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Abstract: In this study, AKF-78 grade Angren kaolin was used to synthesize KA zeolite. The obtained metakaolin and KCl 

were mixed in a 1:1 molar ratio. The prepared mixture was treated with a 2M NaOH solution and heated in an autoclave for 28 

hours at 100°C. Based on the XRD data of the KA zeolite obtained through hydrothermal synthesis, it was compared with the 

peaks of LTA zeolite crystals. The KA zeolite synthesized from Angren kaolin through hydrothermal synthesis was found to fully 

correspond to the formula Al10H72K4.63Na6O91.32Si25.38 based on the XRD data. Furthermore, it was determined that the KA 

zeolite consists of the following elemental composition: O-51.2%, Si-25%, Al-10%, K-6.3%, Na-4.8%, and H-2.5%. The degree of 

crystallization and amorphicity of the zeolite was also determined. The degree of crystallization of KA zeolite was found to be 

29.09%, while the degree of amorphicity was 70.91%. In the analysis of the catalytic or adsorption properties of the zeolites, crystal 

sizes are of significant importance. The LTA zeolite and the synthesized KA zeolite were compared using X-ray diffraction (XRD). 
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Introduction. Attempts to synthesize zeolites artificially were made many years 

ago. In 1962, Sen-Claire Devil synthesized synthetic phillipsite potassium by heating a 

mixture of potassium silicate and aluminate in a sealed glass tube at 200°C. Later, 

numerous experiments were conducted to synthesize natural analogs of zeolites under 

high temperatures (250-450°C) and pressure (300 MPa) conditions [1]. Zeolite synthesis 

is generally carried out by the hydrothermal method, which mimics natural conditions 

that promote zeolite crystallization. In the hydrothermal method, temperatures below 

600°C and autogenous pressure conditions prevail [2]. The commercial production of 

Zeolite A is mainly carried out by preparing an aluminosilicate hydrogel using sodium 

silicate and sodium aluminate [3]. For the synthesis of Zeolite A, kaolin, a natural 

resource with a Si/Al ratio close to 1, is used as an alternative and inexpensive raw 

material. 

This approach uses kaolin as a raw material similar to Zeolite A [4]. Zeolites like 

Zeolite A have micropore sizes ranging from 0.3 to 0.45 nm [5]. Zeolite 3A (KA) is 

typically obtained through cation exchange between monovalent sodium and 

monovalent potassium. Each unit cell, with a radius of 0.133 nm, contains 12 cations and 

24 water molecules fully hydrated [6]. Zeolites are formed in hydrothermal environments 

and are used in various industrial and economic sectors, particularly in petroleum 

refining and petrochemical industries as catalysts [7]. 
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Zeolite KA's framework structure is formed by tetrahedral units of [SiO4] and [AlO4] 

linked by common oxygen atoms. Due to its specific crystal structure, Zeolite KA has 

high porosity, a large specific surface area, and a high ion-exchange capacity. Zeolite KA 

has remarkable properties such as low toxicity, good thermal stability, environmental 

cleanliness, and its affinity for heavy metals, making it widely used as a detergent dryer 

and water softener. Zeolite KA releases potassium ions to enhance plant growth. 

Therefore, Zeolite KA plays a significant role in softening hard water [8]. 

The emission of carbon dioxide (CO2) into the atmosphere contributes to 

environmental pollution and disrupts the climate. Additionally, carbon dioxide plays a 

crucial role in the chemical degradation of the ozone layer. As a result, the issue of carbon 

dioxide removal has become increasingly urgent. Various methods for carbon dioxide 

removal, including chemical adsorption, physical adsorption, chemical conversion, 

cryogenic separation, membrane separation, and others, are actively being researched [9-

10]. Crystalline aluminosilicates synthesized by scientists are referred to as granulated 

zeolites without binders. Their synthesis aims at producing microporous aluminosilicates 

with adsorption properties comparable to those of highly dispersed zeolites [11]. 

