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Abstract. The development of new methods for the synthesis of zeolites and the improvement 

of existing methods for the synthesis of zeolites in order to reduce their cost and improve the quality 

of the final product is an important task of modern chemistry and chemical technology. Existing 

methods for the synthesis of zeolites, including hydrothermal synthesis methods, are extremely 

time-consuming and expensive due to the widespread use of structure-forming agents. At the same 

time, traditional methods for solving the above problems by increasing the rate of hydrothermal 

synthesis by increasing the temperature are not optimal, due to the possibility of the formation of 

additional inorganic phases at high temperatures. Zeolite BETA is one of the most commonly used 

aluminosilicates both as a catalyst and as a material for creating inorganic membranes for various 

purposes, while the synthesis of the above zeolite is extremely long and takes from 5 to 10 days. 

The presented article presents the results of the development of a method for obtaining BETA 

zeolite by a hydrothermal method under the influence of ultrasound. A study of the influence of 

temperature and the ratio of silicon to aluminum in the reaction medium on the yield of zeolite is 

also given. It has been established that an increase in the temperature of hydrothermal synthesis 

from 80 C to 120 C contributes to an increase in the yield of zeolite up to 97%. An increase in the 

molar ratio of silicon to aluminum, on the contrary, leads to a decrease in the zeolite yield to 15%. It 

is shown that the synthesis under conditions of ultrasonic treatment with a power of 6 mW/cm
2
 

contributes to an increase in the yield of the target product by 2–4 times, and an increase in the rate 

of formation of BETA zeolite by 2–8 times. 
 

Аннотация. Разработка новых методов синтеза цеолитов и совершенствование 

существующих методов синтеза цеолитов с целью их удешевления и повышения качества 

конечного продукта является важной задачей современной химии и химической технологии. 
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Существующие методы синтеза цеолитов, включая гидротермальные методы синтеза, 

являются крайне длительными и дорогостоящими, в связи с широким использованием 

структуроформирующих агентов. При этом традиционные методы решения вышеуказанных 

проблем путем увеличения скорости гидротермального синтеза за счет увеличения 

температуры не являются оптимальными, в связи с возможность образования 

дополнительных неорганических фаз при высокой температуре. Цеолит BETA является 

одним из наиболее часто используемых алюмосиликатов как в качестве катализатора, так и в 

качестве материала для создания неорганических мембран различного назначения, при этом 

синтез вышеуказанного цеолита является крайне длительным и занимает от 5 до 10 суток. В 

представленной статье приведены результаты разработки метода получения BETA цеолита 

гидротермальным методом под воздействием ультразвука. Также приведено исследование 

влияния температуры и соотношения кремния к алюминию в реакционной среде на выход 

цеолита. Установлено, что увеличение температуры гидротермального синтеза с 80
0
C до 

120 C способствует увеличению выхода цеолита до 97%. Увеличение же мольного 

соотношения кремния к алюминию наоборот приводит к уменьшению выхода цеолита до 

15%. Показано, что проведение синтеза в условиях ультразвуковой обработки с мощностью 

6 мВт/см
2
 способствует увеличению выхода целевого продукта в 2–4 раза, и увеличению 

скорости образования BETA цеолита в 2–8 раз. 
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High interest of scientific community and industry to zeolites is determined by their unique 

sorption, separation and catalytic properties [1–5]. Huge micropore surface and variety of possible 

pore diameters allow to apply zeolites as membrane materials for gas and ions separation. Among 

of different zeolites BETA zeolite attract considerable attention because of high internal surface 

area and volume. Zeolite BETA (Figure 1) has the structural formula |Na
+

7| [Al7Si57O128] and has 

tetragonal symmetry with unit cell parameters a = 12.6610 Å, b=12.6610 Å, c=24.4060 Å [6–8].  

 
 

Figure 1. a) Channel system of BETA zeolite, b) pore structure of BETA zeolite c) pore dimensions 

along (100) axis, d) pore dimensions along (001) axis 
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The pores are represented by an elliptical ring consist of 12 silicon atoms, the pore sizes are 

5.6–7.1 Å in the longitudinal and transverse directions, the available pore volume is 20.52%, while 

the calculated surface area is 1220 m
2
/g. The pore size allows molecules with a hydraulic radius of 

5.95 Å to diffuse through them. However, pores can be modified and used for small molecules 

separation [9–12]. The main problem of BETA zeolite application is high price of their synthesis 

due to application of structure directing agents and longtime of BETA zeolite synthesis. One 

possible way to solve this problem is to develop seeds induced template free synthetic method of 

BETA zeolite synthesis [8, 13, 14]. 

 

Materials and methods 

BETA zeolite synthesis was provided using chemical grade sodium hydroxide, sodium 

aluminate, silica gel and seeds of BETA zeolites produced by HKC with purity not less than 99%. 

