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In this paper, the hydrothermal synthesis of Na-A zeolite synthesized from Angren kaolin
and y-AlLO, mixtures is considered. Crystal sizes of Linde Na-A and synthesized Na-A zeolite were
compared using X-ray phase analysis. Zeolite Linde Na-A has a lattice strain between crystals from
0.019 to 0.23, and a lattice strain between synthesized Na-A zeolite crystals from 0.019 to 0.24.
The dislocation density of the samples was found to be between 10**m2?and 10V m™. Using IR
Spectrometric analysis was determined to be compatible with data presented in the literature.
In this study, Angren kaolin was selected as the source of aluminosilicate available in Uzbekistan.
Today, the use of zeolites for technological purposes is widely introduced worldwide, they are
used in the production industry for purification of various gases, and in the oil and gas industry
as an adsorbent and catalyst, for the separation of hydrocarbons, and for the deep purification
of gases.
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Byn »KymbicTa AHFpeH KaoauHi meH \/—AIZO3 KOCMacblHAH CUHTEe34enreH na-A LeOIUTIHIH,
rTMAPOTEPMUANBIK CUHTE3i KapacTbipblnagbl. Linde Na-A KaHe cuHTe3genreH na-A ueonut
KPUCTan[apblHbiH, enwemaepi peHTreHaik dasanbik Tanfayabl KONJaHYMEH CanbiCTbIPbIAAbI.
Linde na-a ueonutiHge 0,019-gaH 0,23-Ke geniHri KpucTangap apacbiHgarbl Top Aedbopmaumnacsl
JKOHEe CMHTe34enreH na-A LeonuTKpuctangapbl apacbiHaassl Top aedopmaymacel 0,019-aaH 0,24~
Ke peviH 6onaapl. YarinepaiH opHanacy Toifbi3abifbl 10* m?2 skaHe 107 m? apanbifbiHaa 60nabl.
NK-cnekTpomeTpUAbIK Tanaay apKblibl 0napabiH 9a4ebueTTe 6epinreH gepektepmeH yinnecimai
eKeHAiri aHbIKTanabl. byn 3epTTeyae ©36eKcTaHAa KON KeTimai aNtoMUHUI CUAUKATTAPbIHbIH,
Ke3i peTiHAe AHTrpeH KaoauHi TaHAanabl. byriHri TaH4a ueonAnTTepAi TeXHONOMUANBIK MaKcaTTa
KongaHy OyKin anempae KeHiHeH Ko/AaHblnaAbl, onap apTypAi rasgapabl TasapTy YWiH
eHAipic cananapblHAa, cCoOHAal-aK ra3 eHepkacibi agcopbeHT KaHe KaTanusatop peTiHae,
KemipcyTekTepai 6eny KaHe rasgapabl TEPEH Ta3apTy yLWiH.

TyiiiH ce3aep: LeosINT; KAONNH; Ca3; KPUCTaI; HAHOKYPbIJIbIM; METAKA0NNH; Aedopmauus;
TMAPOTEPMUANBIK; AUCNOKALMA.
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B paHHoOW paboTe paccMOTpeH ruApoTepmanbHbli  cMHTE3  ueonuta  Na-A,
CMHTE3MPOBAHHOMO M3 CMECU aHFPEHCKOro KaosnHa u y-ALO,. Pasmepbl kpuctannos Linde
Na-A u cuHTesnpoBaHHoro ueonuta Na-A cpaBHMBaNM C NpUMeHeHWeM peHTreHodasoBoro
aHanuza. Leonut Linde Na-A nmeet gedopmaumio peleTkm mexay Kpuctannamum ot 0,019 go
0,23 1 aedopmaumio peweTkn MeXAy CUMHTe3MPOBAHHbIMU KpucTannamu ueonuta Na-A ot
0,019 go 0,24. MAOTHOCTL AMCAOKALMM 06pa3LoB OKasanachk B npegenax 10* m? n 10V m2, C
nomoubto MK-cnekTpomeTpuyeckoro aHanusa 6bl10 YCTAHOB/IEHO, YTO OHM COBMECTUMbI C
AaHHbIMK, NPeACTaBNEHHbIMK B InTepaType. B 4aHHOM Mccief0BaHUM B KaYecTBe UCTOYHMUKA
aNIOMOCUNNKATOB, AOCTYMNHbIX B Y36eKucTaHe, 6bln BblbpaH AHrPEeHCKUMIt KaonuH. CeropHa
NPUMeHeHne LLe0MTOB ANA TEXHONOTUYECKUX Lienel WHUPOKO BHeAPEHO BO BCEM MUpPE, OHU
LUIMPOKO NPUMEHAIOTCA B MPOU3BOACTBEHHONM NPOMBILLIEHHOCTU A8 OYUCTKM PA3/IUYHbIX Fa30B,
a TaKKe B ra3oBas NPOMbILLIEHHOCTb B KayecTse agcopbeHTa 1 KaTanmnsaTtopa, ANA pasgeneHuns
YrneBoA0poao0B v ry6oKON 04MCTKM ra3os.

