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The effect of chemical composition on the biodegradation rate and physical
and mechanical properties of polymer composites with lignocellulose fillers

The results of TPLC scientific research, practical experience of their preparation, and application as of 2016
are presented in eight volumes of the “Handbook of Composites from Renewable Materials” (2017, John Wiley
& Sons, Inc.). This article provides an analysis of books and articles with open access to the Science Direct
(Elsevier) database for the period 2017-2020 to assess the biodegradation rate and physical and mechanical
properties of polymer composites with lignocellulosic fillers. The production and use of polymer composites
with a thermoplastic polymer matrix and lignocellulosic fillers (TPLC) have significant ecological and eco-
nomic prospects since waste biomass from forests, agriculture, and polymers obtained from petroleum raw
materials can be used for their production. However, depending on the TPLC application area, there are oppo-
site requirements for the biodegradation rate. For the use in construction and medicine materials and products
must have a minimum biodegradation rate. Materials and products for single-use packaging must have the
necessary biodegradability potential and have an adjusted biodegradation rate in soil, water, compost environ-
ment. Research results show that the properties of TPLC can be significantly influenced not only by the physical
but also by the chemical structure of all components of these composites. The chemical properties of polymers,
fillers, additives for various purposes can affect their industrial production efficiency.

Keywords: composite, chemical structure, thermoplastic polymer, filler, cellulose, lignin, biodegradation, prop-
erties.

Introduction

To date there is no conventional terminology in the scientific literature to designate composites based on
rapidly renewable raw materials. These composites are ordinarily termed “biocomposites”, “green compo-
sites”, “bioplastics”. Composite materials obtained from recycled synthetic polymers with plant-based fillers
began to be called "eco-composites” [1].

Lignocellulosic-filled composites are an enormous group of materials that include composites with an
organic and inorganic binder phase. CMLC with binders based on thermoplastic polymers finds a wide and
varied practical application. Composites with a thermoplastic polymer phase and lignocellulose fillers (TPLC)
are used in significant volumes in the automotive industry, furniture, and construction materials. The results
of the TPLC scientific research, practical experience and application as of 2016 are presented in eight volumes
of “Handbook of Composites from Renewable Materials” (2017, John Wiley & Sons, Inc.).

According to scientific materials published in journals and books in 2017-2020 and the first half of 2021
[2—-4], an increase in commercial interest in the production of TPLC and their use in medicine, water treatment,
heat power engineering, packaging, aerospace industry, automotive structural parts, building materials, furni-
ture, and driveways is predicted. At the same time there is also an environmental interest, as waste thermo-
plastic polymers (polyethylene, polypropylene) may be used to produce TPLC. TPLC products may be recy-
cled after use as well. The chemical sciences play an essential role in the processing of various wastes, includ-
ing not only polymeric materials [5] but also the residues of forest biomass [6] and agriculture [7] due to their
use for the production of popular marketable products from TPLC.

Until now, the priority goal of scientific TPLC research is to study the influence of their components'
morphological, physical, and chemical parameters on the physicomechanical and functional properties. How-
ever, the studies of the TPLC component's chemical composition influence their biodegradation rate have not
been systemic and are difficult to meta-analysis since a great variety of methods for its assessment.

Depending on the area of application of TPLC there are opposite requirements for the rate of their bio-
degradation. For example, construction materials and products that directly contact soil, water, microorgan-
isms, and solar radiation must have a minimum biodegradation rate. The medical industry also needs bio-
resistant products. On the other hand, materials and products for single-use packaging must have the necessary
biodegradability potential and have a given biodegradation rate in soil, water, and compost environment.

© 2021 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 83


http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.31489/2021Ch3/83-92
mailto:gluhihvv@m.usfeu.ru

V.V. Glukhikh®, A.E. Shkuro, P.S. Krivonogov

Currently, in connection with the tightening of requirements for the environmental safety of consumer waste
in several countries, there is a need for TPLC products with a given biodegradation rate and the change dy-
namics of physical and mechanical properties.

