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Natural fibre reinforced polymer composites nowadays are considered to be attractive cheap, safe and eco-
friendly materials. The main problem of such composites related to the hydrophilicity of plant fibres may be
successfully solved by chemical modification of their surface. However, some characteristics of the materials may be
suppressed after this procedure. Therefore, the aim of the research is to find out the impact of chemical modification
of filler on thermooxidative stability, tensile and flexural strength, as well as on biodegradability of polymer
composites. The novelty of this work is in the examining new materials on the basis of Si-containing epoxyurethanes
and chemically treated hemp woody core (HWC). Woody core that is the side product of hemp industry requiring its
apropriate utilization was exposed to mercerization with sodium hydroxide solution and to further functionalization
with epoxidized soybean oil (ESO) or 3-aminopropyltriethoxysilane (APS). Raw and surface treated HWC was used
as reinforcement for two types of organic-inorganic epoxyurethane matrices made from sodium silicate,
polyurethane prepolymer based on polyisocyanate and castor oil, and either diglycidyl ether of bisphenol-A
(DGEBA) or ESO as epoxy component.

Functionalization of HWC led to better mechanical properties of composites. Compared to the corresponding
materials including untreated filler, maximum increase in flexural strength (26 %) was observed for the samples with
ESO-containing epoxyurethane and silanized HWC, while maximum increase in tensile strength (53 %) was revealed
for the ones with DGEBA-containing epoxyurethane and oil treated HWC. Thermooxidative stability was also higher
for composites reinforced with functionalized HWC. The specimens with APS-treated HWC performed the best at
thermal decomposition. The values of their Tsoo; were up to 68 °C more than those for composites with unmodified
filler. At the same time, the samples based on APS- or ESO-treated HWC were the most resistant to biodegradation,
which may be concluded from their smallest weight loss during soil burial test.

Keywords: hemp woody core, chemical modification of filler, mercerization, silane treatment, epoxidized
soybean oil treatment, epoxyurethanes, natural fiber reinforced polymer composites, interfacial adhesion, soil burial
test, biodegradation

INTRODUCTION under the conditions of soil burial or composting
[11]. Meanwhile, such characteristics as poor
interfacial and mechanical strength along with low
thermal and fire resistance are generally accepted
as drawbacks of natural fiber based polymer
composites [2, 10-12].

These limitations of materials may restrict the
possibility of their practical application [2, 12], so in
order to overcome them, the methods of fiber
chemical modification are widely used[1, 6-8].
Mercerization involving exposure of fillers to
alkaline solution and functionalization of their
surface with organic compounds bearing functional
groups are the examples of approaches purposed to
improve mechanical properties of natural fibre
reinforced composites by strengthening the
interphase and to ensure an optimum  stress

Current concern on ecological issues raised in
regaining of scientific attention towards plant
fibers reinforced polymer composites [1-3].
Except for being renewable, energy efficient and
neutral or even positive with respect to carbon
dioxide emissions, such natural fibers are
inexpensive, available, have high specific strength
and no potential health hazards as their synthetic
counterparts do [4—7]. Among the most essential
advantages of lignocellulosic fillers, some
researchers [8, 9] also mention biodegradability,
though the others [10] refer it as their downside. In
this respect it should be noted that triggered
biodegradability is demanded here. This term
means that materials are stable during designated
service life and prone to microbial attacks only
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transfer [13]. Typically, the composites with
modified plant fillers exhibit much better
mechanical characteristics 4,5, 14], but

sometimes they may remain unchanged as in
epoxy composites with silane treated cellulose
fibers [15] or even deteriorated as reported by [16]
for tensile strength of alkali and silane treated flax
mats. Notwithstanding that application of
triglycerides on the surface of fibers is not so
widespread as the one of silanes, opposite effects
of it also may be found. Particularly, exposure of
pre-mercerised hemp to soybean and corn oils
resulted in enhanced mechanical properties of
polypropylene composites on its basis [6], whereas
polyurethane foams reinforced with sunflower or
tung oil impregnated hemp shives performed
worse than those with non-treated filler [17].

Thermal stability was also revealed to depend
differently on fiber chemical modification. For
instance, application of two silane coupling agents
had no impact on the thermal decomposition of hemp
fibers [18]. At the same time, under the influence of
silane treatment thermal stability of C. indica fiber
improved significantly [19]. Altogether, given
examples testify that some universal conclusion
showing the relation between fiber treatments and the
properties of resulting reinforced composites cannot
be drawn. The behavior of material is at least
determined by the combination of matrix, filler and a
type of surface modification. So, in each unique case
it is important to investigate the characteristics of
polymer composites reinforced with chemically
modified fibers.