KnioueBble c/0Ba: LEONWUT; KAOAWH; [MHA; KPUCTAN; HAHOCTPYKTYPa; METaKao/uH;
Aedbopmaums; ruapoTepmanbHbIin; AUCaoKauma.
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1. Introduction

There is no denying that zeolites are the great importance
in commercial, technological and scientific applications. In
recent years, the global zeolite market is estimated at several
billion dollars [1]. More than 80% of the commercial demand
for detergents, catalysts, absorbents and cleaning agents is
zeolite materials. Currently, 241 completely ordered and 11
partially disordered structures of various zeolites have been
identified [2]. The process of synthesis of zeolites is carried out
by the hydrothermal method by creating conditions that lead to
their crystallization.

The contribution of preliminary radiation-oxidative
treatmenttothechangeintheelectrophysical characteristics
during thermal and radiation-thermal tests in the contact of
zirconium with water is revealed [3]. There arises the
formation of thin films of cobalt monosilicide (CoSi)
deposited into the base surface of SiO,/Si (111) using
magnetron ion-plasma sputtering and subsequent thermal
annealing. It was found that, in addition to the formation of
CoSisilicide, also there are Co and Si atoms that do not form
bonds on the surface [4-5].

Among zeolites, zeolite A or LTA is one of the first
completely synthetic zeolites that has no natural analogues [6].
The X-ray diffraction (XRD) spectrum of the nano-ZrO,
compound was drawn, the crystal structure was determined at

room temperature and under normal conditions [7]. There
arises the formation of thin films of cobalt monosilicide (CoSi)
deposited into the base surface of SiO,/Si (111) using magnetron
ion-plasma sputtering and subsequent thermal annealing. It
was found that, in addition to the formation of CoSi silicide,
also there are Co and Si atoms that do not form bonds on the
surface [8]. Other countries, including Korea, Ukraine and Iran,
also produce large volumes of kaolin. Kaolin has the chemical
composition Al Si,0 (OH),. Many researchers have synthesized
Na-A zeolite by changing its chemical and physicochemical
properties from kaolin [9-13]. Several different methods
(microwave, vapor phase, hydrothermal and sol-gel methods)
have been used in the synthesis of Na-A zeolite from kaolin.
The most common methods for the synthesis of LTA-type
zeolite membranes are primary synthesis and secondary
(crystalline) growth. In combination with these methods, the
microwave method was used to synthesize LTA-type zeolite
membranes. Compared with the traditional hydrothermal
synthesis method, microwave synthesis of zeolite membranes
has advantages such as shorter synthesis time and higher
membrane formation [14].

The synthesis of zeolites is influenced by several factors:
molar ratioof reagents, synthesis temperature, synthesis time,
source of raw materials, crystallization time. To synthesize LTA
zeolites using structure-directed agents (CDA), researchers
selectively modify certain synthesis processes.
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Amongst different water purification, sorption is the best
one due to its unique features; especially universal and
inexpensive. A large number of publications are appearing in
the literature every year, confirming its importance [15-16]. A
temperature of 110°C was kept constant throughout the
synthesis process of the zeolite NaA, and the durations and Na/
Al ratios were altered. The of X-ray diffraction (XRD) analysis
showed that high purity zeolite NaA with a high degree of
structural order was produced in the following conditions: a Na/
Al ratio of 1.64 for KC and KJ and synthesis durations of 18 h for
KC and 20 h for KJ. According to the XRD results, which indicated
the formation of the zeolites KA, MgA and CaA, the process of
cation exchange between the Na from zeolite NaA and the K,
Mg and Ca from the solutions was efficient. [10].This article
examined the hydrothermal synthesis of Na-A zeolite
synthesized from mixtures of Angren kaolin and y-alumina with
Linde Na-A zeolite.

