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Abstract

NaA and NaP zeolite powders were synthesized by hydrothermal condition at 100 1C/15–96 h using agro-waste material, rice husk ash as silica
source in the presence of other organic-free low cost precursors like aluminum foil, sodium hydroxide and water. The powders were characterized
by thermogravimetric analysis (TGA), differential thermal analysis (DTA), powder X-ray diffraction (PXRD), Fourier transform infrared (FTIR)
spectroscopy, N2 physisorption studies, and field emission scanning electron microscopy (FESEM). The BET surface area values of NaA and
NaP powders were in the range of 348–179 m2 g−1 and 129–85 m2 g−1, respectively. FESEM images showed flower-like morphology for the
NaA powders obtained at 100 1C/15 h, and broken cashew-nut-like morphology for the NaP powders synthesized at 100 1C/72 h.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Zeolites are hydrated crystalline microporous aluminosili-
cates composed of tetrahedral TO4 units (T¼Si or Al) which
are linked together by sharing of oxygen atoms to form regular
intracrystalline cavities and channels of atomic dimensions.
Because of molecular sieve properties along with high thermal,
mechanical and chemical stabilities, zeolites are extensively
used as catalysts, adsorbents, ion exchangers, liquid and gas
separation, and membranes [1,2].

The NaA zeolite has a cubic structure of three dimensional
pore system having pore opening of 0.42 nm. The unit-cell
formula of NaA zeolite is Na12[(AlO2)12(SiO2)12].27H2O.
The NaP zeolite has gismondine (GIS) framework topology
with two dimensional channels in elliptical pore openings of
0.31 nm� 0.44 nm and 0.26 nm� 0.49 nm. The unit-cell for-
mula of NaP zeolite is Na6[(AlO2)6(SiO2)10].15H2O. Because
of their smaller pore dimensions, both the NaA and NaP
zeolites are useful for the separation of small gas or liquid
molecules, particularly for the removal of toxic and radioactive
e front matter & 2013 Elsevier Ltd and Techna Group S.r.l. All ri
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waste species from waste water. These zeolites also find
application for the formation of environmentally friendly
detergents [3].
Synthesis of NaA and NaP zeolites from low cost precursors

becomes important for their industrial production. Rice husk is
an abundantly available agriculture waste materials containing
maximum amount of siliceous ash. Burning of rice husk in air
produces rice husk ash (RHA) containing 85% to 98% silica.
The burned rice husk causes environment pollution [4]; the
combustion of rice husk produces green house gas, CO2 which
is responsible for global warming. RHA may cause eye sore,
respiratory diseases such as asthma, bronchitis, malfunction of
lungs etc. The presence of crystalline silica e.g. quartz and
cristobalite in RHA at high temperature [5] may cause health
hazard like silicosis. Therefore, useful applications of rice husk
are desirable to mitigate environment pollution and health
hazard. We have reported the utilization of RHA for the
synthesis of zeolites like hydroxy sodalite [6], ZSM-11 [7],
and ZSM-5 [8,9]. Synthesis of NaA zeolite from rice husk ash
has been reported by many authors [10–13].
In the reported literature, for the preparation of zeolites from

RHA, the silica is first extracted separately as silicate from
RHA followed by the synthesis of zeolites with the extracted
ghts reserved.
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silicate. The process is time consuming and tedious. In the
present investigation, we report a facile one-pot hydrothermal
synthesis of NaA and NaP zeolite powders through in-situ
extraction (extraction and conversion of desire product in
single-step process) of silica as silicate from RHA. In this
method, the intermediate reaction steps for the extraction of
silica from RHA could be omitted following a simple process.
In this work, the effect of synthesis time on the crystallization,
microstructural and textural properties of the prepared NaA
and NaP powders was studied. As the present method of
preparation of zeolites starts with the agriculture waste
material, RHA and other aqua-based precursor materials, it
will be advantageous as a low cost process and beneficial for
controlling environment pollution as well.
2. Experimental

2.1. Material and synthesis of zeolite NaA and NaP powders

Rice husk ash was obtained by calcination of partially burned
ash (collected from local rice mill) at 700 1C for 6 h with heating
and cooling rates of 4 1C/min each in air atmosphere. Sodium
hydroxide (G.R., Merck, India, purity498%), aluminum metal
foil (A.R. S.D. Fine-Chem Ltd., India) and deionized water were
used as other starting materials.

