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Biopolymer matrices has been synthesized on the basis of ED-20 epoxy resin and soybean oil (SbO) bearing
cyclocarbonate and epoxy groups. Mono(cyanoethyl)diethylenetriamine (UP) and tris(2-hydroxyethyl)amine (TEA) were
used as hardeners. Chemical structure, mechanical properties, thermo-oxidative resistance of the samples and their
changes after contact with distilled water, alkaline or acidic environment were studied. By means of ATR-FTIR the
possible formation of H-NIPU (hybrid non-isocyanate polyurethane) fragments between cyclocarbonate groups of SbO
and amino groups of the hardener was demonstrated. Influence of the curing mode and the type of hardener on water
absorption, chemical and thermal oxidation resistance of the developed biopolymer matrices was thoroughly investigated.
UP-based biopolymer matrices showed water and alkali resistance similar to the ones of neat epoxy polymers, while
TEA-based biopolymer matrices showed better resistance to the acidic medium. The thermo-oxidative stability of the
chosen samples was revealed by the TGA method in an air atmosphere. It was demonstrated that epoxy polymer cured
with TEA hardener were more stable than the one cured with UP hardener. The similar dependence is observed for
biopolymer matrices based on TEA hardener. At the same time, the curing mode has almost no effect on ultimate tensile
strength value of the samples with ED-20/UP composition. However, the addition of functionalized SbO to the epoxy
matrix cured with both TEA and UP hardeners increases the ultimate tensile strength values regardless of the type of oil
functionalization. As expected, all biopolymer matrices exhibited higher ultimate tensile strength compared with
unmodified epoxy polymers, which provides the possibility of their further application to obtain multi-layered bioplastics.

Keywords: biopolymer matrices, epoxy resin, epoxidized and cyclocarbonated soybean oil, chemical and thermo-
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INTRODUCTION advantage of in research and development, with
vegetable oil derived polymers/composites being
used in numerous applications including paints and
coatings, adhesives, and biomedicine [10].
Soybean oil (SbO) represents one of the cheapest,
most abundant and easily functionalized natural
chemical that makes it suitable for many technical
applications [11-13]. Modified soybean oil
containing active functional groups can be used to
reduce the brittleness of epoxy materials obtained
with amine hardeners. The number of such
functional groups capable of interacting with the
amino groups of the hardener is quite limited. Such
groups include epoxy, and cyclocarbonate groups
[14]. Epoxidized soybean oil offers very good
miscibility with epoxy resins and can be co-
crosslinked with the resins into homogenous
matrix using typical hardeners [15, 16]. As aresult,
thermal stability and glass transition temperature of
the materials were slightly decreased that could be
caused by the low reduced cross-linking density of
the epoxy network, however mechanical properties

Certainly, polymeric materials occupy a
leading place in science and technology, but the
large volume of their production increases the
burden on the environment and causes certain
environmental problems. Therefore, the creation of
new environmentally “friendly” polymer materials
is important both in fundamental and, especially, in
practical terms [1-5]. The use of biogenic
materials represents an eco-friendly way to use
these natural additives in composites. Such
composite materials formed by a matrix and/or a
filler derived from natural biomass and can
effectively reduce the volume of plastic waste
[6, 7].

Vegetable oils are one of the most important
renewable and natural platform chemicals due to
their universal availability, inherent
biodegradability and recycling, low price, low
ecotoxicity and low toxicity toward humans [8, 9].
These natural properties are now being taken
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increased up to 10 wt. % epoxidized SbO content
[16-19]. Five-membered carbonates react also
with aliphatic primary and secondary amines under
mild conditions to form B-hydroxyurethane bonds
[14, 20-23]. Additionally, changing the chemical
structure of the hardener and the curing conditions
may also result in changes in such properties as
chemical resistance, thermo-oxidative stability,
toughness, flexibility, hardness, efc.

