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ABSTRACT 

In this study, a Lind Type A zeolite is synthesized in a water bath and it was characterized by X-ray diffractions and 
scanning electron microscopy. The synthetic zeolite was calcined at various temperatures from 300 °C to 1300 °C. 
The as-calcined samples were characterized by Brunauer–Emmett–Teller analysis (BET). The mass measurement 
of calcined zeolites and the BET analysis showed that the increasing temperature destroyed the original framework 
structure and porosity of zeolite (over 800 °C). It was found that the calcination temperature influenced the surface 
area, micro-meso-porous volume and final zeolite amount but it retained the same pore size distribution. The 
sample calcined at 700 °C presented the best performance because of its highest specific surface area and porous 
volume. Calcination temperatures having a value less than 800 ° C produce zeolites with large micro-pores having a 
size of 1.8 to 2 nm and medium meso-pores with size of 3 nm to 10 nm. The meso-porous volume was found 
greater than that of micro-porous. 
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INTRODUCTION 

Zeolites are porous crystalline aluminosilicates and resulting three-dimensional linkage of TO4 tetrahedral 
(SiO4

4- and AlO4
5-) interconnected by oxygen atoms. This creates crystal lattices of regular size unlike 

other adsorbents. The compensating cation (the most common is the sodium cation, but there are K+, Ba2+, 
Ca2+) neutralizes the negative charge induced by oxygen1. The structure has channels and cavities of 
molecular dimensions in which there are the compensation cations and water molecules2. Since their 
discovery in 1756 by Cronstedt, zeolites have been studied for two centuries without anyone knowing 
synthesize. Barrer work in the 1950 has revolutionized the world of porous materials by showing that it 
was possible to synthesize zeolite materials3.The International Zeolite Association (IZA) assigns each 
crystal structure of a three-letter code: LTA, FAU, MFI4; in this work, we are primarily concerned with 
the properties of LTA zeolite (Lind type A).The synthesis and characterization of the most produced and 
used zeolite in the industry; Na-LTA was reported in 1956 by researchers at the Linde Air Product 
division of Union Carbide5. This zeolite crystallizes in the cubic system with lattice parameter a=24.61 Å. 
The openings are composed of rings of eight tetrahedral 4,1 x 4,1 Å 6. It is in three form, zeolite Na-A 
(4A zeolite) with a pore size of 4 Å (sodium form of zeolite A); zeolite K-A (3A zeolite) with a pore size 
of 3 Å (potassium exchanged zeolite A) and zeolite Ca-A (5A zeolite) with a pore size of 5 Å (calcium 
exchanged zeolite A)7. Linde type A is classed from the first synthetic zeolites; it quickly found 
applications in large field. In detergents, the LTA zeolite is used for water softening8. Na-A (LTA) and 
Ca-A (LTA) are the most used in the field of drying and purification of gas (moisture regulation in double 
glazing and removal of H2S factory and natural gas fumes, for example)9. The separation of nitrogen and 
oxygen from air is performed through the 5A zeolite and also the separation of n-paraffins to iso-paraffins 
from a mixture of n- and iso-paraffins10. LTA zeolite is also used for the removal of heavy metal ions 
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present in process water at oil fields, the purification of drinking water, the desalination of aqueous 
solutions or the pre concentration of heavy metals11. Kai Xu et al. developed a new road to enhance the 
gas separation performances of the zeolite Na-LTA membrane by tuning the pore size of zeolite LTA 
through silver cation exchange12. To evaluate the separation performances of the zeolite LTA membranes, 
a membrane-based technology (pervaporation “PV”) was conducted by B. Huang et al. for the separation 
of liquid water/iso-butanol and water/ethanol mixtures13. Z. Xue et al. studied the Mg2+ or Ca2+ cation 
exchange property of the prepared meso-zeolite LTA, which was synthesized using organic functioned 
fumed silica as the silica source14. A new solid phase extraction technique was developed by Y. Peña 
based on the pre-concentration on line of ions including Pb2+, Ni2+, Cd2+and Co2+ ions in drinking water 
samples on synthetic zeolites type Na-LTA, Ca-LTA and determination by FAAS11. 
In general, industrially solids used are synthetic products because they do not contain impurities that are 
found in natural zeolites. Zeolites that having no natural equivalent were obtained in softer synthetic 
conditions (T ~ 100 ° C and autogenously pressure); zeolite A (LTA structural type, Linde Type A) is an 
example6. Hydrothermal synthesis is defined as the oldest and famous methods. Recently T. Otto et al. 
prepared an AuPd, AuPt, and PdPt bimetallic clusters uniform in size and composition using 
hydrothermal assembly of LTA crystals around cationic precursors stabilized by protecting 
mercaptosilane ligands15. A. Mirza et al. showed that a LTA zeolite layer was successfully grown on a 
super hydrophilic meso-porous titania layer coated onto porous α-alumina substrate16. Coal ashes were 
used by M. Chareonpanich as the basic raw materials for synthetic zeolite A with high crystalline silica 
content17. 
In this study, a type A zeolite was synthesized using a water bath at 70 ° C under the stirring effect. In 
order to study the calcination influence on the structural properties of framework of the LTA zeolite such 
as surface area, meso-micro-porous volume, pore size distribution, micro and mesopores diameters and 
amount of zeolite calcined; the synthesized zeolite is undergoing calcination operations at temperatures 
ranging from 300 ° C to 1300 ° C with a step of 100 ° C. 
 

