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Abstract: The influence of the graphite concentration on the main physical-mechanical properties of
nanocomposites based on such polyolefin as high density polyethylene, low density polyethylene and
polypropylene is considered. Properties such as tensile yield stress, ultimate tensile stress, and ultimate
bending strength, elongation at break, heat resistance, flexural strength, MFI, and melting points are
analysed. To improve the compatibility of the mixed components of the mixture, we used an Exxelor PO1040
compatibilizer for all grades of polyethylene and Exxelor PO1020 for polypropylene. Graphite was
introduced into the composition of polyolefin at the following concentrations: 1.0, 3.0, 5.0, 10, 15, 20, and
30 wt%. As a result of the research, it was found that the introduction of graphite into the composition of
polyolefin was accompanied by an improvement in strength characteristics with maximum at various
concentrations. For high density polyethylene, the maximum values of strength characteristics are observed
at 3.0 wt%, for low density polyethylene at 10 wt%, and for polypropylene at 5.0 wt% content of graphite. It
revealed that such a difference in the value of the threshold concentration of graphite which provides the
maximum value of strength indicators,was directly related to the degree of crystallinity of the polymer
matrix.

Keywords: tensile yield stress, ultimate tensile stress, ultimate bending strength, elongation at break, heat

resistance, MFI, crystallinity degree
DOI: 10.32737/2221-8688-2021-4-232-240

Introduction

To expand application areas of industrial
polyolefin, low density polyethylene (LDPE),
high density polyethylene (HDPE),
polypropylene (PP), various methods are
applied to modify their structure and properties
using fillers, plasticizers, stabilizers, nucleators,
etc. [1-3]. Through changing the concentration
of the above modifiers in the composition of
polyolefins, one might significantly affect
changes in the supra-molecular structure and
properties of composite materials. In recent
years, the interest of researchers in the
development of nanocomposites based on

polyolefins and mineral fillers has significantly
increased, following which, with a minimum
concentration of the latter, it became possible to
obtain materials with predetermined properties
[3-6]. However, despite the above, the literature
provides very contradictory information on the
structure and properties of nanocomposites
based on graphite and polyolefins [7].

In this regard, in this work, the main
attention is paid to the study of the effect of
graphite concentration on the main physico-
mechanical characteristics of polyolefin-based
nanocomposites.

Experimental part

HDPE is characterized by the following
properties: ultimate tensile stress — 31.3 MPa,

flexural strength — 34.4 MPa, elongation at
break — 435%, density — 957 kg/m®, Vicat heat
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resistance — 139°C, melting point — 145°C,
crystallinity — 82%, melt flow index (MFI) —
4.65 g/10min.

LDPE has the following properties:
ultimate tensile stress — 13.1 MPa, flexural
strength — 16.2 MPa, elongation at break —
720%, Vicat heat resistance — 85°C, melting
point — 101°C, crystallinity — 59%, density —
931 kg/m®, MFI — 2.9 g/10min at a temperature
of 190°C and a load of 5.0 kg.

PP is characterized by the following
properties: ultimate tensile stress — 33.0 MPa,
flexural strength — 35.0 MPa, elongation at
break — 130%, Vicat heat resistance — 160°C,
melting point — 169°C, density — 903 kg/m®,
crystallinity — 65%, MFI — 3.6 g/10min.

Comepatibilizer (PEMA) — high density
polyethylene  functionalized with  maleic
anhydride (MA) — Exxelor PO1040 for all
grades of polyethylene and Exxelor PO1020 for
polypropylene. The MA grafting degree in
HDPE is 5.6 wt%.

Graphite (Gr) as one of the allotropic
modifications of carbon has a layered structure.
The layers of the crystal lattice, located relative
to each other, form a number of structural
modifications, with symmetry from hexagonal

to trigonal. The layers are slightly wavy, almost
flat, composed of hexagonal layers of carbon
atoms. As an object of research, we used
graphite with a particle size of 80-110 nm.

In order to modify the properties of the
above polyolefins, up to 5.0 wt% of PEMA was
introduced into their composition on hot rollers
at a temperature of 170° C, and then graphite
nanoparticles were added to the molten polymer
mixture in parts. The amount of graphite in the
HDPE composition varied within 1.0, 3.0, 5.0,
10, 15, 20, 30 wt%.

