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REVIEW ON PROCESSING COAL FLY ASH: CURRENT ADVANCES AND FUTURE
PERSPECTIVES

Abstract: This review aims to analyze the processing techniques employed for coal fly ash (CFA) and
their implications. The study addresses the research problem of enhancing CFA utilization while minimizing
environmental impacts. The review is based on the principles of sustainable development, circular economy,
and resource conservation. It draws upon theories related to waste management, materials science, and
environmental engineering. A systematic literature review was conducted, analyzing research articles,
technical reports, and industry publications. The review encompasses a comprehensive examination of
processing techniques, including separation, beneficiation, utilization, and treatment methods. The research
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techniques employed involved data synthesis and analysis of the identified studies. The review highlights the
effectiveness and limitations of various processing techniques for CFA, such as electrostatic separation,
magnetic separation, and froth flotation. It provides insights into the improvements achieved through
processing, including enhanced CFA quality, expanded applications, and resource recovery. The findings
emphasize the importance of comprehensive characterization of CFA, understanding its composition and
properties, and optimizing processing methods to maximize its potential. The research contributes to the
academic understanding of CFA processing techniques, providing a foundation for further studies in the field.
Managerially, it offers guidance to industries involved in CFA utilization, promoting sustainable waste
management practices and resource conservation. The review has significant social implications by reducing
the environmental impact associated with CFA disposal and supporting the development of circular economy
principles.

Key words: coal fly ash, coal fly ash processing; physical separation; chemical separation; utilization of
coal fly ash.

1. Introduction

Coal fly ash (CFA) is a byproduct generated during the combustion of pulverized coal in coal-
fired power plants. Itis a fine, powdery material that is carried away with the flue gases and collected
using electrostatic precipitators or bag filters [1-3].

The composition of CFA can vary depending on the type of coal burned and the combustion
conditions. However, it generally consists of primarily inorganic materials such as silica (SiOy),
alumina (Al.Os), iron oxide (Fe203), and calcium oxide (CaO). It also contains smaller amounts of
carbon, sulfur, heavy metals, and trace elements, which are present in the coal. The composition of
CFA makes it suitable for various applications and processing methods. Understanding its
composition is essential for efficient utilization and appropriate treatment to mitigate its
environmental impact.

In addition to the inorganic components mentioned earlier, CFA may also contain minor
amounts of organic matter, unburned carbon, and volatile compounds. Depending on factors such
as the type and quality of coal used, furnace conditions, flue gas cleaning technology applied or
afterconcombustion treatment, the particular composition of CFAs can be considerably different.

The CFA particle size distribution is usually fine, with a significant proportion of particles falling
in the range of 1 to 100 micrometers [4,5]. This fine particle size contributes to its characteristic
powdery nature and ease of transport through the flue gas.

Furthermore, CFA can exhibit various physical and chemical properties depending on its
source. These properties include specific gravity, bulk density, particle shape, surface area, porosity,
and reactivity. These characteristics influence the behavior and potential applications of CFA.

Due to its complex composition, CFA has garnered attention as both an environmental concern
and a resource with economic potential. Effective processing techniques can help unlock the value
of CFA, leading to its beneficial utilization in various industries such as cement and concrete
production, construction materials, geopolymer synthesis, and environmental remediation.

Understanding the composition and properties of CFA is crucial for optimizing its processing
methods, evaluating its potential applications, and developing sustainable solutions for its
management.

The processing of CFA holds significant importance due to several reasons.

Processing techniques help in reducing the environmental impact by treating and managing
CFA effectively. This includes reducing its volume, preventing the release of harmful constituents
into the environment, and minimizing the potential for leaching of heavy metals and other
contaminants [6-8].

CFA contains valuable components that can be recovered and utilized in various industries.
Processing techniques enable the extraction of these valuable materials, such as silica, alumina,
and iron, which can be used as raw materials in the production of cement, concrete, ceramics, and
other construction materials [9-13]. Recovering these resources reduces the need for virgin raw
materials, conserves natural resources, and promotes a circular economy approach.

