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Abstract: Introduction. The history of polymer-clay composites dates back to the mid-20th century
when the addition of clay minerals such as montmorillonite to polymer matrices was found to significantly
enhance their mechanical and thermal properties. They are used in environmentally friendly processes,
redox reactions, and pollutant remediation. The introduction of nanotechnology has further advanced
these materials by enabling nanoscale dispersion of clay particles, increasing their surface area and
interaction with polymers. In recent years, research has focused on environmentally friendly materials,
particularly biopolymer matrices such as chitosan and starch. Objective of the study. This review aims to
analyze the latest developments in polymer-clay composite-based catalysts, highlighting key challenges
and identifying promising research directions. Results and Discussion. Polymer-clay composites provide
structural stability, improved mechanical strength, and high thermal resistance. The integration of clay
minerals such as montmorillonite or zeolites enhances adsorption capacity and ion-exchange properties,
making these materials highly effective in catalysis and environmental applications. Metal nanoparticles
(e.g., Pd, Ni, Cu), embedded in polymer-clay matrices, significantly boost catalytic activity, offering
efficient solutions for oxidation, reduction, and energy conversion reactions. However, challenges remain
in polymer degradation, catalyst deactivation, and scalability for industrial applications. Conclusions.
Advancements in hybrid polymer-clay composites with metal nanoparticles offer promising directions for
green chemistry and sustainable catalysis. Future research should focus on improving the stability,
scalability, and functionalization of these materials to enhance their practical applications in industrial and
environmental processes.
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1. Introduction

The history of polymer-clay composites dates back to the mid-20th century
when it was first recognized that the addition of clay minerals, such as
montmorillonite, to polymer matrices could significantly enhance their
mechanical and thermal properties [1, 2]. A major milestone in the development
of these materials was the introduction of nanotechnology, which enabled the
fabrication of composites with clay nanoparticles capable of increasing surface
area and interacting with the polymer at the molecular level. In recent decades,
research has increasingly focused on environmentally friendly materials,
including biopolymer matrices such as starch, chitosan, and others [3-5].

The significance of catalysts based on polymer-clay composites and metal
nanoparticles stems from their unique properties and broad application prospects
across various scientific and industrial fields [6-8]. These catalysts represent
innovative materials with exceptional characteristics, including a high specific
surface area, enhanced catalytic activity, and the ability to be modified for various
applications [9,10]. This combination of properties makes them highly effective
for conducting complex chemical reactions, including redox processes,
degradation of organic pollutants, and energy conversion [11].

Polymer-clay composites provide structural stability, improved mechanical
strength, and high thermal resistance [12]. The incorporation of clays such as
montmorillonite or zeolites enhances their adsorption properties and ion-exchange
capacity, making them highly effective in water purification processes and the
separation of complex mixtures [13]. Metal nanoparticles, such as gold,
palladium, or silver, integrated into the composite matrix, significantly enhance
catalytic activity by creating active sites for oxidation, reduction, and
hydrogenation reactions [14, 15].

Their potential is particularly important in environmental chemistry, where
such composites can be utilized for the purification of water and air from toxic
substances. In industrial chemistry, they contribute to reducing the energy
intensity of processes and minimizing the formation of by-products [16].
Furthermore, they can serve as the foundation for the development of more
accessible and cost-effective catalysts, replacing conventional catalysts based on
precious metals and toxic substances. This is especially relevant when utilizing
locally available materials and inexpensive polymers, promoting sustainable
development and resource conservation.

The objective of this review article is to analyze the latest advancements in
the development of catalysts based on polymer-clay composites, identify key
challenges, and determine promising directions for further research.

2. Polymer-Clay Composites as a Basis for Catalysts

2.1 Structure and Properties of Polymer-Clay Composites

Clays are used as fillers in composites due to their unique properties,
including high specific surface area, interlayer swelling capability, high
adsorption capacity, and mechanical strength [17].
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Natural clays are layered minerals consisting of alternating layers of silicon
and aluminum oxides. These layers contain cavities and interlayer spaces that can
retain water molecules, metal ions, and organic compounds. The primary active
sites of clays are located either on their surface or within the interlayer regions,
where adsorption and ion-exchange processes can take place (Table 1). Due to
these properties, clays can interact with various chemical substances, making
them effective catalyst supports. Their natural microporous structure allows for
the immobilization of active substances, ensuring a high interaction surface,
which is crucial for catalysis.

