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Nanozeolite NaA was synthesized by the hydrothermal method with silica extracted from rice husk as silica source. Amorphous
silica with 87.988 wt% SiO2 was extracted from rice husk ash by a suitable alkali solution. The effect of the crystallization time and
the ratio of Na2O/SiO2 on the properties of the final product was investigated. The synthesized nanozeolite was characterized by
X-ray diffraction (XRD), scanning electron microscope (SEM), transmission electron microscopy (TEM), energy-dispersive X-ray
(EDX) techniques, and Brunauer-Emmett-Teller (BET) method. Results revealed that the crystallization time and alkalinity have
significant effects on the structural properties of nanozeolite. Nanocrystals NaA with crystal sizes ranging from 50 to 120 nm were
synthesized at room temperature with 3 days aging, without adding any organic additives.

1. Introduction

Zeolites are a series of microporous crystals with intricate
pores and channels. They have widely been used as catalysts,
adsorbents, and ion exchangers [1, 2]. During the past
decade, decreasing of the crystallization time at moderate
temperature in the preparation of zeolite-type materials has
successfully been achieved [3, 4]. Indeed, natural zeolites are
often formed at low temperature in closed alkaline and saline
lake systems [5]. The crystallization at a moderate tempera-
ture has a pronounced effect on the ultimate zeolite crystal
size. In addition, the preparation of mesoporous materials
at moderate temperature has economic and environmental
benefits and can be used for fundamental studies of chemical
reactions during the crystallization period [6].

Various types of nanometer-sized zeolites, including
NaA, faujasite-X and -Y, ZSM-5, and silicalite-1, have been
synthesized by hydrothermal procedures using clear alumi-
nosilicate solutions in the presence of organic templates [7–
12]. Recently, Pan et al. reported the synthesis of zeolite
A nanocrystals in a two-phase liquid segmented microfluidic
reactor using a manipulated organic-template-free system

[13]. However, the application of the organic-templates has
several disadvantages. They are nonrecyclable, costly, and
require calcinations which results in the production pollu-
tion problems [12, 14].

Rice husk has been used as an active silica source for the
synthesis of A [15], beta [16], and ZSM-5 zeolites [17]. As
an alternative to the pure chemical sources used previously,
rice husk is a practical silica source, because it is cheap, less
selective, and highly active [18].

Initially, rice husk is burned completely to produce ash,
converting the organic siliceous material of the husk into
white ash, silica, which is considered an unreactive and
useless mineral [19], but by a suitable alkali solution, amor-
phous silica, which is highly reactive for some zeolites syn-
thesis, can be extracted from the rice husk ash, thus showing
rice husk to be an excellent source of high-grade silica [20–
22].

The aims of this paper were to extract active amorphous
silica from rice husk and to synthesize crystalline zeolite
NaA in nanometer size using extracted silica from rice husk
at room temperature without adding any organic additives.
In order to decrease the cost of the synthesis and reduce
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the crystallization time, special attention was paid to the
alkalinity and the Na2O/SiO2 ratio of initial system which
control the kinetics of the zeolite growth.

2. Experimental Methods

2.1. Silica Extraction from Rice Husk. Rice husks were sieved
to eliminate clay particles. They were washed with distilled
water, filtered, and then soaked in HCl (Merck, 37%)
solution (1 M) for 8 h. After leaching with HCl, they were
washed well with distilled water, dried in air, and calcined
at 700◦C for 6 h with a constant heating rate 10◦C/min.
The obtained rice husk ash was dissolved in NaOH (2 M,
Merck, 98%, 2 M) solution followed by refluxing for 12 h.
For complete precipitation, concentrated HCl was added to
the dissolved rice husk ash. Above-mentioned precipitated
solution was filtered, washed with distilled water till free
from chloride ions, and finally dried in an oven at 110◦C
overnight.

