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INTRODUCTION

After the historical publication of ordered mesoporous
molecular sieves by a liquid crystal template synthesis method1,
many newly designed nano-structured materials have been
introduced by various kinds of template synthesis or fabrication
during last two decades2-4. Among them, porous carbon
materials have attracted considerable attention because of their
remarkable properties such as high specific surface area, large
pore volume, chemical inertness and good mechanical stability,
which propose great potentials in many areas of modern
science and technology including water and air purification,
gas separation, catalysis, chromatography, energy storage and
electrode for battery and fuel cell4-8. Using an organic compo-
nent as a template has accelerated development of new zeolites9.
The initial driving force for use of organic cations such as
alkyl ammonium was to synthesize a zeolite material with a
larger intracrystalline pore channel system than X or Y type
zeolites which have been used extensively in catalytic cracking
processes9-11. A wider pore zeolite would crack more of the
larger hydrocarbons in petroleum10-12. Some materials such as
nano silver and nano transition metals impregnated zeolite
materials have attracted considerable attention since they show
extraordinary properties such as antibacterial and antivirus13-16.
But they might cause the inhalation toxicity, since the size
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and surface area are recognized as important determinants for
toxicity to human17. Sometimes, the nano sized materials show
the unique properties in the nano scale, but, they lose the
activity during the fabrication to macro scale. The organization
of nano materials to various substrates without any extinction
of their nano scaled properties and inhalation problems remain
to be studied. Self-assembly of nano materials to substrates
allows materials to be designed with hierarchical order and
complexity that mimics those seen in biological systems18. The
growth of 2D arrays of uniformly aligned silicalite-1 crystals
on glass oriented perpendicular to the substrate plane have
been reported18. The aligned polyurethane films as matrices
have been applied for the manipulation of nano materials18.

Recently, many interests in natural fiber reinforced polymer
composites materials are rapidly growing both in terms of
industrial applications and fundamental research19. They are
renewable, low cost, recyclable and biodegradable. Kapok fiber
is natural and has a shape of round microtube with smooth
surface and thin wall. Chemically, Kapok fiber consists mainly
of cellulose and an inert plastic-like material called lignin20.
In this study, the syntheses of various mesoporous material
and nano silica ball material anchoring on the Kapok surface
have been studied. In this research we report the ZSM-5 zeolite
anchored Kapok fiber synthesized by hydrothermal reaction.
To get the clear and smooth surface of the hollow fiber, solvent



and acid treatment process had been adopted to remove the
lignin and wax layer. The hollow Kapok fibers were applied
as a template in the hydrothermal reaction for preparation of
ZSM-5 zeolite anchored Kapok fiber.

EXPERIMENTAL

The Kapok was a product of Thailand. The fiber has an
hollow tubular structure with average internal diameter by 12-
16 mm. The thickness of the hollow tube was 2 mm. Soxhlet
washing of Kapok by hexane solution for 1 h was conduct to
wash the internal wax and lignin components. The fibers were
dried at room temperature.

Synthesis of ZSM-5-Kapok composites: For the modifi-
cation of Kapok surface, the soxhlet washed Kapok was soaked
in cetyl trimethyl ammonium bromide (CTAB, 1 % solution)
or sodium dodecyl sulphate (SDS, 1 % solution) and then dried
at room temperature overnight (Fig. 1). The surface modified
Kapok fiber was placed into an aluminum silicate gel. The
aluminum silicate gel was made by mixing of 7.83Na2O:
1TPABr: 3000H2O :(0.25-2.00)Al2O3 :100 SiO2. Table-1 shows
the aluminum silicate gel composition applied for the
experiment. ZSM-5 zeolite was hydrothermally synthesized
using tetrapropylammonium bromide (TPABr) as the organic
template21. After stirring for 2 h, the pH of the reaction mixture
was adjusted to 11 and stirred for another 12 h. The gel was
then placed in a stainless steel pressure vessel lined with teflon
or autoclave reactor and heated at 150-185 ºC for 24 h. The
autoclave was then cooled and the solid product was centri-
fuged at 4,000rpm for 0.5 h and filtered and then washed with
boiling deionized water and dehydrated at 60 ºC for one day
(Table-1).

Fig. 1. SEM image of Kapok fiber after soxhlet washing

TABLE-1 
PREPARATION AND TREATMENT OF SAMPLES 

Sample 
No. 

