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The effect of polyurethane and silicone rubbers as modifiers providing an increase in the
toughness of ED-20 (cold curing) and Etal-Inject-T (hot curing) epoxy resins is investigated.
The ED-20 resin has an initial strength of 97 MPa and the impact strength of 20.1 kJ/m2,
while Etal-Inject-T resin has an initial strength of 106 MPa and the impact strength of
42.34 kJ/m2. It is established that polyurethane and silicone rubbers equally affect the
strength properties of the epoxy resins. The polyurethane rubber was found to be a more
effective modifier. The addition of polyurethane rubber to ED-20 resin leads to an increase
in impact viscosity, however a slight decrease in the compressive strength is observed. An
optimal content of polyurethane rubber in ED-20 resin is about 5%; this ensures a twofold
increase in the impact viscosity, the compressive strength being decreased insignificantly
(only by 14%). With an increase in the content of modifiers in the ED-20 resin (more
than 5%) results in a slight increase in the impact viscosity, however the reduction of the
compressive strength becomes significant. The addition of 6.5% of polyurethane rubber to
Etal-Inject-T resin causes an increase in both the impact viscosity (by 67% up to 71 kJ/m2)
and the compressive strength (by 7.5% up to 114 MPa). When the content of the modifiers
in Etal-Inject-T is more than 6.5%, the impact viscosity remains the same, but the
compressive strength begins to diminish. An increase in the impact viscosity of the material
can be attributed to the formation of a rubber’s dispersion phase, which seems to loosen
the rigid structure of a cured epoxy resin. The microstructures of the epoxy resin samples
modified by polyurethane and silicon rubber were also investigated.
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Introduction
The carbon fiber reinforced plastic is a
composite material consisting of a binder matrix and
reinforced carbon fibers. It possesses such good
properties as lightness, high values of strength and
modulus of elasticity, low coefficient of thermal
expansion, enhanced vibration and fatigue strength.
Nevertheless, carbon fiber reinforced plastic is still
not widely used in space rockets production. This is
due to the high cost of this material as well as its
weakness against shocks and chipping. The carbon
fiber reinforced plastics of the first generation turned
out to be very fragile. In addition, up to date they
are used where the material is exposed only to the
static loads. Table 1 presents the comparative
© M.N. Meiirbekov, M.B. Ismailov, Ò.À. Manko, 2020

M.N. Meiirbekov, M.B. Ismailov, Ò.À. Manko

characteristics of different materials, including some
metals and carbon fiber reinforced plastics. It is
clearly seen from Table 1 that the main problem of
Table 1
Comparative characteristics of different materials

Material
Aluminium alloy AMg-6
Duralumin D16
High-resistance steel
Titanium alloy
Carbon fiber reinforced
plastic

