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SYNTHESIS OF ZEOLITES FROM RAW MATERIALS 

Zeolites are aluminosilicate materials, and its properties are determined 

by the interaction of the two main minerals in composition: silicon (Si) and 

aluminum (Al). [1-3] The Si / Al ratio in its oxide forms (SiO2 / Al2O3) de-

termines the possibility of the formation of specific zeolites, since each type 
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has a specific ratio associated. [2,3] Zeolites are porous materials that are cur-

rently used in different applications in industry, mainly for adsorption pro-

cesses and as catalysts. [2,4] 

The zeolite structure is produced in a hydrothermal reaction with a 

strong base, when the Si and Al atoms are rearranged, thus forming a stable 

structure with the compensating cation X +, which is the base cation, usually 

sodium (Na+) or potassium (K+), as seen in the Figure 1. [2, 5-7] 

 

 
Figure 1. Structural figure of zeolite, where X + is a compensation cation. [2,3] 

Figure 1 shows the structure of a zeolite, formed by the two main com-

ponents. When selecting the type of ash, the presence of different minerals: 

potassium (K), calcium (Ca) and iron (Fe) are also a possibility. [3,4] Unfor-

tunately, if these minerals are present in the raw material in high concentra-

tions, the possibility of zeolite synthesis declines significantly. The reason is 

the competition between these three minerals for the reaction with the base, 

leading to the formation of different materials. [2,5] 

The synthesis method used in the zeolite formation has many associated 

variables that are responsible for the type of product obtained, but the main 

parameters are temperature and time. Temperature determines how strong the 

interaction of the base with minerals will be; and time determines the phases 

of crystal formed in the zeolite structure. [2, 6,7] 

Zeolites synthesized with the method are characterized by their crystal-

linity and porosity, which are determined by X-ray diffraction analysis 

(XRD) and BET (Brunauer-Emmett-Teller) analysis, respectively. Further, 

the confirmation of the zeolite structure is accomplished using the scanning 

electron microscopy (SEM) analysis, where the image of the obtained mate-

rial is analyzed and compared with the materials obtained as a result of X-ray 

analysis. [1,3,7] 

Zeolite synthesis is possible using two different methods: classic and 

two-stage method, which vary according to the interaction intensity between 

the ions and the base associated. [1,2] Moreover, the synthesis can be carried 

using pure oxides of the main minerals, following the method of the Interna-

tional Zeolite Association (IZA) or a variant containing raw materials, which 

have high concentration of these minerals. From the materials available, the 

main products currently used in the synthesis are coal fly ash and rice husk 
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ash. [2,4,6] The parameters of the synthesis methods have many variations 

and depend primarily on the concentration of materials in the ash, where ad-

justments must be performed to accomplish the synthesis [1-5]. Therefore, 

another important analysis is the determination of the characteristics of the 

materials using XRF (X-ray fluorescence analysis), in which the main con-

centration of oxides is analyzed. [2,7] 

In Russian Federation, since raw materials from biomass are not availa-

ble, the main materials suitable for the zeolite synthesis are coal ashes. [1,3,5] 

After analyzing the materials, considering the availability and characteristics 

favorable for synthesis, the main types of coals that can be used in the syn-

thesis are: coals from the Seversk and Kemerovo regions. [1,2,5] Further-

more, optimization of the process must be performed aiming for the im-

provement of time and temperature in the synthesis process. [4,6] 
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