Fig. 1 shows a schematic representation for the preparation of
NaA and NaP zeolites. Sodium aluminate solution was prepared by
dissolving aluminum metal foil with required quantity of NaOH
solution in water. A particulate suspension was made by mixing
RHA and sodium aluminate solution with a molar composition of
2.1Na2O:Al2O3:3.8SiO2:50H2O. It was then stirred for 15 h to
obtain a dispersion. The dispersion prepared as above was
transferred into Teflon-lined stainless steel autoclaves, and heated
separately at 100 1C for 15 h, 24 h, 48 h, 72 h and 96 h under
autogeneous pressure to obtain NaA and NaP zeolite powders.
After hydrothermal reaction, the as-prepared powders were col-
lected by centrifugation (9000 rpm) followed by washing with
water repeatedly until the washing liquid became almost neutral
(pH ∼7). The washed powders were dried at 80 1C for 4 h.
Sodium aluminate

solution

NaA zeolite

Stirrin

Aluminum foil
+

NaOH solution

15-24 h

Fig. 1. Schematic representation for the prepa
2.2. Material characterization

The chemical composition of RHA was determined by X-ray
fluorescence (XRF) analysis (PANalytical, Model: Axios, Almelo,
the Netherlands). The particle size of RHA was analyzed by
Microtrac (Model: S3500, USA) laser diffraction particle size
analyzer. The thermal behaviors of the as-prepared zeolite powders
were studied by differential thermal analysis (DTA) and thermo-
gravimetric analysis (TGA) (Netzsch STA 449C, Germany) from
301 to 800 1C at the heating rate of 10 1C/min in air atmosphere.
The powder X-ray diffraction (PXRD) study of the sample was
carried out by a Philips X'Pert Pro XRD (Model: PW 3050/60)
with Ni-filtered Cu-Kα radiation (λ¼0.15418 nm), operating at
40 kV and 30 mA. The characteristic vibration bands of the
powders were confirmed by Fourier transform infrared (FTIR)
spectroscopy (Nicolet 5PC, Nicolet Analytical Instruments, Madi-
son, WI) using the KBr pellet method with the resolution of
4 cm−1 and scan of 100. Nitrogen adsorption and desorption
studies were performed at liquid nitrogen temperature (77 K) with
a Quantachrome (ASIQ MP) instrument. The morphology of RHA
and synthesized powders was studied by FESEM (Model: Zeiss,
Supra™ 35VP, Oberkochen, Germany) operating with an accel-
erating voltage of 10 kV.
3. Results and discussion

The XRF analysis of RHA showed the compositions (wt%)
of SiO2 (95.54%), Al2O3 (0.78%), K2O (0.72%), P2O5

(1.45%), MgO (0.60%), CaO (0.29%), Fe2O3 (0.23%), Na2O
(0.10%), MnO (0.05%), TiO2 (0.02%) and SO3 (0.22%). Fig. 2
shows (a) XRD, (b) particle size distribution, and (c) FESEM
image of RHA. The XRD peak of RHA exhibited a broad
hump at the 2θ of around 201–221 which indicated the
amorphous nature of RHA. However, a minor crystallization
of α-quartz phase (2θ¼26.71) (Fig. 2a) was also noticed in
RHA. It is reported that during calcination, the removal of
organic matter of rice husk could lead to the crystallization of
amorphous silica in rice husk [14] and it became more
pronounced for uncontrolled calcination [15]. A wide particle
size distribution (Fig. 2b) with d50 of 28.5 μm was observed
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Fig. 2. (a) XRD, (b) particle size distribution, and (c) FESEM image of RHA calcined at 700 1C/6 h.

Fig. 3. XRD patterns of (a) NaA and (b) NaP zeolite powders ●: NaA; ▲: NaP."
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for RHA. It indicated that RHA particles had different size
ranges. It was also supported by the FESEM image (Fig. 2c) of
RHA which revealed irregular shape of the particles having
different sizes.

Fig. 3 shows the XRD patterns of (a) NaA (JCPDS no. 39-
222) and (b) NaP (JCPDS no. 71-0962) zeolites obtained at
100 1C for 15–24 h and 48–96 h, respectively. It is interesting
to point out that a trace amount of NaP phase was obtained in
the presence of NaA phase for the reaction time of 15–24 h at
100 1C (Fig. 3a). On the other hand for 48–96 h of reaction
time at 100 1C, minor crystalline phase of NaA was observed
along with NaP phase (Fig. 3b). The formation of NaA and
NaP crystals obtained at 100 1C for different time periods was
also supported by FTIR studies (Fig. 4). Fig. 4a shows the
characteristics absorption bands of NaA zeolite [16]. The
absorption band at 550 cm−1 was due to the D4R of NaA,
and the other bands appeared at 465 cm−1, 673 cm−1 and
1001 cm−1 corresponded to Si–O–Al bending, Si–O–Al sym-
metric stretching, and Si–O–Al asymmetric stretching vibra-
tions, respectively of the same powder. The FTIR spectra of
NaP zeolite [17] is shown in Fig. 4b. The bending vibration
of TO4 (T¼Si, Al) of NaP was recorded at around 430–
512 cm−1. The symmetric stretching vibrations of Si–O and
Al–O were noticed at 610 cm−1, 697 cm−1 and 745 cm−1
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while the asymmetric stretching vibration was observed at
1014 cm−1.

