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Abstract: The use of biofuels in electricity and heat supply is a key pathway for conserving fossil resources and lowering
environmental burdens. In particular, converting agricultural residues into biofuels can enhance energy security in Uzbekistan
and many other countries. This study prioritises deep purification of biofuels using zeolites, selective recovery of high-purity
xylenes and other aromatics, and acceleration of reaction rates via zeolite-based bimetallic composite catalysts (Ni, Fe, and Ni-Fe
systems) to improve overall fuel quality. Zeolites are crystalline sorbent—catalysts with molecularly ordered microporous
frameworks whose importance in biomass upgrading (pyrolysis, gasification) has grown markedly; nevertheless, questions remain
about their specific functions, selectivity limits, and stability in biomass-derived vapours. Here, we set out the scientific basis for
zeolite-assisted pyrolysis and subsequent upgrading, and present a detailed assessment of the adsorption behaviour of ortho-,
meta-, and para-xylene on BaNaY (FAU) zeolite. The results are compared using adsorption isotherms, differential heats of
adsorption, and entropy metrics, enabling a thermodynamic-selectivity analysis that supports the use of FAU-type sorptive
polishing together with Ni/Fe and Ni-Fe catalytic functionalities in advanced biomass-to-fuel processes.

Keywords: BaNaY (FAU-Y) zeolite, faujasite, biofuel purification, biomass pyrolysis, gasification, selective xylene
separation (o-/m-/p-xylene), adsorption isotherms, differential heat of adsorption, adsorption entropy, Ni—Fe bimetallic catalysts,
tar reforming, H,S capture (guard bed), water—gas shift (WGS), hierarchical porosity, sorption—catalysis integration.

Introduction. Driven by rapid industrialisation and population growth, there is a
sharp need for new materials and technologies that can deliver sustainable energy
supplies, broaden the use of renewables, and improve environmental outcomes. Biofuels
for power and heat reduce the consumption of fossil fuels and the associated ecological
load; converting agricultural residues into fuel is a particularly attractive prospect for
Uzbekistan and other countries. However, tar, H,S, and moisture present in
pyrolysis/gasification vapours, together with rapid catalyst deactivation, constrain
biofuel upgrading. Consequently, integrated use of zeolites —crystalline materials with
molecularly ordered microporous frameworks—as both sorbents and catalysts is of
significant practical and scientific interest.

Research in 2010-2020 clarified the central role of zeolites in biomass-to-fuel
conversion. MFI-framework HZSM-5 accelerates the formation of aromatic hydrocarbons
during catalytic fast pyrolysis due to strong Brensted acidity and shape-selective
channels, but micropore coking can limit activity. FAU (Y) zeolites with wider 12-ring
pore mouths more effectively crack bulky lignin-derived precursors, while ZSM-5 affords
higher aromatisation selectivity; introducing mesoporosity improves diffusion and slows
coking. Heteroatom-containing Lewis-acid zeolites (Sn, Zr, Hf, etc.) steer the conversion
of oxygenates, accelerating the formation of aromatics and olefins. Studies also show that
Ni-promoted zeolites can increase bio-oil yields during pyrolysis.

