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Abstract

ZSM-5 zeolite particles were synthesized through in-situ extraction of silica from rice husk ash in the absence of organic template by a
simple hydrothermal condition at 150 °C/72-96 h. The powders were characterized by XRD, TGA, DTA, FTIR, N, physisorption
studies, and field emission scanning electron microscopy (FESEM). Crystallization of ZSM-5 started at 150 °C/72 h. The vibration
bands at around 540 and 1220 cm ™~ indicated the presence of characteristic double 5-ring of ZSM-5. The BET surface area and pore
volume increased with increase in synthesis time from 72 to 96 h at 150 °C. FESEM images showed coffin-shaped morphology of ZSM-5
particles.
© 2012 Elsevier Ltd and Techna Group S.r.1. All rights reserved.
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1. Introduction

Zeolites are hydrated crystalline aluminosilicates composed
of tetrahedral TO, units (T=Si or Al) which are linked
together by sharing oxygen atoms to form regular intracrystal-
line cavities and channels of atomic dimensions. The frame-
work of ZSM-5 contains two intersecting channel systems
composed of sinusoidal (zigzag) and straight channels with 10-
membered ring openings [1] of diameter ~5.5 A. Because of
its unique structure with good catalytic activity and shape
selectivity [2], it finds several applications in petrochemical
processing, fine chemical production, and liquid and gas
separation. ZSM-5 zeolites are commonly prepared by the
hydrothermal method of the gel containing precursors of
silica, alumina, nonbridging metal cations, and organic tem-
plate as structure directing agents (SDAs). Tetrapropyl
ammonium hydroxide (TPAOH) or tetrapropyl ammonium
bromide (TPABr) is generally used as SDA for the synthesis
of ZSM-5; however, different amines instead of TPAOH
or TPABr have also been used as structure directing agents
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(SDAs) [3-6]. The use of organic templates can cause many
adverse problems such as high production cost, contamination
by waste water, air pollution arising from thermal decomposi-
tion, and coke deposit due to incomplete decomposition.
Therefore, to overcome such detrimental effects, many rese-
archers have made great effort to synthesize ZSM-5 in the
absence of organic templates [7,8]. Kim et al. [7] synthesized
ZSM-5 in the absence of organic templates under stirring
conditions. Cheng et al. [§] obtained ZSM-5 sans using organic
template at 180 °C.

Synthesis of ZSM-5 from low cost silica sources becomes
important for industrial production. Rice husk is an abun-
dantly available agricultural waste material containing max-
imum amount of siliceous ash. Burning of rice husk in air
produces rice husk ash (RHA) containing 85-98% silica. The
burnt rice husk causes environment pollution and health
hazard [9]. Therefore, useful applications of rice husk are
desirable to mitigate environment pollution and health hazard.
Recently, we have reported the utilization of RHA for the
synthesis of hydroxy sodalite [10], and ZSM-5 zeolite [11] in
the presence of organic templates (tetrapropyl ammonium
hydroxide (TPAOH)).

In this communication, we have synthesized ZSM-5
zeolite powders using RHA as a silica source and other
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low cost water-based precursors, in the absence of any
organic template following a single step hydrothermal
process at relatively low temperature (150 °C) under static
condition; to the best of our knowledge, it has not yet been
reported before. As the present method for the preparation
of ZSM-5 zeolite powders starts with the agricultural waste
material, RHA, and avoids use of any organic precursors,
it will be advantageous as a low cost and environment
friendly process.

2. Experimental
2.1. Material and preparation of ZSM-5 particles

RHA locally collected followed by its calcination at
700 °C for 6 h with a heating and cooling rate of 4 °C
min~' each in air atmosphere, having the composition
(wt%) SiO; (95.54%), Al,O3 (0.78%), K5O (0.72%), P,Os
(1.45%), MgO (0.60%), CaO (0.29%), Fe>O3 (0.23%),
Na,O (0.10%), MnO (0.05%), TiO, (0.02%) and SO;
(0.22%), sodium hydroxide (G.R., Merck, India,
purity > 98%), aluminum metal foil (A.R., s.d. Fine-
chem Ltd., India, purity >99%), and deionized water
(DI) were used as the starting materials. Fig. 1 shows
schematically the preparation of ZSM-5 particles. Sodium
aluminate solution as prepared by dissolving aluminum
metal foil (0.08 g) with NaOH solution (4.8 g in 20 mL
water), was mixed proportionately with RHA (18.9 g) and
water (142 mL) under stirring with the molar composition
of 100Si10,:0.5A1,05:20Na,0:3000H,0. The stirring was
continued for 20h to obtain dispersion. The above
dispersion was poured into Teflon-lined stainless steel
autoclaves and heated at 150 °C for 48-96 h under auto-
genic pressure. After hydrothermal reaction, the as-
prepared powders were collected by centrifugation
(9000 rpm) followed by washing with water repeat-
edly until the washing liquid became almost neutral.
The powders were dried at 80 °C for 4 h followed by
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Fig. 1. Schematic representation for the synthesis of ZSM-5 zeolite
powders using rice husk ash as a silica source and in the absence of
organic templates.

