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Abstract

On the basis of the performed tests of the thermophysical properties of epoxy composites filled with nanoparticles, using
modern research methods, the permissible temperature ranges have been set, at which it is possible to use the developed
materials. The thermal coefficient of linear expansion (o) and heat resistance (T) of epoxy composites have been investigated.
The absolute values of the thermal coefficient of linear expansion of materials, which can be used in different temperature ranges,
have been defined. It has been proved that for the formation of composite materials with enhanced thermophysical properties, it
is advisable to use a nano filler in the amount of q = 0.5 %. This material is characterized by the highest activation energy,
resistance to structural change at the highest temperatures and intense interaction of functional groups of the filler and epoxy
oligomer during the tormation at the molecular level among all investigated materials.
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Operational lifc of the equipment of the oil and gas
transportation industry depends to a large cxtent on the
conditions of their operation and quality of used
materials. Taking into account external factors
(aggressive  environment, temperature  changes,
mechanical loads, etc.) that affect the surface of the
equipment of the oil and gas industry, there is a rapid
destruction of them. Therefore, an urgent task for this
direction is an in-depth study of materials degradation
taking into account structural hetcrogeneity, the
influence of operational factors on the origin and
development of material damage, with the aim of
developing new nanocomposites and coatings on their
basis, which provide for increasing their opcrational
characteristics. To ensure rcliable operation, as well as
long service life of the equipment of the oil and gas
industry, it is expedient to use epoXy nanocomposites
and coatings based on them with a complex of improved
adhesion, physical and mechanical, thermophysical,
anticorrosive properties, wear rcsistance. Providing the
above-mentioned will cnsure resistance to corrosion
damage and wear of surfaces during operation, and thus
increase the life of their work. In this regard, the
research and development of polymeric nanocomposites
by introducing new technological mcthods for the
formation and optimization of ingredients is a promising
direction of the present.
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[t is known [1-3] that it is possible to improve the
cohesive and. in particular, the thermophysical
properties of polymer composites as a result of their
modification, plasticization or introduction of nano
additives for homeopathic contents. The use of
dispersed nanofillers, which is beneficial from an
economic and environmental point of view, is rclevant.
The authors [1-6] show that the introduction of
dispersed nanoparticles into a polymer binder for
insignificant content (0.05-0.15 %) provides an increasc
in cohesive characteristics of protective coatings in
2.2-2 8 times.

Thus, we can indicate that the development of new
technologies for obtaining polymer nanocomposites and
protective coatings on their basis o increase the
operational life of oil and gas equipment is an urgent
task. At thc same time, it is important to create
environmentally friendly and cconomically profitable
materials for renovation work. In this context, the use of
nanoaditives in a small amount in polymeric composites
is rather promising from a scientific and practical point
of view.

The aim of the work is to develop mcasures to
explore the possibility of using epoxy nanocomposites
to improve the thermophysical properties of the
cquipment of the oil and gas transportation industry.

Materials and research methods

The epoxy dyanoic oligomer of the mark ED-20
(GOST 10587-84), which is characterized by high
adhesion and cohesive durability, slight shrinkage and
technological efficiency when applied on the surface of
a complex profile, is chosen as the main component of
the binder during the formation of epoxy composites.
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For cross-linking of epoxy compositions,
a polyethylene polyamine hardening agent PEPA
(TU 6-05-241-202-78) has been used, which allows the
materials to be hardened at room temperatures. It is
known [1] that PEPA is a low molecular weight
substance consisting of such interconnected components
as: [-CH,-CH;-NH-],. Composite material was cross-
linked by introducing the hardening agent into the
composition at a stoichiometric ratio of components per
content (mass fraction) — ED-20: PEPA - 100 : 10.

As a filler, particles of nanopowders were used.
The grains of the particles are d = 5-7 nm. The content
of the filler was changed within ¢ = 0.01-1.00 pbw per
100 pbw epoxy binder.

In this paper, the following properties of composite
materials were investigated: the thermal coefficient of
linear expansion and heat resistance.

Heat resistance (by Martens) of composiies was
determined in accordance with GOST 21341-75. The
research methodology is to determine the temperature at
which the sample under study is heated at a speed of
v = 3 K/min under the impact of a constant bending load
F =5 % 0.5 MPa, which results in deformation to a
given value (A= 6 mm),

Thermal coefficient of lincar expansion of
materials was calculated by the curve of the dependence
of the relative deformation on temperature, appro-
ximating this dependence on the exponential function.
Relative deformation was determined by changing the
length of the sample with increasing temperature in
stationary  conditions  (GOST  15173-70). The
dimensions of the samplcs for research: 65 x 7 x 7 mm,
the non-parallelism of the polished ends was not morc
than 0.02 mm. Beforc the stwudy. the length of the
sample was measurcd with an accuracy of + 0.01 mm.
The rate of raising the temperature was v = 2 K/min.

The deviations of the values in the investigations
of the paramcters of the thermophysical properties of
the composite materials (heat resistance by Martens,
thermal coefficient of linear expansion) amounted to
4-6 % of the nominal value.

