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ABSTRACT
		 This work proposed a novel and straightforward method for synthesizing of nanoporous and
microporous aluminosilicate with simple procedure and short process time at room temperature. It was
conducted by microemulsion technique using aluminum sulfate hexadecahydrate (Al2(SO4)3.16H2O) and
tetraethylorthosilicate (TEOS) as aluminium and silicon sources. Microemulsion or nanoreactor was
formed with the use of a straight chain cationic cetyltrimethylammonium bromide (CTAB) surfactant
with mixed solvents of butanol, heptane, and water. These microemulsions allowed the aluminosilicate
formation to occur at room temperature. 1H NMR data were used to support the alignment of chemical
reagents. The suspension sample was purified by washing with 10 wt% ethanol and then evaporated
the solvent out to collect a white sample powder of aluminosilicate (as-synthesized product). Assynthesized product was calcined at 550 ºC for 5 hours. The results showed that the purification and
collection techniques used were successful and capable of eliminating the carbonaceous residues at 300
ºC. The effect of Si/Al ratio on the formation of aluminosilicate was also studied by varying the ratio
of Si/Al at 2/1 and 10/1. The amorphous phases of 2/1 and 10/1 Si/Al were clearly demonstrated
by observing an XRD pattern. The surface area of aluminosilicate was increased with increasing Si/
Al ratio. The amorphous phase aluminosilcate has Langmuir’s surface area of 394.8 m2/g (Si/Al =
2/1) and 1,217 m2/g (Si/Al = 10/1) with the total pore volume of 0.115 cc/g (Si/Al =2/1) and
0.320 cc/g (Si/Al = 10/1) and average pore diameter of 25 Å (Si/Al = 2/1) and 14 Å (Si/Al=10/1).
Furthermore, FT-IR spectra suggested that as-synthesized formations were similar to analcime and
ZSM-5 for Si/Al of 2/1 and 10/1, respectively.
Keywords: green chemistry, microemulsion geosynthesis, nanoporous and microporous inorganic
polymer, aluminosilicates, mineral polymer synthesis
1. INTRODUCTION

Increasing the average temperature of the
earth’s atmosphere raised people’s concerns

about the environmental problems. In chemical
philosophy, a term of “green chemistry” or
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“sustainable chemistry” is expressed as a design
of products and processes in order to reduce or
eliminate the use of hazardous substances. It would
be a great idea to decrease the pollutions from the
outset. This work has participated in preserving
of the natural surroundings. The synthesis route
made an attempt to prevent generation of toxicity
wastes and diminish the use of some solvents.
Moreover, the synthesis condition was pertained
to energy efficiency via low energy consumption
and short process time.
Geopolymers are a class of inorganic
mineral polymers with a three-dimensional
aluminosilicate resulting from geochemistry or
geosynthesis [1]. Development of geopolymers
has been progressed in a sustainable minerals
industry because geopolymers have excellent
durability, chemical resistance, and environmentally
friendly [2−6]. Consequently, various potential
applications have been developed for catalysis,
sensor, solid support, membrane filtration, etc.
In architecture, it can be used as a support and
optical sensor for toxic metals or elements [7,8].
In water treatment application, aluminosilicate
has been widely applied for the removal of heavy
metal [9], biological macromolecule [10], and
nitroaniline in water [11].
Microemulsion is one possible method for
synthesis of aluminosilicate with a controllable size
of crystal, lower synthesis temperature, shorter
reaction time, and without the use of any strong
chemicals [12,13]. The microemulsion consists
of an aqueous phase containing an alumina and
silica source, an oil phase which may be heptane
or octane, a co-surfactant which is a straight
chain alcohol such as butanol or pentanol, and a
surfactant. Various aluminosilicates prepared by
microemulsion technique have been mentioned in
many studies. El-Safty et al. synthesized ordered
mesocage hexagonal P6mm and cubic Pm3n
aluminosilicate by microemulsion method using
Brij-type surfactants. The obtained material was
used for removing aromatic amines in wastewater
[11]. Shenashen et al. prepared mesoporous cubic
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Ia3d aluminosilicate for using as a sensor for heavy
metal removal from water by microemulsion
method using P123 surfactant [14]. Aboelmagd et
al. synthesized Canister hexagonal ONS membranes
via microemulsion phase of aluminosilicate/
Brij97/C12-alkane/H2O. This material was used
for visualization and filtration of oxyanion toxins
[15]. Many researchers have also been using
reverse micelles or microemulsions to control
morphology of the synthesis materials. Forming
strength of interaction forces between some
surfactants and some zeolite particles or silicate
precursors, resulted in the formation and growth
of microporous materials. In accordance with
types of surfactant make an impact on electrostatic
forces, an aluminosilicate synthesis has preferred
cationic surfactants to nonionic surfactants.
Axnanda and Shantz prepared surfactant solution
by used of heptane/water/CTAB/butanol in
Pyrex screw-cap vessels for 24 h at 95 °C [16].
Zeolite mixture was treated as one by addition of
tetraethylorthosilicate (TEOS) to a solution of 40
wt% tetrapropylammonium hydroxide (TPAOH)
under vigorous stirring. The required amount of
silicalite-1 solution was added to the heptane/
surfactant/butanol mixture. The mixture was
vigorously shaken for 5 min after that mixture
was placed into an oven for 96 h at 95 °C. Finally,
the results indicated that the silicalite-1 particles
do not nucleate in the microemulsion. In spite of
that it favored nucleate and grow heterogeneously
after the amorphous silica particles formed in the
microemulsion phase was separated.
This work demonstrates the accentuated
simplistic way to synthesize high surface area
aluminosilicate via microemulsion technique using
aluminum sulfate hexadecahydrate (Al2(SO4)3.16H2O)
and tetraethylorthosilicate (TEOS) as aluminium
and silicon sources. This method provides the
advantages of synthesis in terms of short process
time, stable chemical reaction at room temperature,
and gentle to the environment which will benefit
to enlarge scale production for the industry. In
this work, microemulsion of aluminosilicate
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was performed in the phase of CTAB/butanol/
heptane/water. The effect of Si/Al ratio on the
formation of aluminosilicate was also investigated
by varying the ratio of Si/Al at 2/1 and 10/1.
2.

