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Solid-State Synthesis of Spherical-like Silicalite-1 Zeolite

LI Mingquan, WANG Jiayuan, FU Yajie, SUN Xu, YANG Ruiqin, XING Chuang
(School of Biological and Chemical Engineering, Zhejiang University of Science and Technology, Hangzhou 310023, China)

Abstract: Clustered crystals of Silicalite-1 forming spherical-like structures were synthesized by a solvent-free solid-state method
using activated carbon as a hard template. The influence of activated carbon dosage on the Silicalite-1 zeolite was explored by X-ray
diffraction, specific surface area analysis, scanning electron microscopy, transmission electron microscopy, infrared spectroscopy, and
X-ray photoelectric spectroscopy. The results show that the C—O—Si bond is formed between hydroxyl groups on the surface of
activated carbon and silicic acid, growing and aggregating along the activated carbon and formed spherical-like Silicalite-1 zeolites
after calcination. The spherical-like Silicalite-1 prepared with 10% (in mass fraction) activated carbon has a greater crystallinity with
great specific surface area and pore volume as well as uniform particle size.
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Fig. 1 Synthesis images of spherical-like Silicalite-1 zeolite
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Table 1 Crystallinity data and unit cell parameters of Silicalite-1 zeolites with different amount of activated carbon (AC)

Unit cell parameter

Sample Relative crystallinity/%

a/nm b/nm c/nm c/A o=p=y/(°)
Silicalite-1 zeolite 2.0038 1.9928 1.3382 0.670 90
s1 93 1.9552 2.0252 1.4028 0.705 90
S1-1%AC 100 2.0071 1.8626 13414 0.693 90
S1-5%AC 92 1.9550 2.0545 1.406 4 0.702 90
S1-10%AC 91 1.9896 2.0455 1.4202 0.704 90
S1-20%AC 38 19621 1.9621 1.3152 0.670 90
S1-30%AC 30 1.9589 2.3245 13139 0.613 90
A=(a+b)/2.
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Fig. 2 XRD patterns of AC, standard Silicalite-1 zeolite and % 40__ r"r"
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Fig. 3 N, adsorption—desorption isotherms of Silicalite-1

zeolites with different amounts of AC
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Fig. 4 XRD patterns of Silicalite-1 zeolites with different
amount of AC
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Table 2 Specific surface area and pore volume of Silicalite-1 zeolites with different amount of AC

Sample Sp/(m*g™) Sw/St Val(em®-g ™) Vil Ve
S1 364 0.025 0.179 0.028
S1-1%AC 368 0.041 0.183 0.060
S1-5%AC 369 0.038 0.184 0.060
S1-10%AC 333 0.045 0.172 0.105
S1-20%AC 150 0.080 0.104 0.356
S1-30%AC 85 0.176 0.074 0.541

St is total specific surface area; Sy is mesopore specific surface area; Vr is total pore volume adsorbed at p/p;=0.95; V' is mesopore pore volume.
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(d) S1-10%AC
s
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(f) S1-30%AC

Fig. 5 SEM images of Silicalite-1 zeolites with different amount of AC
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