Fig. 5 shows the DTA and TG curves of (a) NaA and (b)
NaP powders. In DTA curves, a broad endothermic peak was
found at 150 1C for NaA powder while NaP powder showed
the endothermic peak at 135 1C. It indicated the removal of
adsorbed water from the gel powders. The TG curve of NaA
powder showed a mass loss of about 18% and that of NaP
powder revealed the mass loss of 16% up to 350 1C for each
sample. Therefore, no significant changes in mass losses for
NaA and NaP powders were noticed. Fig. 6 shows the N2

adsorption and desorption isotherms of (a) NaA and (b) NaP
zeolites synthesized at 100 1C for different time periods. It
indicated that the initial steep micropore uptake took place at
about p/poo0.02. The uptake of nitrogen increased steeply
above the relative pressure of about 0.8. The curves show an
IUPAC type IV isotherm in which the hysteresis loops were
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Fig. 4. FTIR spectra of (a) NaA and (b) NaP zeolite powders.
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Fig. 5. DTA and TG curves of (a) NaA
due to the formation of textural mesoporosity originated from
the intergrowth of the crystals. The mesopores generated
during the formation of zeolite crystals (NaA and NaP) were
slit-like shaped [8]. The textural properties (BET surface area,
total pore volume, and average pore size) of the samples
synthesized at 100 1C for different time periods are shown in
Table 1. It was noticed that for NaA zeolite, the BET surface
area, and total pore volume decreased with increase in
synthesis time from 15 h to 24 h; however, there was no
significant change in average pore sizes. The NaA zeolite
obtained at 100 1C/15 h showed the maximum BET surface
area of 348 m2 g−1. Some amorphous particles coexisting with
NaA zeolite obtained at 100 1C/15 h could contribute for high
BET surface area. For NaP zeolite, the BET surface area and
total pore volume also decreased with the increasing reaction
times from 48 h to 96 h. A minimum pore volume and smallest
average pore size for 100 1C/96 h-treated NaP sample was due
to the more abundance of micropores in NaP zeolite.
Fig. 7 shows the FESEM microstructures of NaA zeolite

powders obtained at 100 1C for (a) 15 h, (b) 24 h, and those of
NaP zeolite powders synthesized at 100 1C for (c) 72 h and (d)
96 h. It was observed that for 15 h of reaction time, flower-like
morphology for the NaA zeolite was obtained. After the reaction
time of 24 h, cube-shaped NaA particles were obtained. However,
for the NaP zeolite, a broken cashew-nut-like morphology was
obtained at 100 1C for 72 h. With further increase in synthesis
time up to 96 1C, the particles got fragmented forming
nanometer-size NaP powders. Therefore, with the same molar
composition of the precursors at a fixed temperature (100 1C), by
changing the reaction times from 15 h to 96 h, two different types
of zeolites, NaA and NaP were formed with varying morphol-
ogies. It is mentioned worthy that initially (15 h of reaction time)
flower-like NaA zeolite was formed surrounding small rice husk
particles which could act as nucleating sites for particle growth.
Some amorphous particles could coexist with the flower-like
particles of NaA, which was evident from higher BET surface
area and pore volumes. With increase in reaction time up to
24 h, well-crystalline cube-shaped NaA particles were formed.
With further increase in reaction time (48–96 h), metastable NaA
zeolite was transformed to more thermodynamically stable NaP
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Fig. 6. Nitrogen adsorption and desorption isotherms of (a) NaA and (b) NaP zeolite powders.

Table 1
The textural properties of NaA and NaP zeolite powders synthesized at 100 1C.

Synthesis time (h) Zeolite SBET (m2 g−1)a Vp−total (cm
3 g−1)b dp (nm)c

15 NaA 348 0.43 4.9
24 NaA 179 0.21 4.8
48 NaP 129 0.19 5.6
72 NaP 92 0.18 8.6
96 NaP 85 0.12 2.8

aBET surface area.
bTotal pore volume.
cAverage pore size.

1 μm

500 nm 500 nm

1 μm1 μm

Fig. 7. FESEM microstructures of NaA zeolite powders obtained at 100 1C for (a) 15h, (b) 24h, and those of NaP zeolite powders synthesized at 100 1C for (c) 72h
and (d) 96h.
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zeolite [18]. It is interesting to point out that with increase in
reaction time, the more fragmented particles enhanced the entropy
of the system leading to the formation of thermodynamically
stable phase of NaP zeolite.
4. Conclusion

NaA and NaP zeolite powders were synthesized through
in-situ extraction of silica from agro-waste material, rice husk
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ash in the presence of organic-free precursors by a cost
effective process. With the same molar composition of the
precursors, crystallization of NaA and NaP took place at
100 1C by changing the synthesis times. The BET surface
area and pore volumes of the synthesized powders decreased
with increase in reaction times. Morphology of the powders
changed with increase in synthesis times. With increase in
reaction time, metastable NaA zeolite was transformed to more
thermodynamically stable NaP zeolite. Locally available agro-
waste material, RHA which is environmentally hazardous can
be converted to advanced zeolite and zeolite-type materials by
an economic and environmentally friendly process.
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