Many countries enacted laws prohibiting the production of non-biodegradable plastics for reducing plas-
tic waste. Thanks to this, scientific research of biodegradable TPLC is actively developing. The activity in
conducting scientific research on the production and study of biostable TPLC is low. There is an erroneous
opinion [2, 3] that TPLC with a synthetic polymer matrix has a very high biostability. Rapid laboratory test
results often form this opinion. A.A. Klyosov [8] noted that ASTM standard microbial resistance tests gener-
ally showed that TPLCs have excellent microbial resistance properties. However, in his opinion, laboratory
results and environmental impacts do not always correlate.

Recent studies [9-12] have confirmed the biodegradability of TPLC materials. Biodegradation of TPLC
occurred primarily due to the action on lignocellulose fillers (LCP) in the composite of various rotting and
mold fungi, algae, and termites.

In the study [10] an express assessment of the biodegradation potential in active soil of various TPLC
products obtained by multiple methods was carried out. The authors assessed biodegradation by the dynamics
of changes in their morphological and visual characteristics. They used five types of soil substrates with dif-
ferent compositions of microbiocenosis. The maximum exposure time of the samples in soil substrates was at
least nine months. At the same time, to analyze the potential phytotoxicity of TPLC biodegradation products,
a test with growing annual plants in soil substrates was carried out. The research results showed that all tested
TPLC products have a higher biodegradability potential in soil than polyethylene, polypropylene, and poly-
ethylene terephthalate. In addition, the breakdown of the lignocellulosic filler gave the polymer composites a
characteristic spongy appearance by “emptying” the polymer matrix (Fig. 1).

Figure 1. A sample of a strand obtained by extrusion from a mixture of polyethylene
and wheat husk after holding in an active soil for nine months (<160 magnification)

A.A. Klyosov gave the factors influencing the TPLC biodegradation rate in the book [8]. According to
him and the results of many recent studies [11, 12], moisture content (absorption) is one of the critical param-
eters for the growth of microorganisms in TPLC materials. However, there is a strong correlation between the
total moisture content of the TPLC and its susceptibility to microbial degradation.

As noted by the authors of many recent studies, in addition to the moisture content the following physi-
cochemical parameters of the composites also significantly affect the physical and mechanical properties and
the TPLC biodegradation rate under the influence of various microorganisms:

— Physicochemical structure and composition of the polymer phase;

— Content and chemical structure of lignin and cellulose in fillers;

— Content and chemical structure of special additives (biocides, plasticizers, and others).

Influence of the polymer phase physicochemical structure and composition
on the TPLC properties and biodegradation rate

Until now the names of polymers used in publications have often not matched with their chemical struc-
ture. For example, a polymer synthesized by polymerization reactions of ethylene obtained by a
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microbiological method is called “bio polyethylene” and belongs to the group of biopolymers. The name “mi-
crobiological cellulose” appears similarly. In this article we use polymers' words corresponding to their chem-
ical composition rather than the origin of the monomers for their synthesis. Natural polymers are obtained from
natural raw materials, and synthetic polymers are obtained by industrial synthesis from monomers. The term
“bio-polymers” combines natural polymers and synthetic polymers of a similar chemical composition obtained
from monomers of natural origin.

Based on many research results in the review [13], the authors proposed to divide biodegradable polymers
into three groups: unmodified biopolymers, structurally modified biopolymers, and chemically modified bi-
opolymers. Review authors concluded that the structural modification has practically no effect on its biodeg-
radation in soil, and chemically modified biopolymers can be subjected to different biodegradation mecha-
nisms and, consequently, have different rates of biodegradation. In many cases, biodegradable plastics made
from biopolymers retained the regularities of biodegradation in soil, characteristic of biopolymers. These con-
clusions followed the example of thermoplastic starch, cellulose acetate, and lignin. When the chemical struc-
ture of the polymer changes, as in the case of cellulose acetate, various microorganisms and enzymes were
involved in biodegradation. Based on the biodegradation process of cellulose acetate, the authors of the review
proposed a conceptual model that can be used as a starting point for predicting biodegradation, the rate of
decomposition of other chemically modified biopolymers used as bioplastics. This review noted that cellulose,
like starch, is a glucose polysaccharide, but cellulose is more resistant to biodegradation because it contains
prepotent B-glycosidic bonds. The degree of cellulose crystallinity affected the rate of biodegradation in soil.
The biodegradation of amorphous cellulose was faster than the biodegradation of crystalline cellulose. Acety-
lation of cellulose slowed down its biodegradation rate, i.e., the acetyl groups protected against microbial at-
tack. The degradation rate depended on the degree of cellulose acetylation, the distribution of acetyl groups
along the cellulose chain, and its molecular weight. The results of studies that have established a negative non-
linear dependence of the rate of enzymatic decomposition of films based on cellulose on the degree of its
acetylation are cited.

