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In this work a cheap and an affordable natural quartz powder was used as a silica source, 
converted to a sodium silicate solution, for synthesising the low silica kind X (LSX) with 
process of hydrothermal the zeolite LSX with the formula Na73K22[Si97Al95O384] . 212H2O. 
The synthesized zeolite with the types cations of K and Na, considered as NaK-LSX, the 
best time to complete crystallization was 3.0 h, was features of the agent performing Fourier 
transforms infrared spectroscopy (FT-IR) and X-ray diffraction (XRD), that affirmed the 
synthesis effectiveness. Images of field emission scanning electron microscope (FE-SEM) in 
the (NaK-LSX) illustrated particles of multi-faceted spherulite composing polycrystal 
particles that have various measures as well as particles of small amorphous. Measuring of 
the average pore size and, volume of total pore for sample utilizing the “Barrett-Joyner-
Halenda (BJH)”technique, the particle magnitude spread over an area of NaK-LSX about 
67nm, and nitrogen adsorption  is indicating an area of surface about 732.29 m2/g applying 
“Brunauer-Emmett-Teller (BET)” technique. The synthesizes zeolite (LSX) may have 
different kind of usages including, industrial applications as  a gas or vapour adsorption, 
separation and as a catalyst.In addition they may also be used as a selective adsorbent in 
purifying polluted air. 
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1.Introduction 

     Quartz is the naturally occurring inorganic substance kind of SiO2 stable in pressures and temperatures of 
low. Its English form a specified derived from the querkluftertz (cross-vein ore), a Saxon word [13]. It 
occurs in hydrothermal mineral, metamorphic, sedimentary, and igneous environments, average within 
belonging to regions of continental. Nevertheless in oceanic rocks it is not frequent. Based on its acentric 
structure, it happens in both kinds of right and left -handed and is pyroelectric and piezoelectric. It is often 
approximately pure and obtains just less measures of other substitutions. Keatite, stishovite, coesite, 
cristobalite, tridymite, and β-quartz are polymorphs.  

     Zeolites are aluminosilicates of crystalline made of tetrahedral TO4 units (T= Al or Si) with accepted 
characteristics of hydrothermal firmness, high thermal, strong Brønsted acidity, high ion-exchange capacity, 
shape selectivity, precise microporosity and uniform and high surface area ([14, 30]). Thus, it has been 
applied in different environmental as well as industrial situations including exchange of ion ([11, 31]) 
catalysts ([8, 26, 28]), membrane separations ([3, 37]) and adsorbents ([2, 5, 12]). Based on Auerbach et al. 
[4] zeolite LSX is inside family of silicate minerals faujasite (FAU) household in the company of  a skeleton 
hold dual six circles joined all the time sodalite enclosure that caused super cages escorted by inlet 7.4  Å 
diameters. The model Si/Al proportion of LSX is from 1 to 1.5. It is considered as group F3m of space. The 
main raw materials applied in the synthesizing the zeolites are various alumina and silica sources that are 
usually gathered from aluminium salts, sodium aluminate (NaAlO2), and silicates of sodium. Nevertheless, 
old techniques of synthesis of zeolites usually include reagents of chemical as crystallization or begining 
materials from a clear solution or gel in conditions of hydrothermal that have the benefits of environmental 
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unfriendly nature, excessive waste, and high cost. Thus, more endeavors are performing for zeolites 
economical synthesizing. Generally, solid wastes of industry and minerals of silicate and natural 
aluminosilicate have been examined as source of alumina and/or silica since they are precursors of less costy 
and could cause reducing the expense of synthesizing. Several researches have conducted about the zeolites 
synthesis from natural minerals including kaolinite [1, 16], bentonite [16], feldspar [38] and other parents [7, 
24, 27, 34]. Though synthesizing zeolites from the solid wastes, including fly ash [32, 40], rice husk ash [29] 
and coal gangue minerals [34], the unreliability in their contributes and, the contamination in their 
constituents may increase maximum their a reasonable purpose. Thus, direct synthesizing zeolites from 
silicate minerals and natural aluminosilicate with various reserves in the earth has been pursued due to its 
major potential for probably changing the characteristics of the obtaining zeolites, energy saving, and 
decreasing the dangerous wastes production [25]. Although, majority silicate alumino minerals are 
inoperative, limited their usage in practice for the synthesizing zeolite. In addition, following the thermal 
activating, just a section of the bonds of aluminum-oxygen could be broken that is a section of the Aluminum 
oxide (Al2O3) and a less measure of Silicon dioxide (SiO2) could take part in the synthesizing zeolite. LSX 
synthesizing using a natural quartz as a silica source has not been reported.  