2.2. Nanozeolite NaA Preparation. The nanometer-sized NaA
zeolite was synthesized by hydrothermal crystallization [23].
Colloidal crystals of zeolite A were formed in a clear homoge-
nized solution with the following molar composition: Na2O :
0.55Al2O3 : 1SiO2 : 150H2O in which x = 0.9, 6, and 9
to determine the optimal Na2O/SiO2 ratio for synthesis of
nanozeolite NaA. The gel composition of NaA nanozeolite
was calculated based on the results of the XRF analysis
of extracted silica source. Typically, 7.79 g of NaOH was
dissolved in 2.77 mol of H2O and then divided into two
equal portions. For the synthesis of NaA zeolite, 1.26 g of
silica source, extracted from rice husk ash, was completely
dissolved in one portion of the NaOH solution. An aluminate
solution was prepared by mixing 2.04 g of NaAlO2 (Merck)
with another portion of the NaOH solution. After achieving
clearness of the solutions, the silicate solution was slowly
poured into the aluminate solution with vigorous stirring,
which resulted in a clear homogenous solution. The resultant
mixture was stored in an oil bath at room temperature (T =
25 ± 2◦C), in a sealed polypropylene bottle under stirrer
(250 rpm) conditions for different crystallization periods (1,
2, and 3 days). The solid product obtained in the synthesis
was separated by centrifugation (17000 rpm, 30 min) then
washed several times with distilled water until the pH value
dropped to 8.5. The products were dried in an oven at 110◦C
overnight.

2.3. Characterization. Proximate analysis of rice husk was
measured by ASTM method [24]. The chemical composition
of extracted silica powder from rice husk was determined
by X-ray fluorescence (XRF, Philips PW2404 Spectrometer).
The powder X-ray diffraction (XRD) patterns of NaA zeolite
and extracted silica were measured by a Philips diffractome-
ter (X’Pert, PW1800). The patterns were run with Ni-filtered

copper radiation (Kα = 1.5404
′

Å) at 30 kV voltage and 10
mA current with scanning speed of 2 h = 2.5◦/min.

The morphology and size of the prepared materials were
determined using a scanning electron microscope (SEM,
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Figure 1: The XRD analysis of (a) rice husk ash and (b) extracted
silica powder.

Philips XL30, operated at 30 KV). Prior to placing into the
microscope, the prepared materials of the NaA zeolite were
sprinkled uniformly over an adhesive tape and sputter coated
with a thin layer of gold, and an electron acceleration voltage
of 20 kV was applied.

Scanning transmission electron microscopy (STEM,
Philips CM200 at 200 kV) coupled with selected area electron
diffraction (SAED) was used to characterize synthesized
zeolite crystals.

The Si/Al ratio of the final nanosized NaA was deter-
mined by energy-dispersive X-ray (EDX) spectrophotometer
of above-mentioned SEM and XRF techniques.

Nitrogen adsorption/desorption isotherms were meas-
ured at 77◦K using a conventional volumetric apparatus. The
specific surface area was obtained using the BET (Brunauer-
Emmett-Teller) method. The micropore volume and the
external surface area were obtained from the t-plot method.

The loss of ignition (LOI) test was carried out following
the SIRIM procedure (ISO 3262-1975). About 1 g of dried
sample of the extracted silica was placed in a platinum
crucible and ignited in the muffled furnace at 1000◦C for 30
minutes to achieve a constant mass, followed by cooling in
a desiccator. The loss of ignition, as a percentage by mass, is
given by the formula:

LOI, % = M0 −M1

M0
× 100, (1)

where M0 is the mass of the sample and M1 is the mass of the
sample after ignition.

3. Results and Discussion

3.1. Characterization of Rice Husk Ash and Extracted Silica.
Proximate analysis showed the presence of 9.26% moisture,
71.62% volatile matter, 18.63%, ash, and 0.49% fixed carbon
in RHA. The XRD spectra of the ash and extracted silica are
shown in Figure 1.

Rice husk was burned completely to produce carbon-
free white ash. The silica content of calcined rice husk
showed a weight loss of more than 70%. The organic matter
of rice husk was removed by heating treatments at high
temperatures, but this led to the crystallization of the ash
[25]. The XRD analysis of ash (Figure 1(a)), which was
heat treated at 700◦C for 6 h, showed the crystalline phase
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Table 1: The XRF analysis results of ash and extracted silica powder.

