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ABSTRACT 

 Zeolite A was produced by using locally available clay in the Gulbarga region of Karnataka, India, 

via a method of alkali fusion – hydrothermal synthesis procedure. The clay used as a source material was 

initially converted into metakaoline by calcinating it at 800˚
 
C for 2h.  Calcined clay was treated with sodium 

hydroxide to carry out fusion reactions at 850˚C; later aging was done, finally the aged sample 

hydrothermally treated to get the end product. The product (zeolite) obtained was characterized by Powder X-

ray Diffraction (PXRD), Fourier transmission Infrared Spectroscopy (FTIR) and Scanning Electron 

Microscopy (SEM). This work showed that a locally available clay in the Gulbarga region can be easily 

converted into zeolitic type material by following user friendly method like Alkali fusion followed by 

Hydrothermal treatment and the synthesized zeolite can be used effectively as an adsorbent for purifying the 

contaminated water. 

[Key words: Clay, Metakaoline, clacination and hydrothermal treatment] 

 

1. INTRODUCTION 

 

 Zeolites are crystalline, micro porous, hydrated aluminosilicates of alkaline or alkaline earth materials 

which produces a system of pores and a cavity showing molecular dimensions [1]. The structure of zeolite is 

composed of [SiO4]
-4

 and [AlO4]
5
 tetrahydra, which 'corner share' to form different open structures [2]. 

Mx/n[(Al2)x(SiO2)y].zH2O is the general formula used to indicate zeolite, where 'n' represents the charge of 

cation M, the values of x,y and z depend according to the type of zeolite [3,4].This structure gives excellent 

performance of ion exchange, catalysis and adsorption, especially Zeolite-A can be widely applied for water 

purification, in fields like  petrochemical industry and for environmental protection [5].  

 Zeolites can be synthesized by using a gel of sodium aluminosilicate, however they can also be 

synthesized by using chemical precursors of silica and alumina but the precursors are very expensive. In order to 

reduce the cost of production different types of zeolites the investigators are looking for a very cheaper and 

easily available clays like kaolinite [6-8], halloysite [9], illite, smectite, interstratified illite-smectite [10], 

montmorillonite [11]and bentonite [12-13] for the synthesis of zeolitic type materials. Silica and alumina are the 

two rich compositions in clay minerals are found as very imperative source material to synthesize precious 

materials like zeolites.  

 In the present work we account the synthesis of zeolite A by using local clay following synthesis route 

alkali fusion-hydrothermal procedure. The synthesis method undertaken by using one of the effective alkali 

reagent sodium hydroxide. The synthesized end product were characterized and discussed by PXRD, FTIR and 

BY SEM analysis. 

2. MATERIALS AND METHOD 

2.1 Materials: 

 Clay used in the work collected from Sulepeth a village in Gulbarga district Karnataka, India. The clay 

was initially in the lumpy and hard state, was crushed, dried, sieved and chemically analysed. Table 1 gives the 

chemical analysis details of the clay used. 

 Sodium hydroxide used as a mineraliser, activator and an alkali reagent which was purchased from 

Venkatesh chemicals Gulbarga, Karnataka, India.  
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 Distilled water used in the synthesis procedure was collected from a distillation unit in the Department 

of Ceramic and Cement Technology P D A College of Engineering, Gulbarga, Karnataka, India.  

 

2.2 Method: 

A conventional method was used for the synthesis of zeolite, which includes mainly two steps. 

1) Alkali fusion- to dissolve silica and alumina into sodium aluminosilicate. 

2) Hydrothermal treatment- to crystallize the fused sample after ageing. 

Fig. 1 Indicates the processing steps used for the synthesis of zeolite from the clay. 

 

2.3. Synthesis of zeolite from clay:  

 The clay after size reduction was sieved by using 75µ and stored in a clean and dried Nickel crucible. 