2. Experiment

In this study, Angren kaolin was selected as the source of
aluminosilicate available in Uzbekistan. Kaolin is a crystalline
natural aluminosilicate in which the molar ratioof silicon oxide
toalumina is 1.0-1.15 (Table 1). Kaolin has a structure including
layers formed by repeating layers of silicon-oxygen tetrahedra
and aluminum-oxygen octahedra.

Table 1 — Chemical composition of Angren kaolin

Substance Content, %
AlLO, 31.20
CaO 1.24
Fe,O, 0.80
K,0 0.28
MgO 0.72
Na,0 4.69
PO, 0.07
Sio, 48.90
TiO 0.45
Other substances 11.67

The results obtained showed that the resulting films have
a structure suitable for instrumentation. The paper also
presents theoretical studies on the creation of photomasks to
create a device design. Usingthe method of magnetron
sputtering, a structure was created that can be used in thermal
radiation receivers. The mechanism of structure formation has
been developed [17].

Thereto synthesize Na-A zeolite, kaolin treated with oxalic
acid solution was heated at 650°C for 4 h (thermal dehydration
process) and converted into metakaolin (Table 2). To improve

the Al/Si molar ratio in Na-A zeolite, v-AIZO3was added to the
resulting metakaolin in a mass ratioof 2.2/1. The prepared
sample was mixed with 2M NaOH solution (Stable Temp Cole
Palmer) at 50°C for 24 h. The prepared mixture is poured intoa
Teflon container and placed in an autoclave. The sample was
kept at a temperature of 90°C for 16 h. The synthesis product
was washed several times with distilled water to remove excess
alkali (pH-7) and redried at 60°C for 12 h.

Table 2 — Purified kaolin composition

Substance Content, %
AlLO, 37.4
Na,0 5.5
Sio, 55.6
Fe,0, 0.1
Other substances 1.4

3. Results and discussion

In this research work, the optimal activation temperature
ranges from 550 to 850°C for different periods, with
metakaolinization observed predominantly in the range of 650-
750°C [18]. The metakaolin is heated to 650°C and then boiled
for 4 h. The kaolin chunks were cooked at 550°C and then
heated to room temperature. The optimal solution to this
problem is to use the following methods:

550-560°C
2ALSi,0(OH), = 2ALSi,0,+4H,0

27275

First, the kaolin sample is dried at 100°C for 6 h. Alkaline
activator sodium hydroxide (NaOH), oxalic acid to purify excess
compounds (Fe*) in local kaolin, y-ALO, to improve the molar
ratio of SiO,/ALO, in the synthesis of Na-A zeolite, equipment
for preparing the necessary solution processes was prepared.
In the HERZOG-100P mill (GNR Nord, Germany) a sample of
Angren kaolin AKF-78 is crushed to a size of 100 nm. 10 g of this
crushed sample is placed in a magnetic stirrer (Cole Palmer,
USA) at 100°C with 0.5 M H,C,0, solution. After a certain time,
the mixture was cooled to room temperature, filtered and dried
[19]. At this stage, a mechanism for purifying kaolin from
additives, especially iron oxides, was implemented. In that:

—in solution, oxalic acid (H,C,0,) dissociates to biooxalate
ion(HC,0,):

H,C,0,~> H'+ HC,0,

—in turn, the resulting biooxalate ion dissociates, leaving
the oxalate ion (C,0,%):

HC,0,> H*+C,0,>

BecTHuMK KasHY. Cepua xummyeckasa. — 2024. — Ne 1-2
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The biooxalate ion produced in this reaction is the ion
responsible for dissolving iron:

Fe,0,+ H* + 5 HC,0, > 2Fe(C,0,),%+ 3H,0 + 2C0,
There crystals of hydrothermally synthesized Na-A zeolite

based on Angren kaolin and a sample of Linde Na-A zeolite were
studied using an X-ray diffractometer XRD-6100 (Shimadzu,

diffractometer, various X-ray diffraction peaks were recorded
(Figure 1).