This material can be used as a supplementary cementitious material in cement and concrete
production [14-16]. By processing and incorporating fly ash into these applications, it can enhance
the strength, durability, and workability of cementitious materials while reducing the demand for
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cement clinker. This leads to a significant reduction in carbon dioxide emissions associated with
cement production, contributing to sustainable construction practices.

Processing CFA allows for the reduction of waste volumes and landfill requirements. By
converting fly ash into value-added products or incorporating it into construction materials, the overall
waste generation is minimized. This helps in conserving landfill space and reducing the
environmental impact associated with waste disposal [17-20].

Utilizing CFA presents economic opportunities by transforming a waste material into a valuable
resource [21-26]. The recovered materials can be sold or utilized in various industries, generating
revenue and creating job opportunities. Additionally, the development and implementation of
innovative processing technologies can drive technological advancements and promote economic
growth in the field.

Overall, exploring CFA is significant in mitigating environmental impact, recovering valuable
resources, promoting sustainable construction practices, minimizing waste, creating economic
opportunities, and complying with regulatory requirements. Efficient processing techniques are
essential for unlocking the potential of CFA and maximizing its value while ensuring environmental
stewardship.

This review aims to provide a comprehensive analysis of the processing techniques employed
for CFA. It will cover various aspects such as separation, beneficiation, utilization, and treatment
methods and will be informative resource for researchers, engineers, policymakers, and other
stakeholders interested in the processing of CFA.

2. Characterization of CFA

CFA possesses key characteristics that are crucial to comprehend for its processing and
utilization. 1t is a finely divided material with a particle size distribution ranging from 1 to 100
micrometers, with the majority falling within the sub-micron to micrometer range. The fine particle
size contributes to its powdery nature, influencing flowability and handling (Fig. 1)

CFA exhibits various physical properties including specific gravity, bulk density, particle shape,
surface area, porosity, and reactivity. Specific gravity refers to its density relative to water, while bulk
density relates to mass per unit volume. Particle shape can range from spherical to irregular,
influenced by the combustion process. Surface area and porosity impact reactivity and adsorption
properties.

Cenospheric
ash particles

Figure 1 — The structure of CFA hwing the surface morphology as cenospheric ash particles

Pozzolanic activity is a notable property of CFA, enabling it to react with calcium hydroxide in
the presence of moisture, forming additional cementitious compounds [28]. This characteristic
makes fly ash suitable as a supplementary cementitious material in cement and concrete
applications. The pozzolanic activity varies based on composition, fineness, and processing history.

CFA possesses thermal properties influenced by the combustion process [29]. It exhibits a
relatively high specific heat capacity, affecting its thermal behavior and potential applications in
thermal management.

Leachability refers to the potential release of contaminants, such as heavy metals and trace
elements, from CFA into the environment under specific conditions [30, 31]. Leachability depends
on factors like fly ash composition, pH, and the presence of leaching agents. Understanding leaching
characteristics is crucial for proper management and utilization, minimizing environmental impacts.

ISSN 2788-7995 (Print) IITokopiM yHHBEpCHTETiHIH Xa0apIubIChl. TeXHUKAIBIK FeUTbIMAap Ne 2(14) 2024 412
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(14) 2024



Depending on coal source and combustion conditions, CFA may contain magnetic
components like iron oxides [32]. These magnetic properties can be utilized in magnetic separation
processes for fly ash beneficiation and metal recovery.

Reactivity denotes the ability of CFA to chemically react with other substances. It is influenced
by factors such as composition, particle size, and surface area. Reactive fly ash can participate in
chemical reactions and contribute to the strength development, durability enhancement, and other
beneficial properties of cementitious materials.

CFA exhibits electrical conductivity due to its composition and the presence of conductive
minerals [33]. This electrical conductivity impacts its behavior in electrostatic separation processes
and electrochemical applications.

