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Synthesis of Pure-silica BETA Zeolite by the Method of
Seed-direct Seam-assisted Crystallization
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(1. Technology Center of China Tabacco Guangxi Industrial Co., Ltd, Nanning 530001, China; 2. Department of Chemistry,
Fudan University, Shanghai 200433, China)

Abstract: The pure-silica zeolite BETA has a promising prospect in the field of cigarette harm reduction and pet-
rochemical industry. In present work, the single-template method, named as the seed-direct steam-assisted crystal-
lization (SAC), was used to synthesize the pure-silica zeolite BETA. And then the samples were characterized by
powder X-ray diffraction (XRD), scanning electron microscopy (SEM), nitrogen adsorption, and Fourier Transform
infrared spectroscopy (FT-IR). The results revealed that BETA seeds, template (TEAOH) and alkalinity exert great
effects on the synthesis of pure-silica zeolite BETA. The BETA zeolite with polymorph A enrichments (58%-68%)
is synthesized by SAC method, which can not be affected by the change of molar ratio of the raw materials. The
pure-silica zeolite BETA possesses the hydrophobic properties, which can be used in the separation of organic/H,0,
and the removal of harmful organic materials in cigarette smoke.
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Tablel Synthesisconditionsand products of puresilica BETA zeolite

Code Sample Molar composition (Seed/Si0,)/wt% Temp.('C)/Time (h) Product
1 BETA-0T10S150/48 18i0,:0TEAOH : 0.4NaOH : 9.4H,0 10 150/48 Amorphous
2 BETA-0.1T10S140/48 18i0, : 0.1TEAOH : 0.3NaOH : 9.4H,0 10 150/48 Amorphous
3 BETA-0.1T2S150/48 18i0, : 0.1TEAOH : 0.3NaOH : 9.4H,0 2 150/48 Amorphous
4  BETA-0.1T5S150/48 18i0, : 0.1TEAOH : 0.3NaOH : 9.4H,0 5 150/48 BETA
5 BETA-0.1T8S150/48 18i0, : 0.1TEAOH : 0.3NaOH : 9.4H,0 8 150/48 BETA
6 BETA-0.1T10S150/48 18i0, : 0.1TEAOH : 0.3NaOH : 9.4H,0 10 150/48 BETA
7 BETA-0.2T2S150/48 1Si0, : 0.2TEAOH : 0.2NaOH : 9.4H,0 2 150/48 Amorphous
8  BETA-0.2T5S150/48 18i0, : 0.2TEAOH : 0.2NaOH : 9.4H,0 5 150/48 BETA
9  BETA-0.2T8S150/48 18i0, : 0.2TEAOH : 0.2NaOH : 9.4H,0 8 150/48 BETA
10 BETA-0.2T10S150/48 18i0, : 0.2TEAOH : 0.2NaOH : 9.4H,0 10 150/48 BETA
11 BETA-0.3T2S150/48 18i0, : 0.3TEAOH : 0.1NaOH : 9.4H,0 2 150/48 Amorphous
12 BETA-0.3T5S150/48 18i0, : 0.3TEAOH : 0.1NaOH : 9.4H,0 150/48 BETA
13 BETA-0.3T8S150/48 1Si0, : 0.3TEAOH : 0.1NaOH : 9.4H,0 8 150/48 BETA
14 BETA-0.3T10S150/48 18i0, : 0.3TEAOH : 0.1NaOH : 9.4H,0 10 150/48 BETA
15 BETA-0.3T10S150/48 I 18i0; : 0.3TEAOH : ONaOH : 9.4H,0 10 150/48 Amorphous
16 BETA-0.3T10S150/481I 18iO, : 0.3TEAOH : 0NaOH : 9.4H,0 : 0.1NaCl 10 150/48 Amorphous
17 BETA-0.3T10S150/481I1  1SiO, : 0.3TEAOH : 0.2NaOH : 9.4H,0 10 150/48 BETA
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Fig. 1 XRD patterns of the samples synthesized under differ-
ent TEAOH (a) and BETA seed contents (b)
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Fig. 2 (a) XRD patterns and (b) low angle XRD patterns of
selected as-synthesized samples
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Fig. 3 Peak separation of the first low angle peak of pure silica
zeolite beta(sample BETA-0.1T10S150/48)
(a) Observed data; (b) Lower angle peak; (c) Higher angle peak; (d)
Base line data
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Table2 Polymorphic enrichmentsin SAC samples

Code  Sample Efxziegrh ;[r(l:gt;l hI—iIgelililtzEflgl]e A/(A+B.)

peak peak peak ratio
1 BSES];';‘E)(/)“;T 1000 1673 62.6%
2 B;;@E)(/)EST 1102 1738 61.2%
3 ?gg f;-g/ig 982 2073 67.9%
4 BSES]éE)(/)fBT 1414 2235 61.2%
5 BEFS];I;)(/)428T 945 2061 68.6%
6 ?ggﬁ_g/ig 1139 2036 64.1%
7 BSESI;?E)(/);E;T 1358 1940 58.8%
8 BgEsli‘lgE)(/)AtlgT 1211 2061 63.0%
9 ?ggﬁ_g/jg 1252 2121 62.9%
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Table3 Crystal sizes of the pure BETA zeolite samples

Code Sample Average size/nm
1 BETA-0.3T5S150/48 310
2 BETA-0.3T8S150/48 280
3 BETA-0.3T10S150/48 200
4 BETA-0.2T5S150/48 630
5 BETA-0.2T8S150/48 420
6 BETA-0.2T10S150/48 150
7 BETA-0.1T5S150/48 300
8 BETA-0.1T8S150/48 315
9 BETA-0.1T10S150/48 190
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Fig. 4 SEM images of pure silica BETA zeolite samples
(A) BETA-0.1T10S150/48; (B) BETA-0.1T8S150/48; (C) BETA- 0.1T5S150/48
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Fig. 5 SEM images of pure silica BETA zeolite samples
(A) BETA-0.3T10S150/48; (B) BETA-0.3T55150/48
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Fig. 6 Nitrogen adsorption-desorption isotherms of the selected

pure-silica BETA zeolite samples
(a) BETA-0.3T5S150/48; (b) BETA-0.3T10S150/48
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Fig. 7 FT-IR spectra of BETA-0.3T5S150/48 and BETA-
0.1T10S150/48
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Table4 Water absorption amount of selected pure
silica BETA zeolite sample and BETA seeds

(my-my)/

Code Sample Si/Al  my/g  my/g m
]

1 BETA-0.3T10S150/48 <o
2 BETA seeds 27

0.0698 0.0715 2.4%
0.0417 0.0558 33.8%
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