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Introduction

The problem of meeting the needs of the southern
region and Ukraine as a whole in improving the
efficiency of ship loading mechanisms has not been
solved, since research into optimising traffic
management, clarifying logistics, improving the
efficiency of the use of vehicles and their
maintenance and repair is of key importance for the
country and the region. The development of transport
technologies today requires not only the creation of
foundations for the optimal technical use of vehicles,
their technical operation, but also their maintenance
and repair, the study of patterns of changes in the
technical condition of vehicles, the development of
technical measures to improve the reliability of
functional and energy transport systems, and the
creation of conditions for the highly efficient use of
vehicles in compliance with environmental protection
requirements. This will help to significantly reduce
the material costs of building new vessels and
operating existing ones, improve the level of safety of
navigation and contribute to saving energy and
resources.

Statement of Problem

One of the main tasks of Transport Technologies
is to search for new promising scientific directions
and their implementation in practice, as well as to
ensure the effective use of the latest technologies and
innovative methods for the construction or
rehabilitation of water transport facilities. In this
respect, the use of epoxy-based polymer composites
is promising. They are characterised by improved
adhesive and cohesive properties compared to other
known oligomers, which determines the wide range
of their application in water transport.

Analysis of the Latest Studies and Publications

As shown by the authors of [1-9], the use of such
polymer composite materials (PCMs) in the form of
coatings for ship loading mechanisms is currently
relevant. In order to improve the properties of
adhesives based on an epoxy matrix, additives of
different physical nature are introduced into it at the
initial stage of formation [10-15]. In this way, not
only the mechanical properties of protective coatings
can be improved, but also their resistance to thermal
stress. In this context, the filling of the epoxy matrix
with modifiers introduced in small amounts into the
epoxy oligomer is considered promising [16—18].
With this in mind, it was considered appropriate to
carry out tests to investigate the effect of the modifier
d-ascorbic acid (DAA), which is chemically active
for epoxy resin. At the same time, it was important to
study the behaviour of the modified materials under
the influence of temperature, which is important for
the operation of water transport mechanisms.

The aim of the work

Is to study the effect of the modifier d-ascorbic
acid on the thermophysical properties of epoxy resins
in order to obtain a material intended for the
restoration of ship cargo mechanisms.

Materials and Investigation Procedure

An ED-20 grade epoxy resin (ISO 18280:2010),
which is widely used in practice worldwide, was used
to form the polymer matrix. To improve the
properties of the polymer matrix, a modifier in the
form of d-ascorbic acid (DAA) was additionally
introduced into the epoxy binder at a content of
0,1...2,0 pts.wt. per 100 pts.wt. of ED-20 epoxy resin.
Molecular formula of the modifier: CgHgOe.
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Polyethylene polyamine PEPA (TU 6-05-241-202-
78) was the hardener for the epoxy binder.

The following properties of the CM were
investigated in the work: thermal coefficient of linear
expansion (TLCE) and heat resistance (T).

The heat resistance (Martens) of the CM was
determined in accordance with GOST 21341-75. The
method of testing consists in determining the
temperature at which the specimen was heated at a
rate of v = 3 K/min under a constant bending load
F=5+0,5MPa, as a result of which it deformed by
a given value (4 = 6 mm).

The thermal coefficient of linear expansion
(TCLE) of the materials was calculated from the
curve of relative strain versus temperature, approxi-
mating this dependence with an exponential function.
The relative strain was determined from the change in
sample length with increasing temperature under
steady state conditions (GOST 15173-70). Dimensions
of specimens used in the study: 65 x 7 x 7 mm. The
rate of temperature increase was v = 2 K/min.

Results and Discussion

Initially, the heat resistance of the original epoxy
matrix was investigated and found to be 7= 341 K
(Fig. 1). Subsequently, the heat resistance of the
modified CMs was determined by varying the
concentration of the DAC modifier in the range of
0,25 pts.wt.to 2 pts.wt. It has been shown that the
modifier improves the heat resistance of the epoxy
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matrix, since its introduction in a small amount
(0,25...1,0 prt.wt.) allows its increase compared to the
unfilled matrix from 341 K to 347...351 K. According
to the dynamics of the heat resistance as a function of
the DAC concentration, the optimal content of the
additive in the epoxy compound was determined,
which is 1,25...1,50 prt.wt. per 100 prt.wt. of epoxy
resin (Fig. 1). It is this modifier content that ensures
the production of composites with the highest heat
resistance values of all the materials studied. Such
CMs are characterised by the following heat resistance
values — 352...354 K. Further increase of the additive
concentration (1,75...2,00 prt.wt.) leads to a decrease
of the heat resistance of the materials to 352 K.