According to XRD data, 27 peaks were determined in
Linde Na-A zeolite crystals and 30 peaks in the synthesized
Na-A zeolite crystals (Figures 1 and 2). In our opinion, in the
process of obtaining hydrothermally synthesized Na-A zeolite
based on Angren kaolin, additional crystalline peaks may
appear due to the use of y-Al,0,and NaOH in the appropriate

Japan). As a result of the data obtained from the X-ray  concentration.
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Figure 1 — X-ray diffraction of the Linde Na-A zeolite crystals
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Figure 2 — X-ray diffraction pattern of synthesized Na-A zeolite crystals
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Figure 3 — Crystal size of the Linde Na-A and synthesized Na-A zeolites

Using X-ray diffraction, the crystal size of the samples
(Scherrer equation) was determined (Equation 1):

0.94
= (1)
b BCos @

The broadening in the XRD peaks can be attributed to both
the limited crystallite size and the presence of microstrain
within the crystal lattice. We use the Williamson-Hall method to
separate these contributions. Microstrain expansion: lattice
distortion or deformations within crystals. The total broadening
observed in an XRD peak (6, , ) is the sum of the broadening
due to crystallite size (6,) and the broadening due to
deformation (8¢). Williamson-Hull Method The Williamson-Hull
method quantifies the contributions of crystallite size and
microstrain to peak broadening. provides a separation method.
General expansion:

Btolal cos 0= BD cosf + BS sin0 (2)

Here: 8, ,,— is the observed broadening of the diffraction
peak (FWHM in radians), 8, — is the broadening due to finite
crystallite size, B — expansion due to microstrain. The Scherrer
equation (Equation 3) for crystal volume expansion:

_ kA 3)
D cos @

Bo

and considering the strain expansion (Equation 4):

Be=4¢tand (4)

where: D — crystallite size, € — microstrain. Then the
Williamson-Hall equation becomes Equation 5:

Brota COS 0=""+4 5inf )

The total broadening (8, ) observed in the XRD peak is
the sum of the broadening due to crystal size (6,) and the
broadening due to microstrain strain (8g).

This line broadening can be used to measure crystal size
and lattice strain. The size (D) of Linde Na-A zeolite crystals was
established from 2.92:10*° m to 4.8-:10% m. The size (D) of the
synthesized Na-A zeolite crystals was established from
1.79:10° m dan 4.9:10® m (Figure 3).

The lattice stress or strain in Linde Na-A crystals and
synthesized Na-A zeolites is determined using Equation 6 [21-
22]:

S:L (6)
4 xtgb

It has been established that the lattice strain of Linde Na-A
crystals varies from 0.019 to 0.23.Change in lattice deformation
of the synthesized Na-A zeolite crystals from 0,019 dan 0.24
(Figure 4).

The crystals of Linde Na-A and the synthesized Na-A
zeolites have different sizes, and the deformation of the crystal
lattice is caused by distortion of the crystal lattice, which leads
to its dislocations. The dislocation density is determined using
Equation 7 [23]:

§=— (7)
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Figure 4 — Lattice strain of the Linde Na-A and synthesized Na-A zeolites

The surface dislocation density of Linde Na-A crystals was found to be between 10" m2?and 10 m2. The synthesized Na-A
zeolites were found to have a dislocation density between 10*m2and 10’ m™ (Figure 5).

ISSN 1563-0331
elSSN 2312-7554

(58.4236. 1

45922E13)

(66,9704, 5 70119E14)
T T

50

60 70

68,8502, 4 45014E13

T T T
A 1,20E+019
<~ 1,00E+019 -
£
[Z=]
S, 8 00E+018
B
5
B 500E+018
=
°
T 4,00E+018 4
<
=y
k]
0 2,00E+018
55495 1 31855E15) (35,5656, 1,99450E1
000E+000{ " vl B EMINEN
T T T T
0 10 20 30 40
2Theta (deg)
B 1,00E+018 4 ® SintetiE‘ Na-A
&
'E 8.00E+017
-
>
% 6.00E+017 4
c
L
g
§ 4.008+017
]
L+
o
A8 2 00E+017 4
5 8653, 1 CB0BRETT)
(6.936T 9. T4196E14) {
000E+0001  G6e ¢ GNP
T T T T
0 10 20 30 40
2Theta

%75 .il'“ifzew I;h

S0

T

60 70

Figure 5 — Dislocation density of the Linde Na-A and synthesized Na-A zeolites
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Inthe research work, 3 parameters (crystal size, dislocation
density, inter-lattice deformation values) are presented.
Crystalline size is a quantity measured on the basis of X-ray
diffraction data with the Scherrer equation in all zeolite
synthesis studies and provides conclusions about the crystallite
size of the zeolite. The next is the dislocation density, which
represents the displacement or approximation of the atoms
located in the crystal nodes relative to each other. It is possible
to conclude about the size and dimensions of the pores through
this size. The values of this parameter are not significantly
different between the obtained synthetic microporous Na-A
zeolite and Linda Na-A zeolite. Interlattice deformation means
that the distance between the atoms in the crystal nodes
decreases and expands relative to each other. These quantities
were measured using a special program based on X-ray phase
analysis data of Linde Na-A and synthesized Na-A zeolites.

