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Abstract 
The optimal synthesis conditions for the practically important chabazite zeolite have been predicted based on the 
hydrothermal modification of the natural mineral of Nakhchivan of the Kyukyuchayfield.The starting component 
and hydrothermal reaction products have been identifiedby X-ray diffraction, thermogravimetric analysis and 
scanning electron microscope.The practically important chabazite zeolite has been identified by X-ray diffraction. 
The optimal conditions for its synthesis with a 100% degree of crystallization have been predicted. It has been 
established that the area of existence of chabazite is wide and the optimal conditions for its hydrothermal synthesis 
have been a temperature of 230°C, a concentration of a thermal solution of 15–20% Ca(OH)2, of a mineralizer CaCl2 
of 10−15 % and a processing time of 100 hours. The obtained zeolite of сhabazite was found to be stable up to 
950°Cand dehydrated chabazite was completely rehydrated within 72 hours, which once again proves its zeolitic 
character. The data allow to predetermine the synthesis conditions of a practically important chabazite-type 
zeolite. 
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Анотація 
Спрогнозовані оптимальні умови синтезу практично значущого цеоліту шабазиту на основі гідротермічної 
модифікації природного мінералу Нахічіван Кюкючай родовища. Вихідні компоненти та продукти 
гідротермальної реакції були визначені за допомогою рентгенівської дифракції, термогравіметричних 
методів аналізу та методу скануючої електронної мікроскопії. Практично важливий цеоліт шабазит був 
визначений рентгенографічно. Визначені оптимальні умови його синтезу зі 100%-ним ступенем 
кристалізації. Встановлена широка область існування шабазиту, а оптимальними умовами його 
гідротермічного синтезу стали: температура 230 °С, концентрація термального розчину 15–20 % Са(ОН)2, 
мінералізатора CaCl2 10–15% та час обробки 100 годин. Встановлено, що отриманий цеоліт шабазит стійкий 
до 950 °С, а зневоднений шабазит повністю регідратується протягом 72 годин, що ще раз підтверджує його 
цеолітичний характер. Отримані дані дозволяють визначити умови синтезу практично важливого цеоліту 
типу шабазиту.  
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Аннотация  
Спрогнозированы оптимальные условия синтеза практически значимого цеолита типа шабазита на основе 
гидротермальной модификации природного минерала Нахчывана Кюкючайского месторождения. 
Исходный компонент и продукты гидротермальной реакции были идентифицированы 
рентгенографическим, термогравиметрическим методами анализа и методом сканирующей электронной 
микроскопией. Цеолит шабазит был исследован методом рентгеновской дифракции, и были установлены 
оптимальные условия его синтеза со 100%-ной степенью кристалличности. Установлена широкая область 
существования шабазита, а оптимальными условиями его гидротермального синтеза оказались: 
температура 230 °С, концентрация термального раствора Са(ОН)2 15–20 %, минерализатора CaCl2 10−15 % и 
время обработки 100 часов. Было установлено, что полученный цеолит шабазит стабилен до 950 °С, а 
дегидратированный шабазит полностью регидратируется в течение 72 часов, что еще раз подтверждает его 
цеолитный характер. Полученные данные позволяют заранее предопределить условия синтеза 
практически важного цеолита типа шабазита.  
 

Ключевые слова: минерал Нахчывана; цеолит; шабазит; природный минерал; гидротермальный синтез; 
оптимальные условия. 
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Introduction 
 

Research activity in the field of the synthesis 
of zeolites based on natural minerals, as well as 
the study of the Nakhchivan zeolite is a promising 
and urgent task of our time. The fact is that 
research activity on the basis of natural minerals 
reduces the country's dependence on foreign raw 
materials, contributes to the rational use of 
natural resources of the Nakhchivan Autonomous 
Republic (NAR) and its use in various areas of the 
national economy.  

It is known that zeolites, synthetic or natural, 
have a wide range of application – starting with a 
catalyst [1–7] and ending with an adsorbent [8–
17].  

The need to study the hydrothermal 
recrystallization of zeolite-containing rocks is 
associated with the possibility of using them to 
obtain zeolites of other structural types with 
improved properties. 

The development of the scientific background 
of the synthesis and fields of application of 
zeolites, as well as the implementation of 
crystallization based on local mineral raw 
materials is currently one of the important areas 
of basic research. 

The use of local mineral raw materials (low-
cost materials) in the synthesis of zeolites 
becomes an area of great interest and plays an 
active role in advancing technological advances 
related to scientific research and production 
technologies of zeolite materials in optimized 
experimental conditions. 

Numerous studies have been conducted on the 
synthesis of zeolites based on zeolite-bearing 
rocks of various countries. 