Research Objects and Methods. Analytical-grade reagents and materials were used 

in the synthesis of synthetic KA. AKF-78 grade Angren kaolin was chosen for the 

synthesis of synthetic KA zeolite. Initially, the kaolin sample was ground with a 

HERZOG 100P mill to a particle size of up to 100 nm for the synthesis of synthetic KA 

zeolite. The ground sample, weighing 10 g, was treated with a 0.5 M oxalic acid (H2C2O4) 

solution to remove additional iron (Fe+2, Fe+3) ions. The purified kaolin was washed 3-4 

times with distilled water and filtered.  

 

 
Figure 1. Synthesis diagram of KA zeolite obtained by hydrothermal method 

 

The filtered sample was dried at 650°C in a furnace to obtain metakaolin. The 

obtained metakaolin and KCl salt were mixed in a 1:1 molar ratio. The prepared mixture 
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was stirred with a magnetic stirrer (Stable Temp Cole Palmer) for 24 hours at 60°C with 

a 2M NaOH solution. After that, the prepared mixture was transferred to a Teflon vessel 

and maintained at 100°C for 28 hours (Figure 1). To remove excess alkali from the 

synthesized sample, it was washed 3-4 times with distilled water until a neutral (pH 7) 

environment was reached, and then dried at 80°C [12]. 

Results and Discussion. In this study, the KA zeolite synthesized from Angren 

kaolin by hydrothermal synthesis and the LTA zeolite sample were examined using X-

ray diffraction (XRD) with the SHIMADZU XRD-6100. The X-ray diffractometer data 

revealed various X-ray diffraction peaks (Figure 2). 

 

 
Figure 2. Elemental composition of synthetic KA zeolite 

 

Based on the XRD data, the peaks of LTA zeolite crystals were compared with those 

of the synthesized KA zeolite. The KA zeolite synthesized from Angren kaolin via 

hydrothermal synthesis was found to fully match the formula 

Al10H72K4.63Na6O91.32Si25.38 based on the XRD data when compared with reference 

data from global crystal structure databases. Moreover, it was determined that the KA 

zeolite has an elemental composition of O-51.2%, Si-25%, Al-10%, K-6.3%, Na-4.8%, and 

H-2.5%. Analysis of the peaks in the KA zeolite crystals also revealed the degree of 

crystallization and amorphicity. In this case, the degree of crystallization of KA zeolite 

was 29.09%, and the degree of amorphicity was 70.91%. 
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Figure 3. XRD image of synthesized KA and LTA zeolite crystals 

 

Some zeolites often have highly isotropic or spherical morphology crystals, 

particularly materials like A, X, or Y zeolite, which have cubic symmetry. However, more 

anisotropic crystal sizes are common in other types of zeolites. For the creation of catalytic 

or adsorptive materials, it is preferable to have crystals with micro-pores oriented in 

specific directions, allowing for effective access and exit of molecules. Therefore, crystal 

sizes play a crucial role in the analysis of catalytic or adsorption properties of zeolites 

(Figure 3). 

The infrared absorption and transmission of the synthesized sample were analyzed 

using a Bruker ALPHA II FTIR spectrometer. As shown in Figure 4, the FTIR spectrum 

of the synthesized KA zeolite shows a sharp absorption band at 465.84 cm⁻¹ 

corresponding to Si-O or Al-O vibrations. Symmetric Si-O-Si vibrations were observed at 

673.13 cm⁻¹, while asymmetric Si-O-Si stretching vibrations showed lower intensity. 

Furthermore, a sharp peak appeared at 1006.19 cm⁻¹, corresponding to the asymmetric 

stretching vibration of Si-O-Si. This vibration indicates that the probability of asymmetric 

stretching vibrations in the Si-O-Si bond is higher than that of bending vibrations. 

Additionally, another distinct peak is observed at 556.79 cm⁻¹, which is related to the 

presence of secondary four-membered rings (D4R), a secondary building unit 

characteristic of the LTA-type zeolite structure. 