The mechanism by which the heat resistance of the
epoxy matrix is increased in the presence of a
modifier can be explained as follows. It is well known
[5, 6, 12] that the properties of epoxy composites are
primarily determined by the structure of the
reticulated polymer formed during cross-linking of
the epoxy matrix. The kinetics of the reaction of an
epoxy oligomer with a polyethylene polyamine
hardener is rather complex. However, it should be
noted that it occurs without the formation of by-
products according to the scheme of diepoxide
addition to polyamine with simultaneous opening of
the epoxy ring. As a result of such chemical
interaction processes, the spatial network of the
polymer is formed, which has an amorphous
structure.

0,75

1,00

1,25 1,50 1,75 q, prt.wt.

Fig. 1. Dependence of CM heat resistance on DAC concentration

At the same time, it should be noted that globular
formations are one of the important elements of the
supramolecular structure of amorphous polymers. To
date, scientists have carried out a wide range of
studies on the directions of globule opening in order
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to increase the density of the three-dimensional
polymer network. This involves increasing the degree
of gel fraction and, as a result, improving the cohesive
properties of the materials. In particular, research has
been carried out to modify the chemical structure of
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the epoxy oligomer or hardener, to develop new
polymer moulding technologies and to investigate the
effect of thermal and mechanical fields after
polymerisation of the epoxy matrix. At the same time,
it can be stated that no significant effect has been
observed in changing the shape of the beads or their
opening after cross-linking the materials.

The authors of [5, 19] have shown that a significant
effect in increasing both the cohesive and
thermophysical properties of polymers is achieved by
their structural modification. It should be noted that
there are three main methods of modifying lattice
polymers: chemical, physicochemical and physical. In
our case, we used d-ascorbic acid as a modifier, which
contains hydroxyl, carbonyl and other functional groups
in its structure. In other words, we envisaged a
physicochemical method of modifying the epoxy
oligomer by introducing a modifying additive.

Based on the theory of polymer formation at the
macro, meso and micro levels [19], it is necessary to
determine and predictably regulate the structure of the
initial polymer, including the supramolecular
structure, at each level. This requires the existence of
thermally and hydrolytically stable bonds between
the components of a homogeneous system (in our
case, between the epoxy oligomer and the modifier).
It is obvious that the modifier must have functional
groups in its initial structure capable of participating
in the cross-linking reaction with the active groups of
the epoxy oligomer. Only the fulfilment of this
condition will ensure the production of a material
with stable chemical bonds, which will further
determine its cohesive strength.

As mentioned above, the structure of the modifier
contains hydroxyl and carbonyl groups that can
catalyse or inhibit polymerisation reactions. Based on
the analysis of the IR spectra of the modifier, epoxy
oligomer and modified matrices at different DAC
contents, several possible mechanisms of interaction
between the epoxy resin and the additive at different
concentrations can be identified.

1. Reaction of hydroxyl OH groups of d-ascorbic
acid with epoxy groups:

0 OH
_OH+C-C-R-0-C-C-R

2. Reaction of hydroxyl OH groups of epoxy
oligomer and d-ascorbic acid modifier with hardener:

H
_OH+R-NH-R-R-N+R (1)
OH

403
® %
-OH+II\I-R-»I?I+O=R @)
O OH

-OH+R-NH-R-NH,-O-R+R  (3)

3. Reaction of carbonyl C=0 modifier groups with
a hardener:

R H
=C=0+R-NH-R-C=N
0-R

4. Reaction of the carbonyl C=0O groups of the
epoxy oligomer with a hardener.

As a result of the above-mentioned possible
reactions of structure formation of a compound based
on an epoxy oligomer and a modifier in the presence
of a polyethylene polyamine, mainly strong chemical
bonds of the C-O, NH,, O-NH,, N=0O, N-O-H, C=N
type are formed, which largely determine the increase
in the cohesive strength of the newly formed modified
epoxy matrices. It should be noted that it is the
cohesive strength of the matrix that determines the
heat resistance of the material under the influence of
elevated temperatures.