Table 1 - Comparison of the characteristics of smectite clays

Parameter Montmorillonite Hectorite Saponite Beidellite

Chemical (Na,Ca)os(Al,Mg)2 (Na,Ca)o (Ca)os

formula SisO10(OH)2nH0 | (Na,Ca)os 3(Mg,Al) (Al,Mg):Sis
(Mg,Li)3Sis010(0H)2 | (Si,Al)4010 O10(OH)2

(OH)2

Main elements Si, Al, Mg, Na Si, Mg, Si, Mg, Si, Al, Mg,
Li Al Ca

Layer type 2:1 2:1 2:1 2:1

Interlayer 12- 12- 11- 10-12

spacing (A) 15 14 13

Type of | Na‘, Ca* Na*, Ca? Na*, Ca? Ca**

interlayer

cations

Cation 80-150 50- 80- 40-60

exchange 70 120

capacity

(meg/100 g)

Specific surface | g0p- 300- 500- 400-

area (n’/g) 800 600 700 500

The(mal 200- 200- 200- 200-

stability (°C) 600 700 600 700

In catalysis, polymers ensure control over reagent access to active sites.
Polymers play a crucial role in catalysis by controlling the accessibility of
reactants to active sites and preventing their deactivation under harsh conditions
such as high temperatures or aggressive chemical environments. Polymers used in
composite materials are classified into synthetic and natural matrices. Examples
of synthetic polymers include polyacrylic acid, polyethyleneimine, and polyvinyl
alcohol, which can interact with clay particles, enhancing the catalytic
performance of the composite. Synthetic polymers form structures where
molecules or metal nanoparticles are evenly distributed, preventing aggregation
and loss of activity. However, composites based on polyethylene glycol (PEG)
and other synthetic polymers are rarely used as catalysts and adsorbents due to
their chemical inertness, weak chelating properties, and low thermal stability,
which limits their application in catalytic and adsorption processes. Additionally,
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they exhibit poor mechanical strength and may block active sites in the
composite, reducing its overall efficiency.

With the advent of green chemistry in catalysis, natural biopolymers such as
cellulose, chitosan, pectin, starch, alginate, gelatin, and casein have increasingly
been used as matrix materials. Biopolymers, derived from plant residues and
microbial sources, are environmentally friendly [19]. They are widely available,
cost-effective, and their composites readily degrade in natural environments [18].
At the molecular level, the interaction between polymers and clays in composites
occurs through various physicochemical mechanisms, including adsorption, ion
exchange, hydrogen bonding, and covalent interactions. Polymer chains can
intercalate into the interlayer spaces of clays, increasing the distance between
layers and creating a porous structure. Functional groups in polymers (e.g., amino
groups in chitosan or carboxyl groups in polyacrylic acid) can bind to surface ions
of clays, enhancing adhesion between phases. This interaction strengthens the
composite's stability and promotes uniform distribution of active sites, which is
particularly important for catalysis. As a result, polymer-clay composites exhibit a
synergistic effect: the polymer protects active particles, while the clay ensures
their accessibility to reactants.

2.2. Methods for synthesizing polymer-clay composites

Polymer-clay composites can be synthesized using various methods, each
with its specific features and advantages. The choice of a particular method
depends on the required properties of the final material and its intended
application conditions.

1. Polymer intercalation into clay interlayer spaces

This method involves the insertion of polymer chains between the layers of
clay minerals such as montmorillonite. For successful intercalation, the clay is
pre-modified with organic compounds that enhance its compatibility with the
polymer. As a result, nanocomposites with improved mechanical and thermal
properties are formed.

2. Mechanochemical mixing

In this method, the polymer and clay undergo simultaneous mechanical
treatment, such as milling in ball mills. Intensive mixing and grinding activate the
surfaces of the components, promoting their interaction at the molecular level.
This approach allows for the production of homogeneous composites without the
use of solvents.