Composition Ash (wt %) Extracted silica powder (wt %)

Fe2O3 0.104 0.047

CaO 0.539 0.085

K2O 0.103 0.121

SiO2 95.913 87.988

Al2O3 0.192 0.477

MgO 0.24 0.077

Na2O — 0.566

P2O5 0.302 —

SO3 0.044 —

LOI 2.562 10.64

of the supplied rice husk ash in the form of cristobalite,
tridymite, and quartz. The existence of peaks at 2θ = 21.9◦,
28.5◦, 31.5◦, and 36.3◦ corresponds to the cristobalite [26].
The main characteristic signals at 20.6◦, 23.3◦, 27.5◦, 30.2◦,
and 36.1◦ [16] and at 20.88◦, 26.66◦, 50.18◦, and 60◦ [27]
were assigned to tridymite and quartz, respectively. The
crystallization of the contained silica of the rice husk ash
occurs when the husk burning conditions are uncontrolled
[28]. The crystalline form of ash in this study is attributed
to heating at high temperature rather than to uncontrolled
burning conditions, because the burning was controlled at
the rate of 10◦C/min.

The silica powder was extracted from obtained ash
by a NaOH solution. According to the XRD analysis
(Figure 1(b)), the extracted silica powder was amorphous.
The broad peak at 2θ angle of 22◦ confirmed the amorphous
nature of the silica in this study [29]. Similar properties of
rice husk have been reported by Kalapathy et al. [29]. This
amorphous form is an advantage towards the preparation
of silicon-based materials like zeolites, because the silica is
rendered active in its amorphous form [30].

The results of the XRF analysis of rice husk ash and
extracted silica powder are listed in Table 1. As the table
shows, the weight percent of impurities including Fe2O3,
CaO, MgO, P2O5, and SO3 was reduced in extracted silica
powder in comparison with rice husk ash, but the weight
percent of K2O, Al2O3, and Na2O was increased and their
amount was calculated and applied for synthesis of the
nanozeolite.

The LOI was determined by heating certain quantities
of rice husk ash and extracted silica samples in the muffled
furnace at 1000◦C for 30 minutes according to the SIRIM
procedure (ISO 3262-1975). The LOI amount of rice husk
ash was 2.562 which corresponds to the removal of moisture
and the coexisting unburned carbon from samples [26].
The LOI amount of extracted silica powder was 10.64%.
Considering the LOI amount of ash which showed the little
amount of unburned carbon, most of LOI amounts of the
extracted silica powder just corresponded to the removal of
moisture from sample.
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Figure 2: The XRD patterns of the final products synthesized using
the Na2O/SiO2 ratio equal (a) 0.9, (b) 6, and (c) 9.

The composition of the nanozeolite NaA initial system
was calculated based on the XRF analysis results of extracted
silica.

3.2. Effect of Alkalinity and Na2O/SiO2 Ratio. The effects of
Na2O/SiO2 ratio on the NaA nanozeolite was investigated
with the compositions of Na2O : 0.55Al2O3 : SiO2 : 150H2O,
where x = 0.9, 6, and 9. The initial composition of ashes and
resulted silica are summarized in Table 2.

The reaction temperature and time are fixed at 25 ±
2◦C and 3 days, respectively. The crystallization kinetics
of any particular zeolite is affected by the alkalinity and
composition of the reaction mixture. The Na2O/SiO2 ratio
had the most pronounced effect on the kinetics of zeolite
formation [6]. The Na cation was added in the form
of NaOH, resulting in the concentration of OH− being
controlled simultaneously by the concentration of cation
[31].

The hydroxide ion affects dissolution and polymeriza-
tion-depolymerization reactions of silicates and aluminosili-
cates [32].

The increase of this ratio from 0.9 to 6 leads to the growth
of the zeolite crystals on the 3rd day. The Na2O/SiO2 = 9
in the system did not form the zeolite A. Figure 2 shows the
XRD patterns of A1, A2, and A3. The Na2O/SiO2 = 0.9
is the minimum ratio to dissolve this kind of silica source
and to achieve a clear solution with the silica source. The
Na2O/SiO2 = 0.9 has resulted in the amorphous phase of
the final products (Figure 2(a)).