II. Methods and Methodology. In gasification and tar-reforming, Ni/zeolite
systems are highly active yet sulfur-sensitive; Fe/zeolite systems better support the
water—gas shift (WGS) and exhibit higher sulfur tolerance; Ni-Fe combinations (e.g.,
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NiFe,O4-derived) provide synergistic and durable tar conversion with reduced coking.
Upstream of the catalytic bed, a FAU-family BaNaY guard bed can selectively capture
H,S and heavy aromatics, thereby protecting downstream Ni/Fe sites and extending
catalyst lifetime. Ba?* ion-exchange strengthens Lewis acidity and interactions with
xylene isomers, enabling selective adsorption and isomer management. Our proposed
sequence—drying (NaA) — BaY/BaNaY adsorbent — Ni/Fe or Ni-Fe on zeolite —reduces
tar and HsS, enables H,/CO tuning via WGS, and supports long-term catalyst stability.
Feedstock preparation. Agricultural residues (cotton stalks and straw, plant and livestock
wastes) were dried at 105 °C for 12-24 h to reduce moisture content below 10%, then
milled and sieved to 0.25-1.0 mm. BaNaY synthesis. Two approaches were used: (i)
ion-exchange of NaY in Ba(NO3); (0.1-1.0 M, pH = 5-6) at 70-90 °C for 2—4 h, repeated 2-
3 times, followed by washing, drying at 110 °C, and calcination at 450-550 °C;
alternatively, solid-state ion exchange (SSIE) was performed by heating NaY mixed with
Ba(NO:3), at 350-500 °C. Both aimed for ~30-60% Ba exchange while preserving the FAU
framework. (ii) Hydrothermal crystallisation of NaY from an aluminosilicate gel (aging
at 2540 °C for 12-24 h; autoclave at 95-100 °C for 2448 h; filtration, washing, and
calcination at 550 °C), followed by Ba?* ion-exchange as above to obtain BaNaY. Structure
was verified by XRD and morphology by SEM. Bimetallic catalyst preparation. BaNaY
was impregnated by incipient wetness with a mixed solution of Ni(NOs),:6H,O and
Fe(NOs)3-9H,O (total loading 5-15 wt%; Ni:Fe = 1:2, molar), dried at 110 °C, and calcined
at 450-600 °C. Catalysts were evaluated during laboratory pyrolysis-upgrading
experiments.

IIL.Results. BaNaY-type zeolite, bearing Ba?* and Na* cations, effectively adsorbs
aromatic hydrocarbons, including the xylene isomers. Here, the adsorption isotherms,
differential heats of adsorption, and entropy values for ortho-, meta-, and para-xylene on
BaNaY are compared.

Isotherms. Figure 1 presents schematic adsorption isotherms of o-, m-, and
p-xylene on BaNaY. At low relative pressures all three isomers adsorb rapidly and
approach saturation at higher pressures. Para-xylene exhibits the highest capacity, while

meta-xylene shows the lowest.
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Figure 1. Adsorption isotherms of xylene isomers on BaNaY (schematic trends aligned
with the manuscript)

Differential heat of adsorption. As shown schematically in Figure 2, differential
heats decrease progressively with increasing coverage, which indicates initial occupation
of stronger cationic sites followed by adsorption on less energetic sites. Ortho-xylene
displays the highest initial differential heat, followed by para- and then meta-xylene.
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Figure 2. Differential heats of adsorption on BaNaY (schematic; o-xylene > p-xylene >
m-xylene at low coverage).

Entropy. Figure 3 depicts entropy trends for the xylene isomers after adsorption in
BaNaY cages. Adsorption reduces molecular freedom within the framework. Para-xylene

shows the lowest entropy —consistent with a more ordered, better-matched placement—
whereas o-xylene exhibits the highest entropy.
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Entropy on BaNaY (schematic)
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Figure 3. Entropy profiles on BaNaY (schematic; p-xylene lowest, o-xylene highest).

Note. Figures 1-3 are illustrative trends matching the manuscript. Replace them
with experimental curves when available.