Within a huge variety of cellulosic fillers hemp
woody core (HWC) also known as hurds or shives
was selected for the research presented. It is a
chopped inner part of the hemp plant stem
(60-80 % of its mass) that is a by-product of hemp
industry having almost no proper utilization
[17,20]. HWC is not frequently used as
reinforcement in polymer composites but owing to
its good stability, viscoelastic and mechanical
characteristics may be considered as very promising
in this field [17]. In given study HWC was
subjected to mercerization, oil treatment with
epoxidized soybean oil (ESO) or aminosilane
treatment with 3-aminopropyltriethoxysilane (APS).

To make completely renewable and
biodegradable biocomposites the tendency to apply
natural polymers is becoming popular. However, in
this case it is challenging to meet the necessary
requirements for materials and to maintain a balance
between economics and ecology. Therefore,
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composites derived from plant fibers and synthetic
thermoplastics or thermosets are regarded as
suitable alternatives [1,3]. Among polymer
matrices polyurethanes providing in sifu formation
of covalent bonds between isocyanate groups of
matrices and hydroxyl groups of lignocellulosic
fillers [21, 22] were chosen. Namely, two types of
Si-containing epoxyurethanes including sodium
silicate, polyurethane prepolymer based on
polyisocyanate and castor oil, and either synthetic or
plant-derived epoxy constituent were synthesized.

The novelty of the work lies in filling such
matrices with chemically modified HWC and in
evaluating the dependence of the properties of
obtained composites upon a type of HWC treatment
used.

The objective of this study is to investigate
thermooxidative resistance, tensile and flexural
strength, as well as biodegradability of fabricated
composites under soil burial conditions.

EXPERIMENTAL

Materials. HWC used as filler was obtained
from non-narcotic types of hemp and supplied by
Institute of Bast Crops of the National Academy of
Agrarian Sciences of Ukraine. Sodium hydroxide
(NaOH) applied for mercerization was purchased
from Chempol, Czech Republic. The treatment
agents APS and ESO were obtained from Sigma-
Aldrich, USA. The chemical structures of APS and
main component of ESO (epoxidized linolein,
~ 51 %) are depicted in Fig. 1.

The chemicals listed below were used for
matrix  synthesis.  Polyisocyanate  (PIC)
commercialized under the name of “Lupranat M
20S” IsoPMDI 92140 that is a mixture of isomers
of diphenylmethane diisocyanate and oligomeric
compounds (the content of NCO groups =
30.0 %, density = 1.2446 g/cm®) was purchased
from BASF Polyurethanes GmbH, Germany.
Diglycidyl ether of bisphenol-A (DGEBA)
commercialized under the name of DER-331
(M = 390 g/mol, the content of epoxy groups =
19.8 %, the content of OH groups = 1.9 %) was
obtained from Dow Chemicals, Germany. Castor
oil (CO, Oleum Ricini, density = 0.955 g/cm’,
hydroxyl number = 150), was purchased from
Phitopharm, Ukraine. ESO (epoxy equivalent =
250 g/mol, epoxy group content = 6.1 %) was
obtained from Sigma-Aldrich, USA. Aqueous
solution of sodium silicate (SS) (silicate module =
2.9-3.0, the content of free water = 56.0 %) was
supplied by Dniproskloservis, Ukraine.
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Fig. 1.

Modification of HWC. Before modification
HWC was washed with water to remove
impurities, dried at 80 °C for 4 hours to constant
weight and then chopped. The particles of the
desired size (between 0.05 and 5.0 mm) were
selected by fractionation through a sieve
(model 029). For mercerization HWC was
immersed in 5 wt. % NaOH solution (assumed to
be optimal in [7, 23]) at 2042 °C for 24 hours.
After that the particles were rinsed with acidified
water to neutralize any remnants of alkali and
washed with distilled water. Mercerized HWC
were dried at 80°C for 8 hours. This alkali
treatment was used solely or as pre-treatment for
further functionalization of HWC. Oil treatment
was performed by immersing pre-mercerized
HWC into 3 wt. % acetone solution of ESO
(assumed to be optimal from preliminary
experiments), followed by mixing at 20+2 °C for
3 hours and drying at 80 °C to constant weight.
Silane treatment was done by immersing pre-
mercerized HWC into 5 wt. % APS solution
(shown to be optimal in [24, 25]) at 2042 °C for
24 h. Afterwards, HWC particles were washed
with distilled water and dried at 80 °C to constant
weight. APS solution was prepared in 50/50 w/w

Table 1. Composition of EU matrices

Chemical structure of treatment agents: APS (a) and major component of ESO (b)

ethanol/water mixture by stirring it during 1 hour
to provide a complete silane hydrolysis.

