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Template-free Synthesis of Uniform Monodispersed ZSM-5 Zeolite
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Abstract: ZSM-5 zeolite was synthesized by a seed-induced strategy in a template-free gel synthesis system of high concentrations.
The effects of seed size and seed amount on the morphology of the products were investigated, and the amplification synthesis was
also conducted. The results show that the monodispersed and uniform ZSM-5 zeolite with a hexagonal plate morphology can be
obtained via seed-induced synthesis. The size of seeds has an effect on the size of the induced ZSM-5 zeolite crystals. The smaller
seeds can induce the formation of smaller ZSM-5 zeolite crystals. Meanwhile, little differences appear in the size distribution and
pore structure of synthesized zeolites. The size of the synthesized ZSM-5 zeolite product decreases with the increase of seed amount,
thus obtaining different sizes of ZSM-5 crystals from micron-scale to submicron-scale. The product preparation can be scaled up to
20 times and the product prepared in a larger scale preparation has good crystallinity and thermal stability. The yield of zeolite
product can reach over 90%.
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Fig. 1 SEM photographs and XRD patterns of seed crystals of different sizes

(b) Sample Z, (c) Sample Z,
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Fig. 2 SEM photographs of ZSM-5 zeolite induced by different seeds
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(b) N, adsorption—desorption isotherms
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Fig. 3 XRD patterns and N, adsorption—desorption isotherms
of samples Z,, Z,, Z; and sample Z, synthesized without
seeds

®1 TERMESEHE ZSM-5 HATFHE
Table 1 Features of ZSM-S zeolite synthesized by different seeds

Sample No. Seed size/nm Crystal size (a xb xc)/nm n(Si)/n(Al) ratio Product yield/% Relative crystallinity/%
Z, 110 500x170%850 24.5 91.4 100
Z, 250 680%260%1 000 24.7 94.7 95
VA 350 700%310x1 100 23.7 90.3 83
n is mol.
R2 TERMESENR ZSM-5 HAFLEMMER
Table 2 Pore structural properties of ZSM-5 zeolite synthesized by different seeds
Sample No. Sper/(m’-g ) Viero(cm™g 1) Vinesol(cm™g ) Viowl/(em™g ")
Z, 422.60 0.16 0.04 0.20
Z, 405.90 0.14 0.06 0.20
Z; 417.70 0.16 0.03 0.19

Sger is surface area;

Vnicro 18 micropore volume; Vineso 1S mesoporous volume; Vi, is total pore volume.
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Fig. 4 SEM photographs of ZSM-5 zeolite induced by different seeds amount
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Table 3 Features of ZSM-5 zeolite synthesized by different amounts of seeds

Sample No. Addition of seed/% Crystal size(a b xc)/nm Product yield/% Relative crystallinity/%
Zy3 0.3 1200x750x1 800 83.2 92

Zy7 0.7 680%260%1 000 94.7 100

Zyy 1.1 400%240x800 90.3 86

Zs 1.5 410%300x750 86.0 81

Intensity

5 10 Is 20 25 30 35 40 45 50
20/(°)
(b) XRD pattern
K6 flisFBOCE R ZSM-5 il 411 SEM [ 1 XRD 1%
Fig. 6 SEM image and XRD pattern of the ZSM-5 zeolite

synthesized by seeds induced technique in enlarged
conditions
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(c) N, adsorption—desorption isotherms
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Fig. 7 FT-IR absorption spectroscopy, TG curves and N,
adsorption—desorption isotherms of samples Z, and
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