The sample synthesized in the research and Linde NaA
zeolites were tested for infrared absorption and transmittance
using Fourier-transform infrared (FT-IR) ALPHA Il spectrometer
(Bruker, USA) (Figure 6A) The vibration at 466.86 cm™ in the
synthesized NaA zeolite is close to that of Si-O or Al-O. The

asymmetric vibration of the branched Si-O-Si bond has lower
intensity compared to the symmetric vibration of Si-O-Si
recorded at 719.40 cm™. In addition, the highest intensity peaks
at 1001.15 cm? correspond to strong vibrational asymmetric
stretching vibrations of Si-O-Si. Here, it was found that Si-O-Si
bonds have less symmetric vibration than asymmetric vibration.
The peak at 566.09 cm? indicates a double ring, which is a
secondary building block in the A-type zeolite structure.

Inaddition, two IR characterised bandsof zeolite hydration
water are observed in the resulting Na-A sample. In zeolites,
water molecules are associated with cations, and the hydrogen
atom is somewhat associated with oxygen ions of the
framework. The binding of water molecules to the zeolite cation
or tooxygen ions in the framework depends on the open
structure of the structure. The observed broadband vibration
at 3444.0 cm™ indicates that it is characteristic of hydrogen
(OH) bound to framework oxygen ions. There is alsoan intense
line characteristic of a water molecule in the vibrational mode
of the spectrometer at 1640.87 cm™. Therefore, it can be seen
that similar structural units and chemical parts are formed from
the peak vibrations in the obtained Na-A.
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Figure 6 — A) Obtained NaA zeolite; B) Spectra of Linde NaA zeolite
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Figure 6 shows infrared transmission spectrometers of
Synthesized and Linde Na-A zeolites. As for their differences, the
transmittance spectrometer represents the infrared transmittance
of the zeolite, while the absorbance spectrometer indicates the
level of infrared absorption. This conductivity spectrometer shows
thatitis 88% in synthetic Na-A zeolite and 75% in Linde Na-A zeolite.
Absorption spectrometers show that synthetic Na-A zeolite is 12%
and Linde Na-A zeolite is 25%, respectively.

The Linde Na-A zeolite particles exhibit a sharp, high-
intensity peak at 1000.3 cm?, similar to the IR spectrum of the
Na-A zeolite synthesized in this study (Figure 6B). This strong
peak indicates a T-O-T (T=Al or Si) asymmetric vibration. The
sharp band vibration at 460 cm™ is close to the Si-O vibration.
Symmetric vibration of Si-O-Si was recorded at 662 cm™.
Symmetric stretching of the T-O-T bond has a lower intensity
compared toasymmetric stretching of the T-O-T bond. A sharp
peak at 560 cm™ indicates the presence of a double ring, which
is a secondary building block.

4. Conclusion

Today, the use of zeolites for technological purposes is
widely introduced worldwide, they are widely used in the
production industry for purification of various gases, and in the
oil and gas industry as an adsorbent and catalyst, for the
separation of hydrocarbons, and for the deep purification of
gases. Currently, zeolites are synthesized on the basis of raw
materials such as bentonite, kaolin, nephilin. Synthetic zeolites
obtained from kaolin are of the most important practical
importance in cleaning oil and gas industry products from
additives. This article examines the hydrothermal synthesis of
Na-A zeolite synthesized from mixtures of Angren kaolin and
v-alumina with Linde Na-A zeolite. Crystal sizes of Linde Na-
Aand synthesized Na-A zeolite were compared using X-ray
phase analysis. Zeolite Linde Na-A has a lattice strain between
crystals from 0.019 to 0.23, and a lattice strain between
synthesized Na-A zeolite crystals from 0.005 to 2. The
dislocation density of the samples was found to be between
10%-10". Using IR spectrometric analysis was determined to be
compatible with data presented in the literature.
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