The review [14] drawn attention to the industrial production of composites with a polymer matrix from
two or more polymers mixtures, and due to this, proposed a viable alternative for reducing the cost of industrial
products. These blends in various combinations have been used to produce traditional and biodegradable plas-
tics to improve some of their mechanical properties, regulate product life cycles and reduce manufacturing
costs.

Currently, the most prominent polymer matrix for producing biodegradable composites is polylactide
(PLA). Its availability has significantly increased in the past decade, and its prices have dropped. That was
making polylactide a competitive material. The polylactide biodegradation process has been well studied not
only in tests but also in practical terms. The fundamental limitations that prevent the use of pure PLA are its
fragility and toughness. However, this problem can be solved by mixing PLA with other bio-based polymers,
including thermoplastic starch (TPS), polyhydroxybutyrate valerate (PHBYV), which allows the use of compo-
sites with a polymer matrix from these mixtures in almost any conditions. The example of PLA, which is
increasingly used in commercial solutions, demonstrates the necessity to continue large-scale research on the
use of its mixtures with other polymers, for example, polyhydroxyalkanoates (PHB) polybutylene succinate
(PBS), modified starch, modified polyethylene terephthalate (PET). The biodegradation of composites with
such mixtures under practical terms has not been sufficiently studied. Synthetic polymers containing fragments
that accelerate the biodegradability process can be used to make composites biodegradable. These can be pol-
yesters and polyesteramides, copolyesters based on aliphatic diols, and organic dicarboxylic acids. Unfortu-
nately, this work does not provide a comparative assessment of the effect of the type and amount of functional
groups introduced into the structure of synthetic polymers on the rate of TPLC biodegradation. The method of
producing biodegradable polymeric materials consists in obtaining composites based on natural polymers:
starch, cellulose, chitosan, proteins. However, a comparative assessment of various factors' effect on the bio-
degradation rate is given only for polymers. Data on the performance properties of composites during their
biodegradation are not provided.

Considering the possible prospects for the industrial production of TPLC products, scientific research
continues to study the properties of composites with synthetic biodegradable polymer matrices, mixtures of
biopolymers with synthetic biodegradable polymers with chemical modification of these polymers and addi-
tives.

The review [12] presented a detailed analysis of the effect of the physicochemical structure and compo-
sition of the polymer phase consisting of some synthetic polyolefins and their mixtures (polyethylene,
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polypropylene and their mixtures, propylene-ethylene copolymers, ethylene-vinyl acetate, ethylene-octene,
and their combinations), on the biodegradation of TPLC. In these composites, cellulose and wood flour were
used as fillers with a content of 0 to 30 %. This work analyzed the influence of the following factors on the
composites biodegradable properties:

— chemical structure and conformation of monomeric units and branching of the macromolecular chain;

— chemical composition of copolymers of ethylene with propylene, ethylene with vinyl acetate, ethylene
with octene;

—regularity of distribution of ethylene units in copolymers with propylene;

— supramolecular structure of polymers, including the degree of crystallinity and orientation effect;

— phase structure of polymer blends of polyolefins. The authors made conclusions about the influence of
these factors on the processes of rupture of polymer macromolecules, water absorption of composites,
and their assimilation by microorganisms by the following mechanisms:

— chemical structure of polymer monomer units;

— the presence of hydrolyzable functional groups in the polymer backbone;

— conformation and branching of the main macromolecular chain;

— type of distribution of monomer units in the copolymer.