calcination at 550 °C for 5h with heating rate of 1°C

min~ ' and cooling rate of 2 °C min~'.

2.2. Material characterization

The crystal phases of the powders were identified using
powder diffraction technique by a Philips X’Pert Pro XRD
(Model: PW 3050/60) with Ni-filtered Cu-K, radiation
(4=0.15418 nm), operating at 40 kV and 30 mA. The
thermal behaviors of the as-prepared powders were studied
by differential thermal analysis (DTA) and thermogravi-
metry (TG) (Shimadzu 50, Japan) from 30 to 800 °C in air
atmosphere at the heating rate of 10°Cmin~'. The
characteristic vibration bands of the particles were con-
firmed by FTIR (Nicolet SPC, Nicolet Analytical Instru-
ments, Madison, WI) with KBr pellets at a resolution of
4cm~'. Nitrogen adsorption and desorption measure-
ments were performed at liquid nitrogen temperature
(77 K) with a Quantachrome (Autosorb 1) instrument.
The samples were outgassed in vacuum at 300 °C for 4 h
prior to measurement. The total surface area was deter-
mined by the BET method [12]. Micropore (pore size < 20
A) volume was calculated by the #-plot method [13]. The
total pore volume was estimated from the amount of
nitrogen adsorbed at the relative pressure (p/po) of
~0.99. The Barrett-Joyner—-Halenda (BJH) method [14]
was employed to calculate the pore size distribution in the
mesopore range while the HK method [15] was applied for
pore size distribution in micropore range. The morphology
of the synthesized particles was examined by FESEM
(Model: Zeiss, SupraTM 35VP, Oberkochen, Germany)
operating with an accelerating voltage of 10 kV.

3. Results and discussion
Fig. 2 shows the XRD patterns of the powders obtained

hydrothermally at 150 °C for (a) 48, (b) 72, and (c) 96 h. It was
observed that for 48 h of reaction time the crystallization of
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Fig. 2. XRD patterns of ZSM-5 powders synthesized using rice husk ash
as a silica source and in the absence of organic templates at 150 °C for
(a) 48, (b) 72, and (c) 96 h.
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ZSM-5 particles did not take place. The crystallization of
ZSM-5 started at 150 °C/72 h. With increasing reaction time
from 72 h to 96 h, the degree of crystallization increased due to
increase in nucleation with time.

Fig. 3 shows the FTIR spectra of the powders prepared
at 150 °C for (a) 48, (b) 72, and (c) 96 h. The characteristic
absorption bands of ZSM-5 were found at around 450,
540, 788, 1099 and 1220 cm ™', The bending vibration of
TO, (T=Si, Al) in ZSM-5 was recorded at around
450 cm~'. It is to be noted that the vibration bands at
around 540 and 1220 cm™' indicated the presence of
double 5-rings in ZSM-5. The internal asymmetric stretch-
ing vibration and external symmetric stretching of Si—-O-T
linkage were evidenced from the absorption bands at
around 1099 and 788 cm ™' respectively. The characteris-
tics bands of 540 and 1220 cm ™' of double 5-rings were
practically absent for the powders prepared for the reac-
tion time of 48 h, which corroborated the XRD results.

TG and DTA analyses of ZSM-5 were performed with
the as-prepared powders synthesized at 150 °C/96 h. The
TG curve (Fig. 4a) of ZSM-5 particles shows about 8.5%
mass losses up to 200 °C which was attributed to the
removal of water. The DTA curve (Fig. 4b) of ZSM-5
indicates a sharp endothermic peak at around 114 °C along
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Fig. 3. FTIR spectra of ZSM-5 powders synthesized using rice husk ash

as a silica source and in the absence of organic templates at 150 °C for
(a) 48, (b) 72, and (c) 96 h.

with some small endothermic peaks at around 70, 142 and
176 °C. The endothermic peaks indicated the removal of
water molecules.

