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ABSTRACT 
In this investigation we synthesized NaX-Nanozeolite by hydrothermal crystallization conditions. 
These nanoparticles were prepared at different conditions in a temperature controlled shaker. The 
synthesized zeolites were characterized by instrumental analysis methods, such as X-ray 
diffraction (XRD), X-ray fluorescence (XRF), scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) techniques. The observed results showed particle size 
between 20 to100 nm. Then we examined the influence of different parameters on particle size 
such as reaction time, temperature and agitation. Crystallization with shaking at 60°C for 2 days 
was the best conditions for synthesis of NaX-Nanozeolite. 
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INTRODUCTION 
Zeolite X is the large-pore zeolite with 
framework structural type (FAU). Zeolite X 
has a Si/AI-1.25 [Al(SiO4)]. It is used 
primarily as an adsorbent and in gas drying. 
A synthesis protocol for zeolite X with a 
Si/A1-1 was reported in the 1980's [1]. The 
synthesis of nanometer-dimansion zeolite 
has received much attention in the past 
decade because nanometer-sized zeolitic 
crystals can have different properties than 
their micrometer-sized counterparts [2-
10].The reduction of the particle size from 
the micrometer to the nanometer scale can 
change the mass- and heat transfer 
resistances in catalytic and sorption 
processes, thereby improving the catalytic 
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selectivity and reducing coke formation in 
some petroleum reactions [11]. Various 
nanometer-sized zeolites can be synthesized 
via hydrothermal procedures using clear 
aluminosilicate solutions in the presence of 
organic templates [1-10]. For instance, 
nanocrystalline faujasite zeolites have been 
synthesized with the assistance of 
tetramethylammonium (TMA) as a template 
[1-6]. However, the organic template 
approach has several draw backs. These 
templates are expensive and nonrecyclable 
and the removal of the templates can lead to 
an.  irreversible aggregation of nanocrystals 
into larger solid particles [12]. We are 
interested in the synthesis of nanometer- 
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sized zeolites, in part because they are the 
most widely used catalysts in removal of 
organic and inorganic pollutants processes 
[13]. We reported our novel and organic-
additive free method to synthesize 
nanoI Icrystalline NaX zeolite (NaX-nano) 
[14]. In this study we have synthesized the 
NaX,  zeolite with nanometer size particles. 
Different Si and Al sources are reported for 
the synthesis of zeolite NaX such as SM-30, 
Fumed Silica and TEOS as Si sources and 
Aluminum 	Triisopropoxide, 	sodium 
alominate as Al source [13-15]. The use of 
different sources of Si and Al make result in 
deffrent structural parameters and elemental 
contents, surface area and average particle 
size of the synthesized zeolite [16]. In this 
expefience we have been used fumed Silica 
as Si source and sodium Aluminate as Al 
source. 

I 	I 
;1.  

EXPERIMENTAL METHODS 
Materials 
Th4 chemical reagents used included fumed 

silic'.a (Sigma), tetraethyl orthosilicate 
(TEOS, Aldrich), NaOH (Merck), NaA102 
(Merck) and distillated water. All were used 
without further purification. 

PreParation of Samples 
The, following molar composition was used 
for synthesis NaX-Nsnozeolite. 5.5 
Na20:1.0 A1203:4.0 Si02:190 H20. As a 
result, an aluminosilicate gel containing 5.34 
g of NaOH, 2.42 g of NaA102, 3.43 g of 
SiOk!  and 50.0 g of H20 was prepared. The 
nanOmeter-sized faujasite-X zeolite was 
synthesized by hydrothermal crystallization 
in a temperature-cotrolled shaker. In this 
way the fumed Silica as a Si source and 

-.sodium aluminate as Al source was used for 
synthesis NaX-Nanozeolite. The Fumed 

Silica was directly mixed with freshly 
prepared aluminate solution at room 
temperature and then immediately I  moved to 
a shaker at the desired temperature for 
hydrothermal crystallization. This process 
was conducted at 60°C for 2 4 aays in a 
shaker with a rotation rate of 250 rpm. The 
powdered products were recovered with 
centrifujation washed with DI water until 
PH<8 was reached and then dried at room 
temperature for 24h for further 
characterization. The synthesis product was 
characterized by XRD, XRF, SEM and TEM 
techniques. The morphology and the particle 
size of the synthesized samples were 
examined by XL30 Philips scaning electron 
microscope (SEM) and CM12 Philips 
transmission electron microscope (TEM). 