This work did not provide information on the effect of the polymer physicochemical structure on the

properties of the composites during biodegradation.

Biodegradation studies of composites with synthetic and natural polymers associated with assessing their
functional properties are ongoing. At the same time, methods are being developed for obtaining new compo-
sites not only with above mentioned synthetic, natural polymers and their mixtures but also with others. How-
ever, based on the results of these studies, it is impossible to draw general conclusions about the effect of the
polymer phase physicochemical structure and composition on the TPLC biodegradation rate since the studied
composites did not have an accurate same chemical composition.

Influence of the content and chemical structure of lignin and cellulose in fillers
on the TPLC properties and biodegradation rate

The origin of the natural lignocellulosic filler usually determines its chemical composition and structure.
However, these fillers contain cellulose, lignin, hemicelluloses, extracts, and other substances regardless of
genesis. There are no doubts about the conclusions based on the results of the studies performed on a higher
rate of TPLC biodegradation with a decrease in the lignin content in the cell walls of lignocellulose fillers.
Therefore, in many studies, the content of cellulose and lignin in LCPs is controlled. In addition, new data
have appeared on the effect of the fiber content in the filler on the TPLC properties [1], which, in addition to
cellulose and lignin, may contain other chemical substances.

The review [2] presented a comprehensive analysis of the components and their features and many other
factors that influence the mechanical properties and prospects for the composites with a biopolymer matrix.
The physicochemical structure of the polymer matrix, fillers, plasticizers, and other biocomposites components
significantly affected the properties of such composites. A significant aspect for obtaining composites with
desired properties was searching for optimal parameters for their preparation: homogeneous distribution of
components in the polymer matrix, the optimal amount of filler, and the optimal interfacial connection of
elements. Biocomposite's mechanical properties could be adjusted by choosing an appropriate biopolymer.
Adaptation of functional groups to potent compounds due to their physical and chemical modifications im-
proved interfacial bonding. The work [15] provided data on all-cellulosic composites (ACC) properties with a
cellulosic polymer matrix and cellulosic fillers. Films made of these composites had high physical and me-
chanical properties, as well as light transmission. In terms of their mechanical properties, these materials were
superior to most commercial composites with nano cellulosic fillers and other polymer matrices due to the
ideal bonding of the cellulosic filler to the cellulosic matrix because of their identical chemical composition.
Furthermore, experiments on the burial of composites in soil have shown that ACC biodegradability is better
than other biodegradable polymers such as polylactic acid. In this case, the biodegradation of ACC occurred
mainly in the matrix phase.

The authors of the review [14] classed lignin as an amorphous polyester heteropolymer with aromatic
alcohol groups. Lignin is a more rot-resistant polymer than starch and cellulose due to its complex chemical
structure. Therefore, the lignin biodegradation rate in the composition of lignocellulose complexes was lower
than that of free lignin obtained in the pulp and paper industry. Consequently, many physical and mechanical
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properties of composites with a polymer matrix of lignin and starch were inferior to those of composites with
a cellulose matrix.

Recently, studies of the effect of various fillers, including cellulose and lignin, isolated from plant mate-
rials, various plant wastes, and products of their chemical modification on the biodegradability and other TPLC
properties have intensified [1, 14, 16-21].

The review [16] analyzed the studies of composites with a polyurethane polymer phase and fillers ob-
tained by functionalizing lignin with various chemical compounds. The use of lignin chemical modification
products significantly improved the mechanical properties of polyurethane composites compared to unmodi-
fied lignin. Therefore, the review authors believe that its use as a filler for thermoplastic polyurethanes has an
industrial perspective.