aluminosilicate (as-synthesized product). The
as-synthesized product was calcined at 550 °C
in air for 5 h to remove the organic template. In
this work, aluminosilicate with a molar ratio of
Si/Al as 2/1 and 10/1 were prepared and each
composition is shown in Table 1.

2.2 Synthesis of Aluminosilicate via Microemulsion Technique
Typically, an aqueous phase containing
Al2(SO4)3.16H2O in distilled water was added
into the stirring oil phase containing CTAB in
heptane. After the emulsion was formed, TEOS
in butanol was then slowly added to the formed
microemulsion and further stirred for 30 minutes to
become completely homogeneous microemulsion.
The obtained sample was purified by washing
with 10 wt% ethanol and then the solvent was
evaporated to collect a white sample powder of

2.3 Characterization
The formation of microemulsion for
aluminosilicate was investigated by 1H (400 MHz)
nuclear magnetic resonance (NMR) spectra
which were recorded with a Bruker Advance
400 spectrometer using tetramethylsilane (TMS)
internal standard at ambient probe temperature
of 25°C. All the samples were diluted in CDCl3.
To confirm the formation of aluminosilicate,
Fourier transform infrared (FT-IR) spectra were
recorded in the range of 4000-400 cm-1 with a
Perkin Elmer FT-IR spectrophotometer using
triglycine sulfate (TGS) detector at a resolution
of 4 cm-1 and powder X-ray diffraction (XRD)
patterns were recorded with a Rigaku DMAX
2200 powder X-ray diffractometer using CuKα
radiation and operating at 40 kV, 30 mA.
Differential scanning calorimeter (DSC)
thermogram was recorded on a Mettler Toledo
DSC1, Star SW 9.10 using heating rate of 10 °C/
min from 30-640 °C under nitrogen atmosphere to
determine the suitable temperature for removing
all organic templates.

MATERIALS AND METHODS
2.1 Chemicals
Tetraethylorthosilicate (TEOS, 98%,
Merck) and aluminium sulfate hexadecahydrate
(Al2(SO4)3.16H2O, 95%, Fluka) were used as silicon
and aluminium sources. Cetyltrimethylammonium
bromide (CTAB, 99%, Merck), heptane (Analytical
grade, Univar), butanol (Analytical grade, Univar)
was used as a cationic surfactant, oil phase, and
co-surfactant, respectively. Ethanol (Analytical
grade) purchased from Univar was used for
purifying the synthesized aluminosilicate.