3. Chemical cross-linking and surface modification

This method involves the chemical modification of either the clay or polymer
to create strong covalent bonds between them. For example, clays can be
functionalized using silane agents, which subsequently react with the polymer’s
functional groups, forming a cross-linked structure. This approach improves
component compatibility and enhances the stability of the composite.
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3. Modification and functionalization of composites

To enhance the catalytic activity of polymer-clay composites, both the
polymer matrix and the clay support can be modified using various methods.
Polymers are functionalized by introducing active groups (e.g., amino, carboxyl,
and sulfo groups), which promote chelation and retention of metal nanoparticles.
Chemical cross-linking of polymers with agents such as glutaraldehyde or
epichlorohydrin improves their mechanical strength and solvent resistance. Clays
can be modified through ion exchange by incorporating active cations (Pd?*, Cu?",
Ni?*), acid activation to increase porosity, or pillaring with polyoxometals (e.g.,
AP, Ti*"), which expands interlayer spacing and increases the number of
available active sites [19]. The incorporation of metal nanoparticles via thermal or
chemical treatment also creates a synergistic effect between the polymer and clay,
ensuring high catalytic activity, selectivity, and stability of the composites.

Composites containing metal nanoparticles exhibit high efficiency in
catalytic processes due to the unique physicochemical properties of
nanostructured materials. For instance, palladium and platinum nanoparticles
embedded in composite matrices serve as highly effective catalysts in
photocatalysis and heterogeneous catalysis, providing high selectivity and
stability [20].

In green chemistry and environmental applications, these composites are
used for water and air purification. Metal nanoparticles such as silver and gold
facilitate the degradation of toxic organic compounds, while metal oxides like
TiO: and ZnO are effective in the catalytic oxidation of toxic gases (e.g., CO,
NOy). These materials contribute to environmentally friendly processes by
reducing harmful emissions.

Cation exchange also plays a key role in improving the activity of polymer-
clay composites, as it enables the effective incorporation and retention of active
metal centers within the interlayer spaces of the clay. The replacement of natural
cations (e.g., Na* or Ca?") with active metal cations (Pd?**, Ni**, Cu?", etc.) creates
stably anchored catalytic sites, promoting their uniform distribution and
preventing aggregation (Table 2). As a result, interactions between active
components and reactants are enhanced, the active surface area increases, and the
adsorption of target molecules improves. Overall, cation exchange contributes to
increased catalytic activity, stability of composites, and the possibility of their
repeated use in reactions.
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Table 2 - Comparison of the Characteristics of Low-Exchange Clays

Parameter Kaolinite e Halloysite Pyrophyllite
Chemical Al2Si20s Al2Siz05(0OH)4 Al2Si4010(0OH):
formula (OH)4 (K,H30)(Al,Mg,Fe)2 nH20
(Si,Al)4010[(OH)2,(H20)]
Main elements Si, Al, O, H Si, Al, Mg, Fe, Al, Si, O, H Al, Si,O,H
K, 0, H (mpumecu  Fe,
Ti, Cr)
Layer type 1:1 2:1 1:1 2:1
Interlayer ~7 ~10 ~7.2 ~9.3-
spacing (A) 9.6
Type of | No K*, with minor Na*, Ca** | No No
interlayer cations | exchangeable exchangeable exchangeable
cations cations  (layers | cations (layers
(layers  held held by | held by van der
by hydrogen hydrogen bonds | Waals
bonds) and water | interactions)
layers)
Cation exchange | 3- 10- 10-60 20-50
capacity 15 40
(meg/100 g)
Specific surface | 10- 50- 50-70 20-
area (m?/g) 20 120 40
'I;hermal stability | gqp- 400- 500-600 700-
0 700 600 900

4. Catalytic applications of polymer-clay composites in modern research

Polymer-clay composites have found extensive applications in heterogeneous
catalysis due to the combination of high clay surface area and the functional
groups of polymers. Clay-based materials, such as montmorillonite and zeolites,
provide structural support and catalytically active sites while enhancing
adsorption, the distribution of active species, and resistance to deactivation. These
composites are used in transesterification, oxidation, hydrogenation reactions, and
pollutant removal processes, demonstrating enhanced selectivity, stability, and the
possibility of multiple reuses.