Initially clay has been heated to 800˚C in order to make it free from volatile and to increase its reactivity. About 

20 grams of treated clay was then mixed with 24grams of sodium hydroxide and the mixture was mixed 

thoroughly and was carried for alkali fusion in a Muffle furnace heated to a temperature at 850
˚
C for 5hrs. The 

fused material was cooled to room temperature, powdered and mixed with distilled water to carryout ageing 

operation for 24hrs.The sample formed after ageing was finally hydrothermally treated in a water bath. The 

residue after hydrothermal treatment was washed thoroughly, filtered, and dried over night in an air oven. 

 

Oxides Weight % 

SiO2 48.523 

Al2O3 9.682 

Fe2O3 18.809 

CaO 17.042 

MgO 3.971 

K2O 1.768 

Na2O 0.139 

SO3 0.065 

Table 1: Oxide composition of Clay 
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Fig 1: processing steps involved in the synthesis of zeolite 
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3. RESULT AND DISCUSSIONS 

 

 The clay used in the work and the end product formed was characterized by XRD for the phase 

analysis, SEM for surface topography and FTIR to determine internal and external vibrations in the inorganic 

material. 

3.1 Powder X-ray diffraction (PXRD) analysis:  

 The Phase analysis of raw clay, aged and final product was done by PXRD, at Omerga, Maharashtra, 

India. Fig. 2 shows the XRD of raw clay, aged and final product (zeolite) obtained. The black coloured graph 

shows XRD of raw clay which shows the presence of crystalline phases of silica montmorillonite in the raw 

composition after initial treatment. The red colour graph shows XRD of raw clay which under gone alkali-fusion 

and of 24 hours ageing. The green coloured XRD is of the end product i.e. zeolite, showing the conversion of 

aged material into product zeolite (crystalline). Figure 2.1 shows the XRD of zeolite-A, obtained from clay and 

it was confirmed by JCPDS Card No. 860185, ICSD: 080880. The zeolite formed shows System: Cubic, Lattice: 

Primitive, Chemical composition: Al12Si12O48 and chemical name: Sodium cobalt Aluminium silicate sulphur.  

 

Fig. 2: PXRD of Raw Clay, Aged and Zeolite. 

 

 

Figure 2.1: XRD of Zeolite from clay 
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3.2 Fourier Transform Infrared Spectroscopy Analysis (FTIR analysis):  

 The FTIR analysis of clay, treated clay was carried in P.D.A college of Engineering, Materials Science 

and Technology Department, Kalaburgi, Karnataka, India. Fig.3 shows the FTIR analysis of raw clay and of 

Zeolite A. The IR spectrum of synthesized zeolite was observed at 564 cm
-1 

is because of external vibration of 

double four rings, similarly at 968 cm
-1

 is because of internal vibration of (Si,Al)-O asymmetric  stretching. The 

band at 564cm
-1

 is of zeolitic frame work. The broad peak at 2159 cm
-1

 indicates the presence of zeolitic water 

[14,15,16]. 

 

Fig 3: FTIR spectra of raw clay and product zeolite 

3.3: SEM analysis of raw and treated clay: The SEM analysis of raw clay as well as of treated clay was 

carried in SAIF STICK, Kochin, Kerala, India.  

 

 

Fig.4: SEM images of raw clay 
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 Fig.4 shows the SEM images of raw clay, according to the images it was observed that the particles are 

irregular in size and shape and their surface is somewhat hollow and broken. 

 Fig. 4.1 shows the SEM images of clay zeolite, which reveals randomly oriented silicate crystals on the 

surface of end product with a clear dispersed porosity. 

 

 

  

 

Fig 4.1: SEM images of Clay Zeolite. 

 

4. CONCLUSION 

 

 A zeolitic material identified as zeolite-A was successfully synthesized in this work by using local clay 

by following easy low cost processing steps. The zeolite formation was confirmed by PXRD and the result of 

which compared to JCPDS card no.860185. 

 The FTIR peaks at 560±5 cm
-1

 shows the external vibrations and similarly 968±5 cm
-1

 are because of 

internal vibrations of (Si-Al)-O asymmetric stretching which confirms the formation of Zeolite-A.  

 The SEM images of the raw material reveals particles variation in size, shape, agglomeration in the 

final product, showing a randomly oriented, well dispersed porous particles distribution. 
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