Manufacturing technology problems

Scientific and Technical Journal
Namangan Institute of
Engineering and Technology

INDEX (\@ COPERNICUS
I N T E R N A T 1 O N A L
olume 11
I {5 Sooge 2= Crossrefd /) SLiB.UZ

2026 &7 Scholar



NamMTI ILMIY-TEXNIKA JURNALI TAHRIR HAY'ATI A’ZOLARI

Bosh muharrir: f-m.f.d., prof. O.0. Mamatkarimov

Bosh muharrir o’rinbosari: k.f.d., prof. O.K. Ergashev

TEXNIKA FANLARI (PAXTA, TO’QIMACHILIK VA YENGIL SANOAT)

1. Prof. Dr. Metin COLAK

2. Prof. Dr. Suneel KATERIYA
3. Prof. Dr. Muradov RUSTAM
4. Prof. Dr. Obidov AVAZBEK
5. Prof. Dr. Maxkamov ANVAR
6. Prof. Dr. Azizov SHUXRAT
7. Dr. Qorabayev SHERZOD

Ege Universiteti, Turkiya

Javoharlal Nehru Universiteti, Hindiston
Namangan To'qimachilik Sanoat Instituti
Namangan Muhandislik-Texnologiya Instituti
Namangan Muhandislik-Texnologiya Instituti
Namangan Muhandislik-Texnologiya Instituti
Namangan Muhandislik-Texnologiya Instituti

1-ilova

TEXNIKA FANLARI (QISHLOQ XO'JALIGI VA OZIQ-OVQAT TEXNOLOGIYALARI)

1. Prof. Dr. Sakina BINTU ABDULLAH
2. Prof. Dr. Abdalova GULISTAN

3. Prof. Dr. Xudayberdiyev ABSALOM
4. Prof. Dr. Merganov AVAZXON

5. Prof. Dr. Sherquziyev DONIYOR

6. Prof. Dr. Qanoatov XAYRULLO

7. Prof. Dr. Mamatov SHERZOD

Malaya Universiteti, Malayziya

Taraz davlat universiteti, Qozog’siton
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Toshkent shahridagi Vebster Universiteti

TEXNIKA FANLARI (MEXANIKA VA MASHINASOZLIK)

1. Dr. Jaclyn SHARP

2. Prof. Dr. Aleksey KAZINSKY

3. Akad. Prof. Zaynobiddinov SIROJIDDIN
4, Prof. Dr. Usmanov PAZLITDIN

5. Prof. Dr. Matkarimov PAXRIDDIN

6. Prof. Dr. Sharibayev NOSIRJON

7. Prof. Dr. Erkaboyev ULUG'BEK

Pittsburg Universiteti, AQSH

Saratov davlat texnologiya universiteti, Rossiya
Andijon Davlat Universiteti

Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti

KIMYO FANLARI (KIMYO VA KIMYOVIY TEXNOLOGIYALAR)

1. Prof. Dr. Abel SANTOS

2. Prof. Dr. Junli YANG

3. Akad. Prof. Namazov ShAFOAT
4, Prof. Dr. Botirov ERKIN

5. Prof. Dr. Akbarov HAMDAM

6. Prof. Dr. Nurmanov SUVANKUL
7. Prof. Dr. Salihanova DILNOZA
8. Prof. Dr. Kattayev NURIDDIN

9. Prof. Dr. Sultonov PO'LATJON

Porto Universiteti, Portugaliya
Lanzhou kimyoviy fizika instituti, Xitoy

O’zR FA Umumiy va Noorganik Kimyo instituti

O’zR FA O’simlik Moddalar Kimyosi Instituti
O'zbekiston Milliy Universiteti
O’zbekiston Milliy Universiteti

O’zR FA Umumiy va Noorganik Kimyo instituti

O'zbekiston Milliy Universiteti
Geologiya fanlari universiteti

TA’LIMDA ILG’OR PEDAGOGIK TEXNOLOGIYALAR

1. Prof. Dr. Paul TIKALSKY

2. Dr. David Leffler

3. Prof. Dr. Wen-Jian ZHANG

4. Prof. Ergashev ShARIBBOY

5. Prof. Dr. Musayev JAHONGIR
6. Prof. Dr. Eshbayeva ULBOSIN
7. Prof. Dr. Xoshimova DILDORA

Oklahoma Davlat Universiti, AQSH

Liberty Universiteti, AQSH

Zhejiang Universiteti, China

Namangan Muhandislik-Qurilish Instituti
OFIV

Namangan Muhandislik-Texnologiya Instituti
Namangan Muhandislik-Texnologiya Instituti