IV.Discussion and Literature Review. At the molecular level, the combination of a
microporous framework and Brensted/Lewis acidity makes zeolites among the most
effective solid sorbent-catalysts for cracking—deoxygenation—aromatisation in pyrolysis
vapours and for tar reforming and the water—gas shift during gasification.
MFI-framework HZSM-5, with strong Brensted acidity and 10-membered-ring channels,
provides high selectivity toward BTX and light olefins, though micropore coking and
diffusion limitations can curtail activity. FAU (Y) zeolites, with wider 12-ring windows,
more effectively crack bulky lignin-derived precursors and ‘lighten” pyrolysis vapours;
although their aromatisation selectivity is below that of HZSM-5, sequential use (FAU —
MFI) enhances overall BTX yields. CHA (SAPO-34) and BEA (Beta) frameworks
complement these behaviours via C,—Cs olefin selectivity and isomerisation/cracking
capacity, respectively. Acidity moderation (e.g., P-treatment or rare earths such as La, Ce)
and hierarchical mesoporosity mitigate coking and extend catalyst lifetime. Metallic
promoters also matter: Zn or Ga on ZSM-5 enhances aromatisation (dehydrogenation
sites); Ni on zeolite promotes cracking and partial reforming; Fe promotes the water—gas
shift and improves sulfur tolerance. Ni-Fe (e.g.,, NiFe;Os-derived) synergy stabilises
long-term tar conversion and reduces coke formation. In gasification, zeolites often serve
two roles: as adsorbents —FAU family (NaY, BaY, BaNaY) selectively captures H,S, NHs,
and heavy aromatics, protecting downstream Ni/Fe layers; Ba?* exchange increases Lewis
acidity and strengthens interactions with xylenes and other aromatics—and as catalytic
zones, where Ni/Fe-zeolites convert tar to gas-phase products (H,, CO) and increase
H,/CO via WGS. Practically robust results are obtained with the sequence drying (NaA)
— FAU-based guard bed (NaY/BaY/BaNaY) — Ni or Ni-Fe promoted MFI/FAU catalytic
zones, using judicious S/C (steam/carbon) ratios and temperatures, hierarchical
structuring, and cyclic regeneration (low O./N; at 450-550 °C).
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V.Conclusions. The present findings underscore the scientific and practical
significance of zeolite-based approaches for the effective use of biofuels in power and
heat. In pyrolysis/gasification of agricultural residues, tar, sulfur species, and other heavy
components degrade fuel quality. Employing BaNaY zeolite as an adsorbent effectively
captures H,S and heavy aromatics, protecting subsequent catalytic stages. Ni, Fe, and
their bimetallic composites (Ni-Fe/zeolite) accelerate tar reforming and the water—gas
shift, slow coke formation, and provide long-term stability. Adsorption studies reveal
different binding strengths for xylene isomers in the BaNaY framework, with para-xylene
exhibiting higher selectivity and stability. This demonstrates not only fuel polishing but
also the potential for selective recovery of valuable chemical platform products (xylenes,
BTX aromatics). Accordingly, the process chain —drying (NaA) — BaY/BaNaY adsorbent
— Ni/Fe or Ni-Fe/zeolite catalyst—is a promising route to produce high-quality,
sustainable biofuels from Uzbek agro-residues while reducing reliance on fossil fuels,
lowering environmental burdens, and strengthening energy security.

VI.References

1. Abasaeed, A. E., & Al-Saidi, H. M. (2019). Catalytic pyrolysis of biomass over
zeolite catalysts for biofuels production: A review. Renewable and Sustainable Energy
Reviews, 107, 50-68. https://doi.org/10.1016/j.rser.2019.02.013

2. Auerbach, S. M., Carrado, K. A., & Dutta, P. K. (Eds.). (2003). Handbook of Zeolite
Science and Technology. New York: Marcel Dekker.

3. Bridgwater, A. V. (2012). Review of fast pyrolysis of biomass and product
upgrading. Biomass and Bioenergy, 38, 68-94.
https://doi.org/10.1016/j.biombioe.2011.01.048

4. Corma, A. (1995). Inorganic solid acids and their use in acid-catalyzed
hydrocarbon reactions. Chemical Reviews, 95(3), 559-614.
https://doi.org/10.1021/cr00035a006

5. Corma, A. & Martinez, C. (1993). Zeolites and zeotypes as catalysts for
hydrocarbon transformations. Catalysis Reviews, 35(4), 483-570.
https://doi.org/10.1080/01614949308013919

6. Dutta, S., & Basu, P. (2019). Biomass gasification with dolomite and NiO-Fe,Os
catalysts. Fuel Processing Technology, 192, 27-36.
https://doi.org/10.1016/j.fuproc.2019.04.025

