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Synthesis and Characteristics of Zsm-22 Zeolite by Like-solid-phase Method

LI Mengchen, GAO Shanbin, YU Hongyue, SHEN Yuge, BO Yawen, CHI Kebin
(Petrochemical Research Institute of PetroChina, Beijing 102206, China)

Abstract: The ZSM-22 zeolite was synthesized by like solid-phase method with solid silicon as a silicon source. The effects of silicon
source type, seed, alkali/silica ratio, crystallization temperature/time and stirring rotational speed in the crystallization on the synthesis
performance were investigated. The result indicate that the ZSM-22 zeolite with a high crystallinity can be prepared under the optimum
conditions (i.e., n(KOH):n(Al,05):n(SiO,):n(H,0):n(DAH):n(seed) of (0.150-0.180):0.012 5.000:1.000:(5.100-7.900):0.300:0.068,
crystallization temperature of 443 K, crystallization time of 16 h and stirring rotational speed of 20 r/min). Compared to the
conventional hydrothermal method, the like-solid-phase method can reduce the crystallization time and increase the solid content of
feeds and product yield. The zeolites synthesized by hydrothermal and like-solid-phase method were characterized by X-ray
diffraction, specific surface area measurement, pyrolysis infrared spectrometry and scanning electron microscopy > respectively,
showing that they have differences in the acidity distribution and pore structure.

Keywords: like-solid-phase method; zeolite; molecular sieve; seed
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Fig. 1 XRD patterns of synthesized samples at different
n(KOH):n(Si0,) ratio
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Fig. 2 SEM micrographs of silicon source
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Fig. 3 XRD patterns of synthesized samples at different

n(KOH):n(Si0)
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Table 1 Relative crystallinity of product at different
n(H,0):n(Si0,) feed ratio

Sample No. n(H,0):n(Si0y) Relative crystallinity/%
A 9.9 91.2
B 7.9 95.5
C 6.5 94.8
D 5.1 96.1
E 3.2 85.4

n(KOH):n(Al,05):n(Si0,):n(DAH):n(seed)=0.150 0:0.012 5:1.000 0:0.3:0.068 0.
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Fig. 4 XRD patterns of synthesized samples at different
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Fig. 6 SEM micrographs of synthesized samples in the crystallization process with solid-like method
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Fig. 7 Curve of crystallinity with time by different methods
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Fig. 8 Curve of crystallinity with crystallization temperature and rotating speed
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Table 2 Py-IR result of ZSM-22 by different methods
Acidity quantity/(umol-g™)

200 C 350°C
Sample
L acid B acid B/L Lacid Bacid B/L
Hydrothermal 62.8 359.6 5.7 53.9 328.2 6.1
Solid-like 77.3 212.3 2.7 67.9 198.6 2.9




. 2664 -+ CRERR Sh2230)

J Chin Ceram Soc, 2021, 49(12): 2659-2666

2021 4F

0.4 KK G, VLEHAEENFLEE ), MG
(PR RL 53 BT o] Be AR SEIRFLIE, IX AT BE A R H K [
A L2 A B AR A A FLEE 4

3 NAFETTIEE R ZSM-22 41 ) BET 45
B 3 AT, 7R ZRIE AR B ik A LR T A AN AL
PG NT KA 3, LU AT .

140

120
100 i
80 I
60 i

40t

Quantity adsorbed STP/(cm’-g™")

20

O_

plps
(a) Hydrothermal

100 -

60

40 -

20+

Quantity adsorbed STP/(cm*-g™)

0.0 . 0.2 . 0.4 . 0.6 . 0.8 I 1.0
Plpo
(b) Solid-like
B9 R4 i ZSM-22 Wl A1 1) N, IR PR — Bt i 25 2k
Fig. 9 N, Adsorption—desorption isotherm of ZSM-22 by
different method
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Table 3 BET result of ZSM-22 by different methods

BET surface t-Plot micropore H-K median
Method 2 3. -1 ;
area/(m™g ) volume /(cm™ g ) pore width /nm
Hydrothermal 143.1 0.061 0.56
Solid-like 145.1 0.057 0.55
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Fig. 10 SEM micrographs of ZSM-22 by different methods
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Fig. 11 *’Al MAS NMR spectrum of ZSM-22 by solid-like
method
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Fig. 12 TG-DTA curves of ZSM-22 by different method
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Table 4 Comparison of solid-like process and hydrothermal process

Method n(H20): n(SiOy) Solid content/% Yield/% Crystallization time/h Relative crystallinity/%
Hydrothermal 342 8.5 7.1 63 100
Solid-like 5.1 36.2 31.4 16 96
Yield is single kettle production/raw material quality of single kettle.
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