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Abstract 

In this study, Zeolite Type A was successfully synthesized from coal fly ash using an alkaline 

hydrothermal method. The pretreatment of fly ash with acid followed by dissolution in NaOH 

and hydrothermal crystallization at 100 °C yielded phase-pure Zeolite A with high crystallinity. 

X-ray diffraction confirmed the formation of the cubic LTA framework structure, while FTIR 

spectroscopy revealed characteristic framework vibrations of Si–O and Al–O tetrahedra along 

with structural water bands. SEM micrographs showed well-defined cubic crystals with 

intergrowth typical of Zeolite A, and EDS analysis confirmed the presence of Si, Al, O, and Na 

as the major elements with trace impurities such as Ca and Fe from fly ash. The results 

demonstrate that fly ash, an abundant industrial by-product, can be effectively converted into 

a high-value zeolite material, thus providing both waste utilization and sustainable synthesis of 

functional porous materials. 
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1. Introduction 

 

The rapid growth of coal-based thermal power plants has led to an ever-increasing generation 

of fly ash, which poses a major environmental challenge due to its disposal and management. 

Fly ash is a finely divided residue rich in silica (SiO₂), alumina (Al₂O₃), and minor oxides, 

making it a promising precursor for the synthesis of value-added materials such as zeolites. 

Utilization of fly ash not only mitigates environmental hazards associated with ash ponds and 

landfills but also converts an industrial by-product into functional materials for industrial and 

environmental applications [1]. 

 

Zeolites are crystalline aluminosilicates with a three-dimensional framework consisting of 

[SiO₄]⁴⁻ and [AlO₄]⁵⁻ tetrahedra linked by oxygen bridges. The incorporation of Al in the lattice 

creates negative charges, which are balanced by exchangeable cations such as Na⁺, K⁺, or Ca²⁺. 

This unique structure gives zeolites a high cation-exchange capacity, uniform micropores, large 

surface area, and excellent thermal and chemical stability. 
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Among the different zeolite structures, Zeolite Type A (LTA framework) has  attracted special 

attention because of its uniform pore size (~4 Å), high ion-exchange capacity, and selective 

adsorption properties [2]. It is widely used in water softening, detergents, separation of small 

gas molecules, drying processes, and heavy metal ion removal from wastewater. Traditionally, 

Zeolite A is synthesized using pure chemical reagents such as sodium aluminate and sodium 

silicate; however, these methods are costly and resource-intensive. The use of fly ash as a low-

cost silica–alumina source provides a sustainable and economical alternative for large-scale 

synthesis of Zeolite A [3]. 

 

Therefore, the synthesis of Zeolite A from fly ash not only addresses the dual challenge of 

waste management and resource recovery but also supports the development of green and 

sustainable materials for environmental remediation and industrial processes. 

 

2. Experimental Methodology 

Fly ash collected from a local coal-based thermal power plant was sieved to obtain particles 

below 75 μm, washed with distilled water, and treated with 1 M HCl to remove alkali and 

alkaline-earth impurities [4]. The sample was rinsed thoroughly with deionized water, dried at 

100 °C in a hot-air oven for 12 hours, and used as a precursor for zeolite synthesis. The purified 

fly ash was mixed with 3.0 M NaOH solution to form a homogeneous slurry, which was 

transferred into a Teflon-lined stainless steel autoclave. The mixture was aged at 25 °C for 24 

hours and crystallized hydrothermally at 100 °C for 10 hours. The resulting solid was separated 

by centrifugation, washed with deionized water until neutral pH, and dried at 80 °C for 6 hours 

to obtain Zeolite Type A powder. 

3. Characterization Techniques 

The synthesized zeolite was analyzed using standard structural and  morphological techniques. 

X-ray diffraction (XRD, Bruker D8 Advance, Germany) with Cu-Kα radiation was employed 

to confirm the crystalline phase and purity of Zeolite A [5]. Fourier transform infrared 

spectroscopy (FTIR, PerkinElmer Spectrum Two, USA) in the 400–4000 cm⁻¹ range was used 

to identify characteristic framework vibrations of [SiO₄] and [AlO₄] tetrahedra. Surface 

morphology and elemental composition were studied using scanning electron microscopy with 

energy-dispersive spectroscopy (SEM/EDS, JEOL JSM-7610F, Japan with Oxford Instruments 

EDS) to evaluate crystal shape, particle distribution, and Si/Al ratio[6]. 

4. Results and Discussion 

4.1 X-Ray Diffraction (XRD) Analysis 

The crystalline structure of the synthesized material was investigated using X-ray diffraction. 