EXPERIMENTAL 

Chemicals and Zeolite Synthesis 
The chemical reagents used in the study sodium aluminate (56% Al2O3, 40% Na2O, 5% H2O Biochem-
Chemopharma), ludox 30 Wt % (ludox AS-30 colloidal, Aldriche) and sodium hydroxide pellets (99%, 
Sigma-Aldrich).The LTA zeolite was prepared from the following starting gel: 3.165 Na2O: 1 Al2O3: 
1.926 SiO2: 128 H2O. An amount of NaOH was mixed with distilled water and the resulting solution was 
divided into two. It was added the aluminum and sodium source to these two portions respectively. The 
gel responsible for the preparation of the LTA zeolite is obtained by mixing of the past two solutions and 
put it into polypropylene reactor. This mixture is kept under stirring at room temperature for 30 minutes 
to well homogenize the reagents. Crystallization was made in a water bath with agitation; the temperature 
and the contact time are set to 70 °C and 42 hours respectively. After a given period of synthesis, the solid 
products were filtered off, washed with distilled water until the pH reached around 8, then dried at 70 °C 
for 24 h. 
 

Calcinations procedure 
The calcination of LTA zeolite was made in a muffle oven equipped with a temperature controller 
(Naberthem, More than heat-30-3000°C). The as-prepared samples were obtained by calcination with a 
temperature rise (3°C/min) comprising a bearing at 200°C for one hour. A second temperature varied 
from 300 °C to 1300 °C, with a ramp rate of 5 °C/min for a period of 4 hours6. The LTA zeolite calcined 
at 300 °C to 1300 °C were denoted as LTA-300 and LTA-1300 respectively by a step of 100 °C. 
The mass of the samples was measured after calcination intended to study the influence of calcination 
temperature on the loss of mass and on the zeolite framework. The amount of the zeolite before being 
placed in the oven was set at 500 mg for all tests. 
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Characterization of the products 
To know whether the right product was obtained, the synthesized zeolite was analyzed by XRD. Powder 
X-ray diffraction patterns (PAN analytical XRD) were obtained using an X’Pert PRO X-ray 
diffractometer with Cu Kα radiation, operating at 40 kV and 30 mA. The diffraction patterns were 
collected in the 2θ range of 2–70° at a scan speed of 0.05° 2θ/min. TESCAN VEGA3 scanning electron 
microscopy was used to observe material morphology. The LTA-(300 to 1300) were analysis by the BET 
(Brunauer–Emmet–Teller) surface area, pore size distribution was measured using N2 adsorption at liquid 
nitrogen temperature (77 K) in Quadrasorb SI and QuadraWin. 
 