Therefore, the aim of this work was to receive
modified epoxy resin with reactive epoxidized and
cyclocarbonated SbO and investigate the influence
of the type of hardener, functionality of modifier
and curing conditions on the resistance to
aggressive  environments and  mechanical
properties of ED-20/SbO biocomposites.

SbO,:

SbOm:

Hardeners:

“CN
~"NH,
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Fig. 1. Molecular structures of the raw materials used

Sample preparation. Compositions of pristine
as well as modified ED-20 samples were
synthesized with UP hardener (20 wt. %) or with
TEA hardener (10 wt. %). Mass fraction of
functionalized SbO for all biocomposite samples
was 10 wt. %. The homogenized reaction mixture
was poured into molds and cured under three
different temperature regimes. The curing mode I
was performed at 25° for 4 hours; curing mode 11
at 80° for 2 hours, 7 hours at 100°; and curing
mode III was for 1 hour at 80°, 1 hour at 100°, 3
hours at 120°, and 2 hours at 160°. Sample
abbreviation reflects its composition and curing
mode.

Characterization. To analyse chemical
structure, Attenuated total reflectance Fourier
transform  infrared =~ (ATR-FTIR)  spectra

(4000—400 cm™) of all synthesized materials were

TEA:
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EXPERIMENT AND RESULTS DISCUSSION

Materials. Commercial epoxy resin ED-20
(2,2’-di(4-glycidyl  phenylene)-propane based
resin; DGEBA (mass fraction of epoxy groups is
20.0-22.5 %) and TEA hardener (tris(2-
hydroxyethyl) amine, “Dafna”, Ukraine) and UP
hardener  (mono(cyanoethyl)diethylenetriamine,
UP-0633M, “RIAP”, Ukraine), were used as
received without additional purification.

Two types of functionalized soybean oils were
prepared and supplied by the group of researchers
headed by V.K. Grishchenko [24]. SbOm was a
mixture of soybean oil functionalized with epoxy
(12.5 %) and cyclocarbonate (24.6 %) groups,
while the SbOc contained soybean oil
functionalized only with cyclocarbonate (27.03 %)
groups.

~OH
HO™"~"0H

recorded on a TENSOR 37, Bruker spectrometer at
20°.

The chemical resistance of the synthesized
samples to the action of aggressive media was
determined in accordance with water absorption
tests by ASTM D-570 - 98(2018) “Standard Test
Method for Water Absorption of Plastics” and ISO
175:2010 “Plastics — Methods of test for the
determination of the effects of immersion in liquid
chemicals”. The dried preweighed specimens were
immersed into a definite volume of distilled water,
10 % acid solution (H,SO4) and 10 % alkaline
solution (NaOH) at 25° for different intervals of
time (due to 50 days). Weight changes were
recorded by periodic removal of the specimens
from the solution and weighing.

The degree of absorption (W, %; also called
Percent chemical resistance) of the samples was
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determined gravimetrically and calculated by
Eq. (1):

W = (mi-mo)/mo % 100%, 1)

where mo and m are the sample initial mass and
mass after certain interval in an aggressive
environment, respectively.

The percentage at equilibrium water
absorption (Wmax), was calculated as the average
value of several consecutive measurements that
showed no appreciable additional absorption.

For calculating diffusion coefficient of water
(or aqueous solutions) into the polymer sample
Eq. (2) was used:

D =0.0494 x ([(1/2)/[), (2)

where D is the diffusion coefficient of water
(cm?/s) and, / is the initial thickness of the dry
polymer sample (um), #1» is the time corresponding
to the Wmaxo.

The morphology of the samples was studied
by scanning electron microscopy (SEM) using a
MIRA 3 microscope (Tescan GmbH, Czech
Republic) with an electron beam energy of 2.0 kV
in the secondary electron mode. The resolution of
the device was 4-5 nm.

The thermo-oxidative stability of samples was
studied by thermogravimetric analysis (TGA) on a
TA Instruments Q-50 apparatus (USA) in air
atmosphere. A heating rate of 20 °C min' with a
temperature range from 25 to 700 °C was applied.