Commonly gray or off-white in color, the color of fly ash can vary based on coal source and
combustion conditions. Color influences its potential applications, including use as pigments, fillers,
and decorative concrete.

During cement hydration, CFA undergoes hydration reactions with calcium hydroxide when
used as a cement replacement or additive. The hydration characteristics, such as reaction rate and
extent, influence the development of strength, setting time, and other properties of cementitious
materials.

CFA may contain trace elements and heavy metals present in the coal [34]. The presence and
concentration of these constituents vary depending on factors such as coal quality and combustion
conditions. Understanding their content and behavior is crucial for assessing potential environmental
and health impacts associated with fly ash processing and utilization.

3. Separation Techniques

Physical and chemical methods are commonly employed for separating the components of
CFA. These methods aim to isolate specific constituents or fractions based on their physical or
chemical properties.

Physical Separation Techniques:

e Electrostatic Separation: Electrostatic separation utilizes the differences in electrical
conductivity and chargeability of the components in CFA [35-37]. It involves applying electrostatic
forces to separate charged particles based on their electrostatic properties.

e Magnetic Separation: Magnetic separation exploits the magnetic properties of certain
components in fly ash. By subjecting the fly ash to a magnetic field, magnetic particles can be
separated from non-magnetic ones, aiding in the removal of iron-rich fractions [38, 39].

e Froth Flotation: Froth flotation utilizes the differences in surface hydrophobicity between
components. By introducing air bubbles into a suspension of fly ash particles, hydrophobic
components can selectively attach to the bubbles and be separated from the hydrophilic components
[40-43].

e Gravity Separation: Gravity separation exploits the differences in density between various
components in CFA [44]. The heavier components can settle or be separated from the lighter ones
when the fly ash is subjected to gravitational forces. Gravity separation is the use of settling,
sedimentation andcentrifugation. These methods are particularly effective for separating coarse
particles or dense components, such as unburned carbon or heavy minerals.

¢ Sieving and Classification: Sieving and classification methods involve the use of screens or
classifiers to separate fly ash particles based on their size or particle size distribution [45]. Sieving is
commonly used to separate coarse and fine fractions of fly ash, while classifiers can sort particles
based on their size or shape.

Chemical Separation Techniques:

e Acid Leaching: Acid leaching involves treating fly ash with acid solutions to selectively
dissolve specific components [46-48]. This technique is often employed to remove or recover certain
metals or metalloids from fly ash.

o Alkali Activation: Alkali activation, also known as alkaline extraction or alkaline leaching,
utilizes alkaline solutions to extract specific components from fly ash (Fig. 2). It is often used to
recover valuable metals, such as aluminum and silica, for further utilization.
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Figure 2 — Coal fly ash processing by using alkali activation

e Solvent Extraction: Solvent extraction employs organic solvents to selectively extract
components from fly ash based on their solubility in specific solvents [50-52]. This technique can be
useful for separating organic compounds or specific metals from the fly ash matrix.

¢ Flotation: Flotation is a physical-chemical separation technique that utilizes the differences
in surface wettability of particles. By introducing flotation reagents and creating froth, hydrophobic
particles can attach to air bubbles and rise to the surface, while hydrophilic particles remain in the
liquid phase. Flotation can be used to separate carbon-rich fractions or specific minerals from the fly
ash [53].

These physical and chemical separation techniques offer a range of options for effectively
separating the components of CFA. The selection of the most suitable technique depends on the
specific objectives, composition of the fly ash, particle size distribution, and the desired outcomes of
the separation process. Combining multiple methods in a processing scheme can enhance
separation efficiency and enable the recovery of valuable components while minimizing waste and
environmental impact.

3. Utilization of CFA

CFA has a wide range of diverse applications across various industries due to its unique
properties and characteristics (Fig. 3).