Strengthweight ratio,
10–3, m2/s2
1.2
1.6
1.8
2.8

Impact
viscosity,
kJ/m2
400
250
400–1300
300–500

4.0
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carbon fiber reinforced plastic is a low impact
viscosity (i.e. impact strength), which reduces its
competitive capacity as compared with metal alloys.
Nowadays, the search for the ways to increase
significantly the impact viscosity of carbon fiber
reinforced plastics and maintain the achieved level
of static capacity is a topical problem. Some
impressive results were reported: the impact viscosity
was increased by 15–110% [1,2]. This creates
prerequisites for the use of impact-modified types of
carbon fiber reinforced plastics in the manufacture
of aircraft industry, space rocketry, etc.
One of the methods to increase the impact
viscosity of carbon fiber reinforced plastics is to
increase the impact viscosity of their matrix, the
epoxy resin (ER).
The impact strength of the epoxy resins can be
enhanced by the introduction of modifiers into
primary carbon plastics. Variou s ty pes of
thermoplastics, plasticizers, liquid oligomers, carbon
nanotubes, etc. are often used as modifying additives.
The application of modifiers allows changing
controllably the structure of epoxy composites, which
largely determines the strength characteristics [3–
13].
Currently, significant success has been achieved
in the modification of ER, both by thermoplastics
with reactive groups and by physically mixed systems.
These systems include epoxy resins modified with
polyetherimides (PEI), polysulfones (PSF),
polyethersulfones (PESF), polyphenylene oxide
(PPO) and polycarbonate (PC) [3,4]. The effect of
thermoplastic modifiers PSF and PESF on the
strength characteristics of hardened epoxy materials
has been investigated [5]. The modifier (5, 10, and
20 wt.%) and modifier mixtures (2.5 to 7.5; 5 to 5;
and 7.5 to 2.5 wt.%) in the form of granules were
added to the epoxy oligomer at the temperature of
100–1050C. The impact strength was considerably
increased (from 24.9 to 75.7 kJ/m2 at the PSF content
of 20%). The reinforcing effect was explained by the
structure of the material, in particular the two-phase
structure resulting from the curing.
Many authors have detected an increase in the
impact viscosity of ER when it was modified by
plasticizers: diglycidyl ether diethylene glycol (DEG-1),
tricresyl phosphate (TCP) and trichloroethyl
phosphate (TCEP) [5–7]. Mostovoy et al.
investigated the ER of ED-20 type modified with
tricresyl phosphate (TCP) and APP-2 ammonium
polyphosphate filling material [6]. The plasticized
filled formulations showed an increase in the impact
viscosity by 1.6–1.8 times. This effect was explained
by the high adhesion of epoxy resin and plastic filler
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particles.
The effect of carbon nanotubes (CNTs) on the
strength properties of ER was studied [5–7,9] and
an increase in the impact viscosity of ER from
16 kJ/m2 to 97 kJ/m2 under the action of introduced
0.01 wt.% of CNT was observed. The modification
of ER by some liquid oligomers, butadiene rubber,
silicone rubber, polyurethane rubber and butadienestyrene rubber, resulted to an increase in the impact
viscosity by 1.8 times, 1.5 times, 15-50%, and 1.6
times, respectively [7–10].
Two brands of ER are widely used for the
production of composite materials: cold curing
ED-20 and hot curing Etal Inject-T. It is important
to increase the impact strength of these ERs. To this
end, generally available silicone and polyurethane
rubbers can be used.
Thus, the aim of this work was to study the
effect of polyurethane and silicone rubbers modifiers
on the impact viscosity and strength of the following
epoxy resins: cold curing ED-20 and hot curing Etal
Inject-T.
Experimental
Two types of epoxy resins and liquid oligomers
were used in this study. Their characteristics are
described below.
Resins
ED-20 resin and Etal Inject-T compound were
used as an epoxy base of the systems under
investigation.
ED-20 epoxy-diane resin (National State
Standard 10587-84) is a reactive oligomeric product
based on the diglycidyl ether of diphenylolpropane.
It can be treated at indoor temperature and gives
high strength at curing. An amine hardener PEPA is
used for its curing, which is a composition comprising
a certain amount of ethylene polyamines, from
diethylenetriamine to hexaethyleneheptamine and
their piperazine-containing analogues. The ratio is
15 wt.% of PEPA (with respect to the weight of
resin). The curing mode was observed at a
temperature of 20–250C.
Etal I nject-T: the se hot cured epo xy
compounds are modified epoxy resin (component
A) and modified hardener of amine type (component
B). The ratio of the resin to curing part is 100:49.9
(in wt.%). The curing mode lasted 4 hours at 1500Ñ
and then 1 hour at 1800Ñ.
Liquid oligomers
Polyurethane rubber is a two-component
compound based on polyurethane with a unique
combination of the following properties: high
strength, wear-resistance, impact resistance, low glass
transition temperature and preservation of highly
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elastic properties in a wide range of the temperatures.
The general characteristics are given in Table 2.
Table 2
Characteristics of the cured polyurethane compound

Type
Shore A hardness
Ratio (by weight)
Color
Hardening time, hour
Density, g/cm3
Viscosity, cP s
Elongation at break, %
Breaking tenacity, MPa

Silagerm 5045
40
2А/1В
Beige
24
1.07
3000–3500
400–600
3.5–5.0

SKTN-A silicone rubber is a low molecular
weight OH-based silicone rubber. The materials based
on SKTN-A rubber have good elasticity and
springiness, high hydrophobic properties, chemical
inertness, dielectric properties, and resistance to the
action of ozone, oxidizing substances UVR and
vibrations. The general characteristics are shown in
Table 3.
Table 3

Fig. 1. Sample for impact-viscosity test

were adjusted to exact dimensions on a SAPHIR
320 E grinding machine.
After carrying out the Charpy impact tests, the
impact viscosity of the material was calculated based
on the obtained data of the energy spent on the
destruction of the samples.
The impact viscosity of the samples without
notching (A n) in kJ/m 2 was calculated by the
following formula:
An=À103/(bh),

Characteristics of SKTN-A rubber

Physical configuration
Type of SKTN-A rubber
Flame temperature, 0С
Content of ОН, ppm
Viscosity at 230С, mPa s
Density at 250С g/cm3