Polymer matrix synthesis. Two types of
organic-inorganic Si-containing epoxyurethane
(EU) matrices were obtained. SS serves as an
inorganic component of given polymers
providing their UV-, fire- and thermal stability.
Urethane component was synthesized through the
stage of polyurethane prepolymer based on PIC
and CO as a polyol in a mass ratio of 80/20. The
reaction was conducted under stirring at 60+2 °C
until  theore-tically calculated amount of
isocyanate groups was reached. The matrices
differ in the nature of epoxy component used. For
the first epoxyurethane (EU-D) it is synthetic
epoxy resin DGEBA, while for the second one
(EU-E) it is plant-derived ESO. Epoxy
component (either DGEBA or ESO) was
introduced into the polyurethane prepolymer and
stirred at 900 rpm for 3 min at 20+2 °C. Then SS
was added into the mixture under 3 min stirring at
900-1000 rpm at 20+2 °C. The total weight ratio
between components and the codes of
synthesized polymer matrices are given in the
Table 1.

Weight parts
Code -
Inorganic component Urethane component Epoxy component
EU-D 20 (SS) 80 (PIC/C0O=80/20) 20 (DGEBA)
EU-E 20 (SS) 80 (PIC/C0O=80/20) 20 (ESO)
Composites fabrication. To obtain unfilled ensure the best mechanical properties of

polymers the reactive mixtures were poured into
Teflon molds and cured at 140 °C. To form
composites unmodified, mercerized or
functionalized HWC (60 wt. %) was soaked into
liquid epoxyurethane mixture under stirring. As it
was studied before [26], such a high filler content
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composites. The samples were then fabricated in
the molds at 140 °C and under a 10 MPa pressure
by a hot press machine. The composites codes
depending on the matrix and type of chemical
modification the filler was exposed to are given
in Table 2.
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Mechanical testing. Mechanical
characteristics of composites were determined for
molded samples with a size of 150x20x5 mm
according to State standard 11262-80 for tensile
strength and according to ASTM D790-17 for
flexural strength. The tests were carried out for
five different samples, and the average values are
represented below.

Thermogravimetric analysis (TGA).
Thermooxidative degradation of composites was
investigated using a thermogravimetric analyzer
TGA Q50 (TA Instruments). The specimens
were heated from 20 to 600 °C under air

Table 2. Codes and composition of the composites

atmosphere at a rate of 20 °C/min. For major
stages of thermooxidative destruction activation
energy was computed by means of Broido
equation [27]:

E,et = R X tan g,

where R is a gas constant equals to
8.314 J/mol-K, ¢ is a slope of a straight line of
In(Inl/y) dependence versus 1/T-107, (y=w/wy,
wy is weight at any time within considered
decomposition stage, wy is initial weight, and 7 is
temperature, K).

Epoxyurethane matrix HWC surface modification Code for HWC Composite code

Untreated HWC UH UH/EU-D

EU-D Mercerization of HWC MH MH/EU-D

(DGEBA as an epoxy Treatment of premercerized HWC with OH OH/EU-D
component) ESO

Silanization of premercerized HWC SH SH/EU-D

Untreated HWC UH UH/EU-E

EU-E Mercerzation of HWC MH MH/EU-E

(ESO as an epoxy Treatment of premercerized HWC with OH OH/EU-E
component) ESO

Silanization of premercerized HWC SH SH/EU-E

Soil burial test. Previously dried and weighted RESULTS AND DISCUSSION

composites along with unfilled epoxyurethane
matrices were buried in soil (pH = 6). After 1 year,
the samples were removed, washed with distilled
water, and dried to a constant mass. Mass was
measured using a precise five-digit balance Kern
ABT 120-DM.
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Mechanical properties. The results of
flexural and tensile strength measurements for the
composites based on HWC with different types of
chemical modification are displayed in Fig. 2.
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Fig 2. Mechanical properties of composites: a — flexural and b — tensile strength