Feed

‘ '-'~.-\‘-‘A/.'\

Tarbonizat$s
OL85,

) Coal Fly'Ash
1Ol 15,8%

4 2 O

Figure 3 — Example of coal fly ash utilization

Cement and Concrete Production: CFA is extensively used as a supplementary cementitious
material (SCM) in cement and concrete production [55, 56]. It improves the workability, strength,
durability, and long-term performance of concrete. Fly ash reduces the need for clinker, the main
component of cement, thereby reducing carbon dioxide emissions associated with cement
production. It also enhances the sustainability and resource efficiency of the construction industry.

Construction Materials: Fly ash is utilized in the manufacture of various construction materials
[57, 58]. It can be used as a partial replacement for cement in the production of mortar, grout, and
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plaster. Additionally, it is incorporated into bricks, blocks, and precast concrete products to enhance
their properties and reduce material and energy consumption.

Geopolymer Synthesis: CFA is a key ingredient in geopolymer technology, where it acts as a
precursor for the formation of inorganic polymers [59-62]. Geopolymers offer an alternative to
traditional cementitious materials and can be used in the production of high-strength, durable, and
environmentally friendly construction materials.

Road Construction: Fly ash can be used as a stabilizing agent in road construction. It improves
the strength and stability of the subgrade, reduces the risk of cracking, and mitigates the swelling
and shrinking of clay soils [63, 64]. Fly ash is also utilized as a filler material in asphalt mixes to
enhance their performance and longevity.

Waste Stabilization and Remediation: CFA is used for waste stabilization and remediation
purposes [65]. It can be employed to immobilize and stabilize hazardous waste materials, preventing
the leaching of contaminants into the environment. Fly ash can also be used in landfill liners, capping
systems, and for the remediation of contaminated soils and water.

Agricultural Applications: Fly ash can be utilized in agricultural practices as a soil amendment
[66]. It improves soil fertility, enhances nutrient retention, and promotes plant growth. Additionally,
fly ash can be used for land reclamation and ecological restoration projects.

Environmental Applications: Fly ash is employed in environmental applications, such as flue
gas desulfurization (FGD) systems, where it is used as an absorbent for sulfur dioxide (SO2) removal
[67]. It is also utilized in air pollution control technologies, such as activated carbon production and
mercury capture.

Waste-to-Energy and Biomass Applications: Fly ash from the combustion of biomass and
waste materials can be utilized in similar applications as CFA [68]. It can be used as a cementitious
material, in construction materials, or for waste stabilization.

The diverse applications of CFA demonstrate its versatility and value as a resource. By utilizing
fly ash in these applications, it promotes resource conservation, reduces waste generation, and
contributes to sustainable development practices across various industries.

6. Environmental and Economic Perspectives

Environmental Implications of CFA Processing:

CFA processing can have both positive and negative environmental implications. It is essential
to carefully manage and mitigate these impacts. Some key environmental considerations include:

¢ Air Pollution: The processing of CFA can release dust and particulate matter into the air,
contributing to air pollution. Proper dust control measures and air filtration systems are necessary to
minimize emissions during processing operations.

¢ Water Contamination: Improper storage or disposal of fly ash can lead to water contamination
through leaching of contaminants, including heavy metals and trace elements, into groundwater or
surface water bodies. Effective management strategies, such as containment and leachate collection
systems, are important to prevent water pollution.

e Land Use and Waste Management: Fly ash processing generates residues or byproducts
that require appropriate waste management practices. The disposal of these residues in landfills
must meet regulatory requirements to prevent potential environmental impacts. Implementing
sustainable waste management practices, such as beneficial utilization or recycling, can help
minimize the need for landfilling.

e Energy Consumption and Greenhouse Gas Emissions: Some processing techniques may
require significant energy inputs, contributing to greenhouse gas emissions. The energy sources and
efficiency of the processing operations should be considered to minimize the carbon footprint
associated with fly ash processing.