Peaks at 2θ = 7.10, 10.19, and 12.49 [33] show that
the pure phase of NaA zeolite was produced with the
Na2O/SiO2 = 6 (Figure 2(b)). Al-rich zeolites such as LTA
are commonly prepared under basic conditions by using
alkali-metal hydroxides as the alkali source. The nature of
the inorganic cation is important for the crystallization and
the formation of the framework structures of zeolites. Zeolite
NaA could be formed from the aluminosilicate gel system in
the presence of sodium-containing species [32].

Alkali-metal cations as the source of hydroxide ions are
needed to solubilize silicate and aluminate species and a
limited structure-directing role to form cage-like structures
[34].

The XRD pattern in Figure 2(c) shows that a zeolite phase
other than the NaA type is present in the sample A3 with
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Table 2: Effects of Na2O/SiO2 ratio on the final products.

Run Molar composition of initial solution Na2O/SiO2 ratio Product

A1 0.9Na2O : 0.55Al2O3 : 1SiO2 : 150H2O 0.9 Amorphous

A2 6Na2O : 0.55Al2O3 : 1SiO2 : 150H2O 6 NaA

A3 9Na2O : 0.55Al2O3 : 1SiO2 : 150H2O 9 Na-P1

Na2O/SiO2 = 9. The existence of peaks at 2θ = 12.46◦,
21.67◦, and 28.10◦ [35], which correspond to the zeolite Na-
P1, indicates the presence of zeolite Na-P1 instead of zeolite
NaA in A3.

The formation of zeolite P might be due to the silica
extracted from the rice husk, which is not reactive towards
the formation of zeolite NaA. The silicate source is an
additional parameter that can influence the particle size of
the product [36]. It was found that the zeolite formation
is very sensitive to the nature of the reactants, in particular
that of the silica source [6]. This factor is important in
the nucleation kinetics [36]. The silica source can influence
different aspects of the zeolite crystallization, including the
kinetics of crystal growth and the properties of the final prod-
uct [37, 38]. The use of different silica sources significantly
influences the outcome of the synthesis experiments [38]. It
has been reported that zeolites synthesized from less reactive
rice husk ash silica consist of a mixture of zeolite Y and P
[39].

To obtain zeolite A in a reasonable period of time at
room temperature, a highly alkaline condition was applied
by mixing freshly prepared aluminate and silicate solutions
as shown above. A higher alkalinity increases the solubility of
the Si and Al sources, decreases the polymerization degree of
the silicate anions, and accelerates the polymerization of the
polysilicate and aluminate anions. Consequently, the increase
of alkalinity will shorten the induction and nucleation
periods and speed up the crystallization of zeolites [32].

Scanning electron microscopy images were recorded for
the extracted silica-synthesized zeolitic samples, some of
which are shown in Figure 3. Figure 3(a) shows products
in sample A3 of which P type of zeolite was synthesized.
Figure 3(b) shows the SEM images of prepared nanozeolite
NaA. Figure 3(b) indicates that the particle size of synthe-
sized nanozeolite NaA is fine and within a range of 50–
120 nm.

3.3. Effect of Crystallization Time. The crystallization time is
one of the significant parameters in the synthesis of zeolites.
To examine the effect of time, a series of experiments were
conducted by changing the crystallization period (1, 2, and
3 days) with the initial system composition constant. The
times of crystallization as well as the resulted products with
initial composition: 6Na2O : 0.55Al2O3 : 1SiO2 : 150H2O
are summarized in Table 3.

The powder X-ray diffraction patterns taken after dif-
ferent hydrothermal crystallization periods, while using the
extracted silica as source, maintaining the same (room)
temperature and stirrer conditions, are presented in Figure 4.
Furthermore, by increasing the reaction time from 1 to 3
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Figure 3: SEM images of of the final products synthesized using the
Na2O/SiO2 ratio equal (a) 9 and (b) 6.

Table 3: Effects of heating time on the synthesis of NaA zeolite with
initial composition: 6Na2O : 0.55Al2O3 : 1SiO2 : 150H2O.