I 
RESULT AND DISCUSSIONS 

.1!! 
Optimization of the synthesis method 
We found that crystallite size of NaX 

zeolite can bemodified by thanking the 
synthetic conditions such as different 
temperatures, shaking conditions and 
crystallization time. The different conditions 
used in this research are shown in table 1. 
The SEM images for samples prepared using 
different synthetic conditions are shown in 
fig. 1. SEM results show that cnysidllization 
at 60 °C for 2 days with shaking gave the 
smallest particle size (Fig. la). crys dllization 
at 90 °C for 2 days with no slaking or 
stirring gave NaX-µ particles (Fig. 1c). 
Crystallization at 45 °C for 2 days and then 
at 90 °C for 16 h with stirring gave particles 
between NaX-nano and NaXii. (Fig. lb). 
Based on our findings, production a wide 
variety of sizes of NaX zeolite, ranging from 
35 nm to 1 um, for various applications will 
be possible: 

Table 1. Different conditions for synthesis 
Synthesis conditions 

Shaking (250rpm) 

Shaking 

saMple 
; 

b 

Time 
2 days 
2 days 

16 hours 

Temperature (°C) 
60 
45 
90 
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No shaking 	 2 days 
	

90 	 e 

a 
Fig. 1. SEM images of synthesized 

Reaction temperature 
Reaction temperature is one of the most 
important parameters that can directly affect 
the quality of the product. The synthesis 
procedure was performed at different 
temperatures from 45 to 90 °C. According to 
quality control tests, followed by X-ray 
diffraction of the prepared samples, 60 °C is 
the most suitable temperature for this 
reaction, which increases the purity of NaX 
nanozeolite while decreasing the particle 
size. 
Reaction time 
The effect of reaction time on synthesis 
process was investigated. The crystallization 
was improved by increasing the reaction 
time from 16 to 48 hours, however, after that 
no improvement was observed. Therefore, 2 
days was selected as the optimum reaction 
time. 
Si and Al Concentrations 
The concentration of Si and Al are the most 
effective parameters on zeolite quality. 
Different solution concentrations were 
employed and optimum concentration of Si 
and Al solutions were achieved. Increasing 
the degree of crystallinity of zeolite is 
resulted by using solutions with suitable 
concentrations. 

The crystallinity of the products can also 
be affected by temperature of Si and Al 
solutions at mixing process. Si and Al 
solutions at room temperature were mixed 
together. The zeolite quality showed that the 

NaX- zeolite in different conditions. 

primary solutions temperature at the mixing 
time should be in the room temperature. 
The sources of Si and Al should be admixed 
at an appropriate time because of their 
effects on gel formation and crystallinity. 
Hence, 1 hour was selected as the best 
mixing time. 

Mixing rate can also affect the 
crystallization process. Using mechanical 
mixer with 800 rpm led to high crystallinity 
of zeolite that demonstrated by XRD 
analysis. Under these conditions, according 
to SEM and TEM images, particle size of 
the product was 20-100 nm. 
Drying process can affect physical 
properties of the products such as pore size 
and surface area. 
Results of the analysis 
Different analysis methods such as: XRD, 
XRF, SEM and TEM were used for quality 
control and the comparison of the 
synthesized samples. The XRD pattern of 
synthesized zeolite is shown in fig.2. 
The patterns indicated that the synthesized 
samples have the structure of zeolite NaX. 
The average of particle size is about 35 nm. 

TEM images of samples are shown in 
tig.3. According to the TEM images, particle 
size of the - synthesized zeolite in common 
conditions has been estimated about 50 nm 
for the nanozeolite synthesized. 

Elemental analysis of samples was 
performed with XRF and presented in table 
2, the results were in good agreement with 
NaX general formula. 
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Fig. 2. X-ray powder diffraction patterns of NaX nanozeolite. 

Si02% A1203% 1e203% CaO% Na20% 1<20% Mg0% Simple 

NaX 	40.80 	42.71 	0.01 	6.36 7.66 	0.32 	1.28 	0.010 	0.001 ! 	0.001 

Fig. 3. TEM of NaX nano zeolite. 

Table 2. XRF of NaX nanozeolite 

CONCLUSIONS 
Various NaX zeolitic crystals with 
controlled sizes and surface properties hsve 
been synthesized with a newly developed 
organic-template-free approach using 
approl propriate silicate sources and control 

I 
of hydrothermal crystallization conditions, 

i 	I 

such as temperature and agitation. Ultra-fine 
NaX zeolite (20-100 nm) was prepared by 
growth at 60 °C for 2 days several 
techniques, including SEM, TEM, XRD and 
XRF were employed characterize all of the 
synthesized materials. 	• 
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