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MUKPOC®EPAJIAPMEH TONTbIPbIIFAH 3MOKCUATI KOMMNO3UTTEPAOIH
XKbINY®U3UKAIbIK KACUETTEPI

TENNO®U3NYECKUE CBONCTBA 3MOKCUOHbIX KOMMO3UTOB,
HAMOJIHEHHbBIX MUKPOC®EPAMU

THERMOPHYSICAL PROPERTIES OF EPOXY COMPOSITES
WITH MICROSPHERE FILLER

AHOamna. Makanada mukpocgepanapObiH arnokcudmi Kommno3ummepOiH Xbiiyra mesimoiniei MeH
e3zepmernii memnepamypara mesimoinieiHe acepi 3epmmernzeH. MukpocghepanapdbiH XUMUSIBbIK KOHE
epaHynomMempusinibiK Kypambl 3epmmendi. Kbiryra me3imOinikmiH eH yrikeH MoHiH Kammamachi3 ememiH
OHmalinbi komno3uyus (96 °C deliH), KypambiHOa 10 % mukpocghepanap 6ap yneinep. blcmbikka mesim-
Oinik MapmeHc odiciveH baranaHObl. Tonmbiprbiu mMenwepi 2-0eH 10 %-ra OeliH mac. auHbiMarsbl
memnepamypaHbiH acepiHe mesimiinikke aumapnsikmal acep emneldi. AUHbIManbl meMrnepamypara
YuwiblparaHHaH KeliH )abbiH COKKbIFa me3iMOi KacuemmepiH XorFasnmkaH XoK. Snokcudmi kommno3ummepoiH
monmeipreil pemiHde MukpocgepanapObl KondaHy alHbiMarbl memrepamypaHblH ©32epyiHe XoHe
XKblyra me3imOi KoMo3uyusinbIK Mamepuandapob! anyra MyMKiHOiIK 6epedi.

Tylin ce3dep: Ornokcudmi walibip; Mukpocgepanap; Mapmerc 6olbiHwa XbinyFra me3iMOirik;
aliHbIMarbl memMriepamypaHbiH 9cepiHe me3imOoiriK.

AHHOmauyusi. B cmamee uccnedosaHb! 8fusiHUe MUKpocghep Ha mensiocmolKocms U yecmou4yueocmsb
K 8030elicmeuro nepeMeHHbIX memrepamyp 3rOKCUOHbIX KOMIO3Umo8s. M3yyeHbl XuMudYeckul U epaHysio-
mempuyeckuli cocmas Mukpocghep. OnmumarbHbili cocmas, obecrnequsarouuli Haubonbwee 3HavyeHue
mennocmotikocmu (0o 96°C), obpa3ybi ¢ codepxaHuem 10% mukpocgbep. Tennocmolikocms oyeHusanu
memodom MapmeHca. Konuyecmeo HanonHumessi om 2 o 10% mac. HeCcyu,eCmeeHHO ompa)aemcsi Ha
ycmodu4dugocmu Kk 8o30elicmeuro rnepeMeHHbIx memnepamyp. [locne eo3delicmausi nepeMeHHbIX memrie-
pamyp roKpbImue He nomepsisio ceoux yO0apornpoyHbix ceolicme. [lpumeHeHue MuKkpocgep 8 kadecmee
HarnosnHumersisi 3MOKCUOHbBIX KOMIMO3Uumos r1038ofsem [ofyyams Mmerniocmoulkue KOMMO3UUUOHHbIe
Mamepuarbl ycmouidyusble K 8030elicmauto nepeMeHHbIX memiepamyp.

Knroueenie cnoea: SnokcudHasi cmorna; Mukpocghepbl; mernocmolkocmb no MapmeHcy; yemoul4du-
8ocmb K Oelicmauro nepeMeHHbIX memnepamyp.

Abstract. The research paper shows the influence of microspheres on the heat resistance and variable
temperature resistance of epoxy composites. The chemical and granulometric composition of microspheres
have been studied. The samples containing 10% microspheres have optimal composition which provides
the highest heat resistance value (up to 96°C). Heat resistance was measured by the Martens method. The
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filler amount of from 2 to 10 wt.% insignificantly affects the variable temperature resistance. After exposure
to variable temperatures, the coating did not lose its impact-resistant properties. The use of microspheres
as a filler in epoxy composites makes it possible to obtain heat-resistant composite materials withstand
variable temperatures.

Keywords: Epoxy resin; microspheres; Martens heat resistance; variable temperature resistance.

Introduction. Creation of heat-resistant polymer composite materials with enhanced physical
and mechanical properties is the task of priority in modern science. It is because the most part of
polymer composites, including the epoxy resin composites, is fire-hazardous materials, they burn
releasing an exceedingly large amount of toxic substances and they are not resistant to high
temperatures. High fire hazard of polymeric materials is the main constraining factor in their
large-scale introduction in such spheres as aviation, shipbuilding, mechanical engineering,
railway transport and construction [1-3].