Run Heating time (d) Product

A4 1 Amorphous

A5 2 Amorphous

A2 3 NaA

days, the crystallinity of samples increased significantly. It
was found that NaA nanocrystals are formed after heating
for 3 days at room temperature (Figure 4(c)).

In general, the crystallinity and crystal size increase with
increasing time [3]. In present study, we synthesize zeolite
NaA at room temperature with nanometer size without using
any organic template during 3 days. The crystallization at
a moderate temperature has a pronounced effect on the
ultimate zeolite crystal size [6].
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Figure 4: The X-ray diffraction patterns of final products after (a)
1, (b) 2, and (c) 3 day.

The increase in temperature will increase both the nu-
cleation rate and the crystal growth rate, in particular the
crystal growth rate over the nucleation rate. Thus, higher
growth rates and larger crystals have been obtained at higher
temperature [32]. As a rule, lower temperatures lead to
smaller particle sizes, however, at the expense of a substantial
decrease in the rate of crystallization [6]. Sand et al. [40]
obtained LTA-type zeolite after 30 days at room temperature.
Valtchev and Bozhilov [41] synthesized FAU type of zeolite
containing 100–300 nm spherical aggregates under room
temperature in a template-free system after 3 weeks of
synthesis.

As mentioned above, to obtain nanozeolite NaA in
a reasonable period of time at room temperature, a highly
alkaline condition was employed. The increase of alkalinity
will speed up the crystallization of zeolites. The change of
alkalinity also has an effect on the particle size of zeolites.
The increase in alkalinity resulted in a decrease of particle
size [32].

There are some studies dealing with zeolite synthesis
using rice husk ash as an alternative silica source [15–17, 26,
42, 43]. Although rice husk has been used for zeolite synthesis
instead of pure chemical sources in all the above-mentioned
studies, in the present study, the result of XRD and SEM
analysis confirmed synthesis of zeolite NaA with extracted
silica from rice husk as source without adding any organic-
template and in nanometer size in 3 days, which has not yet
been reported.

The synthesis of nanozeolite NaA at room temperature
favored the nucleation process, since the activation energy
of crystal growth is generally higher than that of nucleation.
This is one key route to synthesize nanozeolites without using
any organic additives [3, 6, 44].

We have used extracted silica from rice husk as an
alternative silica source which reduces the costs of synthesis
effectively through utilization of cheap raw materials con-
sidering low cost of rice husk. Therefore, utilization of this
agricultural byproduct for nanozeolite NaA synthesis would
result in the conversion of a low-cost raw material into a
high-value added product.

Also, the zeolite NaA synthesized in nanometer size
from rice husk without the use of organic template has the
advantage of low-cost and other advantages. Most studies on
zeolite synthesis have used an organic template [26, 42, 43]
which increases the cost of nanozeolite synthesis. Organic

templates, for example, tetramethylammonium hydroxide
(TMAOH), make 50% of the production cost and require
calcinations which result in the production of CO2 and NOx

pollution problems [45]. In our environmentally friendly
process, no expensive organic template was used, and so,
the cost of synthesis can be decreased. Moreover, specialized
instruments for burning excess TMA after synthesis were
avoided which resulted in lower disposal costs.

Approximately one fifth of the ash is obtained on
burning rice husk in air [46]. About 95.913 g of silica
was extracted per 100 g of rice husk ash (Table 1). In our
study, 1.26 g of extracted silica yielded 0.39 g nanozeolite
NaA approximately. Totally, about 74.22 kg of nanozeolite
NaA was produced per ton of rice husk, considering low
cost of rice husk. Therefore, utilization of this agricultural
byproduct for nanozeolite NaA synthesis would result in the
conversion of a low-cost raw material into a high-value added
product.

3.4. STEM and SAED Analysis of Synthesized Nanozeo-
lite NaA. The scanning transmission electron microscopy
(STEM) images and selected area electron diffraction
(SAED) pattern of the synthesized nanozeolite (sample A2)
are shown in Figure 5. The STEM image indicates that the
products are crystalline aggregates with a diameter of about
150 nm of NaA nanocrystals (Figure 5(a)). The STEM images
confirm that synthesized NaA zeolite has nanometer particle
size ranging from 20 to 120 nm (Figure 5(b)).