The particle size of the graphite was
determined on an STA PT1600 Linseis
Germany instrument.

Heat  resistance
according to Vica.

The MFI of polymeric materials was
determined on a capillary rheometer of the
MELT FLOW TESTER, CEAST MF50
(INSTRON, Italy) at a temperature of 190°C
and a load of 5 kg.

The melting point was estimated from
the data of the derivatographic analysis of the
Paulik-Paulik-Erdey system.

was  determined

Results and Discussion

Carrying out complex investigations to
study the effect of graphite on the physico-
mechanical properties of polyolefins was due to
the fact that it has a noticeable effect on the
electrical conductivity of polymers, and on the
other hand, it opens up great opportunities for
significant reduction in the abrasion and the
coefficient of friction of composite materials [7-
9]. At the same time, the literature contains
fragmentary information on the study into
physical-mechanical characteristics of graphite-
filled polymer composites. Research on the
effect of graphite nanoparticles on properties is
very limited. Also, it is also known that
polyolefins haven't well enough compatibility
with mineral fillers and graphite. In this regard,
in this work we will try to show a systematic
approach to the study of the role of graphite in
the formation of the basic physical-mechanical
and physical-chemical properties of
nanocomposites in compatibilizers [10, 11].

For this purpose, Table 1 shows the

results of the study into the effect of graphite
concentration on the properties of HDPE
modified with compatibilizer. Properties such as
tensile yield stress, ultimate tensile stress,
elongation at break, heat resistance, ultimate
bending strength, melting point, and melt flow
index (MFI) were investigated.
As can be seen from the Table, the main
attention is focused not only on the study into
the concentration dependence of the properties
of HDPE on graphite but also the effect of such
a compatibilizer as PEMA on the compatibility
of the mixed components. Data on the effect of
sulphur on the HDPE vulcanization process are
presented to be detailed below.

From a comparative analysis of the data
presented in Table 1, it can be established that
the introduction of 2 wt% PEMA in the
composition of the initial HDPE leads to a slight
decrease in the strength parameters which is
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apparently associated with plasticizing effect of
the latter (sample 2). As the concentration of
graphite in HDPE increases, there is a slight
increase in the tensile yield stress and ultimate
tensile stress with a maximum at 3.0 wi%
graphite content (sample 4). A further growth in
the concentration of graphite leads to a natural
decrease in strength indicators and elongation at
break of nanocomposites (sample 5-9). When

the concentration of graphite exceeds 10 wt%, a
sharp deterioration in the elongation at break is
observed, up to brittle fracture at its 20-30 wt%
content (sample 8-9).. The very fact that the
values of the tensile yield strength and ultimate
tensile stress are equal is a confirmation of the
brittle fracture of the considered samples of
nanocomposites.

Table 1. Physical-mechanical properties of nanocomposites based on HDPE, graphite (Gr) and

PEMA
Ne Composite formulation, Tensile Ultimate | Elongation | Vicat heat | Flexural
% yield stress, tensile at break, % | resistance | strength,
MPa stress, °C MPa
MPa

1 | HDPE 32.3 31.3 435 139 34.4
2 | HDPE+2PEMA 32.0 32.8 105 139 335
3 HDPE+1Gr 32.5 31.6 150 140 34.1
4 HDPE+3Gr 32.9 31.8 85 140 34.4
5 | HDPE+5Gr 32.0 315 40 141 35.0
6 | HDPE+10Gr 29.3 28.8 25 141 35.6
7 HDPE+15Gr 28.2 27.6 15 142 35.8
8 | HDPE+20Gr 271.7 27.7 - 142 35.0
9 | HDPE+30Gr 25.1 25.1 - 142 34.0
10 | HDPE+2PEMA+1Gr 33.3 32.9 160 139 345
11 | HDPE+2PEMA+3Gr 35.8 34.5 110 140 36.3
12 | HDPE+2IIDMA+5Gr 34.6 33.6 70 141 38.8
13 | HDPE+2PEMA+10Gr 33.9 32.8 50 142 39.6
14 | HDPE+2PEMA+15Gr 31.4 31.0 40 142 39.5
15 | HDPE+2PEMA+20Gr 29.6 29.2 30 143 38.6
16 | HDPE+2PEMA+30Gr 28.0 27.6 20 144 37.0
17 | HDPE+2PEMA+5Gr+5S 36.3 35.4 75 143 38.7
18 | HDPE+2PEMA+10Gr+5S 34.1 33.8 60 144 39.0