2.Materials and methods 

2.1. Chemicals 

     Quartz was collected from Iraqi-Kurdistan region in Erbil-Warte(latitude: 36º30’1.62”N and longitude: 
44º45’15.67”E) used as a silica source for synthesis.  Sodium aluminate (93% of NaAlO2, Fluka), sodium 
hydroxide (99% NaOH, Aldrich), potassium hydroxide (90% KOH: Flake lab. grade). 

2.2. Hydrothermal Synthesis 

     The LSX, according to Kühl [20], was produced by the hydrothermal method reported beyond. The 
solution of sodium silicate was created with regular addition of qusrtz to 150 mL of 16% wt NaOH solution 
in stirring until achieving a solution of homogeneous. In the process of LSX synthetic, “sodium aluminate 
was dissolved in D.W and” regularly enhanced in a compound of NaOH and KOH. The recent settlement 
was assorted by a liquid silicate-sodium suspension. The resulting solution was moved into the 
polypropylene bottle, cover on and secured sealed by film of paraffin. Crystallization and “aging were 
conducted at 75 °C for 4 h without stirring, later, adjusted to 110 °C  (for 0.5, 1.0, 2.0 and 3.0 h) for 
completing crystallization; the sample was cooled down to 20 °C  and cleaned” with D.W and “0.02 
normality NaOH solution, and dried at 115 - 135 °C  for  24 h. The result was zeolite LSX in the appearance 
of Na and K cations and was designated as LSX-NaK all around this object”. 

3. Characterization NaK- LSX 

3.1. X-Ray Diffraction 

     The homogeneous solid substance building of cooking zeolite catalyst was identified at 20 °C by XRD 
(D5000 by the diffraction of X-rays, Germany) utilizing Bragg-Brentano the shape, λ = 0.154  nm CuKα 
moving subatomic particles at a current of 35 mA, and 45 kV. “The powder catalyst was added to the sample 
holder and scanned at 2θ angle between 5º to 50º and a 0.05º angular step size [17].” The amount of 
crystallinity was calculated [39] through Equation (1). 

 Crystallinity% =
						∑ 	��

�����	
��	�
	����		�
	������	�

∑ 	��
���������	��	�����	��	������ �	

∗ 100																																																										(1)							 

3.2. Fourier Transform Infrared Spectroscopy 

     Groups of functional in the NaK-LSX catalysts of zeolite were identified with spectrometer of FT-IR 
(USA, MA, Waltham, PerkinElmer, Perkin Elmer model Spectrum One) taken as approximately 20 °C.” “At 
least 36 scans were carried out by an average infrared signal by a resolution of 5 cm-1 between 400 to 4000 
cm-1 and the final outcome was in transmittance%.” The trial was prepared with blend 6 mg of prepared 
catalyst in 250 mg of KBr pressed movement a disk of FT-IR calculation. 
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3.3. Nitrogen adsorption-desorption 

     The specific outside areas (BET), pore dimension of NaK-LSX, and inlet-volume was founded in N2 
adsorption-desorption isotherm at -195.75 °C  by a zeolite catalyst was obtained according to the  (BET) 
procedure, engage micromeritics (3FLEX,  GA, USA). The catalyst was taken pre-treated at 350 °C for 4 h 
in a vacuum for dehydrating the catalysts before analysis. Tidy measurement of area of BET surface, the N2 
adsorption isotherms  (∆Gads. = RT(lnPads. - lnPo)) detail above the correlative pressure scope” of 0.06–0.33 
was applied in sample of prepared catalyst. Nevertheless, “desorption isotherm (∆Gdes. = RT (lnPdes. - lnPo)) 
was applied for measuring the mean pore size as well as, total pore amount for sample by the technique of 
Barrett-Joyner-Halenda (BJH).” “Since Pdes. < Pads and ∆Gdes. < ∆Gads. Therefore, the desorption amount of 
relative  pressure corresponds to the more stable adsorbate condition and that is why desorption isotherms 
must be applied in analysis of pore size [15].” 