For example, in the transesterification of waste cooking oil (WCO) into
biodiesel, Fereidooni L. and Mehrpooya M. developed a heterogeneous catalyst
based on zeolite/chitosan/KOH. The zeolite underwent desilication with increased
K" incorporation, forming hydroxy-potassalite. The use of electrolysis and an
acetone co-solvent facilitated a 93% vyield of methyl esters [21]. Later, Ahmed et
al. synthesized a montmorillonite-chitosan (PAMMT-CH) nanocomposite, which,
when used in the catalytic pyrolysis of waste oil, achieved a high bio-jet fuel yield
with improved selectivity towards alkanes at 300°C and 0.7% catalyst loading
[22].
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Abdullah et al. utilized a green synthesis method, incorporating starch as a
natural stabilizer and zeolite as a support, eliminating the use of toxic chemicals
and solvents. The resulting bio-nanocomposite starch/FesOas/zeolite (BNC)
exhibited high magnetic activity (1.84 emu/g) and uniformly distributed
magnetite nanoparticles (average diameter 9.24 nm) on the zeolite surface. The
product was effective as a non-precious metal catalyst for the oxygen reduction
reaction (ORR) in energy applications [23].

In a study by Zhao et al., a novel hybrid structure was developed, consisting
of chitosan (CS) chains and palladium nanoparticles (Pd®) embedded within the
interlayer spaces of montmorillonite (Mt), modified with aluminum or aluminum-
iron oxides (Al-Mt or Al-Fe-Mt). These catalysts demonstrated high activity in
Sonogashira reactions due to excellent nanoparticle dispersion (down to 3 nm)
and a large surface area. Pd°@CS/Al-Fe-Mt showed superior performance due to
its higher adsorption capacity and smaller Pd® nanoparticles [24].

In 2024, Sun et al. developed hybrid chitosan-Pd® nanocomposites
(Pd°@CS/Al, Co-MMt), where 2—-3 nm palladium nanoparticles were chelated by
chitosan chains and embedded in montmorillonite, modified with aluminum and
cobalt oxides. A simple one-step thermal treatment at 200°C in an inert
atmosphere was employed, simultaneously modifying the clay and incorporating
the polymer. The nanocomposites exhibited high catalytic activity and stability in
cross-coupling reactions (Sonogashira and Heck reactions). A key feature of this
study was the synergistic effect of Al, Co-pillaring and chitosan chain
encapsulation, leading to an increased surface area of 198.3 m?/g and improved
catalytic performance compared to multi-step synthesis methods [25].

Li Yaqi et al. developed a photocatalyst (Cht/PANI/MnFe.04) with high
photocatalytic activity and adsorption capacity, synthesized via in-situ
polymerization using chitosan, polyaniline, and MnFe.Os. The composite
exhibited a maximum adsorption capacity of 2569.66 mg/g, significantly
outperforming pure MnFe:Os due to the synergistic effect of the polymers,
enhancing charge transfer and material stability [26].

Similarly, Breno F. Ferreira et al. synthesized a hybrid catalyst (Kaol-TRIS-
MnTSPP) composed of kaolinite, modified with
tris(hydroxymethyl)aminomethane (TRIS) and immobilized metalloporphyrin
(MnTSPP) via adsorption. The modification of kaolinite expanded interlayer
spacing and improved interactions with MnTSPP, ensuring strong immaobilization
of porphyrin and preventing its leaching during catalysis. The catalyst
demonstrated high efficiency in cyclooctene oxidation (81% conversion) and g-
caprolactone (g-CL) polymerization, yielding biodegradable polycaprolactone
(PCL) under mild temperature and energy conditions. This study highlights the
importance of chemical modification of clays for the synthesis of effective
catalysts in polymerization and oxidation processes [27].
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5. Challenges and limitations of current research

One of the major challenges in the development of polymer-clay composite
catalysts is the degradation of the polymer matrix and the leaching of active
components during repeated use. Polymers such as polyethylene glycol (PEG)
and chitosan have limited thermal stability and may lose their stabilizing
properties under high temperatures or chemically aggressive environments,
leading to a decline in catalytic activity and selectivity. The introduction of
functional groups or chemical cross-linking of polymers can partially address this
issue, but the risk of catalyst deactivation over prolonged use remains a critical
concern.

Most studies are conducted at the laboratory scale, which poses significant
challenges in transitioning to industrial applications. Polymer-clay composites
require complex, multi-step synthesis processes, including clay modification,
polymer functionalization, and uniform distribution of metal nanoparticles.
Scaling up these processes presents difficulties in ensuring uniform distribution of
active sites, controlling particle size, and effectively embedding polymers into the
clay interlayer spaces. These limitations lead to significant differences in catalytic
performance between laboratory-scale and industrial-scale applications.