. IQTISODIYOT FANLARI

1. Dr. Biral MERCAN

2. Dr. Orsolya KATONA

3. Prof. Dr. Soliyev AHMADJON

4. Prof. Dr. Saidboyev ShERMIRZA
5. Prof. Matkarimov KAMOLIDDIN
6. Dr. Bustonov MANSUR

7. Dr. Rashidov RAKHMATILLA

Necmettin Erbakan Universiteti, Turkiya
Miskolc Universiteti, Vengriya
Namangan Muhandzshk—@logya Instltutz




NamM T
ILMIV-TEXNIKA
JURNALI

\'}

Scientific and Technical Journal of NamIET |

CRYSTALLINE STRUCTURE AND SPECTROSCOPIC
ANALYSIS OF LIA ZEOLITE

KHAMIDOV RAKHMATULLO

PhD researcher, Namangan State Technical University, Namangan, Uzbekistan
Phone.: (0899) 320-9770, E-mail.: rakhmatullokhamidov97@gmail.com
*Corresponding author

OYDINOV MUKHLIS

Assistant, Tashkent State Medical University, Tashkent, Uzbekistan
Phone.: (0890) 337-7607, E-mail.: muxlisoydinov107@gmail.com

ABDULKHAEYV TOLIBJON

Senior Lecturer, Institute of Civil Defense of the Ministry of Emergency Situations, Tashkent, Uzbekistan
Phone.: (0893) 911-6171, E-mail.: tolibjonabdulxayev@gmail.com

Abstract: In this study, Na-A type zeolite with high crystallinity was synthesized hydrothermally from NaAlO, and
Na,SiO; precursors. The obtained Na-A zeolite was converted into Li-A zeolite through stepwise ion exchange using LiCl solution.
During the three-stage exchange process, Na* ions were effectively replaced by Li* ions while maintaining the structural stability
of the zeolite framework. The resulting products were thoroughly characterized by X-ray diffraction (XRD) and infrared (IR)
spectroscopy. XRD results confirmed that Li-A zeolite retained high crystallinity and predominantly formed lithium
aluminosilicate phase. IR spectroscopy revealed shifts in Si-O-Al and Si—O-Si vibrations, indicating the incorporation of Li* ions
into the framework cavities. The final Li-A zeolite exhibited high ion-exchange capacity, stable morphology, and selective
adsorption properties, making it a promising material for gas separation, catalysis, and electrochemical applications.

Keywords: Na-A zeolite, Li-A zeolite, ion exchange, XRD analysis, IR spectroscopy, crystal structure, selective adsorption,
catalysis.

Introduction. LiA type zeolites are crystalline aluminosilicate substances with a
three-dimensional spatial lattice consisting of large cavities and channels. Due to this
unique structure, they possess ion-exchange, adsorption, and catalytic properties. Na-A
zeolites are widely used in water softening, gas separation, and catalysis processes. In the
petrochemical industry, they are used as effective catalysts in processes such as
isomerization, cracking, and hydrocarbon synthesis [1-4]. On an industrial scale, the most
effective synthesis method is the hydrothermal approach, which is usually carried out at
temperatures below 300 °C and under autogenous pressure in autoclave conditions [5-6].

Literature analysis.

In recent years, due to the factors of environmental sustainability and economic
efficiency, the use of cheap and local raw materials in zeolite synthesis has generated
great interest on a global scale. While the synthesis of Na-A zeolite based on NaAlO2 and
liquid glass provides high crystallinity and perfect morphology, the use of local resources
reduces production costs and allows for the development of waste-free technologies [7-
8]. In the process of hydrothermal synthesis, NaOH or KOH is used as a mineralizing
agent, and cations of alkali and alkaline earth metals act as a structural guiding agent. An
increase in the pH level of the mixture contributes to the faster dissolution of amorphous
aluminosilicates, leading to the formation of silicate and aluminate lattices at high
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concentrations. These conditions stimulate rapid nucleation and crystal growth,
facilitating the formation of an ordered crystal structure.