The FTIR spectrum of the synthesized KA zeolite sample also reveals two infrared 

regions related to the hydration water of the zeolite. In zeolite structures, water molecules 

are coordinated with cations, and hydrogen atoms partially bond with the oxygen ions 

of the framework. The interaction between the water molecules and the cations or the 

oxygen ions of the framework depends on the open structure of the zeolite. The broad 

vibration zone observed at 3488.22 cm⁻¹ corresponds to the (OH) hydrogen bonded to the 

oxygen ions of the framework. Additionally, in the obtained spectrum, an intense 

absorption zone of water molecules is identified at 1660.74 cm⁻¹. 
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Figure 4. a) Synthesized KA zeolite; b) FTIR spectra of KA zeolite sample obtained by 

Peng Wang 

 

The distinct and deep vibrational mode of the hydration water in KA zeolite 

indicates its hydrophilic nature and high degree of hydration. The intensity of this 

sensitive spectral range shows significant changes in the amorphous phase. The 

crystallization process of the prepared gel into KA-type zeolite material demonstrates a 

substantial mass conversion. Thus, the FTIR vibration spectrum of the synthesized KA 

zeolite confirms the formation of structurally similar units and chemically identical 

components. 

Peng Wang and others successfully synthesized nano-sized KA zeolite particles via 

hydrothermal synthesis. The FTIR spectrum of the obtained KA zeolite sample is shown 

in Figure 4. Similar to the synthesized KA zeolite in this study, its FTIR spectrum shows 

a sharp peak with high intensity at 1000 cm⁻¹, which is associated with the asymmetric 

stretching vibration of the T-O-T bond (where T = Al or Si). Additionally, a sharp 

vibration zone at 472.0 cm⁻¹ corresponds to the Si–O vibration, and the asymmetric Si–

O–Si vibration, as well as the asymmetric stretching of the T-O-T bond, shows lower 

intensity compared to its asymmetric stretching mode [8]. 

Conclusion: In the study, AKF-78 grade Angren kaolin was used to synthesize KA 

zeolite. The obtained metakaolin and KCl were mixed in a 1:1 molar ratio. The prepared 

mixture was treated with a 2M NaOH solution and heated in an autoclave for 28 hours 

at 100°C. Based on the XRD data of the KA zeolite obtained through hydrothermal 

synthesis, it was compared with the peaks of LTA zeolite crystals. The KA zeolite 

obtained by hydrothermal synthesis from Angren kaolin was found to fully match the 

formula Al10H72K4.63Na6O91.32Si25.38, based on XRD data. It was also determined 

that the elemental composition of KA zeolite consists of O-51.2%, Si-25%, Al-10%, K-6.3%, 

Na-4.8%, and H-2.5%, and the crystallization and amorphousness levels of the zeolite 

were also identified. The crystallization degree of the KA zeolite was 29.09%, and the 

amorphousness degree was 70.91%. The crystal sizes are of great importance when 



Scientific and Technical Journal of NamIET ISSN 2181-8622 

 

 
  158 
Vol. 10 Issue 1                                                                                                                                           www.niet.uz 
       2025 

analyzing the catalytic or adsorption properties of zeolites. In the study, X-ray diffraction 

(XRD) was used to compare the LTA zeolite and the obtained KA zeolite. As shown in 

the XRD data, differences were observed at the 7, 19, 16, and 21 peaks. These changes 

were caused by additional crystal peaks formed due to the specific concentrations of KCl 

salt and NaOH used in the synthesis. 

The FT-IR analysis of KA zeolite was carried out using a Bruker ALPHA II FT-IR 

spectrometer. The FTIR spectrum showed a sharp vibration zone at 465.84 cm⁻¹, 

corresponding to Si-O or Al-O vibrations. The symmetric Si–O–Si vibration was observed 

at 673.13 cm⁻¹ and showed lower intensity compared to the asymmetric Si–O–Si 

stretching vibration. The asymmetric Si–O–Si vibration appeared at 1006.19 cm⁻¹. This 

vibration indicates that the probability of asymmetric stretching vibrations in the Si-O-Si 

bond is higher than that of bending vibrations. The FTIR spectrum of the KA zeolite 

particles obtained by hydrothermal synthesis by Peng Wang and others was found to 

fully match the spectra of synthetic KA zeolite. 
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