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Abstract: The paper presents the results of a comparative study of ash-sludge wastes generated from the combustion of
coal and natural gas at the Takhiatash Thermal Power Plant. Using scanning electron microscopy (SEM) and energy-dispersive X-
ray spectroscopy (EDX) methods, the morphological and chemical differences between the studied samples were determined. It
was shown that coal-derived ash-sludge wastes are characterized by a porous, heterogeneous structure and a high content of
silicon, aluminum, and calcium; whereas gas-derived wastes predominantly contain iron oxides and exhibit a denser and more
homogeneous structure. The obtained results indicate the potential applicability of these technogenic materials as sorbents,
catalysts, and additives in construction composites.
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Introduction. Ash—sludge wastes from thermal power plants represent a significant
technogenic resource formed as a result of fuel combustion and require scientific analysis
for the development of rational utilization strategies [1-3]. Under the conditions of
intensified energy production and the transition to more environmentally friendly types
of fuel, the issues related to the management of ash-sludge wastes have become
particularly relevant [4-8]. The Takhiatash Thermal Power Plant (TPP), being one of the
largest energy facilities in the northwestern region of Uzbekistan, operated on coal fuel
for an extended period. However, in recent years, natural gas has become the primary
energy source. This transition has led to changes in the nature and composition of the
generated wastes, necessitating a detailed comparative study of their morphological and
chemical characteristics.

Ash-sludge wastes generated from coal combustion (CCW) accumulate in large
quantities and often pose serious environmental challenges due to the extensive storage
areas and dust formation. At the same time, they can be considered a promising raw
material for secondary use, particularly in the production of construction materials,
sorbents, and adsorption-active systems [9-12]. Wastes resulting from natural gas
combustion (NGW) are produced in smaller amounts; however, their accumulation has
also become a noticeable factor contributing to the technogenic impact on the
environment [12-18].
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In this regard, a comprehensive study of the composition and structure of ash—
sludge wastes of different origins is of particular importance, as it enables the assessment
of their potential technological value. The analysis of the physicochemical properties,
morphology, and elemental composition of these wastes constitutes a key stage in
determining the optimal pathways for their processing and integration into economic
circulation.

The aim of the present study is to conduct a comparative investigation of the
morphological and elemental features of ash—sludge wastes from the Takhiatash Thermal
Power Plant, generated during the combustion of coal and natural gas, using modern
analytical techniques—scanning electron microscopy (SEM), energy-dispersive X-ray
spectroscopy (EDX), and CHNS/O elemental analysis. The obtained results make it
possible not only to identify the structural and chemical differences between the two
types of ash—sludge wastes but also to determine potential directions for their application
as sorbents or components of composite materials.

Experimental Section

Objects of Study.

Two types of ash—sludge wastes generated at the Takhiatash Thermal Power Plant
were selected as the objects of study: coal combustion wastes (CCW) and wastes
produced during the operation of the plant on natural gas (NGW). Coal-derived ash-
sludge represents large-scale technogenic formations, with quantities reaching hundreds
of thousands of tons, accumulating in storage sites and exerting a significant impact on
the environment. In contrast, ash-sludge from natural gas combustion is generated in
much smaller volumes, approximately 15-20 tons per year.

However, in recent years, the Takhiatash Thermal Power Plant has predominantly
operated on natural gas, leading to a gradual increase in the volume of gas-derived ash—
sludge. Their accumulation is becoming increasingly significant, creating both
environmental and economic challenges. In this context, the study of the properties and
the development of effective processing methods for both types of ash-sludge is a
relevant task aimed at reducing technogenic impact and integrating these wastes into
economic circulation as secondary material resources.

Scanning Electron Microscopy (SEM) on the JEOL JSM-IT200 Microscope
The scanning electron microscopy (SEM) method was employed for a detailed
investigation of the morphology of ash—sludge wastes, including particle shape, size, and
agglomeration. The JEOL JSM-IT200 microscope provides high-resolution imaging,
enabling the study of the surface structure of ash-sludge and the identification of
potential porous or glassy phases.

CHNS/O Elemental Analysis Using the FlashSmart Analyzer (Thermo Scientific)
The FlashSmart elemental analyzer was used to determine the mass fractions of carbon
(©), hydrogen (H), nitrogen (N), sulfur (S), and oxygen (O) in the ash-sludge samples.
This method is critically important for assessing the residual content of unburned carbon
in the ash-sludge, which can influence their physicochemical properties and potential
applications.

250
Vol. 10 Issue 3 WWww.niet.uz
2025



Scientific and Technical Journal of NamIET | ISSN 2181-8622

Results and Discussion. Figures 1 and 2 show the microscopic images of the
studied samples.

Figure 2. Microscopic images of natural gas combustion ash-sludge (NGW)

Microstructural Analysis of Ash-Sludge from the Takhiatash Thermal Power
Plant.

The analysis of microscopic images of ash-sludge generated from coal combustion
(CCW) and natural gas combustion (NGW) revealed significant differences in their
morphology and structure.