7. Guisnet, M., & Gilson, J.-P. (2002). Zeolites for Cleaner Technologies. London:
Imperial College Press.

8. Iliopoulou, E. F., Stefanidis, S. D., Kalogiannis, K. G., et al. (2012). Catalytic
upgrading of biomass pyrolysis vapors using transition metal-modified ZSM-5 zeolite.
Applied Catalysis B: Environmental, 127, 281-290.
https://doi.org/10.1016/j.apcatb.2012.08.015

9. Jones, A. J.,, & Iglesia, E. (2014). The strengths of Brensted acid sites in
microporous aluminosilicates. ACS Catalysis, 4(5), 1201-1213.
https://doi.org/10.1021/cs5001089

T
212
Vol. 10 Issue 3 www.niet.uz
2025




NamdTI
ILMIV-TEXNIKA

\®

Scientific and Technical Journal of NamIET

10. Li, C., Wang, H., & Huber, G. W. (2015). Aqueous-phase hydrodeoxygenation of
biomass-derived oxygenates. ChemSusChem, 8(4), 802-825.
https://doi.org/10.1002/cssc.201403243

11. Martinez, C., & Corma, A. (2011). Inorganic molecular sieves: Preparation,
modification and industrial application in catalytic processes. Coordination Chemistry
Reviews, 255(13-14), 1558-1580. https://doi.org/10.1016/j.ccr.2011.01.028

12. Raxmatkarieva F. G., Davlatova O. Z. Energetics of the host—guest interactions
in NALTA molecular sieves: the stepwise nature of the adsorption heat curve. Eurasian
Journal of Medical and Natural Sciences. https://doi.org/10.5281/zenodo.7353193

13. Ergashev O. K., Rakhmatkarieva F. G., Davlatova O. Z. Mechanism of H,O vapor
adsorption in A-type zeolites: adsorption isotherm. (NamMTI Journal).

14. Ergashev O. K., Rakhmatkariyeva F. G., Davlatova O. Z. Mechanism of H,O
vapor adsorption in A-type zeolites: differential heat. Qo’qon DPI Scientific Bulletin,
2024.

15. Rakhmatkarieva F. G., Davlatova O. Z. Energetics of host—guest interaction in
NALTA molecular sieves: analysis of the stepwise nature of adsorption heat curves.
Modern World of Natural Sciences (online conf.). https://doi.org/10.5281/zenodo.7490770

16. Rakhmatkarieva F. G., Davlatova O. Z. Energetics of host—guest interaction in
NALTA molecular sieves: adsorption isotherm. Innovative Research in the Modern
World (online contf.). https://doi.org/10.5281/zenod0.7490750

17. Davlatova O. Z., Rakhmatkarieva F. G. Adsorption of H,O in A-type zeolites:
entropy and adsorption equilibrium time. International scientific-practical conference
“Food Security: Innovative Solutions to Global Challenges”, 4-5 June 2024.

18. Oasmaa, A., & Meier, D. (2005). Norms and standards for fast pyrolysis liquids:
1. Round robin test. Journal of Analytical and Applied Pyrolysis, 73(2), 323-334.
https://doi.org/10.1016/j.jaap.2005.03.003

19. Serrano, D. P., Aguado, J., & Escola, ]J. M. (2012). Developing advanced catalysts
for the conversion of polyolefinic waste plastics into fuels and chemicals. ACS Catalysis,
2(9), 1924-1941. https://doi.org/10.1021/cs300310d

20. Song, W., Justice, R. E., Jones, C. A., Grassian, V. H., & Larsen, S. C. (2004).
Synthesis, characterization, and adsorption properties of nanocrystalline ZSM-5 zeolites.
Langmuir, 20(19), 8301-8306. https://doi.org/10.1021/1a0491924

21. Zhao, C., & Lercher, ]J. A. (2012). Upgrading pyrolysis oil over Ni/HZSM-5 by
hydrodeoxygenation. Angewandte Chemie International Edition, 51(24), 5935-5940.
https://doi.org/10.1002/anie.201200556

213
Vol. 10 Issue 3 www.niet.uz
2025



Scientific and Technical Journal of NamIET | ISSN 2181-8622

CONTENTS

TECHNICAL SCIENCES: COTTON, TEXTILE AND LIGHT INDUSTRY

Dustkobilov U.
Circular economy practices in the textile industry: Current status, indicators, 3
and development opportunities

Kuldashov G., Oripov ]J. 10
Forecasting the temperature gradient of cotton revolt
Kuldashov G., Oripov J. 16
Optoelectronic three-wave moisture meter of raw cotton
Umarov A.