Transparent liquid
А
200
1530
2000
0.98

The impact strength of epoxy resin was
determined by the Charpy test in accordance with
the National State Standard 4647-2015. This standard
applies to plastics and establishes a method for
determination of Charpy impact strength using
notched and non-notched samples. The established
method is used to evaluate the characteristics of test
samples under the action of shock stresses and
determine the brittleness or viscosity of the samples
within the limits established by the test conditions.
The impact-viscosity tests of the ER were carried
out by using the MK-30A Charpy impact machine.
For the impact resistance test of epoxy rubber, a
non-notched type of sample was selected (Fig. 1).
To get samples of required dimensions (with
the length (l) of 80 mm, the width (b) of 10 mm and
the thickness (h) of 4 mm), a curing mold made of
aluminum was used. The LOCTITE 770-NC
antiadherent was pre-applied to the walls of the mold
before pouring to prevent the sample from sticking;
then it was dried for 30 minutes. The cured samples
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where À is the impact energy spent on the destruction
of the sample without notching (J), b is the width of
the sample at its middle (mm), h is the thickness of
the sample at its middle (mm).
Results and discussion
The primary objective of this work is to increase
the impact viscosity of epoxy resin with preservation
of compressive strength. The test results of the
samples of ED-20 and Etal-Inject-T resins with the
addition of liquid oligomers are shown in Figs. 2
and 3. As can be seen, the liquid oligomers are

Fig. 2. Dependence of strength and impact viscosity on the
content of modifier in ED-20 ER: 1 and 2 – compressive
strength of ER with polyurethane and silicone SKTN-À
rubber, respectively; 3 and 4 – impact viscosity of ER with
polyurethane and silicone SKTN-À rubber, respectively
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Fig. 3. Dependence of strength and impact viscosity of the
content of modifier in Etal-Inject-T ER: 1 and
2 – compressive strength of ER with polyurethane and silicone
SKTN-À rubber, respectively; 3 and 4 – impact viscosity of
ER with polyurethane and silicone SKTN-À rubber,
respectively

effective modifiers that increase the impact viscosity
of a resin. However, a decrease in the compressive
strength is observed with an increase in the content
of modifiers (Fig. 2).
It follows from Fig. 2 that the addition of
polyurethane rubber to the ED-20 resin leads to an
increase in the impact viscosity, but also a slight
decrease in the compressive strength is observed. An
optimum content of polyurethane rubber in ED-20
resin can be adopted as 5%, at which the impact
viscosity is increased by 2 times with a slight loss of
the compressive strength (by 14%). There is a slight
increase in the impact viscosity with an increase in
the content of modifiers in the ED-20 resin (>5%);
however, a decrease in the compressive strength
becomes significant.
At the same time, as can be seen from curves 1
and 3 in Fig. 3, the addition of 6.5% of polyurethane
rubber to Etal Inject-T contributes to the
simultaneous increase in the impact viscosity (from
42.34 kJ/m2 to 71 kJ/m2) and compressive strength
(from 106 MPa to 114 MPa). Curves 2 and 4 in
Fig. 3 show similar behavior for the resin that was
cured by 6.5% of SKTN-À. The addition of 10% of
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polyurethane rubber causes an increase in the impact
viscosity with the preservation of compressive strength
(Fig. 3, curve 2). The modification of SKTN-À
silicone rubber results in an increase in the impact
viscosity by 67% (Fig. 3, curve 2) and a decrease in
the compressive strength by 28% (Fig. 3, curve 4).
A comparative analysis of the strength properties
revealed that the introduction of modifiers into the
Etal-Inject-T resin provides a greater hardening effect
than that in case of ED-20. This is connected with
the fact that the molecules are embedded in the grid
structure of the resin with the introduction of liquid
oligomers; thereby the elastic phase changes the
destructive nature of the glassy matrix reducing the
fragility. The particles of liquid oligomer regulate
the deformation in the matrix by providing
concentrations at local stresses, which leads to an
increase in the strength and impact absorbing
properties of epoxy resin.
The obtained characteristics well correlate with
the features of the microstructure of the Etal-Inject-T
ES samples surface when it is modified by liquid
oligomers (Fig. 4). Figure 4,b shows the structural
inhomogeneity with small inclusions of modifiers as
compared with initial ER matrix (Fig. 4,a). This is
probably due to the incomplete dissolution of the
components in the resin and the presence of airbubble pores formed during the curing process of
the ER with the SKTN-À oligomer. This affects the
compressive strength properties. The features of the
chemical interaction of components could be the
reason for this. Figure 4,c shows the equilibrium
distribution of the polyurethane rubber phase. The
inclusions of air are absent (as in the case of
SKTN-À). The presence of conglomerates was found
in the samples of SKTN-À silicone rubber. A similar
effect appears at the addition of more than 5% of
SKTN-À, which negatively affects the strength
(compression) of the ER. In order to eliminate these
defects, it is expedient to perform the heat treatment
of each component separately.
It was determined that the issue of component
compatibility is of great importance when ER was
modified by modifiers. As a rule, the liquid oligomers