In the CCW samples, pronounced particle agglomeration is observed, with particles
varying in size and shape. The particles predominantly exhibit irregular configurations,
with rough surfaces and a well-developed porous structure. Fragment sizes range from
a few micrometers to several tens of micrometers, indicating the heterogeneous nature of
the system. The presence of microcracks and porous inclusions may suggest residual
carbon content and potentially high sorption activity of the material.
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In contrast, the microstructure of NGW is characterized by the predominance of
rounded particles that are more uniform in size. The particle surfaces appear smooth,
with a lower degree of porosity. This morphology is typical for ash-sludge formed
during the high-temperature combustion of natural gas, where gaseous combustion

products promote the formation of dense, low-porosity structures.

Thus, coal-derived wastes (CCW) are characterized by higher heterogeneity, a loose
texture, and well-developed porosity, whereas gas-derived wastes (NGW) exhibit a more
compact and homogeneous structure. These differences directly influence their
physicochemical and adsorption properties, determining the potential directions for the
further use of the studied ash—sludge as sorbents and composite materials.
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Figure 3. Results of energy-dispersive X-ray (EDX) analysis of the coal combustion
waste sample
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Figure 4. Results of energy-dispersive X-ray (EDX) analysis of the natural gas
combustion waste (NGW) sample

Energy-dispersive X-ray (EDX) analysis enabled the determination of the elemental
composition of ash-sludge generated from coal combustion (CCW) and natural gas
combustion (NGW), revealing significant differences between them.

In the CCW sample (Figure 3), oxygen (42.42 wt.%) and silicon (14.75 wt.%)
predominate, indicating a significant presence of silicate compounds, primarily quartz
and aluminosilicates. A considerable amount of aluminum (10.40 wt.%) confirms the
presence of mullite and kaolinite phases, which are typical for coal combustion products.
Calcium (7.36 wt.%) and sulfur (3.46 wt.%) may be associated with the formation of
sulfate and carbonate compounds. The presence of magnesium, potassium, titanium, and
manganese in the range of 1-2 wt.% indicates minor mineral phases such as magnesial
and potassium silicates, and titanium and manganese oxides. Small amounts of iron (5.57
wt.%) and zirconium (1.11 wt.%) were also detected, which may be present in oxide or
zirconate forms. Thus, the composition of CCW indicates a predominantly silicate—oxide
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nature of the ash-sludge, formed during high-temperature coal combustion and
containing residual carbon inclusions (8.05 wt.%).

In the NGW sample (Figure 4), a markedly different elemental composition is
observed. The iron content increases to 53.68 wt.%, indicating the predominance of iron
oxides (possibly Fe;Os; and Fe;O4) formed during the high-temperature combustion of
natural gas. At the same time, the concentrations of silicon (2.80 wt.%) and aluminum
(0.43 wt.%) are significantly lower, reflecting a minimal presence of silicate phases. The
oxygen content (28.14 wt.%) is also lower than in the coal-derived sample, while the
carbon content rises to 9.18 wt.%, which may be associated with residual carbon
compounds and products of incomplete combustion. The presence of platinum (1.37
wt.%) is due to the use of a platinum coating during sample preparation for analysis.

Conclusion. The conducted study demonstrated that ash—-sludge wastes from the
Takhiatash Thermal Power Plant, generated during the combustion of coal (CCW) and
natural gas (NGW), differ significantly in terms of morphology and chemical
composition.

CCW is characterized by well-developed porosity, a heterogeneous structure, and
high contents of silicon, aluminum, and calcium, indicating a silicate—aluminosilicate
nature and making it promising for use as a sorbent and mineral additive. In contrast,
NGW consists predominantly of iron oxides and carbon, exhibits a denser and more
homogeneous structure, and may be suitable for catalytic and adsorption applications.

The obtained data confirm the feasibility of the rational processing of both types of
ash—sludge and their integration into economic circulation, contributing to the reduction
of environmental impact and the efficient utilization of technogenic resources.

References

1. Chindaprasirt P., Jaturapitakkul C., Chalee W., Rattanasak U. Comparative
study on the characteristics of fly ash and bottom ash geopolymers // Waste Management.
2009. Vol. 29, No. 2. P. 539-543. DOI: 10.1016/j.wasman.2008.06.023.

2. Asokan P., Saxena M., Asolekar S.R. Coal combustion residues —environmental
implications and recycling potentials // Resources, Conservation and Recycling. 2005. Vol.
43, No. 3. P. 239-262. DOI: 10.1016/j.resconrec.2004.06.003.

3. Cao D.-Z, Selic E., Herbell J.-D. Utilization of fly ash from coal-fired power
plants in China // Journal of Zhejiang University Science A. 2008. Vol. 9, No. 5. P. 681-687.
DOI: 10.1631/jzus.A072163.

4. KizgutS., Cuhadaroglu D., Samanli S. Stirred grinding of coal bottom ash to be
evaluated as a cement additive // Energy Sources, Part A: Recovery, Utilization, and
Environmental  Effects. ~ 2010. Vol. 32, No. 16. P. 1529-1539. DOI:
10.1080/15567030902780378.