The review [17] analyzed the studies of lignin nanoparticles and products of their chemical modification
as fillers for various thermoplastic polymers. During the chemical modification of nano lignin by different
reactions new functional groups are formed (functionalization) on the surface of lignin nanoparticles. Accord-
ing to the conclusions of the review authors, functionalized nano lignin in composites with different polymer
phases retained the antimicrobial properties inherent in ordinary lignin. Improvement of the performance prop-
erties of composites with varying phases of a polymer depends on the type and content of functional groups in
nano lignin, depending on the chemical structure of the polymer. According to the reviewers, nano lignin is an
ideal material with a promising future in nanocomposites.

The authors of the article [18], based on the results of their research on composites with a polymeric
phase of polylactic acid and a filler based on cellulose waste fibers, noted that chemical modification of the
filler with lactic acid improves the biodegradability of the composite and some of its mechanical properties.

The authors of [19] described the chemical interaction of two silanes with surface functional groups of
lignocellulose particles and the chemical bond between them. The authors suggested that functionalization of
the lignocellulose surface leads to stronger bonds in the composite between the LCP and the polymer matrix
of the ethylene-norbornene copolymer. Furthermore, the modification of lignocellulose by silanes increased
the thermal stability of these composites, and the effect on the elastic modulus of the composites is the oppo-
site: N-(2-aminoethyl)-3-aminopropyltrimethoxysilane decreases this index, while vinyltrimethoxysilane in-
creases. Thus, in future studies the authors hoped to obtain epy evidence of an increase in the hydrophobic
properties of composites with lignocellulosic fillers with a silane-modified surface.

The authors of the article [20] investigated the preliminary treatment of bagasse powder with choline
acetate to improve the properties of polypropylene composites. The results showed a positive effect of filler
functionalization on the tensile strength of the composite and a decrease in its porosity by increasing the com-
patibility of the polypropylene phase with the filler treated with choline acetate.

In [21] the influence of aspen sawdust treatment with a water-soluble polyelectrolyte complex (LPEC),
consisting of hardwood soda lignin and polyethyleneimine on the properties of a wood-polymer composite
(WPC) with recycled polypropylene were established. The treatment of sawdust with LPEC nanoparticles
increased the content of fixed nitrogen in them and led to a slight improvement in the mechanical properties
of WPC and a decrease in their wettability. Furthermore, the authors explained the revealed effect of a reduc-
tion in the ability of WPC to be wetted with water because of the imine and amide bonds formed between the
free amino groups of LPEC and the carbonyl and carboxyl groups of the lignocellulose matrix of the modified
topics.

In general, it can be considered that the results of recent studies confirmed not only a significant effect
on the TPLC properties of cellulose and lignin content in fillers but also the prospects of regulating this effect
using a chemical modification of lignocellulosic fillers by various methods. However, systematic studies of
the impact on TPLC properties of the content of hemicelluloses and extractives in lignocellulosic fillers were
not carried out.

Influence of content and chemical structure of special additives
on TPLC properties and biodegradation rate

For the production of TPLC products various chemicals are used as special purpose additives. For exam-
ple, biocides (antiseptics) are added to the TPLC to increase biostability. In addition, depending on the manu-
facturing technology of TPLC products, the composite contains plasticizers, compatibilizers, lubricants, and
other additives [8]. There is no doubt that some of these additives can affect the chemical structure of the
surfaces of the polymer and filler phases in TPLC, the processes of physicochemical interactions between
phases, and change the structure and properties of composites.
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With the wide variety of environmental parameters leading to TPLC biodegradation, to decrease the rate
of composites biodegradation (increase their biostability) modern scientific research continues mainly to find
effective biocides for specific operating conditions of products made from these composite materials. At the
same time, the search for biocides is carried out among inorganic compounds of various metals, organic com-
pounds of different chemical structures, and the origins of their mixtures. Therefore, nanobiocides are of great
interest to scientists [2].

Many factors, including the chemical structure of TPLC components, affect the effectiveness of biocides.
For example, the article [9] reported that for composites with a polyethylene matrix and lignocellulosic fillers
(flour from wood and bamboo), the composition and chemical structure of the extractive substances of the
fillers affect the effectiveness of biocides. The biocides used were 4,5-dichloro-2-octithiazolone, zinc pyrithi-
one, and carbendazim. The extractive matters of the fillers in the presence of biocides had a positive or negative
effect on the resistance to algal and fungal degradation of TPLC.