In addition, the glass transition temperature and
shrinkage of the modified CMs were studied as a
function of the amount of modifier. It was found
(Fig. 2) that the glass transition temperature of the
epoxy matrix is Tc = 327 K. The introduction of a
modifier increases this indicator to 330 K for materials
containing DAC in the amount of 0,5...1,0 pts.wt.
The maximum glass transition temperature (333 K)
was observed for the modified material containing
1,5 % by weight of DAC. Subsequently, a decrease in
this indicator was observed as the additive content
increased, as a glass transition temperature of 331 K
was observed for the CM with a modifier in the
amount of 2.0 pts.wt. At this additive level, the
maximum values of both heat resistance and glass
transition temperature were observed. It is at this
concentration of DAC that the cross-linking of the
compound forms the most cross-linked structural
network of an amorphous polymer with the highest
number of chemical bonds, the mechanism of
formation of which is described in detail above.

It is known [6, 7, 12] that during polymerisation
of an epoxy oligomer the intermolecular distances
decrease from 0,3..0,5 nm to 0,15 nm. This
undoubtedly causes a reduction in the volume of the
polymer compound after cross-linking, which implies
its shrinkage. At the same time, it should be noted that
shrinkage deformations lead to additional residual
stresses in the polymer composite. This leads to a
deterioration of the cohesive and, consequently, the

© A. V. Buketov, Yu. M. Shulga, 2024



404

HaykoemHi TexHonorii Ne 3(63), 2024

thermal and mechanical properties of the material
during its service life.

It is known [17, 18] that the rate of increase of
shrinkage deformations in the CM is maximum in the
first hours of polymerisation. After 3..5 days,
depending on the nature of the oligomer, the
shrinkage dynamics stabilise. Depending on the
degree of filling, the type of modifier or plasticiser,
the shrinkage of composites during this period can
reach values of 0,02 %...0,15 %. Thus, the authors of
[5, 17, 18] demonstrated that the introduction of
additives can reduce the amount of shrinkage.

In this study (Fig. 2) it was found that the shrinkage
of the epoxy matrix (after 3 days of polymerisation) was
€= 0,14 %. The introduction of a modifier at a content
0f 0,5...1,0 pts.wt.reduces the shrinkage of the materials
to 0,10...0,12 %. This suggests a positive effect of the
modifier in improving this property of the materials. It
should be noted, however, that residual stresses occur

during crosslinking in any case. During the service life
of the coating or product they can cause a breakdown in
the integrity of the CM due to the formation of cracks in
the micro and macro volumes of the matrix (including
supramolecular structures). This leads to premature
ageing of materials and failure of water transport parts.

It has been shown (Figure 2) that the optimum
solution for reducing shrinkage is to add a modifier to
the epoxy compound in the amount of 1,25...2,0 pts.wt.
In this case, materials with a shrinkage value of
0,07 % are formed. We believe that a further
reduction in shrinkage can be achieved by introducing
a micro-dispersed filler at a low level. Such an
introduction of the optimum level of microparticles
will reduce the intrinsic deformations of the clusters
on the one hand and reduce the probability of crack
initiation under static and dynamic critical loads of
transport parts on the other.

331 % 0,11 —
38 L % % é 0,08 —
il _

é é:ﬁ_. // 77 é Vi ,

Fig. 2. Dynamics of glass transition temperature (Tc) and shrinkage (¢) of CM on the content of DAC modifier:

— glass transition temperature (77);

In order to obtain a CM with a densely cross-
linked structure, it is necessary to ensure the effect of
maximum mobility of the macromolecules during
structure formation with their subsequent tight
packing in the compound under selected thermal and
time polymerisation conditions. These factors depend
on the viscosity of the binder, the amount of modifier,
the temperature and the time of polymerisation. It
should be noted that these criteria, together with the
structure-forming activity of the additive, determine
the degree of cross-linking of the matrix. The latter
parameter is important for assessing the
thermophysical properties of materials and their
dynamics during the operation of transport parts. It
can be estimated indirectly by knowing the dynamics
of the thermal coefficient of linear expansion (TCLR)
of the cementitious materials as a function of
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— shrinkage (¢)

temperature. The results of these tests are given in
Table 1.