RESULTS AND DISCUSSION 
Characteristics of LTA Zeolite  
Figure-1 shows X-ray patterns of the obtained zeolite. According to the diffractogram, the prepared 
material presented only one phase of a pure zeolite type Na-A. This figure shows that the peaks 
characterizing the LTA zeolite at 2θ = 7.30, 10.28, 12.59, 16.17, 21.75, 24.05, 27.14, 30, 34.32 are the 
same given by standard data of zeolite LTA (type Na-A)18. 
 

 
Fig.-1: X-ray diffraction patterns of the LTA zeolite. 

 
The SEM image of the synthesized zeolite is shown in Fig.-2. As it can be seen in Fig.-2, the particles 
size is about 0.5 µm. It can be seen that after 42 h in water bath the crystallization is complete. It also 
clear that the product is pure because it is seen only the cubic form, that shows the crystalline formation 
of LTA zeolite; these results are in agreement with those found by XRD. 
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Fig.-2: SEM image of LTA zeolite 

 

Effect of calcination temperature on surface area, pore volume, diameter size and amount of LTA 

Zeolite  

The effect of calcination temperatures on the specific surface area, volume and pore structure was 
characterized by Brunauer–Emmett–Tellermethod and the amount of zeolite was also measured by 
weighing after each operation of calcination. 
 

The Nitrogen Adsorption–Desorption Isotherms 

The N2 adsorption–desorption isotherm of LTA zeolite at different temperatures of calcinations are shown 
in Fig.-3. According to IUPAC classification19, nitrogen adsorption–desorption isotherms are ascribed as 
type (I and IV) isotherms for samples which have undergone calcination temperature less or equal to 
800°C and corresponds to a micro-meso-porous solid20. We can notice the presence of a nitrogen uptake 
at very low relative pressure (P/P0 = 0.02) attributed to the filling of micro-pores. 

 

The gradual approach of quasi-tray (on the initial part of the isotherm) indicates that these micro-pores are 
larger (super micro-pores)4. It is clear from the volume adsorbed that these micro-pores are presented in 
small quantities and they increased with the increase of the calcination temperature to 700 ° C. Unlike, at 
a temperature of 800 ° C the number of micro-pores begins to decrease but it is improved by contribution 
to this obtained at the temperature 300 ° C. From Fig. 3, it can also be seen for this samples, the existence 
of type H4 hysteresis loop (from 0.20 to 0.85), corresponding to the filling of uniform slit-shaped inter-
crystal meso-pores. In addition, the hysteresis loops of LTA-(300-800) are significant above P/P0 0.8, 
indicates that the meso-pores are inter-crystalline pores formed due to the aggregation of micro-crystals. 
Furthermore, at high calcination temperature (Greater than 900 ° C), the nitrogen quantity adsorbed was 
lowered; meaning that under the effect of high calcination temperature, the LTA zeolite begins lost its 
porous structure and deforms to give another form. These samples displayed the type VI isotherms and 
therefore, the form of zeolite which has undergone calcinations at 900 ° C until 1300 ° C was completely 
change to a lamellar structure. 
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It was also found that compared with all samples (Fig.-4), the quantities adsorbed of LTA (400-700) 
samples were higher, which demonstrated that all this four zeolites calcined samples had more abundant 
porous structure. 
 

 
 

Fig.-3: Individual N2 adsorption–desorption isotherms of LTA-(300 to 1300). 
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Fig.-4: Grouping N2 adsorption–desorption isotherms of LTA-(300 to 1300) 

 