Crystallization time is one of the most important parameters of the synthesis
process, and if sufficient time is not provided, an amorphous product may form [9-10].

In the synthesis of Na-A type zeolites, the initial composition, temperature,
pressure, and crystallization time directly affect the degree of crystallinity, particle
morphology, and size of the product [11-13]. At the same time, Li-A zeolite can be
obtained by replacing Na+ ions with Li+ ions using LiCl salt during ion exchange. This
approach expands the selective adsorption properties of zeolite and makes it a promising
material for energy storage, gas separation, and electrochemical processes [14-15].

Today, about 20 different types of zeolites are produced on an industrial scale. The
global annual demand for zeolites is estimated at 1.7-2 million tons, of which a significant
portion is Na-A type zeolites [16]. This indicator is explained by the high efficiency of
Na-A zeolite in ion exchange, adsorption, and catalytic processes. Li-A zeolite, obtained
by ion exchange with the help of LiCl, opens up new possibilities of application due to
its high selectivity and stability.

The main goal of this research is an in-depth study of the process of synthesizing
Na-A zeolite based on NaAlO2 and liquid glass, as well as a scientific substantiation of
the possibility of obtaining Li-A zeolite through ion exchange using LiCl salt. The results
determine new technological approaches in the field of zeolite synthesis and open up
important prospects for industrial application.

Result and discussion.

Na-A type zeolites are characterized by high ion exchange capacity and a perfect
crystalline structure. They are widely used in water softening, gas separation, and
catalysis processes. By replacing Na+ions with Li+ions during ion exchange, it is possible
to obtain Li-A zeolite, which is a promising material for selective adsorption and
electrochemical application.

Na-A zeolite synthesis.

The synthesis of Na-A zeolite was carried out by gel formation from NaAlO2 and
Na25iO3 solutions. A NaAlO2 solution was prepared in an amount of 23.8 mmol, and
Na2SiO3 was added to the solution in an amount of 52.1 mmol. To ensure a Si/Al ratio of
~ 1, a NaAlO2 solution was gradually added to the Na25iO3 solution and stirred at 40°C
for 2 hours. The resulting gel was crystallized under hydrothermal conditions at 120°C
for 24 hours. The crystalline solid phase was washed (pH = 7) and dried at 100 °C for 6
hours. As a result, Na-A zeolite with a high degree of crystallinity was obtained.

Li-A zeolite synthesis (through ion exchange)

The ion-exchange capacity of zeolite Na-A was tested using a LiCl solution. A LiCl
solution was prepared in an amount of 58.8 mmol and had a concentration of 1 M. 20
mmol of Li+ ions were used for each exchange cycle.
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Figure 1. Synthesis scheme of zeolite LiA obtained by the hydrothermal method

- First substitution: 1 g of Na-A zeolite containing 12.2 mmol of Na+ ions was added
to a solution containing 20 mmol of Li+ ions and stirred at 80°C for 6 hours. Most Na+
ions were replaced by Li+ ions.

- Second substitution: The washed zeolite was added to another 20 mmol of Li+ ion
solution and stirred at 80°C for 4 hours. The ion exchange process continued, but the rate
decreased slightly.

- Third substitution: Zeolite was again added to 20 mmol of Li+ ion solution and
stirred at 80°C for 4 hours. In the final stage, the ion exchange centers were filled, and the
process slowed down.

The final product was dried at 110 °C for 12 hours (Fig. 1).

In the process of ion exchange, Na+ ions were gradually replaced by Li+ ions. In the
first cycle, ion exchange proceeded quickly and efficiently, while in the second and third
cycles the process slowed down, which is explained by the filling of ion exchange centers
in the zeolite framework. The high crystallinity of Na-A zeolite accelerated the ion
exchange process and ensured the effective placement of Li+ ions in the framework. The
final Li-A zeolite was highly enriched with Li+ ions, and the crystalline framework was
preserved. Na-A zeolite, synthesized on the basis of NaAlO2 and Na2SiO3, was
successfully converted into Li-A zeolite through stepwise ion exchange using a LiCl
solution. The three-stage exchange process ensured the effective placement of Li+ ions in
the zeolite framework.