Chinese scientists continued their studies [22] to assess the effect on the properties of TPLC of organo-
montmorillonite (OMMT) additives synthesized in situ by the exchange of montmorillonite sodium cations for
dodecyl dimethyl ammonium chloride. Composites were prepared by hot pressing from mixtures of polypro-
pylene (PP), lignocellulose flour, and OMMT obtained in a twin-screw extruder. The mass ratio of lignocellu-
lose flour/PP was 1:1. Three types of lignocellulose flour were used: poplar flour (WF), cellulose flour (CF),
and lignin flour (LF). Studies results showed that the OMMT conferred on TPLC with a polypropylene matrix
and lignocellulose flour against fungi of brown (Gloeophyllum trabeum) and white (Coriolus Versicolor) rot.
The TPLC mass loss after exposure to rot-fungi for 12 weeks ranged from 0 to 6 %, in contrast to solid pine
and poplar wood (over 45 %). The TPLC resistance to brown and white rot varied and depended on the type
of lignocellulosic filler.

The review [22] assessed the state and prospects of obtaining antimicrobial composite materials for active
packaging of food products, which contain antibacterial nanoparticles (metals, metal oxides, mesoporous sil-
ica, and graphene-based nanomaterials) with biodegradable polymers (gelatin, alginate, cellulose, and chi-
tosan).

The state and prospects of using oxo-biodegradable additives to obtain TPLC based on synthetic polymers
with increased resistance to UV radiation and microorganisms are reviewed [23].

The general regularities of the influence of special additives chemical structure on TPLC biodegradation
rate have not been revealed. TPLC production forecasts, considering their environmental friendliness and eco-
nomic feasibility, are presented in reviews [1, 24, 25].

Conclusions

The production and use of composites with a thermoplastic polymer matrix and lignocellulosic fillers
(TPLC) have environmental and economic prospects since waste biomass from forests, agriculture, and plas-
tics is obtained from raw petroleum materials be used for their production. The results of recent studies have
confirmed and, in some cases, established the influence of the chemical composition of the polymer phase and
lignocellulosic fillers of composites on the performance properties of products obtained from TPLC. This in-
fluence on TPLC's physical and mechanical properties and, to a lesser extent, on the rate of their biodegradation
in various media has been studied in more detail. Furthermore, TPLC's biodegradability rate is associated with
various microorganisms and bacteria used in research and their composition and technological modes of prep-
aration.

The overall conclusion of recent studies is experimental confirmation of a significant effect of TPLC's
ability to absorb water and its vapor on their biodegradation rate. The authors of several studies [26—30] pre-
dicted the biodegradation rate based on water absorption or sorption by the composites. Another conclusion is
that the TPLC biodegradation rate rises with increasing lignocellulose content while its chemical composition
remains constant.

The influence of thermoplastic synthetic polymers' physicochemical structure on the TPLC biodegrada-
tion rate is explained by the presence of functional groups in the polymer phase that affect its degree of crys-
tallinity, interaction with functional groups of the lignocellulosic filler, uniform distribution of filler particles,
and their agglomeration in the composite. However, assessing the effect of the natural polymers' physicochem-
ical structure and the presence and amount of functional groups in the polymer phase on TPLC biodegradation
rate is still uncertain.

There is no doubt only the previously established regularity of decrease in TPLC biodegradation rate with
an increase in the polymer phase composites deacetylation degree based on cellulose acetate [31].
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The modern assessment of TPLC biodegradation rate from the physicochemical structure of lignocellu-
losic fillers requires simultaneous consideration of their particle size and morphology, which significantly
affect the water absorption of composites. Recent studies have confirmed a significant impact on the TPLC
biodegradation rate of cellulose and lignin content in fillers and the promise of regulating this effect using a
chemical modification of lignocellulose fillers. However, one should consider that the range of plant fillers in
which the content of not cellulose and lignin, but other compounds predominates is expanding.