3.4. Morphology 

     The morphological and dimension attribute in prepared zeolite catalysts was evaluated using a (FE-SEM, 
ZEISS SIGMA-Belgium).”A few particles of NaK-LSX catalyst was distinctly dispersed in acetone, later, 
one drop of the suspended catalyst was put on a sample holder and coated with Platinum (Pt) before analysis 
for removing the charging impact in the electron beam.” 

4. Results and discussions 

     The development of the NaK-LSX framework was established beside the XRD differentiate accompanied 
by standard NaX (Figure 1). The prepared catalyst sample obtained peaks at locations like the NaX quality, 
resulting in the faujasite formula development, and showing high crystallinity in the sharp peaks. The 
comparative crystallinity “to the standard NaX was examined from the XRD image in equation (1) and, the 
achieved amount was about 100%. The particular of comparable strength, d-spacing and peak locations of 
NaK-LSX (standard NaX are showen in Table 1).” 

     Although the XRD peaks of NaK-LSX was identical to the standard NaX, the sequence of intensities was 
not the same. It was predicable since our prepared sample of catalyst makes together Na and K cations,” 
there is only the Na cation in the interval standard. Based on the previous report the “sequence of peak 
intensities depended greatly on cations kind [10, 19] and the existence of K+ attenuated them. Moreover, 
according to Kühl [20], a less proportion of Si/Al increased the intensities of line.” 

     The synthesized NaK-LSX was distinguished for identifying functional groups of the structure with FT-
IR. Figure 2 illustrates a great peak at 950 cm-1 it was assigned to an asymmetric T-O stretching.” Lee et al.  
[23] stated that usually, T-O is a tetrahedral atom alluded to the framework of Al, Si composition. It might 
transfer to a less frequent by expanding some tetrahedral Al atoms. Bands in the region 573 - 460 cm-1,   692 
cm-1  and 774 cm-1 were distributed mainly to T-O bending vibrations, double ring and symmetric stretching, 
respectively. It was mentioned that a band at “602 - 500 cm-1 was relating to the topological arrangement of 
secondary units of structure in zeolites, which include the double 4 and 6 rings external linkage peak 
associated with the FAU structure, in addition, observed in zeolite structures” ([23, 36]). “According to [9] 
the band with a peak at  3,490 cm-1 was assigned to OH stretching, and the shake at 1,640 cm-1 was 
mentioned to bending vibration of an adsorbed water molecule.” 

     The nitrogen adsorption/desorption isotherm of (NaK-LSX) zeolite catalyst is illustrated in Figure 3(a). It 
was type (I) according to International Union of Pure and Applied Chemistry (IUPAC)’s categorization with 
a large nitrogen uptake at low pressure and the desorption almost overlapping with the adsorption.” “The 
step enhanced in N2 adsorption by an enhanced relative pressure, P/P0 and N2 adsorbed measure reaching 7.0  
cm3/g at P/P0 = 0.047 recommending the pressure of an appreciable measure of micropore on the NaK-LSX 
surface.” As explained by Langmi et al. [21], this outcome was typical for the zeolite structure, and zeolite X 
has an greatly open framework and an abundant cation does not limit the entries to inner pores. Furthermore, 
the impact of a cation on the pore structure and surface area illustrate that the processes of ion-exchange can 
cause various modifications in surface and “pore structure and these ions inhibited the movement of nitrogen 
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molecule into pores or the so-called pore blocking impact, leading to the decline in surface area ([18]; [22] 
and [35]).”  