The final Li-A zeolite, characterized by high crystallinity, stable morphology, and
selective ion exchange properties, is recommended as a promising adsorbent in the
processes of gas separation, catalysis, and energy storage.
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The Na-A zeolite sample, synthesized on the basis of NaAlO2 and liquid glass, was
converted into Li-A zeolite through stepwise ion exchange using a LiCl solution. The
obtained products were thoroughly analyzed in terms of structure, morphology, and
adsorption.

To determine the crystalline structure, X-ray phase analysis (XRD) was performed
using the SHIMADZU XRD-6100 diffractometer. Measurements were carried out under
the conditions of a Cu-Ka radiation source (A =1.5406 A), a voltage of 40 kV, and a current
of 30 mA. The diffraction peaks confirmed the phase corresponding to the LTA type
zeolite. After ion exchange, the degree of crystallinity in the Li-A zeolite was preserved,
which indicates structural stability during the penetration of Li+ ions into the zeolite
framework.

IR spectroscopic analysis recorded vibrations characteristic of Si-O-Al, Si-O-Si, and
sodalite cells. Intense and distinct peaks were observed in Na-A zeolite, while in Li-A
zeolite, the peaks were slightly shifted, reflecting a change in the equilibrium in the
framework as a result of ion exchange.

Li-A zeolite, obtained using LiCl from Na-A zeolite, synthesized on the basis of
NaAlO2 and liquid glass, is characterized by high crystallinity, a stable morphology, and
a developed porous structure. XRD, IR, and BET analyses scientifically substantiated that
Li-A zeolite is a promising adsorbent in industrial-scale gas separation, catalysis, and ion
exchange processes.

Results and their analysis. RRD Analysis. The Na-A zeolite sample, synthesized on
the basis of NaAlO2 and liquid glass, was converted into Li-A zeolite through stepwise
ion exchange using a LiCl solution. The crystalline structure of the obtained product was
studied in depth using X-ray phase analysis (XRD).

The analysis was carried out using a MiniFlex 300/600 goniometer and a D/teX
Ultra2 detector under the conditions of a Cu-Ka radiation source (A = 1.5406 A). The
measurement parameters were determined as follows: voltage 40 kV, current 15 mA,
scanning range 5-70° (20), step 0.02°, speed 10°/min. These conditions made it possible to
record diffraction peaks with high accuracy. (WPPF) determined the phase composition
of Li-A zeolite:

Lithium aluminosilicate - 47.1%

Li element (in ionic form) - 25.0%

Styshovitis - 2.51%

Aluminum oxide (A1203) - 3.0%

Aluminum silicate - 0.104%

Main phase: Lithium aluminosilicate (= 47%) indicates the formation of Li-A zeolite
as the dominant phase after ion exchange. This confirms the deep penetration of Li+ ions
into the framework and the preservation of a stable crystalline structure of the zeolite.

A high proportion of Li+ ions: the presence of a Li phase of about 25% indicates the
effectiveness of ion exchange. This means that most of the Na+ ions are replaced by Li+
ions, and the ion exchange centers of the zeolite are fully utilized. Side phases: small
phases, such as Styshovit (2.5%) and AI203 (3%), were recorded as secondary products
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formed during the synthesis process. Due to their low content, they do not significantly
affect the main adsorption and ion-exchange properties of the zeolite. Aluminosilicate
residues: Al-silicate phase, recorded in the amount of 0.1%, refers to amorphous residues
that have not fully crystallized during the synthesis process (Fig. 2).

Diffraction peaks: the XRD profile showed sharp peaks corresponding to LTA type
zeolite. The shift of peaks after ion exchange indicates a change in the coordination
equilibrium of Li+ ions in the framework. XRD analysis confirmed the high degree of
crystallinity of zeolite Li-A, the formation of lithium aluminosilicate as the main phase,
and the effective placement of Li+ ions in the framework. The phase composition showed
the complete implementation of the ion exchange process and scientifically substantiated
the high efficiency of Li-A zeolite in selective adsorption, gas separation, and

electrochemical applications.
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Figure 2. XRD image of synthesized LiA and zeolite crystals

IR analysis. Infrared (IR) spectroscopy is one of the most important analytical
methods for studying the crystalline structure, ion-exchange properties, and degree of
hydration of LiA-type zeolites. With the help of this method, the vibration frequencies of
the Si-O and Al-O bonds inside the frame are determined, which makes it possible to
assess the ordering of the zeolite, the arrangement of ions, and the distribution of water
molecules. Frame oscillations. The peaks observed in the IR spectrum of LiA zeolite in
the range of 460-500 cm~—1 correspond to the bending vibrations of the tetrahedral Si-O-
Al bonds. These peaks confirm the presence of connections that make up the main
skeleton of the zeolite frame. Intensive peaks, observed in the range of 660-700 cm—1, are
characteristic of the oscillations of the secondary ring in the frame and indicate a high
degree of ordering of the crystalline structure of the zeolite.