Research on reducing the TPLC biodegradation rate due to the introduction of biocides into their compo-
sition continues, but unfortunately, in modern research the environmental hazard of degradation products in
soil and water is not assessed.
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B.B. I'nyxux, A.E. llIkypo, I1.C. KpuBonoros

JIMrHOLEJITI0J103AJIBIK TOJTBHIPFBILITAPHI 0ap MOJUMEPJIi KOMIIO3UTTEPAIH
Ononerpasanus ;KbLUIAAMAbIFbIHA KOHE (PU3HKATBIK-MEXaHUKAJIBIK KacHeTTepiHe
KOMIIOHEHTTEPAIH XMMHSJIBbIK KYPAMBIHBIH JCEPiH KapacThIpy

TepmorutacTUKansIK moauMep (azackl MEH JIMTHOUEILTIONO03abIK TonTeipreiurapMer (TPLC) xommosuTri
FBUIBIMU 3€PTTEYJIEPIiH HOTWKENEPi, OJlapAbl NabIHAay MEH KOJIAHYAbIH MPaKTHKAJIBIK Toxipuodeci 2016 x.
«KaHapThUIaThIH MaTepUAAapIaH KacaFaH KOMIO3UTTEP IiH aHbIKTaMachiHBIHY (2017, John Wiley & Sons,
Inc.) ceri3 TOMIBIFBIHIA YCHIHBUIFAH. Makanajga JIMTHOLEIUTIONO03a TOJTHIPFBINTAPE Oap IojmMepii
KOMIIO3UTTEP/IiH OHOBLIBIPAY JKBULIAMIIBIFBIH JKOHE (DU3MKAIBIK-MEXaHUKAIBIK KAaCHETTepiH Oaranay yIIiH
2017-2020 xpuimap MeH 2021 sxpuTIbIH OipiHINI KapTHDKBUIABIFBIHA apHAJFAH KiTallTap MEH Makajajapra
tangay xacanrad. TPLC amy MeH KONIaHyIbIH SKOJOTHSJIBIK KOHE SKOHOMHKAIBIK OOJaIIarsl 30p, OUTKEH1
OJIap bl OH/AIPY YIIiH OpMaH/Iap/AbIH, aybUT MIApyalIblIbIK )KOHE MYHail MKi3aTHIHAH ATBIHFAH TOJIUMEPIIePAiH
KanaslkTapel maiigananenrysl MyMKiH. TPLC kompmany aiimarpiHa OaiiaHbBICTBI ONapIblH OHOAETpajaIlvs
JKBUIIAM/IBIFBIHA KapaMa-Kapesl Tananrap 6ap. Kypbiibicta jkoHe MeAWIMHAAa KOJJaHy YIIH MaTepuaiiap
MeH OyHBIMIapIblH OWOJOTHSIBIK BIABIPAYBIHBIH MHHUMAIIBI KbUIIAMIBIFBI OONyBl Kepek. bip per
KOJIIaHBIIAThIH KallTaMara apHaJIFaH MaTepHaaap MeH OyibIMIap OHONOTHSIIBIK BIABIpayFa OeifiMai 00ys
JKOHE TOIBIPAKTa, Cy/a, KOMIIOCT OPTACHhIHAa OErili )KbUIIaMAbIKTa OMONOTHSIIBIK bIIbIpAyFa YIIBIpai amysl
Kaxer. 3eprrey HoTmkenepi TPLC kacuerTepine GU3NKANIBIK FaHA €MEC, COHBIMEH KaTap OChl KOMITO3UTTEP/IiH
0apIIBIK KOMITOHEHTTEPiHIH XHMIBUIBIK KYPBUIBIMBI J1a KAaTTBl ocep €TeTiHiH kepceteni. [lommmepnepmin,
TONTBIPFBIITAP/BIH, OPTYPI MakcaTTarbl KOCTAJAPABIH XHMHSUIBIK KAacHETTepi ONapAblH ©HEPKACINTIiK
OHJIIPICIHIH THIMAUTITIHE dCep €Tyi MYMKIH.

