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The main physical-mechanical and thermophysical characteristics of composite materials
based on epoxy resin ED-20 and peroxide resin ED-20P (modified with tert-butyl hydroperoxide
ED-20 of a molecular weight 480) in the ratio of 30 mass parts of ED-20P to 70 mass parts of ED-
20 and unsatur ated oligoester TGM-3 were resear ched. Butyl methacrylate was used as the active
diluent of epoxy-oligoester mixtures. The polyethylene polyamine was used as hardener in a
steochemical ratio. For the comparison we studied compositions which did not contain ED-20P
resin. The advantage of compositions included ED-20P modified resin has been shown.
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I ntroduction

Currently, there are many compaosite materials
based on epoxy resins being created and manu-
factured by industry. Composite materials based on
epoxy resin are characterized of high adhesion to
organic and minera fillers, low shrinkage during the
curing, specified electrical insulating properties,
chemical resistance, high strength and low tensile
strength. under the load. The above mentioned allows
successfully use epoxy-containing composite materials
in construction, chemical industry, mechanical
engineering and other industries. The example of
epoxy compoasites foreseens the dermining of scientific
and technological approaches to the formation of
polymer-matrix composite systems of different degrees
of filling with specified properties and mechanisms
to regulate of such systems. Epoxy-containing
composite materials application is aimed at adjusting
the warking properties of systems through the science-
basad introduction of structuraly active modifiers and
fillers. [1-4].

However, the task of finding an effective
compositions whivh improve the physical and
mechanical properties of epoxy polymers without
reducing their inherent high cohesive strength,
chemical resistance and adhesion to many metallic
and polymer materials remains relevant. As known
[5,6], the best physical and mechanical properties

135

demonstratep the wares in which al the components
areinterrdated into asingle three-dimensional structure
polymer. It can be achieved by the combining of
epoxy resins with other modifying compounds. The
physicochemistry of gradient processes in polymers
is closely related to the development of new epoxy-
composite materials and heterogeneous systems for
industry To be characterized by high working properties.

The study of polymer macromolecules beha-
vior during the polymerization and operation of
gpoxy compound is one of the important tasks of
physicochemistry of polymers, whereas the regu-
lation of these processes provides a scientifically
grounded prediction of the composite systems
characteristics. Understanding the complex of
physico-mechanical and thermophysical properties
of polymers is bounded with analysis of such an
important issue as the characteristics of therma motion
of matrix macromolecules, strength and crossinking
dendsity of individua groups and radicals in the
polymer chain.

Resear ch pur pose

The formation of spatially crosslinked films
based on epoxy oligomers can be occured bath during
the heating and at the room temperature. However, in
order for the coatings to be resistant to aggressive
environments and have improved physical and
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mechanical properties, it is necessary to apply the
multicomponent systems. Applying of modified
epoxy resin containing labile peroxide groups in
combination with an industrial epoxy resin and
oligoesteracrylate (last acrylate groups are capable of
three-dimensional polymerization), the multicompo-
nentity can be avoided. Consequently, theaim of given
studies was to develop a small-component epoxy-
oligoester composition with a crosslinked structure
and research an influence of modified epoxy resin on
improvement of thermal, physical and mechanical
properties.

Research in mentioned direction allows to
extend the possibilities of regulation of filled reacto-
plasts properties and to obtain new materials of the
predetermined properties in a wide range of operating
modes. One of the decisive factors in the reliability
and durability of epoxy compounds is the strength
cohesive of heterogeneous systems.

Materials and methods of research

By the authors it have been studied the physical
and mechanical properties of composite materials
based on ED-20 brand industrial resin with a molecular
weight of 390, an epoxy number of 20.1 % aswdl as
peroxide resin ED-20P (modified with tert-butyl
hydroperoxide ED-20 with a molecular weight of
480 active oxygen 2, 1 % and an gpoxy number of
5.0 %.) of the formula:

CH; CH;
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| \
OH o
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in theratio of 30 mass parts ED-20P to 70 mass parts
of ED-20 [7] and TGM-3 unsaturated oligoester with
Mn = 280 of the formula:

CH; CH;

| |
CH;=C-C-O(-CH,CH,0-);-C-C=CH,
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Butyl methacrylate (BMA) was used as an

active diluent of the epoxy-oligoester mixtures.
CHz3

CH>=C-C-0-(CH:);CH3

l
o]

Polyethylene polyamine was applied as a
hardener. Theformulais:
H,N-(CH,-CH>-NH),-H where n=3, 4,5
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in a steochemical ratio. For the comparison, it has
been studied a compositions which do not contain
ED-20P resin. (Table 1). The compositions were pre-
pared by mixing the components at room temperature
or during the heating to 313 K for 15-20 minutes with
further adding to homogeneous mixtures of PEPA
hardener. [8-10].

