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Abstract. Today, in order to improve the efficiency of operation and repair of water transport
vehicles, it is important to apply a method that involves the use of the latest reactoplastics that can
operate at high temperatures. Here, it is important to activate epoxy compositions by introducing
active additives such as microdispersed filler into the oligomer. This allows for a simultaneous increase in
the mechanical properties of the materials. In addition, the cohesive strength is crucial for the thermal
properties of epoxy composites, which is especially important for the water transport vehicles operating in
different time zones. Therefore, research in this area is relevant today. In this paper, the optimal content of
synthesised and physically active dispersed filler in an epoxy oligomer was determined by the criteria of
thermophysical properties, such as heat resistance and coefficient of thermal expansion of polymer
composites. Epoxy resin was used as the basis for the formation of polymer compounds. The compositions
were crosslinked with PEPA hardener. A titanium aluminium powder was used as a filler. It was determined
that in order to form materials with improved performance characteristics, it is necessary to add a charge
powder to the epoxy resin at a content of 0.5 % per 100 % of epoxy resin. Obtaining such a composite can
significantly increase the heat resistance, glass transition temperature and reduce the CTE of protective
coatings. This was considered to be caused by the influence of the microdispersed additive on the
microheterogeneous structure of the developed materials. On the other hand, it is the structure that
determines the cohesive strength of materials and is the basis for further adjustment of their thermal and
physical characteristics. As a result, the degree of gelation of the materials increases, which implies an
improvement in the thermal properties of the developed materials to increase the efficiency of operation and
repair of water transport vehicles.
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1. INTRODUCTION

The studies [1-6] prove that the selection of components and technological
conditions of their formation are the main factors in regulating the characteristics of
composites for the restoration of vessels. The properties of the matrix and microdispersed
additives are essential for the characteristics, including thermal and physical ones, of the
transport industry. These two components then form the molecular and supramolecular
structure of composites.

Taking into account the operating conditions of modern commercial vessels, it is
necessary to improve their mechanical properties under the influence of a thermal field. Due
to the fact that it is under the influence of temperature that microdestruction processes occur
in the structure of polymeric composite materials (PCM). The latter is the cause of the onset
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of fractures in protective coatings, which subsequently leads to macrofractures and, as a
result, to the failure of technological equipment.

Taking into account the operating conditions of modern commercial vessels, it is
necessary to improve their mechanical properties under the influence of a thermal field. Due to
the fact that it is under the influence of temperature that microdestruction processes occur in
the structure of PCM. The latter is the cause of the onset of fractures in protective coatings,
which subsequently leads to macrofractures and, as a result, to the failure of technological
equipment.

Analysis of the papers [7—9] shows a wide range of approaches to the predictive control
of the properties, even at temperatures, of PCM. This is important for thermoplastics used in
the transport industry.

It is a priori that the introduction of components into a polymer implies strengthening
their structure at the supramolecular level. This ensures the creation of supramolecular
inclusions at the interface between the filler and the polymer. In turn, this is a prerequisite for
improving the cohesive characteristics of PCMs only when they are filled with physically active
microdispersed additives [10-15].

In this aspect, it is interesting to use active dispersions that will interact with the
macrochains of the matrix at the molecular level. In this context, it is also worth conducting
studies to assess the impact of active microparticles of titanium aluminium charge (TAC) on
the thermal properties of the developed composites. The latter are intended to be used as
protective coatings for sea and river transport.

2. EXPERIMENTAL METHODS

The objective of the research is to develop new epoxies to improve the efficiency of
operation and repair of the water transport vehicles. The epoxy resin ED-20 (ISO
18280:2010) was used as the basis for obtaining new materials. The PCM was crosslinked
using PEPA hardener (TU 6-05-241-202-78). Synthesised particles of titanium
aluminium charge (TAC) were used as a microdispersed powder. The composition
of the powder particles is as follows: Ti (75 %) + Al3Ti (15 %) + Ti3AIC2 (10 %). The
particle size is dcep = 10£2 pum. The heat resistance of composites was studied in
accordance with ISO 75-2.

The coefficient of thermal expansion (CTE) of the materials was also determined.
When calculating the CTE, at the initial stage, a curve was constructed to determine the
elongation of the samples under temperature loading and during the reduction of the thermal
field effect. Based on these dependences, the shrinkage of the PCMs and their relative
deformation were calculated. As a result, the TCLR was calculated at different temperature
ranges, which made it possible to state the behaviour of materials under critical temperature
conditions. It should be noted that the deformation properties of cementitious materials were
analysed in relation to changes in the parameters of the samples under the influence of a
thermal field (1ISO 11359-2).