Research results and their discussion

It has been cxperimentally ¢stabtished (Fig. 1) that
the heat resistance of the initial epoxy matrix trcated
with ultrasound is T = 341 K. It has been proved that the
presence of nano disperse particles in epoxy systems
significantly influences the process of cross-linking of
materials, since the introduction of an additive n the
sclected range of research in the minimum amount is
q = 0.10 pbw per 100 pbw the epoxy oligomer ED-20
(hereinafter referred to as the mass content of 100 pbw
of the epoxy oligomer ED-20) provides an increase in
the heat resistance values from T = 341 K (for an epoxy
matrix) to T = 360 K The maximum (T = 365 K) on the
dependence curve "T - q" was observed when the
nanoscale was iniroduced into the polymer at a content
of q = 0.25 pbw. Further increasing the content of the
filler to g = 2,00 pbw does not lead to improvement of
thermophysical properties of composites, since the
value of heat resistance of the developed materials
varies within the limits of the ¢xperimental error

L ——— =

(AT = = 1 K). Thus, it can bc argued that the nano-
particles have a positive influence on the improvement
of the heat resistance of epoxy composites, which, in
our view, is ensured by the activation of physical and
chemical interaction at the interface of the phases
"nano-filler-epoxy oligomer". In this case, the critical
content of nanoparticles (q = 0.25-0.50 pbw) in the
epoxy binder is established. Formation of composites
for such a content increases their heat resistance from
T = 341 K (for an epoxy matrix} to T =366 K.

r.K

]

3681 _
364 s
360
356
352
348}
344}

34()T'
NN N S S I S (Y T T S B

0 025 050 0.75 1.00 1.25 1.50 L75 ¢,pbw

Figure 1 — Dependence of heat resistance of CM
on the contents of the nano filler
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It has been proved (Fig. 2) that the glass transition
temperature increases with the increase of the amount of
the nano filler to its critical content in the epoxy matrix,
which is g = 0.50 pbw. When adding an additive for this
content, the glass transition temperature increases from
T, = 327 K (for the epoxy matrix) to T, = 334 K.
Further, the increase in the content of the filler leads to
deterioration of the properties of the materials, because
for CM with the number of particles g = 0.75-1.00 pbw
the glass transition temperature is Ty = 330-332 K. It is
obvious that the critical content of the nanoparticles in
the epoxy KM is q = 0.50 pbw, which is consistent with
the results of the study of the heat resistance of the
matcrials. In our opinion, the excessive number of
nanoparticlecs  leads to  the formation  of
thermodynamically unbalanced systems, which implies
the deterioration of their thermophysical properties. The
active particles of the filler during gel formation intcract
with the lateral groups and segments of the
macromolccules of the epoxy oligomer. This speeds up
the processes of structuring the composites. However,
the excessive amount of structural remnants involves
the formation of systems with defective structure, which
contributes to the deterioration of cohesive properties of
materials. In our opinion, this is the main reason for
decrcasing the glass transition temperature for CM,
where the content of nanoparticles is higher than the
critical content (g = 0.50 pbw). At the same time, this
hypothesis is planned to be tested by the authors in the
future using the methods of infrared spectroscopy and
electron microscopy.
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Figure 2 — Dependence of the glass transition
temperature (7,) and shrinkage (8) of CM
on the content of the nano filler

The shrinkage test confirmed the results of the
above tests. It is shown (Fig. 2) that the shrinkage of the
initial matrix (in the study in the temperature range
AT = 303-473 K) 1s 6 = 0.32 %. The introduction of the
nano-filler results in a decrease in the shrinkage of the
CM to values 6 = 0.07-0.09 %, which indicates the
significant effect of the additive on the content of the
gel fraction in the CM, and. consequently, on the indices
of their cohesive, including thermophysical properties.

In order to confirm the above mentioned results, at
the next stage, the thermal coefficient of linear
expansion of CM with nanodispersed particles was
investigated. It was experimentally established (Table 1),
that in the temperature range of AT = 303-323 K, the
introduction of nanoparticles provides a 2.0-2.2 times
decrease in the thermal coefficient of linear expansion
of CM (from « = 6.3:107 K" (for the polymer matrix)
to @ = (2.15-3.15)- 107 K™'. It is interesting to analyze
the difference in the thermal coefficient of linear
expansion between the matrix and the CM in the
temperature range of AT = 303-423 K. In this field of
influence of the thermal field, the greatest difference
was observed in the values of the thermal coefficient of
linear expansion between the matrix and the materials
developed. It has been proved (Table 1) that the
introduction of disperse particles ensures a 2.9-3.2
times decrease in the values of thermal coefficient of
linear expansion of composites compared to the
polymer matrix (from o = 9.92:107 K" (for a polymer
matrix) to o = (3.37-3.48) 10~ K. It should be noted
that throughout the studied range of temperatures
(AT = 303-473 K), composites containing nanoparticles
in the amount of q = 0.50 pbw are characterized by the
lowest values of the thermal coefficient of linear
expansion (o = 8.24 107 K", which is in good
agreement with the results of previous studies. Thus, it
can be stated that the formation of protective coatings
on the basis of epoxy composite containing q = 0.50 pbw
of nano-filler will significantly increase the life of the
equipment of the oil and gas transportation industry.