Tensile tests were performed using a “P-5”
tensile testing machine with uniaxial tension
applied at the rate of clamp movement of
50 mm/min. The standard type-I specimen
specified in ASTM D638-99 (2000) had ~ 0.04 cm
thickness with 25 mm overall length, and 5.0 mm
overall width. The ultimate tensile strength (o,
MPa) and — ultimate deformation (percentage
elongation at break g, %) were measured.

RESULTS AND DISCUSSION

ATR-FTIR spectra. The chemical structures
of all initial components and synthesizes samples
were analyzed by ATR-FTIR. It is detected that the
characteristics bands of both epoxy resin and
functionalized SbO appeared in all spectra of the
initial reaction mixture. For example, spectra of
ED-20/TEA/SbOc sample before curing is given in
Fig. 2 a.

Absorbance

3500 3000 2000

1500 _
Wavenumber, cm™

Fig. 2. ATR-FTIR spectra of ED-20/TEA/SbOc sample before (@) and after () curing; ED-20/UP/ SbOc sample after

curing (¢)

For epoxy resin, the main peaks at 913 and
830 cm' are attributed to epoxy -O- vibration; the
peaks at 1241 and 1160 cm™' are assigned to aryl
and alkyl ether linkages, correspondingly; while
the bands at 1635, 1410 and 810 cm™! are ascribed
to C=Ca, vibration. Samples after curing revealed
significant decrease of absorption bands at 913 and
830 cm™ (ex., ED-20/TEA/SbOc sample after
curing by curing mode III is shown in Fig. 2 b).
However, the signals of epoxy -O- group didn’t
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disappear completely even when complete
conversion was reached, which was caused by the
peak overlapping with the in-plane flexural
vibration of -CHs; groups [14]. The main
characteristic band of cyclocarbonated SbO is also
observed in the ATR-FTIR spectra in the initial
mixture before curing (Fig. 2 @), namely stretching
vibrations of carbonyl groups in the starting
cyclocarbonates (1798 c¢cm™'), which disappears
after curing mode. These results substantiated the
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formation of netted structure of epoxy polymer and hydroxyurethanes in the case of UP hardener (ex.,
opening of cyclocarbonate groups of SbOc. The ED-20/UP/SbOc-III sample in Fig. 2 ¢) [25] and
absorption band at 1736 cm' refers to the confirms possible interaction between
stretching vibrations of C=0 of the ester group of cyclocarbonate groups of SbO and amino-groups
the residue of the fatty acid molecule in the oil of UP hardener with formation of H-NIPU (Hybrid
molecules. After samples curing this band shifts Non-Isocyanate PolyUrethane) fragments between
slightly to the low frequency region and might be them. This interaction contributes to the grafting
overlapped with the absorption band at 1713 cm™’ between epoxy matrix and soybean oil (Fig. 3)
that corresponds to the C=0O group of [20, 23].
2 >0 0™
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Fig. 3. Schematic representation of interaction between epoxy resin, cyclocarbonate group of functionalized SbO and
UP hardener as diamine with formation of hydroxyurethane fragment

Small characteristic -OH bands around commercial practicability of the fabricated
3400 cm ™! increased in the final spectrum of all of biopolymers lies in their physical and chemical
the samples. This indicated that some internal resistance behaviour. As a result, a study on
alkoxide ions produced during the curing reaction chemical resistance behaviour against water,
could be converted into -OH groups by the action 10 wt. % H,SO4 and 10 wt. % NaOH, and swelling
of traces of moisture. behaviour of polymer composites modified by

Chemical and Thermo-Oxidative Resistance. functionalized SbO has been carried out
The influence of environmental conditions on the (Figs. 4-6) and the percentage at equilibrium water
biopolymer matrices has been investigated under absorption (W) was determined (Table 1).