Table 1. Standard recipe of aluminosilicate microemulsion.

Composition

Molar ratio of
Al2(SO4)3.16H2O : TEOS : CTAB : Butanol : Heptane : H2O
1 : 4.25 : 8.75 : 21.5 : 16 : 88.75

1 : 21 : 27 : 66 : 49 : 271

Si/Al = 2/1

Si/Al = 10/1

Al2(SO4)3.16H2O

2.81 g

0.70 g

TEOS

3.8 mL

4.7 mL

CTAB

12.90 g

9.87 g

Butanol

7.9 mL

6.1 mL

Heptane

9.4 mL

7.2 mL

H2O

6.4 mL

4.9 mL
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Transmission electron microscopy (TEM)
(Philips Tecnai electron microscope) was used
to investigate the morphology of the obtained
sample. The samples were dispersed in methanol
with the aid of ultrasonic and then dried on a
holey carbon film Cu grid.
A Quantachrome autosorb-1 using nitrogen
in a general volumetric technique at -196 °C was
used to determine Langmuir’s surface area, pore
volume and pore diameter. The sample powder
was degassed at 300 °C for 12 h before analysis.
3. RESULTS AND DISCUSSION

In this work, aluminosilicate was synthesized
via microemulsion technique. The microemulsion
was continuously formed after adding the aqueous
phase of aluminium sulphate into the heptane oil
phase containing CTAB surfactant. The polar head
groups of CTAB aligned themselves toward the
core of the aqueous phase while their hydrophobic
tails turned toward the heptane oil phase. TEOS
in butanol was lastly added drop-wised into this
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emulsion in order to prevent the agglomeration
of aluminosilicate during the formation of the
emulsion. TEOS molecules entered to the inside
of the reverse micelle nanoreactor to react with
Al2(SO4)3, and the aluminosilicate was formed.
Alcohols were classified either as a co-surfactant
that mainly assist building up the mesostructure
or as a co-solvent which tends to break up the
micellar structure and make worse structure
order. Butanol in this work was classified as a
co-surfactant [17,18]. Alcohol with chain length
shorter than four carbons does not have enough
hydrophobic characteristic to serve as a structural
promoting co-surfactant for elongating micelles
[18]. Butanol aligned along the CTAB molecule
in order to reduce the repulsive interaction force
between the polar head groups of the CTAB, which
increased the emulsion stability, resulting in the
decreases of the inner core diameter of reverse
micelle nanoreactor. The relative arrangement of
CTAB, water, butanol, and heptane in the reverse
micelle form is shown in Figure 1.

Figure 1. Proposed arrangement of CTAB, heptane, butanol and water to form reverse micelle as
nanoreaction to concise nanoparticle products.
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The formation of reverse micelle emulsion
was efficiently confirmed by considering the
chemical shift value of proton of CTAB in 1H
NMR spectra. 1H NMR spectra of aluminosilicate
microemulsion in CTAB/water/heptane/butanol
system was compared with CTAB standard
dissolved in CDCl3 (see Figure 2). Chemical shifts
of proton in CTAB molecule were assigned as (A)
to (E). For CTAB standard, there are 2 protons
at the carbon atom adjacent to proton (A), so the
signal of proton (A) is splitted to be a triplet peak
at 3.576 ppm. There is no any proton at carbon
atom next to the carbon atom that proton (B)
located, then the signal of proton (B) is to be a
singlet peak at 3.479 ppm. For proton (C), there
are 5 protons at the carbon adjacent to proton (C)
which is 2 protons (D) and 3 protons (E), so the
signal of proton (C) is splitted to be sextet peak
at 1.733 ppm. The signal of proton (D) should
be splitted as a quintet peak at 1.257 ppm, due to
the presence of 4 protons at carbon atom next to
the carbon that proton (D) located (2 protons (A)
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and 2 protons (C)). But in the spectra, the peak
of proton (D) showed a high intensity singlet
peak, it was due to a large number of protons
(D) that caused the overlapping of their peak.
For proton (E), there are 2 protons at the carbon
atom next to the carbon atom that proton (E)
located, the triplet peak was obtained at 0.88 ppm.
When considered the chemical shifts of CTAB in
reverse micelle arrangement, the chemical shifts
of proton (A) and (B) of CTAB in aluminosilicate
with Si/Al ratio of 2/1 were moved to upshield
(shielding) from 3.576 to 3.419 ppm and from
3.479 to 3.299 ppm, respectively. In case of CTAB
in aluminosilicate with Si/Al ratio of 10/1, the
chemical shifts of proton (A) and (B) were also
moved to upshield (shielding) from 3.576 to 3.430
ppm and from 3.479 to 3.285 ppm, respectively.
This is because the polar head groups of the CTAB
pointed toward the core of the reverse micelle,
led to the increase of electron density around the
nucleus of proton (A) and (B), while, the proton
(C), (D), and (E) in alkyl chain of CTAB which