Table 1 — Thermal coefficient of linear expansion of
CM at various temperature ranges of the study

. Thermal coefficient of linear expansion
Filler 5 1l
content a 107, K
g, pbw Temperature ranges of the study 47. K
303-323|303-373 | 303423 | 303473
Matrix 6.30 6.81 9.92 10.91
0.10 3.00 2.40 3.37 8.36
0.50 2.15 2.35 342 8.24
0.75 2.34 248 345 8.62
1.00 3.15 2.53 3.48 8.65
Conclusions

The critical content of nanoparticles (q = 0.25-
0.50 pbw) in an epoxy binder was experimentally
determined. Formation of composites for such a content
increases their heat resistance from T = 341 K (for an
epoxy matrix) to T = 366 K.

It has been proved that the glass transition
temperature increases with an increase in the amount of
the nano filler to its critical content in the epoxy matrix,
which is ¢ = 0.50 pbw. When adding an additive for this
content, the glass transition temperature increases from
T, = 327 K (for the epoxy matrix) to T, = 334 K. The
results of the above tests confirmed the shrinkage. It has
been proved that the shrinkage of the initial matrix (in
the study in the temperature range AT = 303-473 K) is
8 = 0.32 %. The introduction of the nano-filler results in
a reduction in the shrinkage of the composites to values
& = 0,07-0,09 %, which indicates the significant effect
of the additive on the content of the gel fraction in the
CM, and, consequently, on the indicators of their
cohesive and thermophysical properties.

It has been justified that throughout the studied
range of temperatures (AT = 303—473 K), composites
containing nanoparticles in the amount of q = 0.50 pbw
are characterized by the lowest values of the thermal
coefficient of linear expansion (¢ = 8.24-107 K™'),
which is in good agreement with the results of previous
studies. Consequently, it can be stated that the formation
of protective coatings on the basis of an epoxy
composite containing q = 0.50 pbw of filler for 100
pbw of epoxy oligomer ED-20 will significantly
increase operational life of oil and gas transport
equipment.
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MiaBuuweHHa HaQiMHOCTI ycTaTKyBaHHA Ha(hTOBOI Ta ra3oTpaHCNOpPTHOI
NPOMWUCNOBOCTI 3a paxyHOK NOMiMepHMX HAHOKOMNO3UTIB

A.B. Bykemoe, M.10. Amenin, P.FO. Hezpyya,
A.B. Canponosa, O.M., bezbax, C.B. Boponenko

Xepcoicbka OepicasHa MOPChbKa AKAOEMIs;
npocnekm Ywaxosa, 20, m. Xepcoun, 73000, Vrpaina

Ha ocHoBi BuBuEHHS TCTINOMI3NYHUX BRACTHBOCTEH EMOKCHKOMNO3WTIB, HANOBHEHMX HAHOYACTKAMH, 3a
AOTIOMOTOIO CYYACHHMX METOMIB JOCHDKCHHs RCTAHOBAEHO OOMYCTHMI Mexi TEMICPATypH, NPH SKHX MOMKHA 1X
BHKOpUCTOBYBaTH. JlocmimkeHo tepmiunmnii koediuieHt oiniliHoro posmmupenHs (@) i Tennoctiiikiers (T)
CMOKCUKOMTIO3HTIB. BeTanoBneHo abcomoTHI 3HaveHHS TepMiuHOro koegillieHTY NiHIHHOTO pPO3NIMPCHHSA
MaTepianiB, fAKi MOXHA 3aCTOCOBYBATH Y Di3HMX TEMIEDATYPHHX JianazoHax. Bussicwo, mo ams popmysauHs
KOMIO3UTHHX  MaTepiamis 3 [IABMINEHMMM  NOKA3HWKaMM  TEINO(Qi3HWYHMX  BIACTHMBOCTCH  HONINBHO
BHKOPHCTOBYBA1H H4HOHaNOBHIOBAY y KibkocTi q = 0,5 mac.u. Taxuii MaTepian xapakrepH3yloThes Haitbinbuow
CHEPric10 aKTUBALIL, CTIfKICTIO 10 CTPYKTYPHHX NMEPETBOPCHBL MPH MAKCHMATbHUX TEMIEpaTypax Ta IHTCHCHBHOK
BIACMOJIFI0 (PYHKUIOHANBHUX TPYTN HATIOBHIOBAYA TA EMNOKCHIHOIO OJICOMEPY 1i/ HaC CTPYKTYPOYTBOPEHHS Ha
MONEKYIApHOMY PIBHI Cepen yCIX JOCNKYBaHUX MaTepialis.

KatouoBi criosa: decmpyryis, ex3oedexm, enoRcuonul KOMRO3UM, MENTOCINIUKICI b, MEPMOCMITKICb.
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