From Fig. 2 it can be seen that all polymers
reinforced with functionalized HWC exhibit
higher values of flexural and tensile strength than

the ones reinforced with unfunctionalized HWC.
Alkali treatment of HWC is found to be not so
effective  for strengthening composites as
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treatment with coupling agents. The slight increase
in mechanical characteristics after mercerization
was also declared by other researchers. For instance,
tensile strength was 8 % higher for polyethylene
composites filled with hemp fibers [28] and 9 %
higher for poly(lactic acid) composites filled with
short sisal fiber [8] respective to the ones with
untreated reinforcements. Similar results are
commonly explained by better wettability of filler
that is a result of increased contact area after
mercerization [28].

Sometimes  alkali  treatment leads to
considerable augment in mechanical characteristics,
like in [14], where epoxy composites filled with
bamboo cellulose fibers exposed to NaOH reached
34 and 31 % improvement in tensile strength and
elongation at break, respectively. The same authors
[14] report about 71 % enhancement in tensile
strength and 53 % increase in elongation at break
after application of silane coupling agent. In the
research presented, as compared to the composites
with untreated HWC, the biggest relative increase in
flexural strength is observed for the sample
SH/EU-E (26 %), while the one in tensile strength is
revealed for OH/EU-D (53 %).

These achievements confirm the presence of
intensive matrix/filler interaction in case of
functionalized HWC that is the result of several
factors. Firstly, treatment with organic compounds
blocks surface hydroxyl groups and lessens
hydrophilicity of HWC thus favoring its
compatibility with polymer matrices and wetting by
them. Secondly, applied modifiers provide
formation of additional chemical links between
filler and polymer. Within ESO treatment hydrogen
bonding is possible via hydroxyl groups of HWC
and ester or epoxy groups of the modifier. Other
epoxy rings of ESO can further react with urethane
groups of polymer matrix. During APS treatment
hydrogen bonding emerges between its silanol or
amino groups and lignocellulosic OH groups.
Besides, APS grafting onto the surface of the filler
gives rise to Si-O—C covalent bonds. Afterwards,
free amino groups of aminosilane can react with
epoxy and isocyanate groups of matrix in the
process of composite formation. All this contributes
to strong matrix/filler interfacial adhesion and,
consequently, improved mechanical properties of
composites.

It also may be noticed that the values of both
tensile and flexural strength are in general higher
for composites based on ESO-containing
matrices. Similar results were reported in [29]
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and [30], where mechanical properties were
studied as a function of DGEBA/ESO ratio in
unfilled and filled materials, respectively. In these
works the addition of small quantities of ESO
enhanced tensile strength, relative elongation
[29, 30] and impact resistance [30] of the samples
as well as lowered their glass transition
temperature and crosslinking density of polymer
networks [29]. Being more flexible component
than DGEBA, ESO provides higher molecular
mobility and elastification of the material thus
making it more resistant to applied stress.

Thermogravimetric analysis. The integral
curves of weight loss (DTA) and the derivative
curves of weight loss (DTG) for composites and
neat materials are presented in Figs.3 and 4 for
matrices based on DGEBA and ESO, respectively.

From the general view of decomposition
profiles (Figs. 3 a and 4 a) it may be concluded that
HWC displays the fastest weight loss, while unfilled
epoxyurethanes — the slowest one, especially at the
initial stage. It is an anticipated result, since
thermooxidative stability of natural fiber reinforced
composites based on epoxies and urethanes is
known to be limited by lignocellulosic fillers [2]
bearing C-O and O-H groups sensitive to
oxidation [31]. DTG curves (Figs. 3 b and 4 b) and
parameters found from TGA data (Table 3) can
elucidate more information on thermal resistance of
the specimens. Some researchers of fiber reinforced
composites [32] consider first 5 wt. % losses as
inappropriate for evaluation of thermal degradation
due to significant content of moisture in the
materials. Hence, the results from 20 [32] or
30 wt. % loss [19] are proposed to analyze the
actual degradation. Herein, temperatures of 20
(T2%) and 50 wt. % (Tso%) loss are selected as
standards for comparison of thermooxidative
properties of the samples.