BET Surface areas and pore distribution 

For comparison, the results of BET specific surface area and pore structure in formation are summarized 
and represent on Fig.-5. 
The size distributions of micro and meso pores were calculated using the method H.K and B.J.H 
respectively. Both methods are combined on the same figure for easy comparison; also both micro-porous 
and meso-porous volume are plotted according to the equation which gives the diameter as a function of 
pore volume and they are shown in the latter figure.  
The pore size distribution curves (dv (d)) of samples LTA-(300 to 800) show a micro-meso-porous 
zeolite. We can notice that these samples have wide micro-pores (between 0.8 nm and 2 nm) and medium 
meso-pores (between 3 nm and 10 nm). In addition, the micro-porous volume was given little values; 
against the meso-porous volume is more important. It is also clear that the LTA-(900 to 1300) samples 
have very small values for either micro-porous or meso-porous volume which indicates the deformation 
of the porous structure under the high temperature calcination effect. These results are also shown by the 
adsorption isotherms. 
Meanwhile, with the increase of calcination temperature from 300 °C to 700 °C, the BET surface area and 
pore volume (micro-porous and meso-porous) increased from 1.647 m2/g and (0.0005 and 0.00335) cm3/g 
to 4.591 m2/g and (0.0019 and 0.0116) cm3/g respectively; while it was noticed the conversely if the 
calcination temperature exceeds 700 ° C.  
It was found that the values of the specific surface area and the micro-meso-porous volume (3.093 m2/g 
and 0.0017 cm3/g, 0.0044 cm3/g respectively) for the sample LTA-800 are better compared to those of the 
LTA-300 sample and therefore, the best result is found at 700 ° C calcination temperature. This can be 
attributed to some pores which contain impurities and water molecules which can be emptied under the 
effect of temperature. In addition, it is clear that the high temperature calcination (LTA-(900-1300)); 
eliminates the porosity of the zeolite LTA. For example, the LTA-1300 has a surface area equal to 0.5854 
m2/g and porous volume equal to 0.00097 cm3/g. These results are in agreement with those found by N2 
nitrogen adsorption-desorption. 
 

Amount of the LTA zeolite after calcination 

To aim to follow the mass loss of zeolite LTA after calcination, the initial amount was fixed at a value of 
500 mg and after the calcination process each sample was weighed. The obtained results are shown in 
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Fig.-6. It is noticed in this figure that there is an inverse relationship between the calcination temperature 
increase and the final amount of the LTA zeolite.  

 
 

Fig.-5: Corresponding HK, BJH pore size distribution and porous volume of LTA-(300 to 800) samples. 
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Fig.-5: Suit. Corresponding HK, BJH pore size distribution and porous volume of LTA-(900 to 1300) samples. 
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It is clear that the weight loss is slight until temperature value is 800 ° C but beyond this value the loss is 
noticeable, what can say that there was a change in the final product. Furthermore, the specific surface 
area, pore volume and pore size distribution variation with the change of calcination temperatures confirm 
the existence of the disordered structure in LTA zeolite under higher calcination temperature. 

 
Fig.-6: The amount of LTA zeolite calcined for all samples. 

 

CONCLUSION 

LTA zeolite can be synthesized from the composite with a mass ratio of 3.165 Na2O: 1 Al2O3: 1.926 SiO2: 
128 H2O in water bath at temperature of 70 °C. The obtained results showed that after 42 hours this 
zeolite is pure and well crystallized. Calcination temperatures until the value of 700 °C increased the area 
surface, meso-porous and micro-porous volume and decrease slightly the mass after calcination but it is 
found conversely if the calcination temperature exceeds the value previously mentioned. 
This work indicates that the calcination temperature plays a crucial role in the formation of LTA zeolite 
porous structure because the effect of each temperature produces a material having differing structural 
features. The LTA-300 zeolite has a surface 1.647 m2/g and its porous volume value is 0,00385 cm3/g as 
well as its structural framework contains micro-meso-pores with diameters of 1.8 to 2 nm and 3 to 10 nm, 
respectively. This result was also found for the LTA-(400 to 700) samples with an improvement of the 
surface and the pore volume; the best results are obtained by LTA-700 (ST = 4.591 m2/g, VT = 0.0135 
cm3/g). The LTA-800 zeolite gives a surface ST = 3.093 m2/g and a volume VT = 0.0058 cm3/g improved 
to those of LTA-300 and it keeps the same distribution of the pore size. By cons the results verify that the 
remainder of the sample has a non-zeolitic material structure and probably contains sheets thus its totals 
surface and volume are very low, dropped to 0.5658 m2/g and 0,00097cm3/g respectively. 
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