To mitigate these environmental implications, it is crucial to implement strict regulatory
frameworks, employ advanced pollution control technologies, promote recycling and reuse of fly ash,
and adopt sustainable practices throughout the processing and utilization chain.

Economic Viability of Different Processing Techniques

The economic viability of CFA processing techniques depends on several factors, including
the scale of operations, market demand, cost of inputs, and potential revenue streams. The following
aspects should be considered when evaluating the economic viability:
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o Cost-Benefit Analysis: Assessing the costs associated with processing, such as equipment,
energy consumption, labor, and waste management, compared to the potential economic benefits
of the processed fly ash is essential.

e Revenue generation: In order to help the processing techniques be economically viable, it is
possible to identify new sources of income from treated fly ash such as sales of value added
products, use in different sectors or carbon offsets.

e Market demand and prices considerations: the determination of market demand for
processed fly ash products and evaluating price dynamics can help assess the economic feasibility
of different processing techniques.

¢ Cost Reduction Strategies: Exploring cost reduction strategies, such as process optimization,
technology advancements, and resource efficiency, can enhance the economic viability of fly ash
processing operations.

Resource Recovery and Circular Economy Principles

Fly ash processing offers opportunities for resource recovery and aligns with circular economy
principles. By treating and processing fly ash, the following benefits can be achieved:

e Recovery of Valuable Materials: Fly ash contains valuable components, such as silica,
alumina, and iron, which can be recovered and utilized in various industries. Resource recovery from
fly ash reduces the demand for virgin raw materials, conserves natural resources, and promotes a
circular economy approach.

¢ Waste Minimization: Processing fly ash can reduce the volume of waste requiring disposal,
minimizing the need for landfill space and associated environmental impacts. Utilizing fly ash as a
resource reduces waste generation and supports sustainable waste management practices.

¢ Closed-Loop Systems: Adopting closed-loop systems, where the byproducts or residues from
fly ash processing are recycled or utilized within the same or related industries, promotes circular
economy principles. This approach maximizes the value and utility of fly ash, minimizing waste and
reducing the environmental footprint.

e Environmental Benefits: The proper processing and utilization of fly ash contribute to
environmental benefits, including reduced greenhouse gas emissions, decreased reliance on virgin
resources, and improved waste management practices.

By implementing resource recovery strategies and embracing circular economy principles, fly
ash processing can transform a waste material into a valuable resource while minimizing
environmental impacts and promoting sustainable development.

7. Challenges and Future Directions

Challenges

CFA composition can vary significantly depending on factors such as the coal source,
combustion conditions, and flue gas cleaning systems. This variability presents challenges in
developing standardized processing techniques that can effectively handle the diverse compositions
of fly ash.

Scaling up fly ash processing techniques to meet large-scale production demands while
maintaining efficiency and cost-effectiveness is a challenge. Developing processing methods that
can handle high volumes of fly ash without compromising the quality of the processed material is
crucial.

There are challenges in balancing the need for efficient processing and environmental
considerations. Important aspects to be taken into account are the proper management of waste
streams, minimising air and water pollution as well as the potential for contamination from fly ash
processing plants.

Keeping up with technological advancements and adopting innovative processing techniques
can be a challenge in the field of fly ash processing. Research and development efforts are needed
to explore and implement new technologies that can improve the efficiency, effectiveness, and
sustainability of fly ash processing.

Knowledge gaps

Further research is needed to enhance the understanding of the composition, physical
properties, and behavior of different fly ash types. This will enable the development of more targeted
and effective processing techniques based on specific fly ash characteristics.
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More research is required to optimize existing processing techniques and develop new
methods to enhance the separation efficiency, purity, and quality of the processed fly ash fractions.
This includes improving the selectivity, yield, and cost-effectiveness of separation methods.

Investigating innovative ways to utilize the byproducts and residues generated during fly ash
processing can help minimize waste and enhance the economic viability of the overall process.
Finding value-added applications for these byproducts will contribute to a more sustainable and
circular approach.