various conditions in many studies. The
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Fig. 4. Water absorption curves (in distilled water) of epoxy polymers based on the ED-20 and their composites made
with @ — UP as a curing agent: /, 2, 3 — ED-20/UP; 4, 5, 6 — ED-20/UP/SbOc; 7, 8, 9 — ED-20/UP/SbOm,;
b — TEA as a curing agent: 2, 3 — ED-20/TEA; 5, 6 — ED-20/TEA/SbOc; 8, 9 — ED-20/TEA/SbOm. 1, 4, 7 —
curing mode I; 2, 5, 8 — curing mode II; 3, 6, 9 - curing mode III
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Fig. 5. Water absorption curves (in alkaline medium) of epoxy polymers based on the ED-20 and their composites made
with @ — UP as a curing agent: /, 2, 3 — ED-20/UP; 4, 5, 6 — ED-20/UP/SbOc; 7, 8, 9 — ED-20/UP/SbOm,;
b — TEA as a curing agent: 2, 3 — ED-20/TEA; 5, 6 — ED-20/TEA/SbOc; 8, 9 — ED-20/TEA/SbOm. 1, 4, 7 —
curing mode I; 2, 5, 8 — curing mode II; 3, 6, 9 - curing mode III
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Fig. 6. Water absorption curves (in acidic medium) of epoxy polymers based on the ED-20 and their composites made
with a — UP as a curing agent: /, 2, 3—ED-20/UP; 4, 5, 6 — ED-20/UP/SbOc; 7, 8, 9 — ED-20/UP/SbOm; b — TEA
as a curing agent: /, 2— ED-20/TEA,; 3, 4 — ED-20/TEA/SbOc; 5, 6 — ED-20/TEA/SbOm. 1/, 4, 7 — curing mode I
2, 5, 8 — curing mode II; 3, 6, 9 - curing mode 11

Table 1. Equilibrium water absorption (Wmnax) and diffusion coefficient (D) in different aggressive media of pristine and
modified epoxy resins cured with different hardeners and by different modes

distilled water alkaline medium acidic medium
iati 1010 1010 10-10
Sample abbreviation Wones, % D 120_1 , Wonees % D 120_1 : Wonees % D 120_1 ,
cm’s cm-s cm’s
ED-20/UP-1 1.8 5.8 1.7 7.8 10.5 1.3
ED-20/UP/SbOc-I 2.8 38 2.9 5.0 26.9 0.9
ED-20/UP/SbOm-I 2.7 2.6 3.0 12.3 21.7 1.3
ED-20/UP-II 1.0 4.4 1.8 4.8 10.3 14
ED-20/UP/SbOc-I1 2.1 38 2.4 9.6 16.9 1.0
ED-20/UP/SbOm-I1 2.5 3.1 2.2 9.2 21.0 0.8
ED-20/UP-III 1.1 9.3 2.0 7.1 13.0 1.3
ED-20/UP/SbOc-II1 2.0 35 2.1 7.8 18.7 1.1
ED-20/UP/SbOm-III 23 3.8 2.5 7.6 25.8 0.5
ED-20/TEA-II 1.8 12.2 2.0 10.9 4.6 13.0
ED-20/TEA/SbOc-11 34 4.6 3.8 13.9 39 12.0
ED-20/TEA/SbOm-II 2.3 35 3.0 10.2 4.0 7.0
ED-20/TEA-III 2.7 12.0 5.8 2.3 4.7 14.9
ED-20/TEA/SbOc-III 15.9 9.7 6.4 5.5 8.8 12.9
ED-20/TEA/SbOm-III 5.3 4.4 4.8 6.0 7.2 16.0

ISSN 2079-1704. X®TT1. 2024. T. 15. Ne 2 295



O.G. Purikova, L.A. Gorbach, O.0. Brovko

The general character of the absorption curves
in different media indicates that all samples
obtained with UP as well as with TEA reached
sorption  equilibrium  without  destruction
regardless the type of curing mode (Figs. 4-6). The
introduction of functionalized SbO (Figs. 4-6)
significantly changes the chemical stability of
biopolymer matrices. Thus, in an aqueous
medium (Fig. 4 a), the swelling curves of
samples 5 (ED-20/UP/SbOc(Il)) and 6 (ED-
20/UP/SbOc(Ill)) lie below the curves of the
initial samples that do not contain SbO. It means
that the structure of the sample in the aqueous
medium is compacted and the sorption
characteristics decrease. The formation of such
network structures is important from a practical
point of view, because it opens up the possibility
of obtaining water-resistant bioplastics.