From comparison of thermal stability of
different epoxyurethanes it is apparent that the one
based on DGEBA is more resistant. Thus, owing to
higher cross-linking density and the presence of
considerable amount of aromatic structures EU-D
exhibits larger values of both Ty and Tsow,
temperature at maximum decomposition rate (Tmax)
of the first stage, activation energy and char residue
than EU-E. Equally, both matrices undergo two-step
decomposition processes. The first stage occurring
at temperature range between 250 and 350 °C
includes the breakdown of urethane and urea bonds,
cyclic structures, epoxy networks and ester groups
of ESO [33,34]. The second stage from 400 to
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500-550°C is related to further oxidative
decomposition of the carbon skeleton of the
matrices.

Data obtained for HWC show that its initial
peak corresponding to 4 % weight loss appears at
55°C. Likewise for other plant fillers showing
weight loss below 100 °C [16, 19, 35], this peak can

100+

80 -

S

G| e ..

o 0 — 4 MH/EU-D ™

o - —-5)OH/EU-D N

S 404 == 6) SH/EU-D

‘s

= 20
=
.6

0 * T T L T T T 1
0 100 200 300 400 500 600

be ascribed to removal of inherent moisture. The
second broad peak at 250-385°C involves
decomposition of hemicelluloses, pectin, cellulose
and lignin [18, 35]. Small peak centered at 448 °C is
attributed to further thermal degradation of lignin
[6, 20].
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Fig. 4. DTA (a) and DTG (b) curves of the composites based on EU-E matrix as well as of neat substances

Table 3. TGA parameters of the samples

Ta0%, Ts0%, Tmax, °C Weight loss at Tmax, % Eact, kJ/mol Char
Samples °C °C Stagel  Stagell  Stagel Stage 11 Stage I  Stage Il  residue,%
HWC 283 330 55 338 4.0 58.6 104.34 148.22 5.1
EU-D 361 473 304 487 8.7 66.5 101.33 308.57 16.6
UH/EU-D 293 399 302 455 24.6 70.6 99.77 238.04 5.1
MH/EU-D 292 391 302 467 254 77.1 103.46 275.37 4.5
OH/EU-D 302 442 299 493 18.6 69.2 112.07 332.31 10.9
SH/EU-D 306 447 303 489 18.7 65.5 104.69 304.77 8.2
EU-E 314 453 285 512 9.9 89.8 118.63 215.74 7.9
UH/EU-E 290 391 308 465 29.2 75.7 80.04 222.62 4.5
MH/EU-E 290 389 296 463 22.8 75.6 84.06 310.90 7.7
OH/EU-E 293 391 304 469 25.7 67.5 89.95 317.51 10.9
SH/EU-E 298 459 298 500 19.9 63.0 96.31 178.32 15.5
72 ISSN 2079-1704. CPTS 2024. V. 15. N 1
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Sometimes composites are also characterized
by low-temperature loss of water that may cause
porosity and deterioration of materials properties
[2]. But on DTG curves of the fabricated
composites such peaks are absent that is a
consequence of HWC protection by polymers as
well as of consumption of OH groups by the
reaction with NCO groups of matrices.
Decomposition processes of all the composites
are characterized by two stages with the maxima
at around 300 and 455-500 °C, respectively.

Though many authors report that thermal
stability is better for alkali treated fibers than for
untreated ones [19, 20, 35], in the work presented
the difference in most thermogravimetric
parameters is unnoticeable. Only the values of
activation energy are higher for mercerized-
containing composites. At the same time, in
literature data it is described that functionalization
may both improve [19,35] or does not affect
thermal decomposition [18]. However, in this case
composites reinforced with ESO and APS-treated
HWC are obviously more thermally stable.
Particularly, the values of Tao and Tsoy are mostly
higher for the samples with functionalized filler.
Unlike oil treatment, which effect is less
pronounced for composites based on ESO-
containing epoxyurethane, application of silane has
a considerable impact on thermal properties
irrespectively of the type of matrix. Thus,
compared with specimens including raw HWC the
values of Tagy were increased by 89 °C and the
values of Tso, were increased by 48 and 68 °C in
case of SH/EU-D and SH/EU-E, respectively. The
presence of Si-O-C bonds with filler seems to
contribute to thermal resistance significantly. The
percentages of carbonaceous residue for the
samples filled with ESO or APS-treated HWC are
notably larger than the ones for composites with
raw or mercerized filler. The same is true for
activation energies of the first decomposition stage
that can be explained by higher bond energies after
chemical treatment [35].