Fig. 4. The microstructure of the Etal-Inject-T ES samples surface with liquid oligomers (200):
a – epoxy resin; b – 5% of SKTN-À silicone rubber; and c – 5% of polyurethane rubber
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are dissolved in epoxy resin. The process begins with
the dissolution of unstructured liquid oligomer in a
low molecular weight liquid, which is further
polymerized. During this reaction, the rubber is
released in the form of dispersed phase with the
formation of chemical bonds between rubber and
epoxy resin. The dispersed phases of rubber thereby
loosen the hard and brittle structure of the cured
epoxy resin, leading to an increase in its impact
resistance.
Conclusions
The cured epoxy resins in initial sate have the
following characteristics: Etal-Inject-T exhibits the
compressive strength of 106 MPa and the impact
viscosity of 42.34 J/m2, whereas ED-20 resin shows
97 MPa and 20.1 kJ/m2, respectively. The modifiers,
polyurethane and silicone rubbers, similarly affect
the strength properties of epoxy resins. The
polyurethane rubber is found to be a more effective
modifier. The addition of the polyurethane rubber
to ED-20 resin leads to an increase in the impact
viscosity and a slight decrease in the compressive
strength. The optimal content of polyurethane rubber
in ED-20 resin can be adopted as 5%, at which the
impact viscosity is increased by 2 times with an
insignificant loss of the strength (by 14%). The
addition of 6.5% of polyurethane rubber to EtalInject-T resin yields an increase in both the impact
viscosity by 67% (up to 71 kJ/m 2 ) and the
compressive strength by 7.5% (up to 114 MPa). The
effect of an increase in the impact viscosity of the
material can be attributed to the formation of a
rubbers dispersion phase, which seems to loosen the
rigid structure of a cured epoxy resin.
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ÂÏËÈÂ ÌÎÄÈÔ²ÊÀÖ²¯ ÅÏÎÊÑÈÄÍÎ¯ ÑÌÎËÈ
Ð²ÄÊÈÌÈ ÎË²ÃÎÌÅÐÀÌÈ ÍÀ Ô²ÇÈÊÎ-ÌÅÕÀÍ²×Í²
ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÊÎÌÏÎÇÈÖ²¯
Ì.Í. Ìåé³ðáåêîâ, Ì.Á. ²ñìà³ëîâ, Ò.À. Ìàíüêî
Äîñë³äæåíî âïëèâ ïîë³óðåòàíîâîãî òà ñèë³êîíîâîãî êàó÷óê³â ÿê ìîäèô³êàòîð³â ï³äâèùåííÿ óäàðíî¿ â’ÿçêîñò³ åïîêñèäíî¿ ñìîëè ÅÄ-20 õîëîäíîãî òâåðäíåííÿ òà Åòàë-²íæåêò-Ò
ãàðÿ÷îãî òâåðäíåííÿ. Ñìîëà ÅÄ-20 ìàº ïî÷àòêîâó ì³öí³ñòü
97 ÌÏà òà óäàðíó â’ÿçê³ñòü 20,1 êÄæ/ì2, à ñìîëà Åòàë²íæåêò-Ò – â³äïîâ³äíî 106 ÌÏà è 42,34 êÄæ/ì2. Âñòàíîâëåíî, ùî ïîë³óðåòàíîâ³ òà ñèë³êîíîâ³ êàó÷óêè, ÿê³ñíî îäíàêîâî
âïëèâàþòü íà âëàñòèâîñò³ åïîêñèäíèõ ñìîë. Á³ëüø åôåêòèâíèì ìîäèô³êàòîðîì º ïîë³óðåòàíîâèé êàó÷óê. Ââåäåííÿ ïîë³óðåòàíîâîãî êàó÷óêó äî ñìîëè ÅÄ-20 ïðèâîäèòü äî ï³äâèùåííÿ
óäàðíî¿ â’ÿçêîñò³, àëå ³ äî îäíî÷àñíîãî çíèæåííÿ ì³öíîñò³ ïðè
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ñòèñêàíí³. Îïòèìàëüíîþ ê³ëüê³ñòþ ïîë³óðåòàíîâîãî êàó÷óêó
ó ñìîë³ ÅÄ-20 ìîæíà ââàæàòè 5%, ïðè ÿê³é óäàðíà â’ÿçê³ñòü