S —sulfur

However, the introduction of PEMA into
the composition of graphite-containing HDPE
nanocomposites made it possible to look
differently at the general picture of changes in
the  physico-mechanical properties  of
nanocomposites. Analysing the data presented
in Table-1, it can be noted that regardless of the
concentration of graphite the introduction of
PEMA into the composition of nanocomposites
contributes to significant improvement in the
complex of  their  physical-mechanical
properties, in particular the tensile yield stress,
ultimate tensile stress (sample 10-16), and
elongation at break. According to the data
obtained, the maximum strength in the

compatibilized nanocomposites falls on a
sample with 3.0 wt% graphite content (sample
11). It is characteristic that even at 20-30 wt%
filler content, nanocomposites do not undergo
brittle fracture (samples 15-16). Another
indicator of the strength of nanocomposites is
that the ultimate bending strength almost
constantly increases with an increase in the
concentration of graphite in the HDPE
composition. Only with a high content of
graphite (over 20 wt%) there is a slight decrease
in the value of this indicator.

Following the comparison of data on the
heat resistance of nanocomposites, it becomes
obvious that the introduction of graphite is
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accompanied by rise in their heat resistance in
the presence of PEMA from 139 to 144°C. An
increase in the value of this indicator by 5.0°C
might be due to the existence of an adhesive
contact in the polymer-filler system and
indicates the physical thermal stability of the
spherulite structure of nanocomposites. In this
case, the use of PEMA, apparently, makes it
possible not only to improve the compatibility
of the mixed components of the mixture, but
also contributes to the orientation of the macro-
chains of the compatibilizer and the polymer
matrix on the developed surface of graphite
nanoparticles. It is this circumstance that can
interpret the appearance of heterogeneous
nucleation centers. The melting point of
nanocomposites was investigated by derivate-
graphic analysis. According to the data
obtained, the melting point is practically
independent of the graphite concentration and is
equal to the melting temperature of the initial
HDPE - 145° C. Only at a graphite
concentration of 20 wt% and higher is the
melting peak shifted to 146°C.

At the same time, account has to be taken
of the fact that the introduction of 5.0 wi%
graphite into the HDPE composition led to the
rise in the MFI value from 4.65 to 6.35 g/10
min. This is explained as being due to the fact
that graphite has a layered structure, which has a
lubricating effect that improves the melt flow of
the nanocomposites.

It seemed interesting to consider the effect
of sulfur on the nature of changes in the
physico-mechanical properties of
nanocomposites. It is quite obvious that here we
are not talking about the full-fledged
vulcanization of the polymer matrix, since
HDPE lacks a sufficient number of vinyl
groups. These are mainly terminal vinyl groups
and partially trans-vinylene double bonds.  As
can be seen from table 1, the introduction of 5.0
wt% sulfur leads to an improvement in all
physico-mechanical characteristics (sample 17-
18). A slight increase in properties in

comparison with samples 12-13 indicates, first
of all, a partial crosslinking of macro-chains,
and on the other hand, a decrease in the MFI of
HDPE+5.0 wt% graphite nanocomposites
(sample 12) from 6.35 to 4.78 g/10 min directly
accounts for the formation of a sparsely
reticulated spatial structure with a subsequent
increase in the viscosity of the melt.