Overall, composites with functionalized
HWC display higher thermooxidation resistance
as respect to their corresponding counterparts,
which is in a good agreement with the results of
mechanical properties investigation showing the
best performance for the same composites.

Biodegradability. The biodegradability of
composites is generally determined by their
weight loss within soil burial test [9]. Percentage
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of weight reduced after testing is presented in the
Table 4.

Table 4. Weight loss after soil burial exposure, %

. Matrix
Filler EU-D EU-E
None 6.4 3.7
UH 26.5 20.4
MH 31.5 22.8
OH 13.1 13.5
SH 7.1 19.3

As expected, the weight loss of unfilled
matrices is the smallest. It has been reported [36]
that the urethane bond is predisposed to impact of
microorganisms. The mechanism of polyurethane
biodegradation implies the hydrolysis of ester
group. It is noteworthy that ESO-containing neat
epoxyurethane exhibits less weight loss than its
counterpart including synthetic epoxy resin. Such
a fact may be due to highly hydrophobic nature of
ESO as triglyceride derivative.

Naturally, the presence of hydrophilic plant
reinforcement contributes to biodegradation
significantly (Table 4). The same is, particularly,
observed in [37] and [38], where the addition of
kenaf or peach palm particles, respectively, into
polymer matrices made composites degrade faster
than the neat polymers. It is believed to be
associated with the formation of cavities from
introduction of natural fillers [37] or, more likely,
with the higher moisture absorption [38] favoring
the adhesion of microorganisms [10, 37].

Interesting enough, the composites filled with
mercerized HWC degrade more as compared to
the ones filled with unmodified one. Usually, the
researches declare opposite observations, as in [§]
and [39], where the weight loss after soil burial of
unmodified sisal fiber reinforced composites is
higher than one of composites with mercerized
fibers. The authors claim it to be attributed to
better matrix/filler adhesion in the case of
hydrophobized fiber surface after alkaline
treatment. Indeed, the  dissolution of
hemicelluloses reduces both moisture adsorption
and biodegradation [10], but other processes that
occur during mercerization also should be
considered. For instance, more pronounced
biodegradation of composites reinforced with
mercerized HWC here may be explained by
partial removal of such non-cellulosic cementing
impurities as lignin, wax and pectin [11] and
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availability of hydrophilic hydroxyl groups on the
surface.

At the same time, the results showing slower
degradation of the samples filled with
functionalized HWC are in good agreement with
the other scientific reports. Thus, composites
reinforced with silane treated kenaf [38], sisal and
oil palm fibers [39] are shown to be more durable
to biodegradation owing to enhanced interfacial
adhesion. Within given research strengthen
matrix/filler interphase endowes composites with
higher resistance to the effect of microorganisms.

CONCLUSIONS

Mechanical, thermooxidative and
biodegradable properties of polymer composites
reinforced with hemp woody core were
investigated. Epoxyurethanes differing in the
nature of epoxy component (either DGEBA or
ESO) were used as matrices. Unmodified,
mercerized and functionalized (with ESO or
APS) HWC was applied as plant filler.
Mechanical characteristics were found to be
higher for composites based on functionalized
HWC with the improvement in flexural strength
up to 26 % for SH/EU-E and the one in tensile
strength up to 53 % for OH/EU-D in regard to

