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Abstract: Scarcity of fresh water has nowadays become a global problem and for this reason, a great deal of
attention has been given to providing fresh water with new technologies and renewable energy. The purpose of
this research is to synthesize Zeolite 13X or NaX powder using the hydrothermal method to identify the
parameters affecting the synthesis process as well as the factors affecting the moisture adsorption of the material.
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Synthesis sample (S1) had the specific surface area of 25.53 m?/gr, total pore volume of 0.38 Cm®/gr, mean pore
diameter of 60.1 nm, and water adsorption percentage of 22% of the total powder weight.
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1. INTRODUCTION

Zeolites are crystalline and hydrated
aluminosilicates of the first and second groups of alkali
and alkaline earth metals. Zeolite 13X or NaX with the
chemical formula of Na86 [(AlO2)86(Si0O2)106]1XH20
and Si/Al=1.23 has 12-ring pores with the pore size of
approximately 6-8 angstroms. This material is one of the
hydrophilic zeolites that tend to adsorb polar molecules,
especially water(Perkal & Walters, 1970; Shokroo et al.,
2016). The main objective of the current study is to
determine the values of the effective parameters of the
hydrothermal method of zeolite 13X synthesis.

2. MATERIALS AND METHODS

The raw materials used in this research are sodium
silicate (Na2SiO3z. H20), Merck, code 1056212500 (8%
Na,O, 26.5% SiO,, 65.5% H,0), sodium aluminate

(NaAlO>), Sigma Aldrich code 13404, (38% Na-O, and
62% Al»O3), sodium hydroxide (NaOH) Merck code
1064621000 (99% NaOH), and deionized water.

2.1. Selection of raw materials

Table 1 lists the information from different sources
to determine the composition ratio of raw materials and
other parameters.

2.2. Hydrothermal synthesis of zeolite 13X powder

Samples S1 and S2, whose specifications are given
in Table 1, were used for the synthesis of zeolite 13X
powder.

Table 1. Synthesis conditions of selected samples

Sample . Temperature Time
code SiO2/Al203 | Na2O/Al:0s | H20/Al203 (°C) (hr) Ref.
S1 3.43 10.39 320 90 6 (Mezni et al., 2011)
S2 35 35 150 90 15 (Zhang et al., 2013)

3. RESULTS AND DISCUSSION
3.1. Structural studies

Figure 1 shows the XRD pattern of the synthesized
S1 and S2 samples and Commercial sample, Comm.

The results obtained by the XRD pattern of S1 and
Comm show that the structure of the synthesized and
commercial sample matches that of zeolite 13X given in
references(Treacy & Higgins, 2007). The XRD pattern
of S2 confirms the formation of an amorphous structure.
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Figure 1. X-ray diffraction pattern image of synthesized samples S1, S2, and Comm

3-3. Surface area analysis (BET)

The results obtained from the BET analysis of the

samples are given in Table 2.

The S1 sample has a higher specific surface area than
the Comm sample mainly due to the visibility of the
smaller particles in the SEM images.

Table 2. The BET analysis results of the S1 and Comm samples

Total pore Vol. Mean hole diameter
2
Sample code Surface area(m?/gr) cmilgr Nm
Comm 13.48 0.02 8.02
S1 25.53 0.38 60.15

3-6. Comparison of moisture adsorption and
desorption

Figure 2 refers to the moisture adsorption in the
samples at different pressures.
The water desorption under different pressures
demonstrates that the S1 powder sample loses more

Water uptake %
o

0.9 0.92

P (atm)

moisture due to its larger mean pore diameter (46% vs.
32% at 0.92(atm) pressure) under the same vacuum
conditions. In sample S1, moisture absorption takes
more time due to the agglomeration of the powder.

~-Comm

0.96 0.98

Figure 2. Curves of the percentage of adsorbed moisture at different pressures for samples S1 and Comm

4. CONCLUSION

Primary compounds for the synthesis of zeolite 13X
powder through the hydrothermal method involve a
careful selection of different raw materials. For instance,
the composition of the synthesized samples, as per
references, includes
3.43Si0,.Al,03.10.39Na;0.320H,0 for (S1) and
3.5Si0,.Al1,03.3.5Na,0.150H,0 for (S2). In the STA
analysis, sample S1 demonstrated the 22% moisture

adsorption, surpassing the 20% moisture adsorption
observed in the commercial sample (Comm). Notably,
the moisture absorption at ambient temperature by
various pressures suggested that S1 exhibited a faster
desorption due to its larger mean pore diameter. This
characteristic thus makes S1 favorable for powder reuse.
Conversely, despite the agglomeration of S1 powder, it
displayed less moisture absorption within the same time
frame compared to the Comm sample. Therefore, the
suitable moisture absorption and desorption zeolite 13X
powder proved to have a high specific surface area and


https://doi.org/10.30501/jamt.2023.376241.1259

A. Mehdikhani et al / Journal of Advanced Materials and Technologies (JAMT): Vol. 12, No. 4, (Winter 2024), 61-72

64

high pore volume with the presence of small
macrodimension holes (nonagglomeration).
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