The destructive tension (o4) and dasticity
modulus (E) of the composites at the bending were
determined according to DSTU 2824-94 and 2825-94.
The destructive tension at compression (oo was
determined according to DSTU 2444-94. Impact
strength (o) was researched via pendulum copra
according to DSTU EN 10045-1:2006. At the known
lifting angle the scale of measuring device fixes the
working angle of the pendulum after the sample destru-
ction. The dimensions of sample were 60x10x8 mm.

Table 1

The content of epoxy-oligoester compaositions

Composition content,
Component mass parts
I I
ED-20 100 70
ED-20P - 30
TGM-3
BMA

Note: the content of PEPA in all compositions was
14 mass parts.

The console method was applied to determine
the internal stresses. The coating have been formed
on a steel base of 0.3 mm thick. In order to stabilize
the structural processes, after staying for 2 hours at
(293+2) K and two-hour hegt treatment at T =393+ 2K
the samples were holded for 48 hoursin air.

Dynamic mechanical characteristics: shear
modulus (G"), loss modulus (G") and mechanical loss
angle tangent (tg o) were determined using a torsion
pendulum formed as a bundle of fibers (basalt or glass)
impregnated with the researched composite [11] .

The thermal coefficient of linear extension
(TCLE) was determined by the change in the length
of the sample with a change in temperature under
stationary conditions according to the (ASTM D696-16).
The length of the studied samples was (50+5) mm.
The number of the samples for each batch was chosen at
least three. Absolute elongation was determined as
the difference between samples eongation and quartz
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tips dongation.. Heet resistance (according to Martens)
of polymer- composite materials was determined
according to GOST 21341-2014. The thermal con-
ductivity determination (1) of composites was carried
out gpplying the thermal conductivity meter 1T-A-400,
which implements the method of dynamic calori-
meter [12, 13].

Resear ch results and discussion.

When studying the physical and mechanical
properties of polymer composites, it was found that
the compoasition which contains ED-20P resin possess
better properties than without ED-20P (Table 2).

Table 2
Compar ative char acteristics of physical
and mechanical propertiesin researched

composites

Composite [ I
Destructive tension at
bending o, MIla a7 ad
Modulus of elagticity at
bending, E, GPa 18 208
d&tructlv_e tension at 175 494
compression, o., MPa
Toughness,
a, kJ/ m? 987 126
Internal tensions, cijp,
MPa 3.8 5.7

The obtained data allow us to affirm that the

the molecular mobility limitation of ED-20 molecules
in the polymerization process causes an increase in
therigidity of its structural links ensuring the formation
of a material with insufficiently high indicators of
physical and mechanical properties.
When ED-20P peroxide resin is added into epoxy
matrix an intensive interaction of the compasition
ingredients is taking place. It allows to obtain a
composite of higher crosslinking density compared
to ordinary resin, while the internal stresses of these
systems increase to 5.7 MPa. Relaxation of internal
stresses in time, due to the rearrangement of radicals
and links of epoxy composites macromolecules allows
to increase the modulus of easticity in bending and
toughness of filled materials by 15 % and 23 % accor-
dingly.

Additives of the studied ED-20P epoxy resin
also affected the dynamic mechanical properties of
epoxy compasitions which were determined during
the curing of composites (Fig. 1).
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Fig. 1. The dependence of change in the angle tangent of
mechanical losses (1, 2) and dynamic shear modulus
logarithm (3, 4) of the composites based on ED-20 (1, 3)
and ED-20 and ED-20P blend (2,4).