Furthermore, the effects of high temperatures and chemically reactive
environments on polymer-clay interactions remain poorly understood, making it
difficult to predict the behavior of composites under real reaction conditions. For
example, at temperatures exceeding 200-300°C, polymers may lose their
structural stability, while clays may undergo structural transformations, leading to
a decline in adsorption and catalytic properties. Additional research is required to
improve the understanding of polymer-clay chemical compatibility, especially in
the presence of metal nanoparticles, to minimize composite degradation and
optimize performance in extreme conditions.

6. Prospective research directions

Recent studies highlight the significant potential of hybrid polymer-clay
composites incorporating metal nanoparticles (e.g., Pd, Ni, Cu) and organic
ligands, such as polyaniline or amine groups. These systems enable a high degree
of functionalization, where metal nanoparticles serve as active catalytic centers,
while organic ligands stabilize them and regulate interactions with reactants. This
combination enhances catalyst selectivity and activity, while also preventing
metal leaching, which is crucial for improving the longevity of catalysts in
industrial processes.

Sustainable development necessitates the creation of catalysts effective at
low temperatures and pressures, thereby minimizing energy consumption in
industrial production. Polymer-clay composites with high surface area and
porosity, modified with active sites (e.g., metals or Lewis acids), can efficiently
catalyze reactions at moderate temperatures, including transesterification,
hydrogenation, and oxidation. The use of such composites in green reactions with
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minimal energy requirements represents an important research direction in the
chemical industry.

In response to environmental challenges, increasing attention is being given
to the development of biodegradable polymer-clay composites based on natural
materials such as polysaccharides or biodegradable synthetic polymers. Green
synthesis methods, including in-situ polymerization in aqueous media or acid
activation of clays without toxic reagents, ensure the environmental safety of
these composites. Their promising applications include wastewater treatment,
photocatalysis, and biomedical technologies, where biocompatibility and non-
toxicity are essential.

7. Conclusion

Polymer-clay composites with metal nanoparticles and functional polymer
matrices represent one of the most promising areas of modern research in the field
of catalysis. A review of recent studies highlights that the synergistic interaction
between polymers and clay enhances the stability of active sites, improves the
kinetics of catalytic reactions, and increases adsorption capacity. These
composites have demonstrated excellent performance in transesterification,
wastewater treatment, and photocatalysis, owing to their ability to be modified
and adapted to various reaction conditions.

However, several challenges remain, including polymer matrix degradation,
scalability issues, and insufficient understanding of component interactions under
extreme conditions, which require further investigation. The development of
hybrid systems incorporating organic ligands and green synthesis methods will
not only enhance the selectivity and stability of these composites but also make
their production more environmentally friendly.