The use of TEA hardener cannot be performed
at room temperature and requires higher
temperatures to cure epoxy resin. For this reason,
only curing modes II and III were applied for
ED-20/TEA formulations. Among the samples
obtained with the TEA hardener, sample 6 (ED-
20/TEA/SbOc(1ll)) turned out to be the most
unstable in an aqueous medium (Fig. 4 b), since
its water uptake is equal to 15 %. In this case, a
loose network structure is formed compared to the
samples of the primary epoxy resin. The
percentages of swelling in water for other
modified samples are close to the ones of initial
formulations in the range of (2—4) %. When the
medium is alkaline (Fig. 5 a), the degree of
swelling of the SbO-modified samples with the
UP hardener are higher than the ones of initial
samples, which indicates a decrease in their
chemical resistance. When using the TEA
hardener in an alkaline medium (Fig. 5 b),
samples 9 (ED-20/TEA/SbOm(IIl), 5 (ED-
20/TEA/SbOc(Il)) and 8 (ED-20/TEA/SbOm(II)
according to the location of the swelling curves,
showed a higher chemical resistance compared to
the initial sample 3. Such network structures are
important from a practical point of view, because
it opens up the possibility of obtaining alkali-
resistant bioplastics.

Introduction of functionalized SbO leads to
sharp increase in sorption capacity of biopolymer
matrices cured with UP hardener. The absorption
process of such biopolymers does not reach
equilibrium even for 50 days, regardless of the
curing mode (Fig. 6 «). Samples 4 (ED-
20/UP/SbOc(I)) and 9 (ED-20/UP/SbOm(III))
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were noticed to be the most unstable ones, the
degree of swelling of which increases to almost
25 %. Interesting to note, TEA hardener provides
formation of more acid resistant materials than the
UP hardener (Fig. 6 b). Thus, the swelling curves
of samples 5 (ED-20/TEA/SbOc(1l)) and 8 (ED-
20/TEA/SbOm(II)) almost coincide and lie below
the ones of initial samples.

As can be seen in Table 1, increase in curing
temperature has insignificant effect on equilibrium
absorption degree of ED-20/UP samples in
distilled water as well as in alkaline media, namely
Wax value was in the range of 1.0-2.0 % for such
samples. For the samples ED-20/UP/SbOc and
ED-20/UP/SbOm W, values were in the range of
2.0-2.9 % and 2.1-3.0 %, respectively. These
changes within one percent mean that introduction
of functionalized SbO into epoxy matrix leads to
slightly less dense network structure formation
comparing with pristine epoxy samples. It should
be noted that an increase in the curing temperature
also has no significant effect on water absorption
limit in both aqueous and alkaline medium for
biopolymer matrices cured with UP hardener.

Chemical resistance of network ED-20/TEA
samples to water and alkaline media decreases by
0.8-1.6 % and 0.2-3.8 %, respectively, comparing
to the ED-20/UP samples. However, the chemical
resistance of ED-20/TEA/SbO  biopolymer
matrices decreases more apparently in the case of
curing mode III. It may indicate that curing mode
II is more suitable for biopolymer matrices samples
synthesized with TEA hardener than mode III.

Additionally, the diffusion coefficient (D) was
calculated using Equation 2, and the values of this
parameters are also given in Table 1 for all
synthesized samples. The general character of the
reduction of D values in distilled water and acidic
environment, as a quantitative characteristic of the
diffusion rate, indicates that the equilibrium water
absorption for the biopolymer matrices occurs later
comparing with the pristine ED-20 samples of
corresponding cure mode. Namely, the presence of
functionalized SbO during the formation of the
epoxy network leads to a more tortuous diffusion
path, and as a consequence, to slow down the
movement of diffusion water molecules inside the
composites (Table 1). However, the D value for
alkaline medium resistance increases slightly
compared to the corresponding samples in distilled
water.