Adding of ED-20P caused the significant
reduction of a-transition intensity which is associated
with the glazing of the compasite as well as its earlier
appearing unlike to the composite without ED-20P.
The possible reason for this effect may consist in as
follows. During the epoxy polymer have been filling
the angle tangent of mechanical losses decreases in
propartion to the volume fraction of the filler and its
surface activity relatively to the matrix.

Table 3

The compar ative char acteristics of ther mo-
physical properties of researched composites

Thermd

TCLE, condudtivity 8o
L gxa08 Kt coefficient,, | § 2@
= A, Br/MxK ,8_3 g %
§ Tempeaaure K s § =

203 | 333|393 | 203 | 33| 3 | T

| |102 |257 |414 |045 [ 037 |036 | 84

Il |182 |477 |557 |048 |042 038 | 62

Thus, if we consider ED-20P as a chemically
active filler in relation to the matrix of ED-20, it is
easy to explain the reduction of mechanical losses in
epoxy polymers in the digpason of the a- transition
while the adding of ED-20P modified resin.

Studies of polymer systems filled with peroxide
resin allow to show the influence of nature of chemical
bonds on the molecular mability of heterogeneous
systems as well as the influence of the own mobility
of epoxy molecules on thermo-physical properties of
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composites. Dilatometer studies have shown (Table 3)
that the adding of ED-20P into epoxy polymer also
affects the value of TCLE.

A significant increase in TCLE and low heat
resistance of the given systems has been determined.
It explains by the relaxation spectrum extension in
the filled systems through the increase of conforma-
tional batch of polymer chains which leads to the
formation of “looseness’ of packaging and significant
mobility of molecular groups. Accordingly, the
presence of chemically linked components of ED-20
with radicals of ED-20P molecules ensures the
passage of intense relaxation processes as well as
prevents the rigid polymer chains formation in
comparison with ordinary ED-20 resin.

Conclusions

In this manner, the modification of epoxy
matrix with ED-20P peroxide resin which in the
polymerization process is chemically links to the
macromolecules of the binder provides a significant
increase in physical and chemical properties of the
materials. As the temperature increases as a result of
thermal relaxation processes associated with confor-
mational movements of macromolecules groups in
the direction of smaller stress gradients, a significant
thermal expansion of the compound is being ob-
served. At the same time, a more equilibrium state of
the epoxy-compound is realized due to the compa-
tibility of the polymer and modified ED-20P resin,
that is an effective method of regulating the working
properties of heterogeneous polymer systems.
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BILJIUB MOJIUPIKOBAHOI EIOKCUIHOI CMOJIHA
HA ®I3UKO-MEXAHIYHI BJIACTHUBOCTI EIOKCUJIHOI'O KOMIIO3UTY

Hocaigxeno ocHOBHI (izMko-MexaHiuHi Ta Tem10(i3u4yHI XapaKTepUCTHKH KOMIIO3UTHUX MaTepiajiB
Ha ocHoBi emokcuaHoi cmoyiu EJI-20 i mepoxkcuanoi emosm EJI-20I1 (MonudikoBana TpeT-0yTH. rigponepok-
cugom EJI-20 3 mogexyasipuoro macorw 480) y cniBpigHomenni 30 mac. u. EJ[-20IT na 70 mac. u. E-20 i
HeHacH4yeHOro oxiroecrepy TI'M-3. SIk akTUBHHUIA P0o36aBIIOBAY €NMOKCH-OJIIiroecTepHUX cyMilleil BUKopuc-
TOBYBaIU OyTHiaMeTakpuiaaTr. B sikocTi TBepAHUKA 3aCTOCOBYBAJIN MOJieTH/IEHNOdiaMiH B cTeoXiMidHOMY
cuiBBigHomenHi. /[ia mopiBHAHHA BUBYAIM Kommo3uuii, ski He mictuim cmoim EJI-20I1. IToka3zana mepe-
Bara KOMNo3uIliii B CKJIaJ SKHX BXOAUTH Moau(pikoBana cmona EJI-2011.

Kiro4oBi ciioBa: enmokcuana cMosia, KOMnosuuis, Gpiznko-xiMis, MoayJIb NPYKHOCTI, ylapHA BA3KICTBH,
pyiiHiBHe HATIPY:KeHHS
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