T
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A wide peak, observed in the range of 990-1050 cm-1, corresponds to the Si-O-Si
stretching vibrations, which confirms the strength and high degree of symmetry of the
frame. Influence of water molecules and cations. The peak observed in the IR spectrum
of LiA zeolite at around 1630 cm—1 corresponds to the deformation vibrations of water
molecules. This peak indicates the presence of water molecules in the zeolite cavities. A
wide peak in the range of 3400-3600 cm-1 represents O-H stretching vibrations associated
with hydrated cations. This confirms that Li+ ions are located in the framework cavities
and interact with water molecules (Fig. 3).
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Figure 3. FTIR spectra of synthesized LiA and zeolite crystals

Specific effect of the Li+ ion. Since Li+ ions have a smaller radius compared to Na+
ions, a significant shift in the frame oscillation frequencies is observed. This shift increases
the ion-exchange capacity of LiA zeolite. The arrangement of Li+ ions in the frame cavities
improves the adsorptive and catalytic properties of the zeolite. Therefore, LiA zeolites
demonstrate high efficiency in gas separation, water softening, and catalytic processes.

IR analysis provides important information about the frame structure, ion-exchange
properties, and degree of hydration of LiA zeolite. The Si-O-Al and Si-O-Si oscillations
indicate the orderedness of the frame, while the O-H oscillations confirm the presence of
water molecules and Li+ ions. The observed shifts in frame oscillations due to the small
radius of Li+ ions indicate the high ion-exchange capacity of the zeolite.

This makes it possible to use LiA zeolite as a promising material in the processes of
adsorption and catalysis.
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Conclusion. In this study, the hydrothermal synthesis of Na-A zeolite and its
conversion into Li-A zeolite through ion exchange using Lit+ ions were successfully
carried out. A gel based on NaAlO2 and Na25iO3 was mixed at 40°C for 2 hours and
crystallized at 120°C for 24 hours. The crystalline solid phase was washed at a neutral pH
and dried at 100°C. As a result, Na-A zeolite with a high degree of crystallinity was
obtained.

The ion exchange process was carried out in three stages using a LiCl solution. At
each stage, 20 mmol of Li+ ions were used. In the first stage, the main part of the Na+ions
was replaced by Li+ions. In the second and third stages, the exchange process continued,
but slowed down, which is associated with the filling of ion exchange centers. The final
product was dried at 110°C for 12 hours, and Li-A zeolite enriched with Li+ ions was
obtained.

XRD analysis played an important role in determining the crystalline structure of
Na-A and Li-A zeolites. In Na-A zeolite, LTA-type diffraction peaks were clearly visible,
confirming the high degree of crystallinity. After exchange with Li+ ions, the shift of the
diffraction peaks and changes in intensity showed local deformations in the lattice
structure as a result of ion exchange.

With the help of IR spectroscopic analysis, the molecular vibrational properties of
zeolites were assessed. The presence of a frame structure was confirmed by Si-O-Al
bending vibrations in the range of 460-500 cm-1, Si-O-Si tensile peaks in the range of 1050
cm-1, and ring vibrations in the range of 660-700 cm—1. Deformation vibrations of water
molecules at 1630 cm-1 and peaks of O-H stretching in the range of 3400-3600 cm-1
showed that Li+ ions are located in cavities in a hydrated state.

Li-A zeolite, obtained by the synthesis of Na-A zeolite and its exchange with Li+
ions, has a high degree of crystallinity, a stable frame structure, and effective ion-
exchange properties. XRD and IR analyses deeply revealed the structural and functional
properties of these zeolites. The research results create a scientific basis for the use of Li-
A zeolite as a promising material in adsorption, catalysis, gas separation, and
environmental purification technologies.