3. RESULTS AND DISCUSSION

Initially, the heat resistance (T) and glass transition temperature (T¢) of PCM were
studied by introducing a different amount of filler into the epoxy resin. It was determined
that the absolute value of the heat resistance of the unfilled composite in the form of a
matrix was 340 K (Fig. 1).

It has been proved (Fig. 1) that filling with an additive in a small amount (0.05%)
leads to an increase in the heat resistance of PCM. With this filling, a PCM was obtained
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with a heat resistance index of 351 K. The difference compared to the unfilled material
is 11 K. The maximum value of the studied characteristic among the entire range
of materials under consideration was obtained for the material filled with particles of
the TAC additive with a content of 0.5%. Such a composite has the heat resistance value
of 359 K. Subsequently, an increase in the amount of microdispersed filler in the
composites provides a decrease in absolute values compared to the maximum. In particular,
the material filled with an additive in the amount of 2% has an indicator of the studied
characteristic of 348 K.

The results of such tests are interpreted as the activation of physical and
chemical processes during the structure formation of materials in the presence of
a dispersed filler. When it is present in the compositions in a small amount,
interfacial interaction is activated. This involves the creation of new chemical
bonds between the surface of the additive and the macromolecules of the epoxy
resin. As a result, a three-dimensional structure of new chemical bonds is
created, which complement the number of similar bonds between the epoxy
macromolecules.

Next, when the filler is added at a critical content, the number of interfacial bonds is
maximised. As a result, the cohesive strength and, as a result, the heat resistance significantly
increase.

When the additive is over the critical content, the following occurs. The filler is not
sufficiently wetted. Consequently, the number of interfacial bonds decreases, which leads to a
reduction in the heat resistance of the developed materials.
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Figure 1. Dependence of heat resistance (T) and glass transition temperature (Tc)
of composites on the amount of TAC microadditive

Simultaneously, the test results were analysed to determine the dependence
of the glass transition temperature (Tc) of PCM on the amount of microdispersed
filler introduced into the polymer. It was proved (Fig. 1) that the glass transition
temperature of the material based on unfilled epoxy resin is 326 K. The
addition 0.05% of dispersed particles to the resin increases this indicator
to 342 K.
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It was found that the maximum value of this property of all the materials studied was
obtained for the composite filled with 0.5% TAC particles. This filling produced a material with
a glass transition temperature of 345 K.

Similarly to the dynamics of heat resistance as a function of TAC concentration, it
has been proved that filling the matrix with additive particles beyond critical values implies
obtaining a material with deteriorated thermal properties. In particular, Fig. 1 shows that
for the material filled with 2% TAC, the glass transition temperature has an absolute value
of 342 K.

Based on the above, it can be concluded that the dynamics of thermal properties in
the complex depends on the amount of the additive introduced. In other words, it can be
argued that the optimal amount of the TAC filler has been identified from the perspective
of the studies of the thermophysical properties of PCM. It was determined that the filling
of epoxy resin with TAC dispersed particles at a content of 0.5% provides an increase in
heat resistance from 340 K (for epoxy matrix) to 359 K, and the glass transition temperature
of PCM increases from 326 K to 345 K.

To verify the reliability of the results obtained, the coefficient of thermal expansion
(CTE) of epoxy composites was additionally determined (Fig. 2). Initially, it was found that the
CTE of the material based on unfilled epoxy resin in the temperature range of 304...324 K was
6.4 x 10-5 K-1 (Table 1). Filling the polymer with dispersed additives helps to reduce the CTE
of PCM to (2.7...3.4) x 10-5 K-1. At the same time, the lowest CTR (2.8 x 10-5 K-1) was
observed for the material filled with TAC particles within 0.5%.