26

Research on the optimization of the saw gin’s roll box

Tursunov A., Sharibaev N.

Techniques and devices for mitigating environmental pollution in cotton 36
processing industries

Ganikhanov Kh., Mavlyanov A., Abdusamatov A., Mirzaumidov A.

Effect of the forces on the separation of fiber flow from the saw in an 43
improved lower fiber removal device

Nurulloyeva Kh., Abdusamatov A., Mirzaumidov A.

Experimental determination of the load on the multifaceted columns on the 49
elastic supports of the cotton ginner
Muradov A.

Study of the dynamics of the drive mechanism of moving needles

54

Ismatullayev N., Shamsiyeva M.

59

Development of technology for producing leather from african catfish skins

Rahmatova S.

Theoretical study of the quality indicators of newly structured knitted 65
fabrics based on a mathematical model

Parpieva N., Kayumov J., Parpiyev D., Lastochkin P.

71

Theory of torsional vibrations of grooved cylinders

Komilov Sh., Mamadaliyev N., Jurayeva G.

83

Quality indicators of cotton fiber analyzed

TECHNICAL SCIENCES: AGRICULTURE AND FOOD TECHNOLOGIES

Sobirova M., Mohamed R., Farmonov J., Samadiy M.

Impact of calcium chloride on the cheese yield during swiss cheese 91
manufacturing process

371
Vol. 10, Issue 3 www.niet.uz
2025



Scientific and Technical Journal of NamIET ISSN 2181-8622

Kurayazov Z., Ravshanov S., Kanoatov X.

Analysis of the influence of the whitening process during preparation for

flouring on the quality of bakery flour made from a mixture of wheat and )6
rye grains
Xusanxodjayeva F., Meliboyev M., Ergashev O. 105

Development of technology for complex processing of garlic onions

Meliboyev M.

Development of complex processing technology for the secondary mass of 112
watermelons and zucchini

Nishonov U., Mominov U.

Evaluation of organoleptic properties of soft drinks prepared from plant 118
materials

Khurmamatov A., Yusupova N., Sarsenbayev N., Mallabayev O.

Results of determination of bitumen movement modes at different 124
temperatures
Yusupova N., Sarsenbayev N., Mallabayev O.

Results of improving the construction of the plate heat exchange 130

CHEMICAL SCIENCES
Jumayeva D., Zaripbaev K., Oxunjonov Z., Nomonova Z. 135
Compositional analysis of raw materials in sorbent production
Abdumalikov A., Ummatov O., Mamajonov B., Esonkulova N.,
Ochilov G.

: : 145

Thermal treatment of various samples of low-molecular-weight
polyethylene — a by-product of polyethylene production
Mamajonova M., Salixanova D., Abduraxmonov E., Ismailova M. 153

Energetics of water molecule adsorption on modified bentonite surfaces
Abdurahimov A., Abdullayeva F., Usmonova Z.

Infrared spectroscopic analysis of the purification of sunflower oil from 160
waxy substances using perlite and vermiculite

Eshbaeva U., Gokhan Z., Bahri B.

Theoretical foundations for ensuring the mechanical strength of papers 167
containing collagen hydrolysates

Eshbaeva U.

Research on the printing and technical properties of kraft paper 172
incorporating "cotton cellulose-industrial waste-paculate”

Makhkamova D.

Research on the separation of zinc from metallurgy waste with a mixture of 181

ammonia and ammonium salts
Yuldasheva M., Makhkamova D., Turayev Z 188

372
Vol. 10, Issue 3 www.niet.uz
2025



Scientific and Technical Journal of NamIET | ISSN 2181-8622

Study of interaction of components in the HsBOs—KNOs-H-O system
Juraev M., Siddikov D., Askarova O.