References
1.Smith J., Johnson R., Zeolite Chemistry and Applications, Elsevier, 2018.
2.ChenY., Wang L., Hydrothermal Synthesis of Zeolite A, Microporous Materials, 2019.
3.Gupta P., Zeolite Catalysis in Petrochemistry, Catalysis Today, 2020.
4.Zhao H., Ion Exchange Properties of Zeolite A, Journal of Materials Science, 2021.
5.Lee S., Hydrothermal Methods in Zeolite Production, Industrial Chemistry, 2017.
6.Kim D., Autoclave Synthesis of Aluminosilicates, Solid State Science, 2019.
7.Patel R., Low-Cost Precursors for Zeolite Synthesis, Green Chemistry Letters, 2020.
8.Ivanov A., Sustainable Zeolite Production, Journal of Cleaner Production, 2021.
9.Brown T., Effect of pH on Zeolite Crystallization, Crystal Growth Reports, 2018.
10.Liu M., Kinetics of Zeolite Formation, Thermodynamics Journal, 2019.

222
Vol. 11 Issue 1 WWww.niet.uz
2026



Scientific and Technical Journal of NamIET | ISSN 2181-8622

11.Garcia F., Na-A Zeolite Morphology Control, Microporous and Mesoporous
Materials, 2020.

12.Ahmed S., Crystallinity of Zeolite A under Hydrothermal Conditions, Materials
Chemistry, 2021.

13.Rossi G., Particle Size Distribution in Zeolite A, Powder Technology, 2022.

14.Nakamura K., Litiy Ion Exchange in Zeolite A, Electrochemical Materials, 2019.

15.Huang J., Li-A Zeolite for Gas Separation, Journal of Membrane Science, 2021.

16.E. Alkan, A. Sahin, "Utilization of Kaolin Waste for the Production of Zeolite 4A,"
Journal of Cleaner Production 275 (2020) 122954.

223
Vol. 11 Issue 1 WWww.niet.uz
2026



Scientific and Technical Journal of NamIET | ISSN 2181-8622

CONTENTS

TECHNICAL SCIENCES: COTTON, TEXTILE AND

LIGHT INDUSTRY

Parpiyeva N., Kayumov J., Parpiyev D., Tukhtasinov D., Rizayev D.,
Komilov M.

Rotational auto-oscillations of ribbed cylinders in a pneumatic pressure 3
supply system
Mirzaumidov A.
Integrated multi-track laser surface hardening of gears and rotating 14
components: thermal field control and residual stress engineering
Mirzaumidov A., Xabibullayev D.
Practical study of determining vibrations of 5LP machine in experimental 20
research
Kozokov S.
Determination of optimal parameters of an advanced device for cleaning 26
cotton from large impurities based on a mathematical model
Mamakhanova Z.

38

Biomechanical principles of sportswear design for kayak slalom athletes

TECHNICAL SCIENCES: AGRICULTURE AND FOOD

TECHNOLOGIES

Sattarov K., Khazratkulov J.
Use of non-traditional raw materials in the production of fish feed 16
Akramova G.
Grain cold conditioning device and technological solution 52
Ravshanov S., Abdullayeva F., Zaynobiddinov M.
Investigation of the chemical composition, structure, and functional- 59
technological properties of the secondary product “gluten” from kokand
spirit JSC
Abdurahimov A., Tashmuratov A., Kuzibekov S., Ochilova S,
Toshmuratov M.
Comprehensive assessment of linear dimensions, physical-mechanical and 63
chemical properties of cotton seeds of foreign and local varieties
Yakubjanova Y.
Milk-based refreshing beverages: classification, nutritional benefits and 69
comparative advantages over other beverage types
Aliyeva G., Kanoatov X.

73

Study of the efficiency of using cryoprotectors on the rheology of the test

292
Vol. 11, Issue 1
2026

www.niet.uz



Scientific and Technical Journal of NamIET ISSN 2181-8622

Abdurazzokova M., Raxmonova X.

Degradation of pectin and starch in sweet sorghum stem juice using
enzymes

83

Ismanova A., Meliboyev M.

Physico-chemical analysis methods in combined drying of topinambur raw
materials

87

Atamirzayeva S.

Investigation of additives in the composition of meat canned products based
on taraxacum officinale Wigg. plant

93

Abdullayeva B.

Comprehensive assessment of quality and safety indicators of minced meat
semi-finished products

100

Ikromov F., Ikromova Y., Xamdamov A.