Figure 2. 1H NMR spectra of CTAB reference (a), TEOS reacts with aluminium sulfate with mole
ratio Si/Al of 2/1 (b), and 10/1 (c) in CTAB/water/butanol/heptane microemulsion system at room
temperature.
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far apart from each other showed no difference
of chemical shift. For signal of proton (F) − (J)
and (K) − (N), they belonged to the 1H NMR
signal of butanol and heptane, respectively. This
evidence confirmed the successful formation of
reverse micelle for controlling the nanocrystal size
of aluminosilicate.
In this research, diluted ethanol was used to
purify the obtained aluminosilicate by washing
and then evaporating the solvent out. On the
hydrophilic silica surface, there was only one
layer of cationic surfactant afterward butanol
adsorbed at the solid-solution interface. Diluted
ethanol solution is more hydrophilic than the
others, therefore, it has played an important role
to reduce attractive force of cationic surfactant
or butanol on metal surface [18]. It was resulted
in the separation of nano-particle powder from
surfactant or co-surfactant. The method has
practically gotten a high yield product in short
process time and uncomplicated to apply in
macro-scale production. After purifying the
synthesized product by washing with diluted
ethanol, and then evaporating out the solvent,
differential scanning calorimeter (DSC) was used to
investigate the optimum temperature for removing
the organic template residue and confirm that all
organic templates were removed. The degradation
of the synthesized product and CTAB surfactant
was compared together as shown in Figure 3. The
degradation of CTAB occurred in three steps:
the first step occurred below 270 °C which is
degradation of trimethylamine head group via
Hofmann degradation, the second step was between
270 and 320 °C, due to fragmentation and oxidation
of hexadecane, and the third step was between
350 and 520 °C, due to the elimination of some
carbonaceous residues [18−21]. Endothermic
peaks of the synthesized product were observed
at below 120 °C due to desorption of physical
adsorption of water in the product. Moreover,
during calcination to finished state, there was not
any carbonaceous residue. This result concluded
that the optimum temperature for removing all
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organic templates out of the synthesized product
was 250 °C. Thus synthesized product will have
advantages over none of coke effect in further
industrial applications.
The formation of aluminosilicate was also
confirmed by FT-IR spectra and XRD pattern.
The FT-IR spectra of the as-synthesized
Si/Al with ratio 2/1 and 10/1 after calcination
at 550 °C for 5 hours are shown in Figure 4.
Aluminosilicate with Si/Al ratio of 2/1 (low
silica) (Figure 4a) forms analcime zeolite which
present the secondary building unit (SBU) of
4-membered ring (S4R). The vibration of S4R
presence at 720−780 cm-1. In addition, analcime
also deformed 6-membered ring (S6R) which the
vibration of internal asymmetric and symmetric
stretching were shown at 650−680 cm-1, and
1250−950 cm-1, respectively. The vibration of
T-O (T = Si or Al) bending at 455 cm-1 was also
observed [22]. In case of aluminosilicate with
Si/Al of 10/1 (high silica) (Figure 4b), it should
produce the zeolite in the form of ZSM-5. The
characteristic peak of ZSM-5 found in the sample
included external and internal asymmetric stretching
vibration of T-O-T at 1225 cm-1 and 1093 cm-1,
respectively. It also showed the peak of external
symmetric stretching vibration at 790 cm-1, double
5-membered ring vibration at 580 cm-1, and T-O
bending vibration at 450 cm-1 [19−21].
Aluminosilicate powder after calcination at 550 °C
for 5 h was employed to investigate the crystallinity
using XRD pattern. Aluminosilicate with Si/Al of
2/1 and 10/1 showed similar amorphous phase
as seen by the absence of sharp diffraction peak
(Figure 5). This amorphous pattern corresponds
to the disorder Al-Si polyhedral repeating atomic
arrangement which clearly exhibited disorder pore
channel of these nano-particle aluminosilicate.
In addition, the presence of amorphous phase
in aluminosilicate also limited the pore ordering
which barely presented a small proportion of
the pore ordering sample in TEM images (see
Figure 6).
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Figure 3. Melting endotherms of CTAB (a) and aluminosilicate synthesized from TEOS and aluminium
sulfate with Si/Al ratio of 2/1 (b) and 10/1 (c) in CTAB/water/butanol/heptane. microemulsion
system at room temperature after purifying with dilute ethanol.

