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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®
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.

AHHOWlaI/ﬂ/l}l. Paspa60TI<a HOBBIX MCTOAOB CHHTE3a MCOJHUTOB W COBCPHICHCTBOBAHUC
CYICCTBYIOIIINX MCTOAOB CHHTC3a HCOJMTOB C LCJIbIO UX YACHICBIICHHA W IMOBBIIICHHUA Ka4C€CTBa
KOHCUYHOI'O0 IPOAYKTA ABJIACTCA Ba)KHOU 3amadeit COBpCMCHHOfI XUMHUHU U XUMHYECKON TEXHOJIOTHH.
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CylecTByole METO/bl CHHTE3a IEOJUTOB, BKIIOYAs THAPOTEPMAJIbHbIE METOMAbI CHHTE3a,
SBIIAIOTCS KpalHE NIJIUTENbHBIMM W JOPOTOCTOSAILIMMH, B CBSI3M C UIMPOKUM HCHOJIb30BaHHEM
CTpyKTypoopMupyOMUX areHToB. [Ipu 3TOM TpagMIIMOHHBICE METOBI PEIICHUS BHIIICYKa3aHHBIX
npoOJieM MyTeM YBEIWYCHHsS] CKOPOCTH THUIPOTEPMATBHOTO CHHTE3a 3a CYET YBEIMYCHUS
TEMIIEpPaTypbl HE SBIAIOTCS ONTUMAJbHBIMU, B CBS3M C BO3MOXHOCTH 0Opa3oBaHUSA
JIOTIOJTHUTENBHBIX HEOpraHu4ecKux ¢a3 mpu BbICOKOW Temmeparype. Lleomut BETA sBnsercs
OJTHUM M3 HanbOoJIee YacTO MCIOJIb3yEMbIX aJTIOMOCUIIMKATOB KaK B KAYECTBE Karajin3aropa, Tak U B
Ka4ecTBEe Marepuaya Ui CO3/aHUsS HEOPTaHMYECKHX MeMOpaH pa3Iu4HOTO HAa3HAYCHHUSI, IPH ITOM
CHUHTE3 BBIIIEYKa3aHHOTO IICOJIUTA SBISETCS KpailHe JJIMTENbHBIM U 3aHUMaeT oT 5 10 10 cyrok. B
MIPEACTABICHHONW CTaThe MPUBEICHBI Pe3yJIbTaThl pa3pa0doTku Metona monydeHus BETA neonuta
TUAPOTEPMATIbLHBIM METOAOM II0J] BO3JIECUCTBHEM YIbTpa3Byka. Takke MPUBEACHO HCCIEIOBAHUE
BIIMSIHUSI TEMIIEPATypbl U COOTHOIICHUSI KPEMHUSI K QJIIOMUHUIO B PEAKIIMOHHOM Cpelie Ha BBIXOJ
11eoHTa. YCTAHOBIEHO, YTO YBEIMUCHHE TEMICPaTyphl THAPOTEpMaibHOro cuutesa ¢ 80°C 10
120 C cmocoOCTByeT YBEIWYCHHUIO BBIXOJA IeonuTa 10 97%. VYBenWueHHe K€ MOJIBHOTO
COOTHOUIICHHSI KPEMHHS K AFOMUHUIO HA00OpOT MPUBOIUT K YMEHBIIICHHIO BBIXOJA IIEOJIUTA JIO
15%. Iloka3aHo, 4TO MPOBEICHHE CHHTE3a B YCIOBUAX YIBTPA3BYKOBOH 0OpabOTKH C MOITHOCTBIO
6 MBt/cm’ CHOCOOCTBYET YBEITMYECHUIO BBIXOZAA IIENIEBOTO MpOAyKTa B 2—4 pa3za, U YBEIUYEHUIO
ckopoctu obpaszoBanusi BETA nieonura B 2—8 pas.

Knroueswvie cnosa: neomutel, Na-BETA, cuHTE3, KUCIIOTHOCTH, XEMOCOPOITHS.

Keywords: zeolites, Na-BETA, synthesis, acidity, chemosorption.

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*;| [Al-Sis7O12g] and has
tetragonal symmetry with unit cell parameters a = 12.6610 A, b=12.6610 A, c=24.4060 A [6-8].

Figure 1. a) Channel system of BETA zeolite, b) pore structure of BETA zeolite ¢) 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 A in the longitudinal and transverse directions, the available pore volume is 20.52%, while
the calculated surface area is 1220 m?/g. The pore size allows molecules with a hydraulic radius of
5.95 A 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 um 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°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°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 NaAlO,, mol SiO,, mol H,0, mol fraction Zeolite yield, %
fraction fraction fraction
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 30 360 304
6 2 0.06 30 360 23.1
7 2 0.02 30 360 15.6

Temperature of hydrothermal synthesis is 100 °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 froml5 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°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°C and ultrasonic power density 0.6x 10 *W/cm®.
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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.
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Figure 3. Sonication influence over BETA zeolite yield at 80°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 froml15 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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