It should be noted that none of the biopolymer
matrices after exposure to aggressive media did not

ISSN 2079-1704. X®TT1. 2024. T. 15. Ne 2



Mechanical properties, chemical and thermo-oxidative resistance of biopolymer matrices based on the epoxy resin

detect such defects in the surface of the films as
cracking, delamination, discoloration, weight loss.
Therefore, it can be concluded that destruction of
the synthesized samples did not occur.
Thermo-oxidative stability of the chosen
samples was evaluated by TGA analysis in air
atmosphere. The biopolymer matrices exhibited
two main stages of decomposition with a negligible

= T S, ED-20/TEA-II
] N -~ ED-20/TEA/SbOc-II
80} Y ED-20/TEA/SbOm-I
L ED-20/UP-I|
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= i
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=40} , \
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.\‘
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Temperature (°C)

weight loss up to ~ 350 °C (Fig. 7). The first main
stage in the range ~ 350480 °C is the combination
of several peaks belonging to the structural
fragments of different aliphatic chemical nature.
The second stage in the region of ~ 485-650 °C is
believed to correspond to aromatic fragments of
ED-20.

%]

—— ED-20/TEA-I

i ---- ED-20/TEA/SbOc-II
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Fig. 7. TGA (a) and DTG (b) curves of epoxy polymers based on the ED-20 and their biopolymer matrices

Table 2. TGA data of epoxy polymers based on the ED-20 and their biopolymer matrices

Sample abbreviation Ta10%,°C Tamax,°C
ED20-TEA-II 360 428
ED20-TEA-SbOc-I1 351 428
ED20-TEA-SbOm-II 368 429
ED20-UP-II 349 373
ED20-UP-SbOc-I1 330 365
ED20-UP-SbOm-II 324 366

We can see from the received data (Table 2)
that epoxy polymer made with TEA hardener is
more stable than that made with UP hardener, thus
Tamax of the latter is lower for 55 °C. The similar
dependence is observed for biopolymer matrices
received with TEA hardener, they are
characterized with higher Timax value comparing
with samples made with UP hardener for 63 °C. It
should be noted that introduction of functionalized
SbO into composition of biopolymer matrices
made with TEA hardener did not reveal any
changes in Tumsx value whereas biopolymer
matrices with UP hardener had lower Tgmax value
comparing with ED20/UP sample (on ~8 °C).

Morphology. Morphological studies of ED-
20/UP/SbOm biopolymer matrices were carried
out using SEM. Micrographs of fractured
specimens  ED-20/UP/SbOm(I) and ED-
20/UP/SbOm(1I) are shown (Fig. 8). The fracture
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surface of the sample ED-20/UP/SbOm(I)
(Fig. 8 a) is smooth, isolated inclusions of SbOm
are observed, the system is mostly homogeneous,
which may indicate grafting of functionalized
soybean oil to the epoxy matrix [20]. There is no
visible phase separation on the fracture surfaces,
so the structure of such obtained polymer
materials is homogeneous. However, the
formation of layered structure on the fracture
surface of the ED-20/UP/SbOm(II) film (Fig. 8 b)
is characteristic of increasing material stiffness
[18].

Mechanical properties. The mechanical
properties i.e. ultimate tensile strength (o, MPa)
and ultimate deformation (elongation g, %) for the
prepared samples were investigated and the
results are presented in Table 3.

