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Hierarchical Beta Zeolite Prepared by Steam-assisted Conversion Method
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Abstract: Synthesis of hierarchica zeolite with complex micropore-mesopore structures has attracted great attention
because of their practical or potential applications. In present study, hierarchical Beta zeolite was synthesized by the
“steam-assisted conversion (SAC)” method without secondary template. Factors affecting formation of the hierarchical
Beta, such as the added amount of organic template, alkalinity and silicato aluminaratio of the gel precursorsyielding
the hierarchical Beta zeolite, vapor pressure and crystallization time during the “steam-assisted conversion (SAC)”
process, were investigated. The structural, crystalline and textural properties of the as-synthesized samples were char-
acterized by X-ray diffraction (XRD), scanning electron microscope (SEM), transmission electron microscope (TEM),
Fourier transform infrared (FT-IR) spectroscope, Raman spectrum, N, adsorption-desorption, and NHs-TPD. The for-

Wi B EA: 2017-03-28; Y EIfEea#s HER: 2017-05-08
HEEeWH: uﬁﬁﬁkﬂ%%ié HOA LI 2R 42 (U1463209); [ 2 B S8R 24 (21371129, 21376157); H [ A ik Tk
A R 2 =) 5 Bh 30 H (116050)
Jonnt Funds of the National Natural Science Foundation of China-China Petroleum and Chemical Corporation
(U1463209); National Natural Science Foundation of China (21371129, 21376157); SINOPEC (116050)
TEE I PhBEE)(1991-), B3, Wi-L-HF5ik. E-mail: 1585539410@qg.com
BIEE: BEXZE, BIZIZ. E-mal: zhengjigjun@tyut.edu.cn



28 51 A < = S

#33%

mation mechanism of the hierarchical Beta was explored on the base of the results detected by FT-IR, Raman spectrum,

and SEM. Results showed that the as-synthesized Beta zeolite was composed of primary nano-sized crystals with a

diameter of 10-40 nm, and a mesoporous structure ranging from 2 to 30 nm was therefore introduced. A tremendous

amount of primary and/or subprime building units, which were bred during preparation of dry gel, induced a burst in

nucleation rate. Nano-sized zeolite crystals were, therefore, created that subsequently formed polycrystalline Beta zeo-

lite material by aggregating the nanocrsytals with each other.

Key words:. hierarchical pore; Beta zeolite; “ steam-assisted conversion” method
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Fig. 1 XRD patterns of the as-synthesized Beta zeolite
(a) With different TEAOH/SiO;, ratios in the precursors gel 1-5 of 0.10, 0.08, 0.06, 0.04, 0.02, respectively; (b) With different
NaO/SiO; ratios in the precursors gel 1-5 of 0.24, 0.18, 0.12, 0.08, 0.06, respectively; (c) With different H,O/dry gel ratios
during the “ steam-assisted conversion” process 1-7 of 0.50, 0.40, 0.30, 0.25, 0.20, 0.10, 0.02, respectively; (d) With different
steaming-treated time 1-5 for 72 h, 60 h, 48 h, 36 h, 24 h, respectively; (€) With different SiO,/Al,O; ratios
in the precursors gel 1-5 at 100, 80, 60, 40, 20, respectively
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Fig. 2 N, adsorption-desorption isotherms (a) and DFT pore
size distributions curves (b) of Beta zeolite samples
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Tablel Sructureparametersof hierarchical Beta zeolite

Size of primary

Sample Serl(M-gY)  Sud(Mg™)  Sexrd(Mg™)  Vd(em®g™") Vueso/(cm>g™) crystline grain/inm
Beta-40-48-s 754 600 154 0.24 0.13 30°
Beta-60-48-s 728 581 147 0.23 0.17 35°
Beta-80-48-s 702 569 133 0.23 0.21 392
Beta-100-48-s 692 535 157 0.21 0.15 443
Beta-40-96-h 672 621 51 0.25 0.07 1500°

a Obtained by Scherrer equation; b: Obtained by SEM results

109V 4.2 mmk 50,0k SE(M,EA0) |

Bl 3 Beta-40-48-s i 4[] SEM (a, b)Fil TEM (c)f& H
Fig. 3 SEM (a b) and TEM (c) images of Beta zeolite Beta-40-48-s

Intensity / (a.u.)
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d —Dry gel

089
I 1 I
1200 1400

400 600 800 1000
Wavenumber / cm™

Bl 4 &AL Betaith A A ki

Fig. 4 FT-IR spectra of dry gel and the hierarchical Beta zeo-

lite samples
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Fig. 5 SEM images (a-h) and Raman spectrum (i) of Beta-40
(a) Beta-40-48-h; (b, c) Beta-40-96-h; (d) Beta-40-0-s; (€) Beta-40-12-s; (f) Beta-40-24-s; (g) Beta-40-36-s;
(h) Beta-40-48-s; (i): Raman spectrum of Beta-40-0-s
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Fig. 6 Schematic representation of the process of hierarchical Beta composed of nanocrystals
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