Conducting comprehensive and systematic assessments of the environmental impacts
associated with different processing techniques is crucial. This includes evaluating air emissions,
water contamination risks, and the potential for resource depletion, to develop strategies for
minimizing environmental footprints.

Future Directions and Emerging Technologies

Improved separation efficiency, selectivity and purity of fly ash fractions can be achieved
through further research on the latest technology for separating such as ionising separators,
highgradient magnetic separaters and advanced flotation methods.

Future directions in fly ash processing involve exploring more sustainable utilization pathways,
such as increased use of fly ash in high-value products, development of novel applications, and
integration fly ash into circular economy practices.

Research efforts are focusing on utilizing fly ash as a sorbent for carbon capture, contributing
to the reduction of greenhouse gas emissions. Developing efficient carbon capture and utilization
technologies using fly ash can enhance its environmental and economic value.

Investigating the use of processed fly ash in the development of advanced composite
materials, such as geopolymers, engineered aggregates, and lightweight construction materials,
offers promising avenues for future applications.

Integrating fly ash processing with other industrial processes, such as coal combustion,
cement production, or waste-to-energy facilities, can create synergies, enhance resource efficiency,
and improve overall sustainability.

Addressing the current challenges, conducting further research to fill gaps in knowledge, and
exploring emerging technologies will pave the way for more efficient, sustainable, and value-added
CFA processing. Future directions involve a multidisciplinary approach that considers technical,
environmental, and economic aspects to maximize the potential of this abundant waste material.

8. Conclusion

CFA is a valuable byproduct produced by the burning of coal at power plants. It consists of fine
particles primarily composed of silica, alumina, iron oxide, and calcium oxide. Processing CFA holds
significant importance for various reasons.

It enhances the utilization of this waste material, reducing the need for landfilling and promoting
sustainable waste management practices. By processing fly ash, its potential applications can be
expanded, leading to increased value and reduced waste generation.

Processing improves the quality and properties of fly ash, making it suitable for a wider range
of applications. This includes enhancing its strength, durability, and other performance
characteristics, making it valuable in industries such as cement and concrete production,
construction, road construction, waste stabilization, and agriculture.

Moreover, processing CFA contributes to resource conservation. Valuable components
present in the fly ash can be recovered and utilized, reducing the reliance on virgin raw materials.
This not only conserves natural resources but also reduces the environmental impact associated
with their extraction and processing.

Fly ash processing promotes sustainable development by reducing environmental impacts and
supporting circular economy principles. It minimizes the release of fly ash into the environment,
mitigating air and water pollution risks. By treating fly ash as a resource and incorporating it back
into the production cycle, it supports the circular economy concept of minimizing waste and
maximizing resource efficiency.

The provided review an overview of various characteristics of CFA, including particle size
distribution, chemical composition, mineralogy, reactivity, and leachability. It also discussed the
effectiveness and limitations of processing techniques such as electrostatic separation, magnetic
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separation, and froth flotation for separating fly ash components. Furthermore, the review explored
the diverse applications of CFA in industries such as cement and concrete production, construction
materials, road construction, waste stabilization, and agriculture.
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OB30P MO NEPEPABOTKE YIONlbHOW NETYYEW 300bl:
TEKYLWWUE OOCTUXEHUA U NMEPCNEKTUBbI HA BYAYLLEE