It was found (Table 1) that the TCLR of CM
increases with increasing temperature regardless of
the modifier content. In particular, for the epoxy
matrix, an increase in this indicator of 1.7 times was
observed with an increase in the temperature range
from 320 K to 370 K. At the same time, it can be
observed that in selected temperature ranges (the
latter corresponding to the operating modes of
vehicles), the introduction of a modifier leads to a
decrease in the TCLR of the modified matrices
compared to the original one. In particular, in the
temperature range 300...320 K, a decrease of this
indicator from 6,3 x 10-5 K'! to (3,8...4,8) x 1075 K*!
was observed. In the temperature range where the
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glass transition temperature of the materials is located
(300...420 K), the TCLR of CM decreases from 9.9 x
10° K to (5,4...6,7) x 10° K.

It should be noted that the minimum values of
TCLR were observed for the matrix modified with
DAC in the amount of 1,5 pts.wt. In the selected
temperature ranges, the coefficient of linear
expansion decreases by 1,3...1,8 times compared to
the original matrix. The results obtained can be
explained as follows.

Analysis of the results shows that the DAC
modifier has a plasticising effect on the formation of
the epoxy matrix. As shown (Table 1), this
dependence (additive content - TCLR values) has a

mentioned above, the original and modified epoxy
polymers contain supramolecular globular formations
whose end chains can intertwine at the molecular
level during structure formation. This creates the
reticulated structure of the polymers. The introduction
of a small amount of modifier into the epoxy oligomer
reduces the frictional forces between the globules and
the branched macromolecules of the epoxy oligomer.
This results in a significant reduction in the dynamic
viscosity of the compound. In the early stages of
polymerisation, fibrillar aggregates are also formed
from the macromolecules of the epoxy oligomer and
modifier. This slows down the growth rate of the
plasticity of the compound. In the final stages of

curing, the formation of a three-dimensional
clearly expressed extreme character. The reduction in amorphous polymer network leads to the formation of
TCLR at the optimum DAC .content ranges from ., interbundle structure of the compound.
55 % to 78 %. The results obtained (Table 1) can be Accordingly, the dynamic viscosity of the
explained on the basis of the micro- and nanostructure homogeneous system decreases sharply.
formation patterns of the modified matrices. As
Table 1
Dynamics of the thermal coefficient of linear expansion (TCLR) of CM from the test temperature ranges
Concentration of the DAC modifier, Thermal coefficient of linear expansion, a. X102, K!
No Test temperature ranges, A7, K
7> pri-wt. 300...320 ] 300...370 | 300...420 300...470
1 0 6,3 6,8 9,9 10,9
2 0,5 4,8 5,6 6,7 9,3
3 1,0 4,4 5,2 6,0 8,9
4 1,5 3,8 4,2 5,4 8,5
5 2,0 4,1 4,8 5,8 9,0

Based on the above, it can be argued that the
introduction of a modifier into the epoxy oligomer at
an optimal concentration (1,25...1,5 pts.wt) promotes
the formation of additional cross-links in the network
structure of the polymer matrix. At the same time, it
is necessary to consider the additional formation of
physical bonds in the modified matrix due to the
influence of ionic and van der Waals forces. Ultimately,
this leads to an increase in the polymerisation rate of the
compound and an improvement in the thermal
properties of the modified material.

In addition, the following is noted. The problem of
globule opening during matrix cross-linking has been
described above and is solved by structural
modification of the polymers. Based on the results of
a series of tests on the thermophysical properties of
materials, it can be stated that the plasticising effect
of the modifier introduction causes a significant
percentage of globular formations to be levelled. This
leads to the formation of small clusters compared to
fibrils due to a decrease in energy potential.

The second important reason for introducing a
modifier is that the modified system has a lower
viscosity compared to the original epoxy resin. In the

future, this will make it possible to increase the
degree of filling of composites with improved
performance characteristics.