In [18], the conversion of natural zeolite into 
Na-A zeolite by the two-step method has been 
carried out. Silicon dioxide used as a starting 
component was obtained from zeolite tuff and 
sodium aluminate from chemical reagents. The 
process was carried out at 90–100°C in a time 
interval of 0.5-4 hours, and as a result Na-A was 
obtained with maximum crystallinity.  Despite 
the moderate synthesis conditions, it took a lot of 
time and material costs to obtain the initial 
components. 

In the work by Tatlier and Atalay-Oral, [19] 
zeolite A was obtained from natural clinoptilolite 
under more severe conditions.  

In [20], hydrothermal synthesis of ZSM-5 
zeolite was carried out from natural zeolite of 
Bayat-Klaten at 250 °C, in the presence of 
tetrapropylammonium hydroxide and 40 % silica 
suspension in water. As can be seen, numerous 
chemicals were used for hydrothermal synthesis.  

Our proposed method can provide more cost-
efficient mass-scale production of synthetic 
zeolites based on cheaper natural resources. 

A series of zeolites was synthesized in 
hydrothermal conditions,phase-wise both in its 
pure formand in the form of associations, on the 
basis of the natural zeolite of the Kyukyuchai 
deposit of the Nakhchivan AR [21–23]. It has 
been established that the use of local natural raw 
materials from the Kyukyuchai deposit 
contributes to the process under moderate 
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conditions, obtaining purephase-crystalline 
products. 

In [24–26] chabazite was obtained on the 
basis of organic structure-directing agents. But 
synthesis based on them is expensive and toxic.  

Considering the above, the purpose of this 
research work is to study the hydrothermal 
modification of the natural sample of Nakhchivan 
with the production of zeolite such as chabazite 
and the establishment of optimal conditions for 
its synthesis using local natural raw materials 
from the Kyukyuchai deposit of the Nakhchivan 
AR. Usage of local natural resources reduces 
dependency on the foreign raw stock and it leads 
to the reasonable use of natural resources. 
Furthermore, it can bring certain benefits to the 
national economy.   

Compared with the published data [27; 28] the 
chabazite synthesized by us is characterized by 
maximum crystallinity (100 %).  

We have been the first to carryout a chemical 
modification of the natural mineral material of 
Nakhchivan, to synthesize of chabazite based on 
it, and we have also determined the optimal 
synthesis conditions.  

 

Results and discussions 
Zeolitic tuffs of Nakhchivan have been used as 

a source of samples, 78.5 % of which is the major 
mineral – mordenite (1), 19.5% is quartz (2) and 
2.00 % is anortithe (3).  

 

2 2 2.8 8.8 39.2 96 234Ca Na K Al Si O H O
               (1) 

 

2SiO
                                                                    (2) 

 

0.86 0.14 1.94 2.06 8.01Ca Na Al Si O
                               (3) 

 

The chemical composition of the natural 
zeolite of Nakhchivan is given in the Table 1. 

 

Table 1 
The percentage of oxides and elements in the 
composition of the natural sample of zeolite 

Element Weight 
(%) 

Atomic 
(%) 

Amount 
of oxides 
(%) 

Formula 
 

Na 0.42 0.37 0.56 Na2O 
Mg 0.38 0.32 0.63 MgO 
Al 4.49 3.38 8.48 Al2O3 
Si 39.90 29.08 85.93 SiO2 
K 0.75 0.39 0.90 K2O 
Ca 1.14 0.58 1.59 CaO 
Fe 0.87 0.32 1.12 FeO 
Ti 0.63 0.25 0.78 TiO2 

О 51.42 65.32   
Total 100.00    

 

The hydrothermal synthesis experiments of 
the chabazite-type zeolite were conducted in a 

time interval of 50−100 hours, at the temperature 
of 200−300 °C. The concentrations of Ca(OH)2 

thermal solution and mineralizer CaCl2 was 
studied in the range of 5−30 %.  

According to experimental data, the optimal 
temperature for the synthesis of the chabazite is 
230°C, concentration of Ca(OH)2thermal solution 
is 15−20 %, concentration of mineralizer CaCl2is 
10−15 % and the crystallization process takes 
100 hours. Under the presented optimal 
conditions, a pure phase-stable chabazite has 
been obtained. 