Llenbro GaHHO20 0630pa senssemces aHanu3 Memodos nepepabomku y2onsHou nemyded 3onbi (Y/13) u
ux nocnedcmeull. B uccrnedosaHuu paccmampueaemcsi uccnedosameribckasi rnpobrema nosbiueHUs
agbgbekmusHocmu ucrionb3oeaHuss YJ13 npu muHumu3sauyuu eo3ddelicmeusi Ha okpyxaruwyrto cpedy. Obsop
OCHOBaH Ha MpuHYUnax ycmou4yueozo pa3eumusi, 3KOHOMUKU 3aMKHYmMoeo yukna u pecypcocbepexeHusi. OH
oriupaemcsi Ha meopuu, cesi3aHHble ¢ obpaweHuem ¢ omxodamu, MamepuarnogedeHUeM U UHXEHEepPHOU
aKosnoeuel.  bbin  nposedeH  cucmemamudeckull  0630p  lumMepamypbl,  [POaHanIU3UPo8aHb!
uccnedosameribCKUe cmambU, MexHUYeckue omyemsi U ompacressie nybnukayuu. O63op eknovyaem
8CECMOPOHHEE U3yHeHUe Memodos rnepepabomku, eknoyas pasdesieHue, obosaweHue, ymunusayur u
mMemoObl obpabomku. Mcronb3yembie MemoObl uccredoeaHus 8K/Yanu CuHme3 OaHHbIX U aHasus
8bisiefieHHbIX uccredosaHuli. B o63ope ocsewjaromcsi 3ghcheKmusHOCMb U O2paHUYeHUs] pasudHbIX
memo0dos obpabomku YJ13, makux Kak anekmpocmamuydeckas cenapauusi, MagHuUmH+as cernapauyusi U neHHasl
riomayusi. B Hem npedcmasneHa uHpopmauyus 06 ynyqweHusx, AocmusHymbix 8 pe3ynbmame
obpabomku, eknwoYas nosbiweHue kadecmea Y/I3, pacwupeHue cgbepbi NPUMEHEHUS U peKynepayuto
pecypcos. Nony4deHHbie pe3ynbmambsl N0d4YepKUBarom 8aXKHOCMb 8CECMOPOHHeU xapakmepucmuku Y/I3,
MOHUMaHUS e20 cocmasa U ceolicms, a makxe onmumu3ayuu memodos obpabomku 0151 MakcuMu3ayuu €20
nomeHyuana. UccnedosaHue criocobcmeyem axkadeMu4yecKoMy MOHUMaHur memodoe obpabomku Y13,
obecnequsas ocHogy 0nisi danbHelwux uccrnedosaHul 8 amol obnacmu. C ynpasneH4YecKol moYKU 3peHust
OH npednazaem pekomeHOauuu ompacnsamM, ydacmsyrowum e ymunudayuu YJ13, npodsueas ycmodlidyusebie
mMemoOb! obpauwjeHusi ¢ omxodamu u pecypcocbepexerus. O630p umeem 3Ha4YUMesbHble coyuallbHble
rocnedcmausi, MOCKOMbKY CHUXaem eo3delicmeue Ha OKpyXXaroulyto cpedy, cesisaHHoe ¢ ymunusayuel Y/13,
u noddepxkusaem pasgumue NPUHUUNO8 3KOHOMUKU 3aMKHYMO20 YUKIa.

Knroyeeble cnoea: yz2onbHas nemydas 3ona, nepepabomka yeosnibHol nemyuyed 305bl, husudyeckoe
pasdernieHue, xumudeckoe pasdesieHUe, ymunu3dayus y2osbHoU 30/1bl.
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KOMIP KYJIH KAUTA ©HOEYTE LLUONY:
AFbIMOAFbI XETICTIKTEP MEH BOJIALLAK NMEPCMNMEKTUBANAP