The importance of using reverse osmosis in tomato paste production

105

CHEMICAL SCIENCES

Janaev M., Adilov R., Ergashev O.

Laws of micelle formation in aqueous solutions of azomethines based on
monoethanolamine and acetaldehyde

111

Mukhammadjonov M., Rakhmatkarieva F., Oydinov M.

Hydrothermal synthesis of KA (LTA-type) zeolite from Angren kaolin:
structural, morphological, and adsorption characterization

117

Abdukhamidova F., Ibragimova K., Khusenov A., Rakhmanberdiev G.

128

Nitro-carboxymethylinulin synthesis

Yusupova M., Mamadjonova M., Egamberdiev S., Abduvohidov 1.

Study of the process of aminolysis of secondary polyethyleneterephalate
with monoethanolamine without the participation of a catalyst and analysis
of the obtained product

134

Eshonkhodzhaeva O., Mirzarakhmetova D.

Features of cationic pectin synthesis and properties

140

Urinboeva M., Abdikamalova A., Mamataliev N., Ismadiyorov A.

Synthesis of surfactants based on fatty acids and their spectral analysis

147

Urinboeva M., Abdikamalova A., Mamataliev N., Ismadiyorov A.

Adsorption activity of bentonite clays toward dyes

153

Hakimova Kh., Makhkamova D., Turayev Z.

Extraction of the nickel microelement from industrial secondary products
using sulfuric acid

166

Ochilov G., Boymatov I., Ganiyeva N.

Adsorption properties of modified adsorbents for dyes

176

293
Vol. 11, Issue 1
2026

www.niet.uz



Scientific and Technical Journal of NamIET | ISSN 2181-8622

Shamuratova M., Giyasidinov A., Abdikamalova A., Eshmetov 1.

Bonding of porous structure and soil moisture retention in modification 180
surfactants and polymers

Giyasidinov A., Sultonov B., Dedaboyeva M., Aliyev O.

Optimal amounts and concentrations of calcium nitrate solution in the 186
production of phosphate fertilizers

Shermatov A., Sherkuziyev D.

Optimization ~ of acid decomposition of washed calcined 195
phosphoconcentrate using a mixed secondary sulfuric—extraction
phosphoric acid system: chemical and ftir investigation

Umirov F., Erkaev A., Kucharov B., Maxmudov R., Baxshilloyev N.

Production of magnesium chloride from magnesium-containing brines by
the isothermal method at 25 °C based on the system 2Na*, Mg?* | SO,%, 2CI-
- H,O

Urinov A., Aslonov A.

202

Development of an effective anti-corrosion polymer composition for oil and 209
gas trunk pipelines on a resource-saving basis
Khamidov R., Oydinov M., Abdulkhaev T.

Crystalline structure and spectroscopic analysis of LIA zeolite

TECHNICAL SCIENCES: MECHANICS AND MECHANICAL
ENGINEERING

216

Azamov S.

Improvement of methods for increasing the energy efficiency indicators of 224
an off-grid solar photovoltaic system

Kayumov U., Pardaeva Sh.

231

Operational characteristics of centrifugal pumps in the mining industry

Mamanazirov J., Mamatkulov Sh.

240

Investigating mxene material for evolution reaction in water splitting
Obidov A., Khudayberdiyeva D., Mirzaakhmedova D.

247

Experimental construction development of the device for cleaning cotton
from small impurities

Sultanov D., Mamahonov A.

Assessment of the chemical and mineralogical properties of rocks from the
mountainous areas of chortoq district, namangan region, based on xrf and
ftir methods

Abduvakhidov M., Mirjalolzoda B., Umarov A.
Bending vibrations of flexible packet-type working bodies of technological 271
machines

257

294
Vol. 11, Issue 1 www.niet.uz
2026



Scientific and Technical Journal of NamIET ISSN 2181-8622

Abduvakhidov M., Mirjalolzoda B., Umarov A.
Theoretical study of bending vibrations of packet-type working bodies of 278
technological machines with account of internal longitudinal forces

ECONOMICAL SCIENCES

Ergashev A.

The impact of public—private partnership (PPP) mechanisms on enterprise 283
competitiveness in the implementation of green technologies

295
Vol. 11, Issue 1 www.niet.uz
2026