As can be seen from Table 2, the change in 
temperature and processing time has a 
significant effect on the crystallinity degree of 
synthesized chabazite.The crystallinity of the 
samples was calculated from the relative peak 
intensities. On standards of the American Society 
for Testing and Materials, the percentage of 
crystallinity is determined by the formula [29]: 

Crystallinity (%) = Sample peak 
intensity/Standart peak intensity 100% 

 

Table 2 
The degree of crystallinity of synthesized chabazite at 

various temperatures and processing time 
 
 
 
Temperature, 0C 

 Degree of 
crystallinity, % 

200 70 
230 100 
250 80 
300 40 
320 - 

 
Time of 
processing, hour 

50 40 
60 50 
70 60 
90 80 
100 100 

 

The study of the process began at a 
temperature of 200 0C, at which the degree of 
crystallinity is 70 %, i.e., the initial mass does not 
completely crystallize into the reaction product. 
In addition to chabazite, quartz and anorthite are 
present in the reaction products. At 230 0С, the 
entire initial mass recrystallizes into chabazite. A 
further increase in temperature (250 and 300 0С) 
leads to a decrease in the degree of crystallinity 
of chabazite, and in addition to it, albite 
crystallizes in the composition of the product. 
And at 320 0С, the synthesis products are albite 
and quartz. 

Changes in the degree of crystallinity of 
synthesized chabazite are also observed with a 
change in processing time. The crystallization 
process has been investigated in a time interval 
of 50–100 hours. For 50 hours, the degree of 
crystallinity of chabazite is 40 % and besides it, 
anorthite and quartz are present in the reaction 
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products. A further increase in the processing 
time (60, 70, 90 hours) leads to an increase in the 
degree of crystallinity of chabazite, but in 
addition to the main product, anorthite and 
quartz are present in the reaction products. For 
100 hours of treatment, the degree of crystallinity 
of chabazite reaches 100 %. 

The diffraction patterns of natural mineral 
raw materials of Nakhchivan and the products of 
hydrothermal crystallization at various 
temperatures are presented in Figure 1 and 
Figures 2, and the tabulated data of X-ray 
diffraction analysis of chabazite is given in Table 
3.

 

 
Fig. 1. XRD patterns of Nakhchivan natural zeolite

 
Table 3 

X-ray data of synthesized chabazite  
Chabazite 

dexp, Å Irel hkl dcalc, Å 

9.44 100 100 9.45 

6.68 20 101 6.68 

5.46 25 111 5.46 

4.24 50 201 4.23 

3.89 40 211 3.86 

3.36 10 202 3.34 

3.14 10 300 3.15 

3.05 10 301 3.00 

2.94 70 311 2.85 

2.62 15 320 2.62 

2.52 20 312 2.52 

2.32 10 322 2.29 

2.23 10 303 2.23 

2.17 10 402 2.11 

2.10 15 412 2.06 

2.07 10 323 2.01 

1.96 10 422 1.93 

1.88 10 500 1.89 

1.87 10 501 1.86 

When comparing X-ray diffraction 
experimental data with literature data [30], it 
was established that the sample under study is a 
zeolite – mordenite and the synthesized product 
of chabazite (Table 3). The interference maxima 
characteristic of the mordenite phase correspond 
to the values of the Bragg angle 2θ = 6.5, 9.8, 13.5, 

14, 19.5, 22, 25.5, 26, 27, 28, etc. The relative 
intensity and interplanar distances obtained 
experimentally correspond to the literature data 
(within the experimental error), which indicates 
that mordenite is the main phase of the sample. 
The interplanar distances (d) and the intensities 
of the diffraction lines (I) equal to d=3.34 Å (100), 
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2.45 Å (30), 2.28 Å (201) and 2.12 Å (20) indicate 
that that the sample contains silicon dioxide, i.e. 
α-quartz. According to the diffractogram 

anortithe (4.30 Å, 3.60 Å, 3.40 Å, 3.19 Å) is also 
present in the sample composition in small 
quantitie.

 

 
Fig. 2. XRD patterns of hydrothermal crystallization products at 200° C (a), 230 °C (b), 250 and 300 °C (c), 320 °C (d)  

The obtained hydrothermal modification of 
natural mineral raw of Nakhchivan chabazite 
crystallizes in the cubic crystal system with the 
unit cell parameter a = 9.459 Å, which agrees well 
with the reference data [31]. 

 
Fig. 3. DTA and TG curves of chabazite with 100% 

degree of crystallinity 
 

The area of dehydration, water content and 
thermal stability of chabazite are determined by 

the method of thermogravimetricanalysis. The 
DTA and TG curves are presented in Fig. 3. 

DTA curves are characterized by one 
endothermic and one exothermic effects. 

The first endothermic effect refers to the 
dehydration of the sample. The hydration shell of 
cations with a maximum of 230 0С is subjected to 
dehydration that occurs with a loss of the TG 
curve of 24 %. 

The dehydration and rehydration properties 
of the obtained chabazite were studied. Since we 
received chabazite thermal stability, the process 
of dehydration has been reversible, characteristic 
for zeolite. The sample dehydrated at 120–350 0С 
is completely rehydrated within 72 hours, i.e. 
dehydration is reversible. 