Byn wonydeiH makcamel kemip KyniH (KK) eHOey adicmepiH xoaHe onapObiH candapbiH manday 6o1bin
mabsinadbl. 3epmmey KoplwaraH opmara acepdi azalimy kesiHOe KK natidanaHy muimoinieiH apmmbipyObiH
3epmmey MacerneciH Kapacmbipadsbl. LLlony mypakmbel Oamy, aliHanMarbl 9KOHOMUKa XoaHe pecypcmapibi
yHemOey npuHyunmepiHe HeezizdeneeH. On Kandbikmapdbl 6ackapy, MamepuanmaHy XoHe UHXeHepIik
aKornoausira KambiCmbl meopusinapra cyleHedi. ©0ebuemmepee xylerni wony xacanodbl, FfbibIMU
MakKarnanap, mexHuUKarsblK ecenmep xoHe canasnbik bacsiibimOap mandaHobl. LLlony kalima eHdey adicmepiH,
COHbIH iwiHOe 6enydi, 6alibimyOdbl, x0t00bl XoHe eHOey odicmepiH xaH-Xakmbl 3epmmeydi Kammuodbi.
KondaHbinameiH 3epmmey odicmepi [epekmepdi cuHme3deydi xoHe aHbikmarsnraH 3epmmeynepoi
mandaydbl KammebiObi. Llony anekmpocmamukarnblK cenapayusi, Ma2HUmmMmIK cenapayusi xoHe Kebik
griomauusicel cusskmbl KK eHOeydiH spmyprni adicmepiHiH muimdiniei meH wekmeynepiH kepcemedi. OHOa
eHOey HOMUXeCiHOe KON XemkisineeH xakcapmynap, coHbiH iwiH0e KK canacbiH apmmbipy, KondaHy asiCbiH
KeHelimy xeHe pecypcmapdbl KanfbiHa Kenmipy myparbsi aknapam bepineeH. Homuxenep KK xaH-xakmbi
cunammamachiHbIH, OHbIH KypaMbi MEH KacuemmepiH myciHyOiH, coHOal-aK OHbIH areyemiH apmmbIpy yWiH
eHOey oadicmepiH oHmalinaHObipydblH MaHbI30bIIbIFbIH Kepcemeldi. 3epmmey ocbl canadarbi KocbiMwa
3epmmeynepee Heaiz 6ona ombipbin, KK eHOey adicmepiH akalemusinibiK myciHyee biknan emedi. backapy
myprbiCbIHaH 011 KandbliKkmapObl 6ackapy meH pecypcmapObl yHemOeydiH mypakmbl 80icmepiH Hacuxammad
ombipbir, KK xorofa KambicamblH cananapra ycblHbicmap ycbiHalbl. LllonydbiH alimapnsikmal aneymemmik
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candapsbl bap, elimkeHri on KK xorora batisiaHbicmbl KopularaH opmara acepOli azalimadbi XoHe alHanmaribl
9KOHOMUKA MPUHUUNmMepiHiH 0amybiH Koridaldsbi.

Tyliiin ce3dep: Kemip Kyni, Kemip KyriH Katima eHoey, ¢pusukanbik 6esy, Xumusinelk 6esny, Kemip KysiH
koleze xapamy.
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CUHTE3 U UCCINEAOBAHUE TMBPUOHBLIX HAHOTPYBOK NEPOBCKUTA SrTiOs/ TiO2
METOAOM 3JIEKTPOXUMUYECKOIO AHOANPOBAHUA

AHHomauyusi: Criou HaHompy6ok TiO2, cgpbopmuposaHHbIX 8 rpouecce aHoOuposaHus, npedcmaesnsom
cobol obnacmb akmusHbIX uUccriedosaHuli 8 KOHMEKCMe UHHOBAUUOHHbLIX CUCMEeM KoHeepmauuu Uu
HaKkorneHusi sHepeauu. TumaHoeble HaHompybku (TNT) npuenekarom eHumaHue 6rnazodapsi ceoum
YHUKarnbHbIM ceolicmeaM, O0COBEeHHO 8bICOKOMY OMHOWEHUI 08epXHOCMU K obbemMy, Yymo Oeraem ux
JKenaHHbIM Mamepuanom Or1si Pas/iuYHbIX MEXHOI02UYECKUX npuioxeHul. Memod aHoOupo8aHUsT WUPOKO
ucrnonb3yemcs 0ns1 npouzeodcmea TNT u3-3a e20 npocmombl U omHocumernibHolU dewesusHbl, Memod
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