The XRD pattern (Fig. 1) displays sharp and intense peaks, confirming the successful formation 

of Zeolite Type A with high crystallinity. The most prominent reflections were observed at 2θ 

values near 27.2°, 31.1°, and 44.6°, which are characteristic of the cubic LTA framework of 

Zeolite A and are in good agreement with the JCPDS reference card for NaA zeolite [7]. The 

high-intensity peaks indicate the phase purity of the product, while the absence of broad 

amorphous humps suggests that most of the silica and alumina present in fly ash were 

effectively transformed into crystalline zeolite [8]. Minor background noise at 
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higher angles could be attributed to residual unreacted phases of fly ash, but the overall 

diffraction profile demonstrates that the hydrothermal method yielded a well-defined 

crystalline zeolite framework. 
 

Figure 1. XRD pattern of Zeolite Type A synthesized from fly ash. 

4.2 Fourier Transform Infrared (FTIR) Analysis 

The FTIR spectrum of the synthesized zeolite (Fig. 2) shows distinct absorption bands that 

confirm the formation of the aluminosilicate framework. A broad band observed at 3525 cm⁻¹ 

corresponds to the stretching vibrations of surface –OH groups and adsorbed water molecules. 

The band near 1610 cm⁻¹ is attributed to the bending vibrations of H–O–H, further indicating 

the presence of structural water within the zeolite channels [9]. Strong absorption bands in the 

range 1226–1088 cm⁻¹ are assigned to the asymmetric stretching vibrations of the internal T–

O (T = Si or Al) bonds of the tetrahedral framework. The peak at 825 cm⁻¹ corresponds to 

symmetric stretching vibrations of T–O bonds, while the band at 573 cm⁻¹ represents the 

double-ring vibrations characteristic of the LTA framework structure of Zeolite 

A. The low-frequency band at 468 cm⁻¹ is associated with the bending vibrations of T–O 

linkages. These spectral features are in good agreement with reported FTIR patterns of Zeolite 

Type A, confirming successful crystallization and framework formation from fly ash [10]. 
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Figure 2. FTIR spectrum of Zeolite Type A synthesized from fly ash. 

4.3 Scanning Electron Microscopy (SEM) and Energy-Dispersive X-ray Spectroscopy 

(EDS) 

SEM micrographs (Fig. 3) reveal that the product consists of well-crystallized cubic particles 

typical of the LTA framework of Zeolite A. Crystals show sharp edges and occasionally 

truncated corners, with frequent intergrowth of cubes leading to agglomerates and inter- 

crystalline voids (useful for mass transport) [11]. The surface is clean and faceted, and the 

spherical glassy cenospheres characteristic of raw fly ash are largely absent, indicating 

effective dissolution/activation of fly-ash aluminosilicates during NaOH treatment and 

subsequent nucleation–growth. A small fraction of irregular fragments is observed and may 

correspond to residual aluminosilicate glass or partially converted phases [12]. 

Figure 3. SEM micrographs of Zeolite 

The corresponding EDS spectrum (Fig. 4) confirms the expected elemental composition of 

Zeolite A, showing dominant peaks for O, Na, Al, and Si. Sodium arises from the alkaline 

synthesis and balances the negative framework charge created by Al substitution; Si and Al 

constitute the tetrahedral framework, while O reflects the aluminosilicate network. Minor 
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peaks of Ca and Fe are detected, attributable to trace impurities inherited[9]. From fly ash; their 

low intensity suggests minimal incorporation into the zeolite lattice . Semi- quantitatively, the 

composition indicates a Si/Al ratio close to unity, consistent with LTA-type zeolite chemistry, 

and a measurable Na content consistent with NaA zeolite. Overall, the concordance of 

morphology (cubic LTA crystals) and chemistry (Si–Al–O with Na, traces of Ca/Fe) verifies 

successful conversion of fly ash to Zeolite Type A [13]. 

 

 
 

 

Figure 4. EDS spectrum of Zeolite Type A synthesized from fly ash 

Conclusion 
 

Zeolite Type A was synthesized from fly ash through an efficient alkaline hydrothermal route. 

Structural characterization by XRD and FTIR confirmed the crystallinity and framework 

formation of the zeolite, while SEM/EDS analysis validated its cubic morphology and 

elemental composition. The study highlights that fly ash can serve as a low-cost, eco-friendly 

precursor for zeolite production, offering dual benefits of industrial waste management and the 

development of materials for applications in ion exchange, adsorption, and environmental 

remediation. 
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