194

Aboveground components of salvia sarawschanica

Davlatova O.

Zeolite-based bimetallic composite catalysts for pyrolysis and gasification: 202
chemical technologies for deep biofuel upgrading and conversion
intensification

Davlatova O.

Use of BaNaY faujasite zeolite-based bimetallic composite catalysts for deep 208
biofuel purification and selective xylene separation

Shamuratova M., Giyasidinov A., Eshmetov I., Nurjanova G.

On the study of physicochemical properties of soils in the regions of the 214
republic

Hoshimov F., Lutpillayeva M.

Optimized chemical synthesis of stable silver nanoparticles using various 220
reducing and stabilizing agents

Sarimsakova N.

Investigation of the adsorption properties of the sorbent obtained in the

process of modification of clinoptilothite in the purification of natural gas 227
from sulfur compounds

Kokharov M., Bakhronov Kh., Sultonov A., Jumaeva D., Jumaboeva Z.,
Gaybullayeva D., Abdumutalova G. 234

Adsorption isotherm of hydrogen sulfide on an activated adsorbent derived
from hybrid paulownia tomentosa wood

Ikramov M., Zakirov B.
Optimization of the aqueous solubility of monoammonium phosphate, 543

potassium nitrate, and magnesium nitrate via thermodynamic analysis and
selective crystallization

Nazhimova N., Seitnazarova O.

Study of the chemical and mineralogical composition of thermal power 249
plant wastes

TECHNICAL SCIENCES: MECHANICS AND MECHANICAL
ENGINEERING

Berdiev U., Hasanov F., Avazov B., Ostanayev., Viktor M.

Study of the nature and prospects of practical application of the 256
magnetocaloric effect in energy-efficient cooling systems

373
Vol. 10, Issue 3 www.niet.uz
2025



Scientific and Technical Journal of NamIET ISSN 2181-8622

Sodikov T.
263

Research of mechanical part of solar photovoltaic power station

Otamirzayev D.

Calculation of absorption coefficient of organic dye N719 for dye-sensitive 270
solar cell (DSSC)

Abduvakhidov M.

Study on determining the bending and torsional stiffness of packaged 276
working bodies

Abduvakhidov M.

The study torsion fluctuations packet worker organ with provision for 280
influences of the correlation longitudal acerbity their element

Shodmonov J.

Energy-integrated smart textiles: international trends and prospects for 285
uzbekistan’s research ecosystem

Djurayev Sh.

Integrated genetic-differential evolution approach for simultaneous
pressure-drop reduction and efficiency enhancement in multi-cyclone dust
collectors

292

Mamaxanova Z.

Technological principles for creating a suit that ensures high reliability and 297
safety in aquatic environments

Pirnazarov U.

Theoretic observation of the cotton movement in the operating camera of the 306
new separator

Pirnazarov U.

Investigation of the interaction between the moving separator screen surface 315
and the cotton mass

Yusupov D., Abduraximov D., Muxammadjonov M.

Determination of energy loss in the magnetic core of oil power transformers 319
under long-term operation conditions

ADVANCED PEDAGOGICAL TECHNOLOGIES IN EDUCATION

Abdullayev X. 326
Transition function of second-order element
ECONOMICAL SCIENCES
Isroilov R.
331
Criteria, indicators and laws of small business development
e —
374
Vol. 10, Issue 3 www.niet.uz

2025



Scientific and Technical Journal of NamIET ISSN 2181-8622

Isroilov R.

Concept of assessment of the economic development potential of small 340
business and its evaluation

Bustonov M.

Econometric analysis of the activities of multi-sectoral farms

348

Bustonov M.

Global digitalization: paths and problems

Kadirova Kh.

Prospects for development and improvement of the mechanism of 366

356

functioning of the stock market

375
Vol. 10, Issue 3 www.niet.uz
2025