Figure 4. FT-IR spectra of aluminosilicate synthesized from TEOS and aluminium sulfate with
different Si/Al ratio; a) 2/1 of Si/Al and b) 10/1 of Si/Al after calcination at 550 °C for 5 h.
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Figure 5. XRD pattern of synthesized aluminosilicate from TEOS and aluminium sulfate with Si/
Al ratio of 2/1 and 10/1 in CTAB/water/butanol/heptane microemulsion system and calcined at
550 °C for 5 h.

Figure 6. TEM images of synthesized aluminosilicate from TEOS and aluminium sulfate in CTAB/
water/butanol/heptane microemulsion system after calcination at 550 °C for 5 h. a) Si/Al ratio of
2/1 and b) Si/Al ratio of 10/1.
As synthesized aluminosilicates calcined at
550 °C in the air for 5 h was used to carry out the
nitrogen sorption test to determine the surface
properties (see Table 2). The textural character of
aluminosilicate prepared from Si/Al ratio of 2/1
and 10/1 are illustrated by N2 sorption isotherms
(see Figure. 7). Both samples show two adsorption
steps. At the first step presents at the region above
a relative pressure of P/P0 = 0.75, which is a
significant region in the analysis of mesopores,

that related to the capillary condensation of N2
inside the intra-particle mesopores [26]. At higher
relative pressure (>0.75), it gave lower thickness
of adsorbed film values that were probable due to
some capillary condensation occurred in the porous
material which corresponds to the filling of the
large pores [27,28]. The amorphous aluminosilicate
with Si/Al of 10/1 gave the Langmuir’s surface
area of 1,217 m2/g with total pore volume of
0.320 cc/g and the average pore diameter of 14 Å.
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Table 2. Surface properties of aluminosilicate synthesized with Si/Al ratio of 2/1 and 10/1.
Si/Al

Surface properties
2

Surface area (m /g)

Pore volume (cc/g)

Pore diameter (Å)

2/1

394.8

0.115

25

10/1

1217

0.320

14

Figure 7. Nitrogen sorption isotherms of synthesized aluminosilicate with different Si/Al ratios of
2/1 and 10/1 after calcination at 550 °C for 5 h.
In the case of the aluminosilicate with Si/Al of
2/1, it showed the Langmuir’s surface area of
395 m2/g with total pore volume of 0.115 cc/g
and the average pore diameter of 25 Å. The
aluminosilicate with Si/Al of 10/1 showed higher
surface area and higher total pore volume than
the aluminosilicate with Si/Al of 2/1 due to the
atomic elemental diameter and arrangement of
atomic group in cubic space (in 3D).

4. CONCLUSIONS

A straight chain surfactant cetyltrimethylammonium bromide (CTAB) and mixed solvents
(butanol, heptane, and water) formed cationic
microemulsion at room temperature. Amorphous aluminosilicate geopolymer with Si/Al
ratio of 10/1 was attained with high surface
area 1,217 m2/g, pore volume (0.320 cc/g) and
pore diameter close to 14 Å. Chemical shift data
of proton nuclear magnetic resonance resolved
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microemulsion and reactant environments. A
competent calcination was supported by DSC
and FT-IR. The calcined condition eliminate
the organic framework completely without any
remaining carbonaceous residues below 300 °C
and metallic bonds were formed at 550 °C for
5 h. All of these results illustrated innovation of
the synthesized routes and characterizations so
as to gain advancement of smart adsorbent. As
synthesized powder indicated the existence of
necessary properties such as high surface area,
high pore volume, physical or chemical tolerance
so it can be applied in the application of catalysis,
sensor, solid support, and membrane filtration.
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