The curing of the ED-20/TEA sample by
temperature mode III leads to an increase in
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tensile strength by 1.4 times in comparison with
the system of the same composition formed by
curing mode II. At the same time, the curing
mode has almost no effect on ¢ value for samples
with ED-20/UP composition. However, the
addition of functionalized SbO to the epoxy
matrix cured with TEA hardener as well as UP
hardener increases the ¢ values regardless of the
type of oil functionalization. For example, o rises
to 1.3—1.6 times for ED-20/UP/SbOc comparing
with correspondent ED-20/UP. It should be noted

SEM HV: 2.0 kV
View field: 25.0 um

WD: 7.7 mm MIRA3 TESCAN|

L L1 11
Det: SE 5pm
SEM MAG: 11.1 kx  Date(m/dly): 08/09/21

Performance In nanospace

a

that the curing mode almost does not affect the
value of the ultimate deformation for
biocomposites in the case of TEA hardener, and &
value slightly decreases for these samples due to
flexible nature of functionalized SbO. In contrast,
an increase in the curing temperature of the
biocomposites made with UP hardener promotes
some increase in tensile strength. The value of the
ultimate deformation varies randomly and
unpredictably for ED-20/UP/SbO samples.
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Fig. 8. SEM micrographs of samples: a — ED-20/UP/SbOm(1), b — ED-20/UP/SbOm(II)

Table 3. Mechanical properties of epoxy polymers based on the ED-20 and their biopolymer matrices

Sample abbreviation o, MPa g, %
ED20-TEA-II 29.5 12.3
ED20-TEA-III 42.4 11.4
ED20-TEA-SbOc-I1 55.8 8.0
ED20-TEA-SbOc- 111 23.8 9.2
ED20-TEA-SbOm-I1 52.6 9.7
ED20-TEA-SbOm- II1 53.3 7.2
ED20-UP-I 43.5 7.2
ED20-UP-II 354 9.0
ED20-UP-III 40.8 8.0
ED20-UP-SbOc-1 57.4 7.3
ED20-UP-SbOc-11 63.2 7.1
ED20-UP-SbOc-I11 66.9 8.9
ED20-UP-SbOm-I 62.7 1.9
ED20-UP-SbOm-11 10.8 32
ED20-UP-SbOm-III 36.9 1.7

CONCLUSIONS

In this work, cyclic carbonated soybean oil
(SbOc) and a mixture of epoxidized and cyclic
carbonated soybean oil (SbOm) were used to
modify the epoxy resin. Modified systems were
obtained by means of two types of hardeners UP

298

and TEA under three different hardening modes.
The influence of hardener and hardening modes
on the properties of ED-20/SbO biopolymer
matrices, such as water absorption, chemical
resistance, and mechanical resistance, was
studied. It is shown that the introduction of
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functionalized SbO, the change of hardeners and
hardening modes significantly affects the
chemical stability of biopolymer matrices. Thus,
biopolymer matrices cured by UP show better
stability in an aqueous medium, and those cured
by TEA are stable in alkaline and acidic
environments. The formation of such network
structures is important from a practical point of
view, because it opens up the possibility of
obtaining multilayer bioplastics resistant to water,
alkali and acid. Generally, incorporation of
functionalized SbO into epoxy biocomposites has
been shown to improve their mechanical

properties, such as ultimate tensile strength,
compared to initial epoxy polymers. In the case of
biocomposites with SbOc, the ultimate tensile
strength reached a maximum value of 66.9 MPa
and 55.8 MPa for those made with UP hardener at
curing mode III and made with TEA hardener at
curing mode II, respectively.

Thus, the obtained results have shown that the
choice of hardener, curing modes and modifier
SbOc or SbOm provide an opportunity to obtain
biopolymer matrices with improved mechanical
properties and resistance to water, alkali or acid,
compared to the original epoxy polymers.