Conclusions

Based on the results of the study, the following
conclusions can be drawn:

1. Based on the dynamics of the heat resistance as
a function of the concentration of d-ascorbic acid, the
optimum content of the additive in the epoxy
compound was determined, which is 1,25...1,5 prt.wt.
on 100 prt.wt. of epoxy resin. The introduction of a
modifier into the epoxy oligomer provides
composites with the highest heat resistance values of
all the materials studied. The heat resistance values
increase from 341 K (for the epoxy matrix) to
352...354 K.

2. The mechanism of increasing the heat resistance
of the epoxy matrix in the presence of a modifier,
which involves the interaction of epoxy resin with the
additive and hardener as a result of the following
reactions, is substantiated:

— reaction of hydroxyl OH groups of d-ascorbic
acid with epoxy groups;

© A. V. Buketov, Yu. M. Shulga, 2024
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— reaction of hydroxyl OH groups of epoxy
oligomer and d-ascorbic acid modifier with hardener;

— reaction of carbonyl C=0 modifier groups with
the hardener;

— reaction of carbonyl C=0O groups of the epoxy
oligomer with the hardener.

As a result of the above reactions of the structure
formation of the compound based on an epoxy
oligomer and a modifier in the presence of
polyethylene polyamine, mainly strong chemical
bonds of the C-O, NH,, O-NH,, N=0O, N-O-H, C=N
type occur, which largely determine the increase in
the cohesive strength of the newly created modified
epoxy matrices. It should be noted that it is the
cohesive strength of the matrix that determines the
heat resistance of the material under conditions of
elevated temperatures.

3. It was found that the maximum glass transition
temperature (333 K) was observed for the modified
material containing d-ascorbic acid at 1,5 pts.wt. At
this level of additive, the maximum values of both
heat resistance and glass transition temperature were
observed compared to the original epoxy matrix (327
K). At this modifier concentration, the cross-linking
of the compound forms the most cross-linked
structural network of an amorphous polymer with the
highest number of chemical bonds.

4. It has been shown that the optimum solution for
reducing shrinkage is to fill the epoxy compound with
a modifier in the amount of 1,25...2,0 pts.wt. In this
case, materials with a lower shrinkage value (0.07 %)
are formed compared to the epoxy matrix (0,14 %).
A further reduction in shrinkage can be achieved by
introducing a small amount of micro-dispersed filler.
This introduction of the optimum level of micro-
particles reduces both the intrinsic deformation of the
clusters and the probability of crack initiation under
critical static and dynamic loads of transport parts.

5. It has been substantiated that the minimum
values of TCLR were observed for the matrix
modified with d-ascorbic acid in the amount of
1,5 prtwt. In the selected temperature ranges
(300...470 K), the TCLR of the composite, compared
to the original matrix, decreases by 1,3...1,8 times.
The results obtained can be explained on the basis of
the patterns of formation of the micro- and
nanostructure of the modified matrices. The modified
epoxy polymers contain supramolecular globular
formations, the end chains of which can intertwine
during structure formation at the molecular level.
This creates the mesh structure of the polymers.
When an optimal amount of modifier is added to the
epoxy oligomer, the friction forces between the
globules and branched macromolecules of the epoxy
oligomer are reduced. This leads to a significant
reduction in the dynamic viscosity of the compound.
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At the initial stage of polymerisation, fibrillar
aggregates are also formed from the macromolecules
of the epoxy oligomer and modifier. This slows down
the growth rate of the plasticity of the compound. At
the final stages of curing, the formation of a three-
dimensional amorphous polymer network results in
the formation of an interbundle structure of the
compound. Accordingly, the dynamic viscosity of the
homogeneous system decreases sharply.

Based on the above, it can be argued that the
introduction of a modifier into the epoxy oligomer at
an optimal concentration (1,25...1,5 prt.wt.) promotes
the formation of additional transverse bonds in the
mesh structure of the polymer matrix. At the same
time, it is necessary to take into account the additional
formation of physical bonds in the modified matrix
due to the influence of ionic and van der Waals forces.
Ultimately, this leads to an increase in the polymerisation
rate of the compound and an improvement in the thermal
properties of the modified material.