The textural properties (BET surface area, micropore
surface area, external surface area, total pore volume, and
average pore size) of the samples synthesized at 150 °C for
72 and 96 h are shown in Table 1. It was noticed that with
increase in reaction time, BET surface area increased. The
average pore size decreased with increase in reaction time.
It is to be pointed out that the micropore surface area
could be due to the presence of structural pores of ZSM-5
zeolite (zeolitic pores), and the higher external surface area
was due to the formation of textural mesoporosity [16] of
ZSM-5 zeolite crystals. Fig. 5 shows the N, adsoption and
desorption isotherms of ZSM-5 powders prepared at
150 °C/96 h. The pore size distributions (PSD) in the
micropore range as evaluated by the HK method and
those in the mesopore range as determined by the BJH
method are depicted in the insets (I) and (IT) respectively of
Fig. 5. The adsorption/desorption isotherm indicated that
the initial steep micropore uptake took place at about
p/p, < 0.02. The uptake of nitrogen increased steeply above
the relative pressure of about 0.8. It shows an IUPAC type
IV isotherm; the hysteresis loops were due to the formation
of textural mesoporosity originated from the crystal inter-
growth [16]. The inset (I) of Fig. 5 shows the micropore
size distribution. The sharp peak at around 5.6 A corre-
sponds to the zeolitic pore of ZSM-5. BJH pore size
distribution curve of the sample is shown in the inset (II)
of Fig. 5. The prominent peak at around 38 A indicates the
mesopores generated in the ZSM-5 zeolite crystals.

Fig. 6 shows the FESEM microstructures of ZSM-5
powders obtained at 150 °C/96 h. It reveals the character-
istic coffin-shaped particles of ZSM-5. It can be explained
that under alkaline medium in the presence of NaOH,
silica in RHA started dissolving to form silicate. The
silicate and aluminate ions (Al(OH),) rearranged with
Na™ ions to form channel-type structure of ZSM-5. The
Na™ ion acted as a templating agent [8] for the formation
of ZSM-5. During in-situ extraction of SiO,, the RHA
particles became smaller, which acted as nucleating sites
for seeding growth of ZSM-5 particles. The seeds were
grown to smaller particles. The smaller particles because of
their high surface energy started aggregating. Under a
certain reaction condition, the intergrowth of the particles
took place leading to the formation of well crystalline
coffin-shaped ZSM-5 particles.

4. Conclusions

ZSM-5 zeolite particles were synthesized through in-situ
extraction of silica from RHA in the absence of any
organic template by static hydrothermal condition at
150 °C/72-96 h. Degree of crystallization increased with
increase in reaction time from 72 to 96 h. Average
mesopore (textural mesoporosity) size decreased with
increase in reaction time. Inter-growth of the seed particles
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Fig. 4. Thermogravimetry (a) and differential thermal analysis (b) of ZSM-5 powders synthesized using rice husk ash as a silica source and in the absence

of organic templates at 150 °C/96 h.

Table 1
Textural properties of ZSM-5 particles synthesized using rice husk ash as
a silica source and in the absence of organic templates at 150 °C.

SyntheSiS SBET Smicropore Sextemal Vp-lolal dp
me (g )t g )" e ) emg ) (m)f
72 h 54.38 28.27 26.11 0.0545 4.01
96 h 73.99 43.84 30.15 0.0704 3.81
“BET surface area.
®Micropore surface area.
“External surface area.
9Total pore volume.
¢Average pore size.
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Fig. 5. Nitrogen adsorption and desorption isotherm of ZSM-5 powders
synthesized using rice husk ash as a silica source and in the absence of
organic templates at 150 °C/96 h. Inset: pore size distributions by (I) HK
method and (II) BJH method.

led to coffin-shaped ZSM-5 powders. The present method
of synthesis of ZSM-5 is a low cost and environmentally
friendly process.

Fig. 6. FESEM image of ZSM-5 powders synthesized using rice husk ash
as a silica source and in the absence of organic templates at 150 °C/96 h.
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