Temp. 
(ºC) 

Si/Al 
ratio 

Aging 
time (h) 

Kapok Per-treatment 

1 25 
2 100 
3 

150 
200 

4 25 
5 100 
6 

175 
200 

7 25 
8 100 
9 

185 
200 

0 CTAB 

10 48 1N NaOH + SDS 
11 0 
12 

150 25 
48 

1N NaOH + SDS +Sonication 

 

Characterization: The Kapok-ZSM-5 composites were
examined with SEM (FEI Quanta 200) at 25 kV and 20,000
magnifications. XRD patterns of the composites were recorded
on a Philips PW 1840 diffractometer using CuKα radiation
(40 kV and 25 mV). The composites were well characterized
by Fourier transform infrared spectroscopy (JASCO FTIR-4200)
using KBr self-supported pellet technique. Thermal behavior
of the sample was identified by thermogravimetric and diffe-
rential thermal analysis (TG-DTA, LINSEIS STA PT-1600)
performed under a nitrogen atmosphere over a temperature
range of room temperature to 900 ºC at a heating rate of 5 ºC/
min. The specific surface area was evaluated using the standard
Brunauer-Emmett-Teller (BET) method.

RESULTS AND DISCUSSION

Soxhlet washing of Kapok by hexane solution for 1 h
was conducted to wash the internal wax and lignin components.
The Kapok had a hollow fiber structure with external diameter
of 12-16 mm (Fig. 1). The surface of Kapok fiber after soxhlet
washing is relatively smooth. Two possible methods for ZSM-
5 anchoring on Kapok fiber can be considered as shown in
Fig. 2.
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Si/Al

Si/Al
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Kapok-ZSM5
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Hydrothermal
reaction

Hydrothermal
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Fig. 2. Schematic diagram for the synthesis of Kapok-ZSM-5

One is the way covered by cationic surfactant such as
cetyl trimethyl ammonium bromide and the other is the way
covered by anionic surfactant such as sodium dodecyl sulphate.
To improve the negative charge, alkali application and ultra-
sonication were paralleled during the SDS treatment. Since
Kapok fiber is highly hydrophobic, hydrocarbon chain of the
surfactants can be oriented to the surface. Consequently, the
surface can be charged by polar surfactant head groups and
then ZSM-5 complex on the Kapok fiber can be formed due
to interaction between the charged surface and charged
template agent. ZSM-5 can be formed either in the bulk phase
of the reaction or on the surface of the Kapok. Most of the
ZSM-5 materials were anchored on the surface of Kapok that
suggests formation of ZSM-5 on Kapok fiber seems favorable
at the treatment of anionic surfactants as shown in Fig. 3.

Fig. 4 shows the powder X-ray diffraction spectra of as-
synthesized ZSM-5 on Kapok fiber. The XRD patterns agree
with those found in the literature21. The X-ray patterns of ZSM-
5 do not change with silicon content indicating that the structure
is unchanged even for silicalite. Fig. 5 shows the TG-DTA
diagram of Kapok-ZSM-5. The exothermic reaction occurring
at 420 ºC is the decomposition of template, TPABr. The ZSM-
5 framework contains two intersecting channel systems such
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Fig. 4. XRD spectrum of Kapok-ZSM-5 composite (sample #12)
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Fig. 5. TG-DTA diagram of Kapok-ZSM-5 composite (sample #12)

Fig. 3. SEM images of Kapok-ZSM-5 composites

Vol. 26, No. 6 (2014) Assembly of ZSM-5 Zeolite on Natural Fiber  1613



as straight and sinusoidal can be formed by the calcination of
template, TPABr. The straight channels along the b direction
are 5.4 Å × 5.6 Å and the channels are 5.1 × 5.5 Å21.

Fig. 6 shows the FTIR spectra of ZSM-5 anchored Kapok.
The absorption band at 1740 cm-1 is assigned to carbonyl (C=O)
group of Kapok based on the chemical characterization. Kapok
fiber contain acetyl groups up to 13 %. The band is decreased
considerably after Kapok-ZSM-5 composites form. Three strong
absorption bands at 1220, 1115 and 795 cm-1 are observed at
ZSM-5-Kapok composite. The bands at 1115 and 1220 cm-1

are the absorption by asymmetric stretching of Si-O bonds22,23.
The band at 795 cm-1 is the character of ring structured Si-O
absorption band of zeolite and suggests a novel configuration
of linked tetrahedral at three-dimensional framework structure.
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Fig. 6. FTIR spectrum of Kapok-ZSM-5 composite (sample #12)

Conclusion

The hollow Kapok fibers were applied as a template in
the hydrothermal reaction for the synthesis of Kapok-ZSM-5
composites. Most of the ZSM-5 materials were anchored on
the surface of Kapok that suggests formation of ZSM-5 on
Kapok fiber seems favorable at the treatment of anionic surfac-
tants. The Kapok-ZSM-5 composites were confirmed and
characterized by SEM, XRD, TG-DTA and FTIR analysis.
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