Ifa change in the structure of the zeolite is 
observed in the process of dehydration, then the 
DTA curve becomes more complex, that is, 
multiple excesses appear. Like the wine from 
Figure 3, the DTA curve is smooth, that is, there is 
no structural change during dehydration. 

The second endothermic effect, with a 
maximum of 950 0С, observed at high 
temperature, according to X-ray analysis, 
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corresponds to the destruction of the crystal 
structure of chabazite with the formation of 

hydrosodalite. The diffractogram of 
hydrosodalite is presented in Fig. 4. 

 

 
Fig. 4. XRD patterns of hydrosodalite 

 

Hydrosodalite crystallizes in the cubic crystal 
system with the unit cell parameter a = 8.85 Å, 
which agrees well with the reference data [31]. 

Fig. 5 shows the micrographs of the 
synthesized products. As can be seen from figure 
5 the individual phase of chabazite crystallizes in 
an indefinite form of nanoparticles. 

 

 
Fig. 5. Micrograph of chabazitewith 100% degree of 

crystallinity 

 
Materials and methods 
Instrumentation. The initial component and 

the reaction products were examined by X-ray, 
thermogravimetric analysis and scanning 
electron microscope.  

XRD analysis. The X-ray diffraction 
measurements were performed using the X-ray 
analyzer 2D PHASER "Bruker" (Cu Kα radiation, 
2θ = 5−50°), using of NaCl, SiO2 (quartz) and pure 
zeolites in internal and external standards. 
Samples have been placed on a front mounted 
plastic sample holder. The measuring conditions 
have been as follows: step size of 0.15 s/step, 

nickel filter as incident beam, slit aperture of 0.3° 
and scan range from 0.5° to 10° 2θ. 

Thermogravimetric analysis. The thermos-
gravimetric analysis of the samples has been 
carried out on a “Q-Derivatograph 1500-D” of the 
Hungarian company MOM in the dynamic mode 
in the temperature range 20–1000 0С. Shooting 
mode: heating rate of 20°/min; paper speed of 
2.5 mm/min; the sensitivity of DTA, DTG and TG 
is 500 mv; ceramic crucibles; the standard is 
Al2O3. 

Scanning electron microscopic analysis. The 
scanning electron microscopic analysis of the 
starting materials and reaction products was 
carried out on a Hitachi 3000 TM high resolution 
microscope (magnification 30000 times). The low 
vacuum mode allows to examine samples without 
preliminary spraying. The sample is placed on a 
double-sided adhesive tape glued to a metal disk 
and vacuum to a pressure of 10-4 Pa, then the 
sample is viewed under a microscope and a 
micrograph is obtained.  

Natural mineral. The natural sample has been 
obtained from the zeolite horizon in the north-
west of the Kyukyuchai river where zeolite 
content varies in the range of 75−80 %. The 
sample has thoroughly been washed with 
distilled water and dried at the temperature of 
100 °C for three days.  

Chemicals. Calcium hydroxide and calcium 
chloride (flake, 99 % purity, Alfa Aesar GmbH & 
Co KG, Germany) have been used as received 
without further purification. 

Working methods. The hydrothermal synthesis 
has been carried out in Morey type autoclaves 
madeof 45MNFT stainless steel with a volume of 
18 cm3, and with the filling coefficient of F = 0.8. 
The hydrothermal crystallization experiments 
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have been carried out on generating a 
temperature gradient ∆Т = 0 and without stirring 
of the reaction mass. Solid−liquid ratio is 1:10.  
For each experiment, 2 g of natural zeolite has 
been used.After crystallization is completed, the 
final material is separated from the initial 
solution. It is washed with distilled water from 
excess alkali, and dried at 80 °C. 

 

Conclusions 
Thus, the hydrothermal modification of 

natural mineral raw materials of Nakhchivan was 
obtained initially and a practically important 
zeolite of chabazite type was synthesized. A 
hydrothermal modification was carried out in 
wide ranges of temperature, concentration of 
thermal solution and treatment time. It was 
found that the optimal conditions for the 
synthesis of phase-pure chabazite were 
temperature of 230 °C, concentration of thermal 
solution – 15−20 % Ca(OH)2, concentration of 
mineralizer – 10−15 % CaCl2 and treatment time 
– 100 hours. It was established that the resulting 
zeolite of chabazite was dehydrated in the 
temperature range of 120−350 °C, stayed stable 
up to 950 °C, and a further increase in 
temperature leads to the destruction of its 
structure and crystallization of hydrosodalite. It 
was shown that dehydrated chabazite is 
completely rehydrated within 72 hours, which 
once again proves its zeolite character. Based on 
the natural zeolite of Nakhchivan, a series of 
synthetic practically important zeolites can be 
synthesized (directed synthesis). 
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