     Figure 3(b) illustrates the increasing amount of pore and spreads of “pore size of LSX-NaK from N2 
adsorption. The pore diameter of NaK-LSX, illustrated in Figure 3(b), was measured with the Horváth-
Kawazoe (HK) technique was developed for determining the pore size distribution with a pore volume of 
0.065 cm3/g.” “However, the curves of pore size distribution examined from desorption data with using the 
model of BJH illustrated in Figure 3(b), exhibiting a narrow pore size distribution with the greatest pore size 
at 67 nm.” Nevertheless, a shoulder peak distribution is dominant and it was probably from interconnected 
surface pores of LSX [6, 23]. 

     Table 2 illustrates outcomes of a N2 adsorption investigation such as mean pore diameters of LSX-NaK, 
pore volumes, and the BET surface areas. “Langmi et al. [21] noted that the pore amount of NaK-LSX and 
BET outside area form natural quartz was gripping when carrying material for preparing catalysis or other 
usages.” 

     FESEM studied size and shape of NaK-LSX particles synthesized from natural images and quartz which 
are illustrated in Figure 4 by the amplification of 5.00 KX. “In the smaller magnification of the image, the 
solid production included a mixture of multi-faceted spherulite crystals with a particle diameter about 6.5 - 
10 µm as well as round amorphous particles with a particle diameter about 5.4 µm.” “The multi-faceted 
spherulite particles as well as small particles was equabled of polycrystal particles that had various sizes. 
Since some particles clearly related to other particles [33].” 

Conclusions 

     The chemical composition, morphology of crystal, distribution and size of crystal, as well as rate of 
crystallization relates to the mole fraction of  K in the Na-K system while synthesizing LSX. An affordable 
and a cheap natural quartz was utilized as original silica for the synthesizing of catalyst (LSX-NaK). The 
zeolite structure forming was affirmed with FTIR and XRD. LSX-NaK crystal morphology was feature 
spherulite particles illustrates with micrograph of FE-SEM. The  area of BET surface in the NaK-LSX was 
about 732.29  m2/g. The chemical composition, morphology of crystal, distribution and size of crystal, as 
well as rate of crystallization relates to the mole fraction of K in the system of Na-K while synthesizing  
LSX. “The lofty mole fraction of  K in the beginning gels developed in lower crystallization rate, and smaller 
framework Si/Al quotient in the LSX got.” The synthesizes zeolite (LSX) may have a wide range of 
applications including, industrial applications as  a gas or vapour adsorption, separation and as a catalyst.In 
addition they may also be used as a selective adsorbent in purifying polluted air. 
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Figure (1): XRD patterns of (a) reference sample and(b) synthesized NaK-LSX catalyst zeolite using natural quartz as a 

silica source. 
Table 1.Peak locations, d-spacing and respective strength of NaK-LSX catalyst zeolite and then standard NaX. 

2θ d 
Relative intensities 

Standard NaX Synthesized LSX 

6.10 14.47 100.00 100.00 
9.99 8.85 22.4 17.28 

11.73 7.54 16.54 17.78 
15.43 5.74 22.7 13.11 
18.43 4.81 7.18 4.21 
20.09 4.42 12.60 6.91 
23.32 3.81 21.00 20.00 
26.70 3.34 22.10 29.41 
30.10 2.88 20.40 26.20 
30.36 2.94 11.21 13.11 
32.03 2.79 8.62 17.28 
34.24 2.62 4.89 6.18 

 

 

 

 

 

 

 

 

Figure 2.FTIR spectrum of zeolite NaK-LSX synthesized from natural quartz. 
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Figure 3(a)Adsorption-Desorption isotherm of zeolite catalyst NaK-LSX (b)Average pore size distribution. 

Table 2. The surface properties of synthesized NaK-LSX zeolite catalyst. 

Textural properties Value (m2/g) 
BET Surface area a 732.29 

External surface area b 376.11 
Micro pore surface area b 365.18 
Langmuir surface area c 599.30 

a 
Multipoint BET analysis, b BJH analysis (t-method),

c
 t-method. 

 

 

 

 

 

 

 

 

 

 

Figure 4. FESEM image of NaK-LSX zeolite catalyst. 

 

 