MexaHi4Hi BJ1aCTHBOCTI, XiMIiYHA Ta TEPMOOKHUCHA CTIMKICTH 0iomoliMepHUX MATPHIb HA
OCHOBI €MOKCHIHOI CMOJIM Ta (PYHKIIOHATiI30BAHOI COEBOI 0Tl

O.I'. Ilypikoga, JI.A. I'op6au, O.0O. Bposko

Incmumym ximii sucoxomonexynsprux cnonyk Hayionanvroi akademii nayx Yxpainu
Xapxiscoke woce, 48, Kuis, 02160, Ykpaina, gorbachla@ukr.net

Cunme3soeano Giononimepri mampuyi Ha ocHosi enokcuonoi cmonu EJ]-20 ma coesoi onii (CO), wo micmume
YUKTIOKApOOHAMHI ma enoKCcUoHi epynu. Ak meepoHuKu 8UKOpUCMO8y8anu MOHo(yianoemun)diemunenmpuamin (VII) i
mpuc(2-eiopoxciemun)amin (TEA). [Jocniosceno XimiuHy cmpykmypy, MeXaHiuki 61acmugocmi, mepMOOKUCHY CIINKICTb
3pasKie ma ixHi 3MiHU RIC/ISL KOHMAKMY 3 OUCIUTILOBAHOIO 80000, JIYHCHUM AOO KUCIUM cepedosuuyem. 3a 00nomo2o
ATR-FTIR 6y10 npodemoncmposano MOdJICIuge YmeoperHs (hpasmenmia 2iopuonozo Heizoyianamnozo noaiypemany ( H-
NIPU ) midie yuxnoxapbornamuumu epynamu CO ma aminocpynamu meepoHuxa. PemenvHo 00CniodceHo 6naus pexicumy
MBEPOHEHHs. Ma Muny meepoHUKA HA BOOONOTUHANMS, XIMIYHY mMa MEPMOOKUCHY CMIUKICMb POo3poOIeHUx
biononimeprux mampuys. biononimepni mampuyi na ocnosi YI1 noxazanu cmiiukicms 00 600u ma 1y2ie, NOOIOHY 00
CMIUKOCME YUCIMUX eNOKCUOHUX ROJIMepis, mooi sk bionorimepri mampuyi Ha ochosi TEA nokazanu kpawgy cmitikicme
00 JIYJHCHO2O Ma KUCH020 cepedosuyd. TepMOOKUCHY cmitikicme 8i0iOpanux 3paskie oyinwoeanu memoodom TI'A e
ammocghepi nogimps. byno npooemorncmposaro, wo enoxkcudnuil nonimep, samsepodceruti meeponuxkom TEA, 0ys binvui
cmabineHum, Higie nonimep, sameepodcenuti VII. Ananociuna 3anedcnicms cnocmepieacmovcsi Osi OiONONIMEPHUX
mampuys Ha ocHosi meeponuka TEA. Pesxcum meepOHents NPaKmuyHO He 8NIUBAE HA NOKA3HUKU MIYHOCTI HA pO3PUS
spaskie i3 cknadom E/J-20/YI1. Oonax dooasanns gpynxyionanizoeanoi CO 0o enoxkcudHoi mampuyi, 3ameepodiceHoi 3a
oonomozoro meeponuxie TEA i VII, niosuwye Kinyegi 3HaueHHs MIYHOCMI HA PO3PUE HE3ANEHCHO 8i0 muny
@yuxyionanvroi epynu. Ak i ouikysanocs, yci 6iononimepHi mampuyi nOKa3anu 8uwyi NOKA3HUKU MIYyHOCMI HA pO3PUS,
cmilkicms 00 600U, 1y2y abo KUCIOmu, NOPIGHAHO 3 HEMOOUQDIKOBAHUMU eNOKCUOHUMU NOTiMepamu, Wo HAOAe
MOXHCTUBICTD IXHBO2O NOOATBULO20 3ACMOCYB8AHHS OISl OMPUMAHHSA 6a2amouiaposux Oioniacmuxis.

Knrouogi cnoesa: diononimepni mampuyi, enokcuoHa cMoaa, enokCUO08aHa ma YUKIOKApOOHAMHA CO€E8A OJlis,
XIMIYHQ Ma MEPMOOKUCHA CINILIKICTNb, MEXAHIYHI 61ACMUBOCNT
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