&%
220 2,40

2,00 / ot L~ /_7
1,80 - 2,00
1,60 / / 1,80 / / //
1,40 /1 / 1,60
/ / 1,40 /
20 / 1,20 /
1,00 / - y /
iy / B / 1,00 / y %
0,80
0,60 // = 0,60 ’ /
0,40 o 0,40
020 / = 020
0,00 7 0,00 / el
300 320 340 360 380 400 420 440 460 480 500 300 320 340 360 380 400 420 440 460 480 500
TK T,K
a) b)
&%
220
2,00
1,80 /
1,60
: v
1,40 P
1,20 ,/ // . . i .
1,00 /I Figure 2. Dilatometric graphs of PCM with
080 / // different amounts of TAC filler:
// a) 0.05 %; b) 0.5 %; ¢) 2 %
: =
” =
0,00 7
300 320 340 360 380 400 420 440 460 480 500
T.K
c)

The test results in the temperature range of 304...424 K prove that the CTE of PCM
relative to the original epoxy matrix decreases rather significantly (from 10.0 x 10-5 K-1
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to (5.3...5.5) x 10-5 K-1). It should be noted that there is virtually no difference between
the CTE values of materials with the additive (in different ranges) (the difference
is 0.2 x 10-5 K-1). Thus, it can be stated that within the range of raised temperatures, the
effect of the additive on improving the cohesive strength and, consequently, the thermal
properties is not as important as at lower temperatures.

Finally, the change in the parameters of the samples under the influence of temperature
in the range of 304...474 K was analysed. It was found (Table 1) that the values of the CTE of
the epoxy matrix and the created composites do not actually differ. The values of all studied
materials are in the range of (10.7...11.0) x 10 K™%, It can be concluded that the volume of air
inclusions in such materials significantly increases due to the breakage of physical bonds at
such temperatures. In our opinion, the operation of new materials at this temperature range is
not advisable.

Table 1

Coefficient of thermal expansion (CTE) of PCM at different temperature test limits

Coefficient of thermal expansion,
Content of TAC particles, a x10°, K*
q, % Test temperature range, 47, K
304...324 304...374 304...424 304...474

- 6.4 6.9 10.0 11.0
0.05 3.4 35 54 10.9
0.5 2.7 3.4 53 10.7

2 34 3.9 55 10.8

Thus, it has been concluded that in the formation of composites for vessels operating at
high temperatures, it is necessary to add TAC powder in the amount of 0.5 % to the epoxy
oligomer as a microdispersed additive. Introduction of such a composite can significantly
increase the heat resistance, glass transition temperature and reduce the CTE of protective
coatings for water transport.

4. CONCLUSIONS

As a result of the conducted research, the following has been revealed.

1. It has been proved that in order to obtain epoxy composites with improved thermal
and physical characteristics, it is necessary to introduce a microdispersed powder of
titanium aluminium charge into the epoxy oligomer as a filler at a content of 0.5% per 100%
of ED-20 epoxy resin. This composite provides an increase in heat resistance relative to the
original epoxy matrix from 340 K to 359 K, and the glass transition temperature from 326
K to 345 K. It is substantiated that this is due to the activation of physical and chemical
processes during the structure formation of materials in the presence of a dispersed filler.
When the filler is used in the compositions at the optimum amount, the interfacial
interaction is activated. This involves the creation of new chemical bonds between the
surface of the additive and the macromolecules of the epoxy resin. As a result, a three-
dimensional structure of new chemical bonds is formed, which complement the number of
similar bonds between the epoxy macromolecules.

2. It has been determined that the materials with 0.5% TAC particles are
characterised by the lowest thermal expansion coefficient among the predefined
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temperature ranges of tests. The introduction of such a composite in the transport industry
will help reduce the CTE compared to epoxy matrix by 1.8...2.3 times. At the same time,
we note a decrease in the CTE:

- in the temperature range 304...324 K from 6.4 x 10° K1 t0 2.7 x 10° K*;

- in the temperature range 304...374 K from 6.9 x 10° K1 t0 3.3 x 10 K%,

- in the temperature range 304...424 K from 10.0 x 10° K to 5.3 x 10° K.

The analysis of the results of studying the change in the parameters of composites
under the influence of temperature in the range of 304...474 K proves that the values of the
CTE of the epoxy matrix and the created composites do not significantly differ. The values
of all studied materials are in the range of (10.7...11.0) x 10° K™%, It can be concluded that
the volume of air inclusions in such materials considerably increases due to the breakage of
physical bonds at such temperatures. In our opinion, the operation of new materials at this
temperature range is not advisable.

Further research is planned to determine the impact of filler content on the anti-corrosion
properties of protective coatings for vehicle repair.
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METO/JI NIIBUIEHHS EGEKTUBHOCTI EKCILTYATAII i
PEMOHTY 3ACOBIB BOJHOT'O TPAHCIIOPTY HOBITHIMHU
ENMOKCHUILIACTAMM

Angpiii Bykeros!; Kocranrun Kaesuos!; Ouer Torochko?;
Birauiit Couenxo®; Onexcanap Aximos!; Poman Herpyn?;
Nanuio Kuruuk!; Ipuna Kyaim?®; Boraan KpymeabHunbKuii?