In the next stages, the authors plan to conduct tests
to determine the effect of dispersed fillers of different
physical nature on the structure and properties of
modified epoxy composites.
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bykeros A. B., lllynera 10. M.
TPAHCIIOPTHI TEXHOJIOI'TL] Y KOHTEKCTI BIZJHOBJIEHHA CYJHOBHUX BAHTAXKHUX
MEXAHI3MIB HOBITHIMHU MOJIN®IKOBAHUMMU ENNOKCUITTIACTAMM

Poszsumox mpancnopmuux mexnonozii Ha cb0200Hi 00YMOBI0€ HeOOXIOHICMb He uue CIMBOPEHHsL OCHO8 ONMUMA-
JILHO20 MEXHIYHO20 UKOPUCMAHHS 3aC00I8 MPAHCNOPMY, IX MeXHIYHOI ekxcnyamayii, ane 1 mexHiuH020 00C1Y208Y6aHMHS.
i pemonmy. OOHUM i3 OCHOBHUX 3A60AHb MPAHCNOPMHUX MEXHONO2I € NOUWLYK HOBUX NEPCIEKMUBHUX HAYKOBUX HANPAMIB
ma ix 6npoeaoddicents y npakmuxy, d maKolc 3a0e3neveHHs eqoeKmueHo20 3aCmMocy8anHs HOBIMHIX MeXHO02ill ma IHHO-
BAYIUHUX MemOOi6 01 POPMYBAHHA YU BIOHOGIEHHS 00 €KMI6 B0OH020 MpaHcnopmy. Y ybomy niani nepcnekmusHuM €
3ACMOCYBaAnHA NOIMEPHUX KOMNO3UMNIB HA OCHO8I enoKCUOHOI cmou. Bonu 8iopisnaomscsa nokpawieHumMu NOKA3HUKAMU
ao0ee3itiHUX ma Ko2e3ilHUX 81acmugocmell NOPIBHAHO 3 THUUMU BIOOMUMU ONI20MEPAMU, WO BUSHAYAE WUPOKULL CheKmp
ix 3acmocy8anusa Ha 600HOMY MPAHCHOPMI.

3 memoio noainwenns eracmusocmeit a02e3u6ié Ha 0OCHOBI eNOKCUOHOT Mampuyi y Hei Ha noYamKogii cmadii hop-
MYBAHHSL 8600Mb 000a6KU Pi3HOT (izuunoi npupodu. ¥ pobomi docniodiceno enaus moougikamopa d-ackopoinosoi Ku-
cromu Ha MmenaoQizudHi 61acmu8oCmi enoKCUNIACMIE Oisk OMPUMAHHS MAMePIANY, RPUSHAYEHO20 01 BIOHOGNEHHS C)-
OHOBUX BAHMAICHUX MEXAHI3MIB. 3a OUHAMIKOI MEenioCmIUKOCmi 6i0 KOHYeHmpayii d-ackopOiH08ol KUCIOMU BUSHAYEHO
ONMUMATLHULL 8MICT 000ABKU Y eNOKCUOHOMY KOMRAYHOIL, saxkuu cmanosums 1,25...1,50 mac.% na 100 mac.% enoxcuo-
HOI cmonu. Yeedenns y enokcuonull oaicomep mMoougixamopa 3ab6e3nevye OmpuMants KOMRO3UMIE 3 MAKCUMATbHUMU
BHAYEeHHAMU MENJOCMItiKocmi ceped ycix docniodcysanux mamepianis. Ilpu ybomy 3HauenHs meniocmiukocmi 3pocma-
tomy 6i0 341 K (0na enoxcuonoi mampuyi) 0o 352...354 K.

OOTpyHmMOBaHO Mexauizm niogueHHs MenI0CMItIKoCmi enoKCUOHOT Mampuyi y npucymnocmi moougikamopa, aKui
nepedbauac 63aemMo0ito enOKCUOHOI cMOU 3 000ABKOIO | MBEPOHUKOM BHACTIOOK nepebizy XimiyHux peaxyiu. Y pe3yno-
mami nepebizy peaxyiii CmpyKmypoymeopeHHs KOMAAYHOY HA OCHO8I eNOKCUOHO20 oalizomepy ma Mooughikamopa y npu-
CymHOCMmi NONIeMmUIeHNONIAMIHY BUHUKAIOMb 8 OCHOBHOMY MiyHi Ximiuni 36 'asku muny C-O, NH>, O-NH,, N=0, N-O-H,
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C=N, 5Ki 3HaAUHO0I0 MIPOIO 00YMOBTI0I0Mb NIOBULYEHHA NOKAZHUKIE KO2e3TUHOI MIYHOCI HOBOCMBOPEHUX MOOUPDIKOBAHUX
ENOKCUOHUX MAMPUYydb. 3a3HAYUMO, WO came NOKAZHUKU KO2e3ilHOoi MIYHOCMI Mampuyi 8UHA4YarOms meniocmiiuKicme
Mamepiany 8 yMO8ax 6NaUy NiOSUUjeHUX meMnepamyp.