Kinm cesdep: KOMITO3UT, XUMHUAJIBIK KYPBUIbIMbI, TECPMOIUIACTUKAJIBIK MOJMMEP, TOJTBIPFBINI, LEIUIK0JI03a,
JIMTHHH.
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The effect of chemical composition on the biodegradation rate ...

B.B. I'nyxux, A.E. llkypo, I1.C. KpuBonoros

0O030p BIAMSHUA XUMHYECKOT0 COCTABA KOMIIOHEHTOB Ha CKOPOCTh
Onopaso:xkenus U GU3NKO-MeXaHUYeCKHe CBOCTBA NMOJMMEPHBIX KOMIIO3UTOB
€ JIUTHOUEJIJIIOJIO3HBIMM HANOJTHUTEIAMH

PesynbTaTel HayuHBIX UCCIEIOBAaHUN KOMIIO3UTOB C TEPMOIIACTHYHOHN MoauMepHOU (a3oil M IUrHOLEIIIIO-
no3ubiMu HanosHutensiMu (TPLC), mpakTHYeCKHil OMBIT MX MOJYYECHHS M MPUMEHEHHs [0 COCTOSHHUIO Ha
2016 r. npencrasnensl B BocbMu Tomax «Handbook of Composites from Renewable Materials» (2017, John
Wiley & Sons, Inc.). B cratbe npuBeaén 0630p KHUT U cTateil 3a nepruon 2017-2020 rosl ¥ HEPBYIO TIOJOBUHY
2021 1. IO OIEeHKE CKOPOCTH OHOpa3iokeHNs U (PU3MKO-MEXaHNUECKUX CBOMCTB MOIMMEPHBIX KOMIIO3UTOB C
JIMTHOLISIUTIONIO3HBIMY HanonHuTesiMu. [Tomydenne u npumenerne TPLC umeroT GonbInue 3K0JI0THIecKue n
SKOHOMHYECKHE MEePCHEeKTUBEI, TaK KaK JUIL UX IPOM3BOACTBA MOTYT OBITH UCIIOIB30BAaHBI OTXO/BI OMOMAacChl
Jjieca, CelIbCKOTO XO034HCTBA U TOJNMMEPOB, TOMyJaeMbIX U3 HE(TSIHOTO ChIpbA. B 3aBucumoctu oT obnactu
npumereHust TPLC, cylecTBYIOT IpOTHBOMOIOKHbBIE TPeOOBaHMUS K CKOPOCTH UX Ouopasznoxenus. Jis npu-
MEHEHUS B CTPOUTENBCTBE U MEAULMHE MaTePHaIIbl M U3/1eNHs JODKHBI UIMETh MUHUMAJIBHYIO CKOPOCTh OHO-
pasnoxxkeHus. MaTepuaibl ¥ H3Je1s JUI 0JHOPa30BOH YIAaKOBKH JODKHBI 00/1a1aTh HEOOXOAUMBIM MTOTEHIIH-
aJIOM OMOPA3IOKEHHU U HIMETh 3aJJaHHYI0 CKOPOCTh OHOpa3IoKeHHs B TPYHTE, BOJie, KOMIIOCTHOH cpene. Pe-
3yJBTaThl UCCIIEAOBAHUN ITOKA3bIBAIOT, YTO Ha cBolicTBa TPLC Gomblioe BIMSHHE MOXET OKa3blBaTh, HE
TOJIBKO (PM3MYECKOE, HO M XMMHYECKOe CTPOCHHUE BCEX KOMIIOHEHTOB 3THX KOMIIO3UTOB. XHMIYECKUE CBOM-
CTBa IOJIMMEPOB, HAIIOJHHUTENEH, J00AaBOK Pa3IMYHOI0 Ha3HAUYEHUS] MOTYT ITOBJIMATH Ha SKOHOMHYHOCTH HX
MPOMBIIIIEHHOTO IIPONU3BOJICTBA.

Kniouesvie cnosa: KOMNO3UT, XUMUYECKast CTPYKTypa, TEPMOIIACTUYHBIA MOIMMEp, HAIOIHUTENb, IEIII0-
71034, JIUTHHH.
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