Application of polymer composite materials in structures operation in elevated temperatures
requires studying their thermo-physical properties. Due to this, very effective method for
increasing polymer composites heat resistivity is the use of various fillers [4-9].

The utilization of finely dispersed industrial wastes is a platform to support environment in the
issues related to waste disposals.

Microspheres contribute a number of their properties to the composite materials in which they
are introduced. These properties are: lightness, chemical inertness, fireproofness and low heat
conductivity. When added to various materials exclusive of epoxy resin, they make such materials
lighter, scale up their heat properties and sound-proofing properties [10]. Usage of microspheres
can reduce the mass [11-12] of the material by 50-60%, what is often employed in ship and aircraft
building. Most often, microspheres are added to epoxy resin to increase its fluidity. Smooth, round
microspheres move easily relative to each other, this ensures that resin better fills cavities and
voids.

In this regard, the purpose of this research paper is to develop compositions and to study the
properties of epoxy composites reinforced with microspheres, which enhance the epoxy
composites thermo-physical properties.

Materials and methods of research. Compositions based on make ED-20 epoxy-diane resin
(GOST 10587-93) were developed. Polyethylenepolyamine hardener (PEPA) (TU 2413-010-
75678843-2012), capable of forming a 3D network structure in the absence of heating, was used.
Microspheres (originated from Ekibastuz GRES power plant) were used as a filler for polymer
compositions. Microspheres are by nature of hollow solid particles of small sizes, that are formed
in the ash when coal is burned in power plants.

To determine variable-temperature resistance of the epoxy resin-based and microsphere
reinforced composite coatings, test sample substrates indicated in the previous research paper
were used [13-14].

The samples used for determining heat resistance, were fabricated in the form of bars as
specified in [15].

Microspheres added in epoxy resin in an amount of 2-10 % of mass and thoroughly stirred for
5-10 min until a homogeneous mass generated. Then hardener was added in the ratio of resin:
hardener (1:10) and stirred for 2 minutes. The prepared referent sample was made without adding
the filler. Curing at ambient temperature was conducted within 24 hours.

The following methods used to research the properties of the epoxy compositions and the filler:

The chemical and elemental compositions determined with the PANalytical X-ray
fluorescence spectrometer, model Axios Max (Rh 2.4 kW). The microspheres surface
morphology was studied with Auriga Crossbeam 540 scanning electron microscope (Carl Zeiss,
Germany) at an accelerating voltage of 5 kV.
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The filler particle sizes determined with Mastersizer 3000 laser particle size analyzer with the
Hydro MV unit (120 ml) in water dispersion medium.

The Rigaku Corporation SmartLab X-ray diffractometer measured the X-ray diffraction.
Variable temperature resistance was determined in accordance with GOST 27037-86 in the
BINDER MK series climate chamber designed for testing in the range from -40°C to +60°C for
60 minutes.

The Martens heat resistance was determined according to GOST 21341-75 on sample bar with
dimensions of 10x15x120 mm, with temperature rise rate of (50+5)°C, fixed bar bending stress
of 5+0.5 MPa. The essence of the method is to determine the temperature at which the test sample,
loaded with a certain static stress, is deformed in such a way that the end of the loaded lever
attached to the sample, drops by 61 mm [15].

Results and discussion. As a result of the study on the elemental composition of the
microspheres, it was found that the microspheres mainly consist of Al, Si, Fe oxides, contain
small impurities of Ti, P, K, Ca, Na oxides (Table 1).

Table 1. Chemical composition of the microsphere

Element Concentration Unit
Na 0,127 %
Al 12,277 %
Si 24,812 %
P 0,116 %
K 0,706 %
Ca 0,857 %
Ti 0,910 %
V 210,0 ppm
Mn 356,9 ppm
Fe 2,328 %
Sr 713,4 ppm
Zr 4179 ppm

*1ppm = 0.0001%

The aluminosilicate microspheres are dispersed material composed of smooth hollow
microspheres — white and dark spherical particles, shown in Figure 1. Some of the larger spheres
were split or even broken into small pieces. In addition, it was interesting to note that some of the
larger spheres were filled with smaller spheres, which the authors also observed in their work [10].

Figure 1. The SEM image of the microspheres x100
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According to laser analysis, the average microsphere particle size is 0.1-100 microns (Figure
2).
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Figure 2. The laser analysis data on the microspheres particle sizes

According to X-ray phase analysis, the studied ash microspheres are represented by a mixture
of phases of Aluminum Silicon Oxide (Al2 (Al2.588 Sil.412) 09.706), quartz SiO2 and
amorphous glass phase.
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Figure 3. XRD pattern of microsphere samples

Variable temperature resistance was determined in accordance with GOST 27037-86 in the
BINDER MK series climate chamber designed for testing in the range from -40°C to +60°C for
60 minutes.