Bcemanoeneno, wo makcumanvhi nokasHuxu memnepamypu ckayeanns (333 K) cnocmepizanu ona mooughikoearnozo
mamepiany, akuii micmums d-ackopbinogy xucromy y xinekocmi 1,5 mac.%. 3a makozo emicmy 0obagku cnocmepieanu
MAKCUMATbHI 3HAYEHHA AK MenJoOCmIUKOCmi, MaxK i memMnepamypu CK1y8aHHs NOPIGHAHO 3 BUXIOHOIO eNOKCUMAMPUYEIO
(327 K). Came 3a makoi konyenmpayii Moougixamopa npu 3ulu8anHi KOMRAYHOY POPMYEMbCA MAKCUMATLHO 3UUMA
CMPYKMYPHA CIMKA AMOPGHHO20 ROIMEDY 3 HAUOIILUOIO KIILbKICTIO XIMIYHUX 36 SI3KIG.

KnrouoBi cnoBa: KOMNO3UT; TENNOCTINKICTb; MOAMdIKaTOP; AEeCTPYKLUIS; BNACTUBOCTI.

Buketov A. V., Shulga Yu. M.
TRANSPORT TECHNOLOGIES RELATED TO THE RESTORATION OF SHIP CARGO
MECHANISMS WITH THE LATEST MODIFIED EPOXIES

The development of transport technologies today requires not only the creation of bases for the optimal technical use
of vehicles, their technical operation, but also their maintenance and repair. One of the main tasks of transport
technologies is the search for new promising scientific directions and their implementation in practice, as well as ensuring
the effective use of the latest technologies and innovative methods for the construction or repair of water transport
facilities. In this respect, the use of epoxy-based polymer composites is promising. They are characterised by improved
adhesive and cohesive properties compared to other known oligomers, which determines the wide range of their
application in water transport.

In order to improve the properties of epoxy-based adhesives, additives of different physical nature are introduced into
the epoxy matrix at the initial stage of moulding. This paper investigates the effect of the modifier d-ascorbic acid on the
thermal properties of epoxies to obtain a material intended for the restoration of ship loading mechanisms. Based on the
dynamics of heat resistance as a function of d-ascorbic acid concentration, the optimum content of the additive in the
epoxy compound was determined, which is 1,25...1,50 pts.wt.for 100 pts.wt.of epoxy resin. The introduction of a modifier
into the epoxy oligomer provides composites with the highest heat resistance values of all the materials studied. The heat
resistance values increase from 341 K (for the epoxy matrix) to 352...354 K.

The mechanism of increasing the heat resistance of an epoxy matrix in the presence of a modifier is substantiated,
which involves the interaction of epoxy resin with an additive and a hardener as a result of chemical reactions. As a result
of the reactions of structure formation of the compound based on epoxy oligomer and modifier in the presence of
polyethylene polyamine, mainly strong chemical bonds of C-O, NH;, O-NH,, N=0O, N-O-H, C=N type are formed, which
largely determine the increase of cohesive strength of the newly formed modified epoxy matrices. It should be noted that
it is the cohesive strength of the matrix that determines the thermal resistance of the material at elevated temperatures.

It was found that the maximum glass transition temperature (333 K) was observed for the modified material containing
d-ascorbic acid at 1,5 pts.wt. At this level of additive, the maximum values of both heat resistance and glass transition
temperature were observed compared to the original epoxy matrix (327 K). At this modifier concentration, the cross-
linking of the compound forms the most cross-linked structural network of an amorphous polymer with the highest number
of chemical bonds.

Keywords: compound; heat resistance; modifier; destruction; properties.
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