Distillate water was purified using DE-25 aqua distillation system. For BETA zeolite synthesis 

silica gel was milled in laboratory milling machine and classified thought laboratory sieve to 

obtained 10 μm silica gel particles.  

For BETA zeolite synthesis solution of sodium hydroxide was obtained at ambient 

temperature, then milled silica gel was added to sodium hydroxide solution and mixed for one hour 

at 70 C for gel formation. After cooling of reaction gel to ambient temperature solution of sodium 

aluminate and one gram of BETA zeolite seeds were to formed gel. Reaction was carried out at 80, 

100, and 120
0
C in autoclave reactor. Quantity if used reagent are shown in (Table). After finishing 

of hydrothermal synthesis reaction media was centrifugated and zeolite was separated from reaction 

solution. Then zeolite was washed with distillate water and dried at 140
0
C. Synthesized samples 

have theoretical Si/Al rate from 15 to 1500 (Table). BETA zeolite silica to aluminum ratio was 

determined gravimetrically by addition hydrogen fluoride acid to BETA zeolite followed by silica 

fluoride formation and its evaporation. Yield of synthesized zeolite was made by dividing of dried 

solid weight on theoretical weight of BETA zeolite sample.  

 

Results and discussions 

Increasing of reaction media Si/Al mole fraction from 15 to 1500 results in decrease of solid 

zeolite yield (Table), that can be explained by low reaction rate of silica phase formation on zeolite 

surface.  

Table  

REACTION CONDITIONS FOR AND NA-ZSM-5 SYNTHESIS 
 

Sample NaOH, mol 

fraction 

NaAlO2, mol 

fraction 

SiO2, mol 

fraction 

H2O, mol fraction  Zeolite yield, % 

1 2 2 30 360 74.1 

2 2 1 30 360 68.3 

3 2 0.5 30 360 62.1 

4 2 0.25 30 360 40.7 

5 2 0.125 30 360 30.4 

6 2 0.06 30 360 23.1 

7 2 0.02 30 360 15.6 

Temperature of hydrothermal synthesis is 100 
0
C, time of hydrothermal synthesis 120h 

 

Increasing of hydrothermal reaction temperature from 80 C to 120 C. results in appropriate 

increase of BETA zeolite yield (Figure 2a), that can be explained by increasing of nucleation 

reaction rate and increasing of mass transfer under high temperature. Si/Al ratio in synthesized 
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BETA zeolite strongly depends on Si/Al ratio in reaction gel (Figure 2b). Increasing of Si/Al ratio in 

reaction gel from15 to 1500 results in increase of Si/Al ratio in BETA zeolite from 7 to 427. 

Difference between Si/Al ratio in reaction gel and BETA zeolite can be explained by reactions 

equilibrium during hydrothermal synthesis. Increase in reaction temperature (Figure 2b) results in 

appropriate increase of reactions rate there for Si/Al ratio in zeolite become closer to Si/Al rate in 

reaction gel. From the other side increase of reaction temperature higher than 120
0
C can result in 

formation of different phase of zeolite. For increasing of nucleation rate other methods should be 

applied. One of the possible solutions of this problem is application of ultrasonic irradiation during 

nucleation process. For this purpose, heating of reaction media was provided in ultrasonic 

laboratory bath under 80
0
C and ultrasonic power density 0.6×10

−2
W/cm

2
. 

 

  
 

Figure 2. a) Yield for BETA zeolite for different Si/Al ratio under various reaction temperatures, 

b) obtained Si/Al ratio in BETA zeolite on Si/Al ratio in reaction gel for different temperatures  

 

Application of ultrasound during BETA zeolite particles nucleation results in appropriate 

increase of BETA zeolite yield (Figure 3), that can be subscribed to increase in nucleation rate. 
 

 
 

Figure 3. Sonication influence over BETA zeolite yield at 80
0
C, hydrothermal treatment for 120 h 

 

Calculated nucleation rate increase increased in 2–4 times compare to conventional method. 

 

Conclusions 

New and reliable template free method providing zeolite yield up to 97% for BETA zeolite 

synthesis using ultrasound sonication was discovered and tested. Developed ultrasound assisted 

method showed to increase nucleation rate in 2-4 times compare to conventional method. Study of 

reaction temperature influence on BETA zeolite yield showed appropriate increase of BETA zeolite 

yield from 15-20% to 85-97%. Increase of Si/Al ratio in reaction gel from15 to 1500 results in 
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increase of Si/Al ratio in BETA zeolite from 7 to 427. Difference between Si/Al ratio in reaction gel 

and BETA zeolite can be explained by reactions equilibrium during hydrothermal synthesis. 

 

The reported study was jointly funded by Russian Foundation for Basic Research (RFBR), 

Sirius University of Science and Technology, JSC Russian Railways and Educational Fund “Talent 

and success”, project number 20-38-51001. 
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