5. Chakraborty R., Mukherjee A. Mutagenicity and genotoxicity of coal fly ash
water leachate // Ecotoxicology and Environmental Safety. 2009. Vol. 72, No. 3. P. 838-842.
DOI: 10.1016/j.ecoenv.2008.09.023.

T
254
Vol. 10 Issue 3 WWww.niet.uz
2025


https://doi.org/10.1016/j.wasman.2008.06.023
https://doi.org/10.1016/j.resconrec.2004.06.003
https://doi.org/10.1631/jzus.A072163
https://doi.org/10.1080/15567030902780378
https://doi.org/10.1016/j.ecoenv.2008.09.023

NamdTI
ILMIV-TEXNIKA

\®

Scientific and Technical Journal of NamIET |

6. Kim B., Prezzi M., Salgado R. Geotechnical properties of fly and bottom ash
mixtures for use in highway embankments // Journal of Geotechnical and Geoenvironmental
Engineering. 2005. Vol. 131. P. 914.

7. Horiuchi S., Kawaguchi M., Yasuhara K. Effective use of fly ash slurry as fill
material // Journal of Hazardous Materials. 2000. Vol. 76, No. 2-3. P. 301-337. DOL:
10.1016/50304-3894(00)00205-3.

8. Sathonsaowaphak A., Chindaprasirt P., Pimraksa K. Workability and strength
of lignite bottom ash geopolymer mortar // Journal of Hazardous Materials. 2009. Vol. 168,
No. 1. P. 44-50. DOI: 10.1016/j.jhazmat.2009.01.120.

9. Dincer AR, Giines Y., Karakaya N. Coal-based bottom ash (CBBA) waste
material as adsorbent for removal of textile dyestuffs from aqueous solution // Journal of
Hazardous Materials. 2007. Vol. 141, No. 3. P. 529-535. DOI: 10.1016/j.jhazmat.2006.07.064.

10. Pandey V.C,, Singh J.S., Singh R.P., Singh N., Yunus M. Arsenic hazards in coal
fly ash and its fate in Indian scenario // Resources, Conservation and Recycling. 2011. Vol.
55, No. 9. P. 819-835.

11. Popovic A., Djordjevic D., Polic P. Trace and major element pollution
originating from coal ash suspension and transport processes // Environmental
International. 2001. Vol. 26, No. 4. P. 251-255. DOI: 10.1016/s0160-4120(00)00114-8.

12. Ayala]., Blanco F., Garcia P., Rodriguez P., Sancho J. Asturian fly ash as a heavy
metals removal material // Fuel. 1998. Vol. 77, No. 11. P. 1147-1154. DOI: 10.1016/s0016-
2361(98)00027-1.

13. Baba A., Gurdal G., Sengunalp F., Ozay O. Effects of leachant temperature and
pH on leachability of metals from fly ash. A case study: Can thermal power plant,

province of Canakkale, Turkey // Environmental Monitoring and Assessment. 2008. Vol. 139,
No. 1. P. 287-298.

14. Barbieri L., Lancellotti I, Manfredini T., Ignasi Q., Rincon J.M., Romero M.
Design, obtainment and properties of glasses and glass-ceramics from coal fly ash // Fuel.
1999. Vol. 78, No. 2. P. 271-276. DOI: 10.1016/s0016-2361(98)00134-3.

15. Bhangare R.C., Ajmal P.Y., Sahu S.K,, Pandit G.G., Puranik V.D. Distribution of
trace elements in coal and combustion residues from five thermal power plants in India
/[ International Journal of Coal Geology. 2011. DOI: 10.1016/j.coal.2011.03.008.

16. Bhargava R., Mathur R., Khanna P. Removal of detergent from wastewater by
adsorption on fly ash // Indian Journal of Environmental Health. 1974. Vol. 16, No. 2. P. 109-
120.

17. Bruce R.B., Kuntze R.A. Sag-resistant gypsum board containing coal fly ash and
method for making same. US Patent No 4,403,006, 6 Sept. 1983.

18. Cao D.-Z., Selic E., Herbell J.-D. Utilization of fly ash from coal-fired power
plants in China // Journal of Zhejiang University Science A. 2008. Vol. 9, No. 5. P. 681-687.
DOI: 10.1631/jzus.A072163.

255
Vol. 10 Issue 3 WWww.niet.uz
2025


https://doi.org/10.1016/s0304-3894(00)00205-3
https://doi.org/10.1016/j.jhazmat.2009.01.120
https://doi.org/10.1016/j.jhazmat.2006.07.064
https://doi.org/10.1016/s0160-4120(00)00114-8
https://doi.org/10.1016/s0016-2361(98)00027-1
https://doi.org/10.1016/s0016-2361(98)00027-1
https://doi.org/10.1016/s0016-2361(98)00134-3
https://doi.org/10.1016/j.coal.2011.03.008
https://doi.org/10.1631/jzus.A072163

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



