmcso ACldlty (PY)*/ (um()l.g)-l TOtal aCIdlty
SISty i) dmig?) (migh) Aemg?) Aem'gh) Bromsed | Lowis %) Aumolg’)

ZSM-5(A) 467 362 105 25 0.13 0.10 191 280 0.7 471
ZSM-5(B) 423 396 27 15 0.15 0.03 279 173 1.6 452
ZSM-5(C) 443 438 5 9 0.16 0.02 240 163 1.5 403

*: Pyridine desorped at 250°C, C(Pyridine on B sites)=1.88IA(B)R*/W; C(Pyridine on L sites)=1.42IA(L)R*/W*!!
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Fig. 5 Infrared spectra of pyridine absorbed at 200°C
(1) ZSM-5(A); (2) ZSM-5(B); (3) ZSM-5(C)

SN 1% HAA N 0.67 nm, 11 ZSM-5 1%
LR A 054 X 0.561", AR A ZE AR Ak E N
ZSM-5 WA AL AL, BIAE REE NS FLALIE
PR B A AR K, PR S O R 2 R R AE
ZSM-5 [FANRTH EIEAT . A TR SR A 2
A RAR T G K 3o A7 DR o 206 /N 3 S04 2 T 1GR3
fHEAb T RE TR 2

WK 6 fis, ZSM-5(A)_ 15 N K I IR AL R
9 87%, T ZSM-5(B) L[] 54%, 1T ZSM-5(C)
TR 44% . ORI AT bR R R Y i 45 T
NIRRT, BT REARS T ¥ ERKNT
ZSM-5 A IR FLALTE RT, S PORAR AR 3036
FFLALIE T 22, (A A0 L REAE Bl AT 1) A0 3R T E
1T 3 1 R W] ZSM-5(A)IF /MR AR = T ZSM-5(B)

80+
60

o 402
g ~ (1)

Conversion of isopropyl
benzene / wi%

220
3 3) ©(2)

1 I 1 L 1 I 1 L 1 1
0 5 10 15 20 25
Time on stream / h

Bl 6 300°C M ALK 5 A AR 1 e
Fig. 6 Cracking of isopropyl benzene at 300°C
(1) ZSM-5(A); (2) ZSM-5(B); (3) ZSM-5(C)
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