The SAED pattern (Figure 5(c)) from the synthesized
nanozeolite showed that the axes of all whiskers are parallel
to the [111] direction, indicating the LTA-type structure [47]
and is in well agreement with the XRD study. The diffraction
rings also demonstrated that the LTA types were crystalline.

3.5. EDX and XRF Analysis of Synthesized Nanozeolite
NaA. Typically, zeolite LTA is synthesized with framework
Si/Al ratio of 1 [33]. By using tetramethylammonium
cation (TMA+) as the SDA, the Si/Al ratio of LTA frame-
work could be increased up to about 3 [32]. The Si/Al and
Na2O/SiO2 ratios resulting in nanozeolite NaA after 3 days
with Na2O/SiO2 = 6 were determined by EDX technique as
1.49 and 0.18, respectively. Figure 6 shows the EDX analysis
of obtained nanozeolite NaA. The XRF analysis results of
synthesized nanozeolite NaA were LOI : 19.29, SiO2 : 35.778,
Al2O3 : 29.444, and Na2O : 15.295 (wt%). According to the
XRF results, the Si/Al and Na2O/SiO2 ratios were 1.071 and
0.427, respectively. Thus, the zeolite NaA was confirmed by
the EDX and XRF techniques.

3.6. Surface Texture of Synthesized Nanozeolite NaA. Figure 7
shows the N2 adsorption/desorption isotherm of the pre-
pared NaA nanozeolite. The NaA nanocrystals were char-
acterized by using N2 adsorption/desorption measurements
to determine their pore volume and surface area. As is
known, zeolite A in its sodium form does not adsorb the
N2 molecule. Indeed, the adsorption/desorption isotherm of
the product was of type III, typical of nonporous materials.
The increase in the volume adsorbed at very low relative
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Figure 5: (a and b) STEM images of nanosized NaA crystals and (b)
SAED pattern obtained from the synthesized nanozeolite.

pressures was due to the presence of a small amount of
micropores, most probably related to the adsorption of N2

molecules at the pore openings [6]. The specific surface area
of this sample was 64.203 m2 g−1, which suggests nanometer-
sized particles.The large external surface of the resulting NaA
zeolite was 62.520 m2 g−1, which further supports that NaA
nanocrystals have small crystallite sizes.

In contrast to pure microporous materials, the steep
uptake at low relative pressure is not followed by a flat
curve. Instead, an inclination of the curve with an increase
of the relative pressure and a second uptake at a high
relative pressure, indicative of some textural mesoporosity,
can be observed. Due to this secondary porosity, the material
synthesized at room temperature showed a higher total
pore volume compared to that of the reference zeolite A
sample [6].
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Figure 6: The EDX analysis pattern of obtained nanozeolite NaA.
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Figure 7: The N2 adsorption/desorption isotherm of the prepared
nanozeolite NaA.

4. Conclusion

In this paper, instead of pure chemicals, rice husk which
is an agricultural waste was used as silica source for
the synthesis of nanozeolite NaA, because silica extracted
from rice husk is cheap, less selective, and highly active.
Amorphous extracted silica powder was composed of 87.988
wt% SiO2. We have successfully synthesized nanometer-sized
NaA nanozeolite with extracted silica at room temperature
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without using any organic additives. Also, the effect of
alkalinity and Na2O/SiO2 ratio of initial system, as well as
time of crystallization, on the properties of the final product
was investigated. Zeolite NaA nanocrystals with crystallite
size ranging from 50–120 nm were obtained from a sodium
aluminosilicate solution at room temperature in 3 days under
Na2O/SiO2 = 6 conditions. Thus the aims to lower costs
and to shorten crystallization time were both found possible
through the study.

To the best of our knowledge, this is the first report on
the hydrothermal synthesis of zeolite NaA nanocrystals with
rice husk as source of extracted silica, without using any
organic additives during the whole crystallization process.
Our environmentally friendly process reduces the costs of
synthesis effectively through the utilization of cheap raw
materials and also by avoiding consumption of expensive
chemical sources as template.
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