Table 2 presents the resulting indicators on variable temperatures resistance in the epoxy resin-
based composite coatings with different mass content of microspheres.
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Table 2. The indicators on variable temperatures resistance in the epoxy
resin-based composite coatings with different mass content of microspheres

Composition of the

No. . . Variable temperature resistance
composite material
ED-20 Change in gloss, color; delamination from the surface and other defects
1 | (without the addition of at the temperature in the range of (-40+2)°C - (+60+2)°C within
microsphere) (60 min.) Not found

Change in gloss, color; delamination from the surface and other defects
2 | ED-20+2% microsphere at the temperature in the range of (-40+2)°C - (+60+2)°C within
(60 min.) Not found

Change in gloss, color; delamination from the surface and other defects
3 | ED-20+5% microsphere at the temperature in the range of (-40+2)°C - (+60+2)°C within
(60 min.) Not found

ED-20+10% Change in gloss, color; delamination from the surface and other defects
at the temperature in the range of (-40+2)°C - (+60+2)°C within

microsphere (60 min.) Not found

The results shown in Table 2 it proves that at visual examination of the samples exposed to
variable temperature no changes were found in appearance of epoxy resin samples with different
mass content of the filler: the coatings on the substrate were even, no delamination from the
substrate, no visible defects and cracks found. The coatings exposed to the variable temperature,
did not lose their impact-resistant properties [13].

The ability to reserve hardness at simultaneous exposure to load and temperature, is an
important performance property required for polymer composite materials. The most commonly
used method for heat resistance measurement is the Martens method.

Martens heat resistance measurement was carried out with a device that consists of a clamping-
loading stand, deformation indicator, and the PT-01 heating cabinet with a temperature
measurement and control system. Figures 4a and 4b present the device photograph.

After samples installation in the clamping-loading stand and the thermometers putting in the
heating cabinet, the temperature control system starts heating. Within one hour, the temperature
in the heating cabinet should evenly increase by 323+5 K (50+£5°C). The initial test temperature
is 298+2 K (2542°C) [15].

/ A
a) b)
Figure 4. Martens heat resistance measurement device:
a) clamping-loading stand; b) temperature control PT-01
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Martens heat resistance measurement °C was determined at the moment the bending reached
6+1 mm. Table 3 presents the results on the Martens heat resistance of epoxy composites with
different microsphere content.

Table 3. The results on the Martens heat resistance measurement
in polymeric composite material PCM

No. Composition of the composite material Heat resistance, °C
1 ED-20 (without the addition of microsphere) 88
2 ED-20+2% microsphere 92
3 ED-20+5% microsphere 94
4 ED-20+10% microsphere 96
5 ED-20+20% microsphere 91

Due to the fact that microspheres are a heat-resistant material [16-17], its introduction into the
epoxy composite leads to an increase in the heat resistance of the Martens from 880C to 960C.
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Figure 5. The value of the heat resistance of the samples

The nature of the curve in Figure 5 shows that the introduction of microspheres into the epoxy
composition in an amount of 10 wt. % provides an increase in the heat resistance of the PCM to
a temperature of 96°C. Heat resistance of samples with additives 2, 5, 10 wt.% the percentage of
microspheres increases by 4-9% compared to the control sample. This effect can be ascribed to
the high intrinsic stiffness and thick shell of the microsphere particles [18]. A similar trend was
noticed with the addition of microsphere in epoxy foams [19].

When the content of microspheres is more than 10 wt.% there is a decrease in the heat
resistance index. An increase in the content of microspheres reduces the distances between the
particles and reduces the adhesion at the interface between the filler and the epoxy resin. The
structuring effect of microspheres is manifested in the effect of small additives. All known
polymers are microheterogenic and contain both densely packed, ordered regions and loose more
defective zones in which small filler additives are localized. They play a significant structural-
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modifying role, contribute to the kinetically stimulated reordering of the polymer and increase the
mobility of the pass-through chains, ensuring their denser packaging.

Conclusions. Based on experimental research, it can hereby be concluded, that the microsphere
filler positively effects on the thermophysical properties of epoxy composites. The obtained data
shows that the samples with 10 wt.% microspheres give better heat resistance performance. In
this case, 2 to 10 wt.% filler insignificantly change the variable temperatures resistance. Upon the
completion of the variable temperatures resistance tests, no changes in the appearance of the
epoxy resin test samples found: the mass is homogeneous; the coating on the substrate is even, no
delamination from the substrate, no visible defects and cracks. Therefore, the use of microspheres
as an epoxy resin filler makes it possible to achieve not only heat-resistant composite materials
withstand variable temperatures, but also solves an environmental problem, since the utilization
of fine industrial waste is the main task of implementing environmental policy and solves the
problem of their negative impact on the environment, with the aim of their use in polymer
composites.
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