composites based on raw filler. Alkali treatment
was found to be no so effective for strengthening
the samples. Comparison of the effect of polymer
matrix revealed that in general mechanical
performance was better for composites with
epoxyurethanes  containing  flexible  ESO
fragments. However, such a chemical structure
resulted in slightly poorer thermal characteristics
of composites on the basis of plant-originated
epoxy component. TGA data also showed that the
samples with functionalized HWC were more
resistant to thermooxidative decomposition than
the ones with untreated or alkali treated filler.
Modification with APS was particularly efficient
for enhancing thermal properties of composites.
Thus, 89 °C augment in the values of Tay as
well as 48 and 68 °C augment in the values of
Tsos were noticed for SH/EU-D and SH/EU-E,
respectively. The results of soil burial test have
shown that the introduction of natural filler to
both epoxyurethane polymer matrices accelerates
their biodegradation. The samples with alkali
treated HWC were the most prone to influence of
microbiota, whereas the ones with oil or silane
treated HWC were the most stable to it.
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exonoziuni mamepianu. I'0n06Hy npodiemy makux KOMNO3UmMie, N08 a3aHy 3 2i0poQiibHICMIO POCIUHHUX BOJIOKOH,
MOJMCHA  YCRIWHO — eupiwumu  XIMIYHUM — MOOUQiKkysanuam ixwvoi noeepxui. QOHAK, nicia Yvbo2o OesKi
XapaxkmepucmuKky mMamepianie moxcyms noziputygamucs. 36adcarouu Ha ye, Memoi 00CHiOHCeHHsA € 3'acysamu
BNUE XIMIUHO20 MOOUPDIKYBAHHA HANOBHIOBAYA HA MEPMOOKUCHY CINAOINbHICMb NOJIMEPHUX KOMNO3UMI8, MiyyHiCmb
Ha 32UH [ HA pO3pU8, a MAaKoC HA 30amHicmsb 00 bioposkiadanus. Hosusznoio oanoi pobomu € 00Cai0NCeH s HOBUX
mamepianié Ha 0cHOGI Si-8MICHUX enoKcuypemanuis i ximiuno obpobnenoi xononaanoi kocmpuyi (KK). Kocmpuyio,
KA € NOOIMHUM NPOOYKMOM KOHONJISIHOL NPOMUCTIOBOCMI 3 HEOOXIOHICMIO payioOHATbHOT ymunizayii, mepcepuszyeaiu
PO3YUHOM Hampili 2i0pokcudy, a Haoan QYHKYIOHAN3ysam enokcudosanor coegorw onicio (ECO) abo
3-aminonponinmpuemorcucunanom (AIIC). Hamueny ma noeepxueeo o06pobneny KK euxopucmosysamu sk
nidcunosay 05 080X MUNI8 OP2AHO-HEOP2AHIUHUX eNOKCUYPEMAHOBUX MAMPUYb, BUCOMOBNICHUX 3 HAMPIU curiKamy,
noaiypemanosoco (opnonimepa HA OCHOSL NONI30YIAHAMY MA PUYUHOBOT Onil, ma OueriyuouLoeoeo emepy
oicgpenony-A (AI'EBA) abo ECO sik enokcuoHoi ckiadogol.

Qyukyionanizayia KK 3ymoeuna noninwienns mexawiynux enacmugocmeu xomnosumie. Ilopienano 3
8IONOGIOHUMU Mamepianiamu, sAKi Micmsams HeoOpoOIeHUll HANOBHIO8AY, HAUDLIbULe 3DOCMAHHA MIYHOCMI HA 32UH
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(26 %) cnocmepicaru ona 3paskie 3 ECO-emichum enoxcuypemanom i cunamizoeanoro KK, moodi sax naiibinoue
3pocmaHusa miyHocmi na pospus (53 %) eusasuau ona 3pasxie 3 J{I EBA-emicnum enoxcuypemanom i KK, 06pobaenoro
oniero. Tepmooxucna cmabinbHicmb Mmaxodc Oyna euwoio 0nsi KOMnozumis, niocuienux @yuxkyionanizosanoio KK.
Ipu mepmiunomy posxnadanui naiikpawe 3apexomendysanu cebe spazku 3 KK, obpobrenowo AIIC. Ixui snavenns
T'spos 6yu 00 68 °C suwgumu, HidC Y KOMRO3UMIE 3 HEMOOUDIKOBAHUM HANOBHIO8auem. Boonouac, 3pasku Ha ocHogi
KK, obpobnenoi AIIC abo ECO, b6yau natbintbuws cmitikumu 00 6i0po3KIA0AHHS, NPO WO MONCHA 3p0OUMU BUCHOBOK 3
iIXHbOI HatlMeHwol 6mpamu macu nio 4ac mecmy8ants npu 3aKONYBAHHI 8 IPYHM.

Knrouosi cnosa: xononisina kocmpuys, Ximiyna moougikayis HanosHweaua, mepcepusayis, 06pooKa CUIAHOM,
00pObKA  enoKCUO0BAHOIO COEBOID  OJCI0, eNOKCUYpemany, RniOCuleHi NPUPOOHUMU BOJOKHAMU NOAIMEPHI
KOMRO3Umu, Midxc@azua adzesis, mecmyg8aHHs NPU 3aKONYBAHHI 8 IPYHM, OiOpO3KIAOAHHS
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