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Enhanced Quality of Zeolite LSX: Studying
Effect of Crystallized Containers

Jitlada Chumee

Abstract—Low silica type X (LSX) Zeolite is one of useful
material in many manufacturing due to the advantage properties
including high surface area, stability, microporous crystalline
aluminosilicates and positive ion in an extra-framework. The LSX
was used rice husk silica source which obtained by leaching with
hydrochloric acid and calcination at 500 C. To improve the
synthesis method, the LSX was crystallizated in Teflon-lined
autoclave will expedite deceasing of the amorphous particles. The
mixed gel with composition of 5.5 Na20 : 1.65 K20 : AI203 : 2.2
Si02 : 122 H20 was crystallized in different container
(Polypropylene bottom and Teflon—lined autoclave). The obtained
powder was characterized by X-ray diffraction (XRD), X-ray
fluorescence spectrometry, N2 adsorption-desorption analysis BET
surface area Scanning electron microscopy (SEM) and Fourier
transform infrared spectroscopy to justify the quality of zeolite. The
results showed the crystallized zeolite in Teflon lined autoclave has
102.8 nm of crystal size, 286 m2/g of surface area and fewer amounts
of round amorphous particles when compared with the crystallized
zeolite in Polypropylene.
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I. INTRODUCTION

ICE husk is an agricultural solid waste, rice milling

byproduct, produced in large quantities for no value. This
significant problem may be overcome by utilizing this waste
into useful materials. The ash obtained from rice husk is
composed of silica with small impurities of other inorganic
metal depending on geographic location and climate [1]-[3].

The utilization of rice husk is extraction of higher purity
silica by leaching with hydrochloric acid and calcination at
600°C under a static air or flowing atmosphere.

The rice husk silica can use as a source for preparation of
porous materials such as zeolite and mesoporous MCM-41,
increasing value [3]-[5].

Zeolite is widely used in manufacturing due to its property
such as high surface area, stability, micropore, crystalline
aluminosilicates and positive ion in an extra-framework.
Therefore, it can apply for catalyst support, gas separation and
detergents in manufacturing.

The low silica type X zeolite (LSX) is faujasite (FAU)
zeolite, Si/Al ratio in rang of 1-1.5. The LSX can use a silica
source from natural clay and rice husk for synthesis in
polypropylene bottom [5]-[7]. However, the results show a
number of amorphous particles, possibly it had unstable
pressure during the synthesis method. Therefore, the synthesis
method should be improved.
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The aim of this work was to study effect of crystallized
container between polypropylene bottom and Teflon lined
autoclave.

1. EXPERIMENT

A. Materials

The chemical reagents for synthesis zeolite LSX were
analytical grade hydrochloric acid (37% HCI, Carlo Erba),
sodium aluminate (NaAlO,, Riedel-de Han), sodium
hydroxide (NaOH, Carlo Erba) and potassium hydroxide
(KOH, Carlo Erba)

B. Synthesis and Characterization of Zeolite LSX

Rice husk silica for synthesis zeolite LSX was extracted by
leaching with hydrochloric acid and calcination at 500°C with
a modified method from literature [7]. The silica source from
rice husk was dissolved in 3.5 M NaOH solution for
preparation of sodium silicate solution that was used to
synthesize zeolite LSX. The zolite LSX was synthesized by
mixing the seed gel and feed gel to obtain initial batch
composition of 5.5 Na,0 : 1.65 K,0 : Al,O3 : 2.2Si0, : 122
H,O and was poured in different container (Polypropylene
bottom and Teflon-lined autoclave). Then, the mixed gel was
aged at 70°C for 3 h and crystallized at 100°C for 2 h, filtrated
and washed with deionized water until it was pH 10. Finally,
the powder product was washed with 0.01 M NaOH solution
for hydrolysis protection.

The obtained powder material was characterized by X-ray
diffraction (XRD; BRUKER AXS: D8 ADVANCE A25), X-
ray fluorescence spectrometry (XRF), Scanning electron
microscopy (SEM; Jeol scanning microscope model JSM-
5410), N, adsorption-desorption analysis BET surface area
(Autosorb-1 chrantachrome, BL model) and Fourier transform
infrared spectroscopy (FT-IR; BRUKER TENSOR27).

I1l.  RESULTS AND DISCUSSION

The rice husk was obtained from Ubonratchathani province,
Thailand and analyzed with XRF for determination amount of
silica. The results show that it is contained of 87% of silica.
After extraction with HCI, the purity silica was increased to
98%. It seems to be suitability for preparation of sodium
silicate solution that was used to synthesize zeolite LSX [3],
[5].

There are two powder products of zeolite (LSX-A and
LSX-B), which was synthesized from rice husk silica. LSX-A
and LSX-B refer to the zeolite was crystallized in
polypropylene bottle and Teflon-lined autoclave, respectively.

The XRD result is shown in Fig 1. Both of LSX-A and
LSX-B zeolite have characteristic peaks comparable with the
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standard NaX. The degree that has a highest intensity was
selected for calculation crystallite size from Scherrer equation.

The LSX-B showed similar crystallite size compared with
standard NaX (102.89 nm) as show in Table | [7], [8]. The
other hand LSX-A showed smaller crystallite size than LSX-
B. It is possibly, the stable pressure during crystallized zeolite
in Teflon-lined autoclave was helped to grow the crystallite
size better than polypropylene bottle.
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Fig. 1 XRD spectrum of zeolite LSX-A, LSX-B and standard NaX

In addition, both of LSX-A and LSX-B zeolite have similar
composition with Si/Al ratio around 1.3 as show in Table Il
though the LSX-B has higher surface area than the LSX-A, it
seem clear the container used for synthesis effect to the quality
of zeolite [7], [8].

TABLE |
CRYSTALLITE SIZE AND SURFACE AREA OF ZEOLITE LSX-A AND LSX-B

Zeolite Crystallite size (nm) Surface area (m?/g)
LSX-A 99.26 239
LSX-B 102.88 286

TABLE Il

COMPOSITION OF ZEOLITE LSX-A AND LSX-B

Composition LSX-A (%) LSX-B (%)
o 48.49 53.69
Na 9.53 7.29
Al 16.73 15.11
Si 22.67 21.76
K 2.58 2.15

Fig. 2 shows SEM images of LSX-A and LSX-B at
different magnification. There are two types of particle shape
consisted of round amorphous and multi-faceted spherulite
crystals. The both of them have mixing particle shape.
However, the particle size of LSX-B was larger than LSX-A,
corresponding with XRD results [7].

Fig. 2 SEM images of zeolite LSX-A and LSX-B at different
magnification
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Fig. 3 The FTIR spectra of zeolite LSX-A and LSX-B
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The FT-IR spectra of zeolite LSX-A and LSX-B are
showed in Fig 3. The presence of transmission bands at 3,478
cm* and 1630 cm* were the vibration of —OH stretching and —
OH; bending of adsorbed water molecule. The strong peak at
950 cm* was corresponded to Si-O stretching or Al-O
stretching in the tetrahedral framework of zeoilte.

Moreover, the bands appear lower than 700 cm- referred to
finger print region which was the vibration of symmetric
stretching double ring and Si-O or AI-O bending in
tetrahedral framework that are characteristic of FAU zeolite
[71-{10].

IV. CONCLUSION

The type of crystallized container has effect to the surface
area and the particle size of zeolite LSX. Moreover, the
enhancement of zeolite LSX quality was obtained in Teflon-
lined autoclave.
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