Future research directions include the development of biodegradable
composites that operate efficiently at low energy consumption and the exploration
of new mechanisms of interaction between polymers, clays, and metal
nanoparticles. The application of in situ and in operando techniques to understand
these mechanisms will provide a solid foundation for the design of innovative
catalysts capable of addressing the challenges of sustainable development and
resource conservation. Thus, further research on polymer-clay composites is
expected to make a significant contribution to green technologies and industrial
chemistry.
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Tyiiingeme. Kipicne. Tlonumep-0aniiblK KOMIO3UTTEPiHIH Tapuxbl XX FachIpJbIH OpTachiHAH Oacrtay
anajipl, COJ Ke3/le MOHTMOPHIUIOHUT CHSIKTHI OalllbIK MUHEpaJIapblH MOJIUMEpIIK MaTpHLalapFa Kocy
OJIapJIbIH MEXAaHHUKAJIBIK JKOHE TEPMHSIBIK KaCUETTEPiH alTapIibIKTail aKaKcapTaThlHbl aHbIKTaAbl. Onap
9KOJIOTHSUIBIK Ta3a MHPOLECTEPAE, TOTHIFY-KAJIbIHA KENTIpY pEeakUHsIapblHAA JKOHE JIACTAFbILITAP/IbI
Ta3apTy cajachblHIa KOJAaHbLIaAbl. HaHOTEeXHOIOTUsIIapAbl €HIi3y INIMHAHBI HAHOAUCIIEPCHUSIFA TYCipyre
MYMKIHJIK Oepir, OHbIH OeTKi ayJaHbIH jKOHE IOJIMMEPIIEPMEH 3apa OpeKeTTeCyiH apTThIpibl. COHFBI
XKBULIAPBI 3ePTTEYJIeP HKOJIOTHSUIBIK Ta3a MaTepHallapFa, COHbIH IIIIHIEC XUTO3aH JKOHE KpaxXMmall CHUSKTHI
OMOIIONUMEPITIK MaTpULIAJIApFa OaFbITTaNFaH. 3epmmey maKcamol. by M0y XKyMBICHI TIOIMMEP-0alIIbIK
KOMITO3UTTEP] HETi31HAET1 KaTaln3aTopiiap bl 931piiey calachlHAAFbl COHFBI XKETICTIKTep/Ii Tajiay, Herisri
Mocelnenepi aHbIKTAy >KOHE Oonallak 3epTTeyiepliH IepCHEeKTHBANBLIK OarbITTapblH Oenrineyre
OarpiTTanran. Homuowenep men  mangeiiay. Ilonumep-0aniiblk  KOMIO3UTTEPI  KYPbUIBIMBIK
TYPAKTBUIBIKTBI, JKAaKCApTHUIFAH MEXaHMKAJIBIK OEpIKTIKTI JKOHE IKOFapbl TEPMOTYPAKTBUIBIKTBI
KamMTamachl3 erejli. MOHTMOPWIUIOHUT HEMECEe LEOJIUT CHSAKTHI OalllIBIKTapIblH KOCBUTYbl OJIApAbIH
afcopOLMSIIBIK KacHeTTepi MEH HOHAMacy KaOlIeTiH apTThIPBIN, OyJl MaTepuaigapibl KaTalu3 jKoHe
9KOJIOTHSUTBIK KOJIIaHy YIIiH THiMI eteai. [lonumep-0aiibik MaTpulaaapblHa MeTalll HAaHOOOIIEKTePiH
(Pd, Ni, Cu) eHri3y KaTaJUTHUKaJbIK OEICEHIUIIKTI aliTapiblKTaif apTTBIPBIN, TOTBIFY, TOTBIKCBI3/IAHY
MKQHE JHEPrust TYPJICHAIPY MPOLECTEepiH THIMI XKYpri3yre MyMKiHIik Oepeni. Anaiina, monumepriepaiy
JIeTpajlaliksIChl, KaTaIM3aTOPNApAbIH e3aKTHBALMACH KOHE OJIap/bl OHEPKACINTIK ayKpIMIa KOJJaHy
Mocenesnepi e3ekti 6onbin Kana oepesi. Kopsimoinovl. Metann HaHoOemekTepi 6ap ruOpuaTi moIuMep-
GaIIIBIK KOMIIO3UTTEPIH JaMBITY )KAChUT XHMMHS JKOHE TYPAKTHI KaTalu3 YIIiH HepCIeKTHBAIBIK OAaFbITTap
amajasl.  bomamak 3eprreynep ockl  MaTepUalapiblH  TYPAKTBUIBIFBIH, MAacCIITAOTaTyblH JKOHE
(YHKIMOHATM3AMSICHIH apPTThIpyFa OaFbITTANybl KEpeK, OYJI ONap/blH ©HEPKACIM MEH SKOJIOTHUSIAFbI
MPAKTUKAIBIK KOJJaHY asiChIH KEHEUTyre MyMKiHIIK Oepei.