çá³ëüøóºòüñÿ â 2 ðàçè ïðè íåçíà÷í³é âòðàò³ ì³öíîñò³ ïðè ñòèñêàíí³ (14%). Âñòàíîâëåíî, ùî ç³ çá³ëüøåííÿì ê³ëüêîñò³ ìîäèô³êàòîð³â (>5%) ó ñìîë³ ÅÄ-20 ñïîñòåð³ãàºòüñÿ ñëàáêå ï³äâèùåííÿ óäàðíî¿ â’ÿçêîñò³, îäíàê, çíèæåííÿ ì³öíîñò³ ïðè ñòèñêàíí³ ñòàº çíà÷íèì. Äîáàâêà 6,5% ïîë³óðåòàíîâîãî êàó÷óêó äî
ñìîëè Åòàë-²íæåêò-Ò çàáåçïå÷óº îäíî÷àñíå ï³äâèùåííÿ óäàðíî¿ â’ÿçêîñò³ íà 67% (äî 71 êÄæ/ì2) òà ì³öíîñò³ ïðè ñòèñêàíí³ íà 7,5% (äî 114 ÌÏà). Ïðè ê³ëüêîñò³ ìîäèô³êàòîð³â
>6,5% â Åòàë-²íæåêò-Ò âåëè÷èíà óäàðíî¿ â’ÿçêîñò³ çáåð³ãàºòüñÿ, àëå ñïîñòåð³ãàºòüñÿ ïàä³ííÿ ì³öíîñò³ ïðè ñòèñêàíí³. Ï³äâèùåííÿ óäàðíî¿ â’ÿçêîñò³ ìàòåð³àëó ìîæíà çâ’ÿçàòè ç óòâîðåííÿì äèñïåðñíî¿ ôàçè êàó÷óêó, ÿêà ðîçïóøóº ñòðóêòóðó çàòâåðä³ëî¿ åïîêñèäíî¿ ñìîëè. Äîñë³äæåí³ ì³êðîñòðóêòóðè çðàçê³â åïîêñèäíî¿ ñìîëè ç ìîäèô³êîâàíèì ïîë³óðåòàíîâèì òà ñèë³êîíîâèì
êàó÷óêàìè.
Êëþ÷îâ³ ñëîâà: âóãëåïëàñòèê, åïîêñèäíà ñìîëà,
ìîäèô³êàòîðè, ð³äê³ îë³ãîìåðè, óäàðíà â’ÿçê³ñòü, ñòèñêàííÿ,
ì³öí³ñòü.
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The effect of polyurethane and silicone rubbers as modifiers
providing an increase in the toughness of ED-20 (cold curing) and
Etal-Inject-T (hot curing) epoxy resins is investigated. The ED-20
resin has an initial strength of 97 MPa and the impact strength of
20.1 kJ/m2, while Etal-Inject-T resin has an initial strength of
106 MPa and the impact strength of 42.34 kJ/m2. It is established
that polyurethane and silicone rubbers equally affect the strength
properties of the epoxy resins. The polyurethane rubber was found to
be a more effective modifier. The addition of polyurethane rubber to
ED-20 resin leads to an increase in impact viscosity, however a
slight decrease in the compressive strength is observed. An optimal
content of polyurethane rubber in ED-20 resin is about 5%; this
ensures a twofold increase in the impact viscosity, the compressive
strength being decreased insignificantly (only by 14%). With an
increase in the content of modifiers in the ED-20 resin (more than
5%) results in a slight increase in the impact viscosity, however the
reduction of the compressive strength becomes significant. The addition
of 6.5% of polyurethane rubber to Etal-Inject-T resin causes an
increase in both the impact viscosity (by 67% up to 71 kJ/m2) and
the compressive strength (by 7.5% up to 114 MPa). When the content
of the modifiers in Etal-Inject-T is more than 6.5%, the impact
viscosity remains the same, but the compressive strength begins to
diminish. An increase in the impact viscosity of the material can be
attributed to the formation of a rubber’s dispersion phase, which
seems to loosen the rigid structure of a cured epoxy resin. The
microstructures of the epoxy resin samples modified by polyurethane
and silicon rubber were also investigated.
c
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