Xepconcoka depacasna mopcora axademis, Xepcon, Yrpaina
2 TepHoninbcoKull HAYIOHANLHUL meXHiunull yrieepcumem iveni leana ITynios,
Tepnoninw, Yrpaina
8Xepconcvruil nayionanvnuii mexuiunuti ynieepcumem, Xepcowu, Ykpaina

Pe3tome. Akmyanvhum Ha cb02OOHI 01 NIOGUUEHHST ePeKMUBHOCTI eKCILyamayii il peMoHmy 3acobie
800H020 MPAHCHOPMY € 3ACMOCYBAHHA Memody, AKUl nepeddayae UKOPUCMAHHA HOGIMHIX Peakmoniacmis,
30amHux npayrosamu 3a niosuujenux memnepamyp. Ipu ybomy 8axciusum € akmugayis enoKCUOHUX KOMNOZUYIL
WAXOM YBeOeHHs 8 0/licomMep AKMUBHUX OOMIWOK Y 8u2iiol MIKpoOUucnepcHo2o HanoeHiosaua. Lle 0o3sonse
OOHOYACHO NIOBUWUMU 8 KOMNJEKCI MexaHiuui eiacmueocmi mamepianie. Ilpu yvomy Kozesiuna miyuicmos €
BUSHAYAILHOIO Ol MeNnIOQI3UUHUX IACMUBOCEl eNOKCUOHUX KOMNO3UMI8, W0 0COONUBO AKMYANbHO O
3ac00i8 600H020 MPAHCNOPMY, AKI eKCHIYAMYIOmb Y PI3HUX Yacosux noscax. Tomy poboma 8 ybomy HAnPsAMKY HA
CbO20OHI € AKMYATILHOIO.

YV pobomi eusnaueno onmumanvhuii @Micm CUHME306aH020 U (I3UUHO AKMUBHO2O OUCNEPCHOZO
HANOBHIOBAYA 6 eNOKCUOHOMY OJlicomMepi 3a Kpumepismu menioQizuyHux eiacmueocmeli, maxkux, K
meniocmitKicme i Koe@iyicum meniogo2o po3uuUpents noIiMepHUX KOMno3umis. 3a ocho8y npu GopmysanHi
NONIMEPHUX KOMNAYHOI8 835IMO eNnOKCUOHY cMONY. Suumo xomnosuyii meeponuxom IIEIIA. Sk nanosniosay
3aCMOCOBAHO NOPOULOK Y 8UTIA0T MUMAHO-ANIOMIHIEGOT WUXMU.

Bcmanosneno, wo  ons opmysanns  mamepianie 3 RIOSBUWEHUMU — eKCHIYAMAYIUIHUMU
Xapaxmepucmukamu 6 enoKCUOHY CMOLYy HeobXiono dobasismu nopowiok wuxmu 3a emicmy 0,5% wna 100%
enokcuoHoi cmonu. OmpumaHHs MAKO20 KOMNO3UMY O00360JA€ 3HAYHO NIOGUIYUIMU  MENIOCMIUKICb,
memnepamypy ckayeauns i 3menwiumu KTP 3axuchux nokpummie. Beadcanu, wjo ye 3yMOBIEHO GNAUGOM
MIKpOOUcnepcHoi 000asKu Ha MIKpo2emepo2eHHy CIMpYKmypy po3poOieHux mamepianis. 3 inuioeo 00Ky, came
CMpPYKMypa GU3HAYAE KO2E3IUHY MIYHICMb Mamepianieé i € O0CH08010 01 NOOANLUIO2O PecYTOBAHHS  iX
mennoQizuuHux xapaxmepucmux. Y pezynomami niosuuyemvcs CmyniHb 2eie0ymeopeHHs Mamepianie, uo
nepedbauac NOKpAwWeHHss MeNnioQPI3UUHUX —81ACMUBOCMel  PO3POOIeHUX —Mmamepianie Ois  NiOSUUEeHHS
eghexmugnocmi excniryamayii i pemonmy 3aco0ié 600H020 MPAHCNOPM).

Knwuosi cnoea: mpancnopm, nonimep, Hano8HI08a, 1ACMUBOCTI, CROCIO, eKCNIyamayis, pemonm.
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