Tyiiinai ce3jep: momrMep-ca3apl KOMIIO3UTTEP, METAUl HAHOOOIIIIEKTEpi, KaTain3, KOMIO3HTTEP.i
CHHTE3/EY, KAaChLT XUMUSL.
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Pe3wome. Bseoenue. VicTopusi moMMMEpHO-TIMHUCTBIX KOMIIO3UTOB OepeT Havano B cepeanHe XX Beka,
Korza OblIO OOHApY)XEHO, YTO M00ABJIEHUE IJIMHUCTBIX MUHEPAJIOB, TAKUX KAaK MOHTMOPHIUIOHHT, B
[IOJIMMEpHBIC MATPHIBl 3HAYUTENBHO YIYYlNIAaeT WX MEXaHHYECKHe M TepMHUUYecKue cBoiictBa. OHHM
HaXOJAT IPUMEHECHNE B SKOJIOTHUECKH YHUCTHIX IPOIECcCaX, OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKIUIX
U OYMCTKE 3arps3HuTesneill. BHenpeHne HaHOTEXHOJOTUH MO3BOIMIO AOOMTHCS HAHOAMUCIIEPCHU TJIMHBI,
YBENMUYMBas IUIOLIAJb IIOBEPXHOCTH W B3aMMOJCHCTBME C TNonuMMepaMu. B mocnemHme rons
HCCJIC0BAHUS COCPEIOTOUCHBI HA JKOJIOMMYECKH O€30IMacHBIX MaTepHaliax, BKIOUYas OUOIOIMMEpHBIC
MaTpullbl, TAKHE KAaK XUTO3aH M Kpaxmain. [lens pabomwl. Hacrosumii 0030p HampaBieH Ha aHaIW3
MOCJIEHUX JIOCTH)KEHUH B 0OJIACTH KAaTalu3aTOpPOB HAa OCHOBE IOJMMEPHO-TJIIMHUCTBIX KOMIIO3UTOB,
BBISIBJICHHE KJIOYEBBIX MPOOJIEM M ONpPEACNICHHE MEePCICKTHBHBIX HAIMPABICHUH HCCIICIOBaHUIA
Pesyromamur  u  obcyscoenue. I1oMMMEPHO-TIIMHUCTBIE KOMIIO3UTBI OOECIEUHBAIOT CTPYKTYPHYIO
CTaOMIIBHOCTb, YIIY4YLICHHYI0 MEXaHUYECKYIO IIPOYHOCTb U BBICOKYIO TEPMOCTOWKOCTD. BKiIIOYEeHHE IIIHH,
TAaKMX KaK MOHTMOPWJUIOHMT HJIM LIEOJMTHI, MOBBIIMIAET a/JCOPOLMOHHbIE CBOMCTBA M HMOHOOOMEHHYIO
CHOCOOHOCTD, Jenas 3TH MarepHanbl dP(EKTUBHBIMH B KaTajlu3e M SKOJOTHYCCKHX IMPHIOKCHHSX.
Buenpenne merammueckux Hanowyactur (Pd, Ni, Cu) B moauMepHO-TIIMHUCTBIC MAaTPHUIbI 3HAYUTEIIHHO
YBEJIMUMBACT KATAIUTUYECKYIO aKTUBHOCTb, MO3BOJSASA d()(HEKTUBHO MPOBOAUTH HPOLECCHl OKUCICHHS,
BOCCTAHOBJIEHHS. U IIpeoOpa3oBaHusi >Hepruu. OJHAKO OCTAIOTCs MPOOJEMBI AErpajaliu MOJIUMEpPOB,
JIe3aKTHBAIlMK KaTaJIM3aTOPOB M MAacHITaOUPyEeMOCTH sl NPOMBIIUICHHOTO NPUMEHEHUS. Bbigoosl.
Pa3Butie TrHOPHIAHBIX HOJMMEPHO-TJIMHUCTBIX KOMIIO3MTOB C METAJUIMYECKMMH HAHOYACTHULIAMU
OTKpBIBACT IEPCIECKTUBHbIC HANpaBICHHUS MU 3€ICHOW XMMHUM M YCTOWYMBOro Katanu3za. bynymiue
HCCIICIOBAaHMS JOJDKHBI OBITH COCPEZOTOYCHBI Ha MOBBINIEHHH CTAOWJIBHOCTH, MacUITaOHPyeMOCTH M
(GYHKUMOHANU3ALMKA 3THX MAaTepUalioB JUISl PACHIMPEHHs WX MPAaKTHYECKOro INPUMEHEHHs B
MIPOMBIIUICHHOCTH U 9KOJIOTUH.

KiroueBbie cjioBa: TMOJIMMEP-TIIMHUCTBIC KOMIIO3UTBI, HaHOYAaCTHULbI METAJJIOB, KaTaJlu3, CHUHTE3
KOMITIO3UTOB, 3CJICHAsA XUMMS.
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