Table 2 shows the results of research into
physical-mechanical properties of
nanocomposites based on LDPE and graphite.
Comparing the data in this Table makes it
possible to establish that the properties of
nanocomposites change according to a certain
pattern. So, for example, in samples 3-9, with an
increase in the concentration of graphite from
1.0 to 30 wt%, the maximum value of the tensile
yield stress and ultimate tensile stress appears at
its 10 wt% content. As can be seen from the
Table, the elongation at break of
nanocomposites is very sensitive to the
concentration of graphite. Even at 1.0 wt%
content, a noticeable decrease in elongation at
break from 720 to 200% is observed (sample 3).
A rather sharp deterioration in strength
indicators and elongation at break was recorded
at a graphite concentration of more than 15
wit%. At 20 wt% graphite content in the LDPE
composition, the sample becomes practically
brittle and loses its ability to uniaxial
deformation, as a result of which the tensile
yield stress becomes equal to the ultimate
tensile stress. In comparison with the initial
LDPE, the heat resistance of nanocomposites at
30 wt% graphite content rises by 3°C, i.e. from
85 to 88°C. Ultimate bending strength
constantly grows as the graphite content grows
up to 15 wt%. At the same time, according to
the data of derivate-graphic analysis, the
melting temperature of nanocomposites at 30
wt% graphite concentration rises from 101 to
102°C. Thus, in LDPE-based nanocomposites,
the melting point remains practically unchanged
depending on the  graphite  content.

Table 2. Physical-mechanical properties of nanocomposites based on LDPE, Gr and PEMA

Tensile
yield stress,
MPa

Ne Composite formulation,

%

Ultimate Elongation | Vicat heat | Flexural
tensile at break, % | resistance | strength,
stress, MPa °C MPa
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1 | LDPE 12.2
2 | LDPE+2PEMA 11.0
3 | LDPE+1Gr 12.7
4 | LDPE+3Gr 14.6
5 | LDPE+5Gr 151
6 | LDPE+10Gr 15.6
7 | LDPE+15Gr 15.2
8 | LDPE+20Gr 11.7
9 | LDPE+30Gr 95
10 | LDPE+2PEMA+1Gr 13.6
11 | LDPE+2PEMA+3Gr 154
12 | LDPE+2PEMA+5Gr 16.1
13 | LDPE+2PEMA+10Gr 17.0
14 | LDPE+2PEMA+15Gr 175
15 | LDPE+2PEMA+20Gr 14.6
16 | LDPE+2PEMA+30Gr 12.2
17 | LDPE+2PEMA+5Gr+5S 16.9
18 | LDPE+2PEMA+10Gr+5S 17.6

13.1 720 85 16.2
125 305 85 16.5
13.9 200 85 16.9
14.0 115 85 17.4
145 60 87 18.0
15.0 35 87 19.5
14.8 25 87 21.8
11.7 10 88 20.2
95 - 88 20.4
14.2 230 85 19.6
15.0 160 85 21.2
15.3 90 86 23.8
16.2 60 87 24.6
16.8 40 87 25.5
14.0 30 89 25.6
11.9 20 89 26.0
15.7 75 90 26.8
16.5 60 92 27.6

S —sulfur

It has been experimentally established that the
introduction of graphite into the LDPE
composition (samples 3-9) is accompanied by
rise in MFI in the following sequence 3.2, 4.0,
5.0, 5.8, 6.9, 5.5, and 4.8 g/10min. Analysing
these data, it can be unambiguously asserted
that, as in the case of HDPE, the graphite, due to
its layered structure, improves the melt flow.
The maximum MFI value is observed for a
nanocomposite with 15 wt% graphite content.
The existence of a maximum MFI in the
concentration dependence of nanocomposites
testifies to the fact that in the process of
supersaturation, nanoparticles agglomerate in
the melt which, to a certain extent, can result in
increase in the viscosity of the polymer matrix
accompanied by a slight decrease in the MFI.
But, despite this, the MFI of nanocomposites
always remains higher than that of the initial
LDPE.

It is characteristic that the introduction of
PEMA into the composition of nanocomposites
improves all the physical-mechanical properties
of LDPE nanocomposites. The latter
circumstance is explained as being due to the
fact that the introduction of PEMA actually
exhibits the ability to improve the compatibility
and adhesive contact of nanoparticles with a
polymer matrix. This circumstance becomes
possible due to the uniform dispersion of
nanoparticles throughout the entire volume of
the polymer matrix which minimizes the

probability of their agglomeration, so the
samples do not lose plasticity even at 30 wt%
graphite content (sample 16) [16].

During  sulfur  wvulcanization  of
nanocomposites (samples 17 and 18), the peak
of their melting temperature at 5.0-10 wt%
graphite content rose to 103°C. At the same
time, all strength characteristics, elongation at
break and heat resistance increased. These
noticeable changes in physical-mechanical
properties in the process of partial sulfur
vulcanization make it possible to assert the
formation of a sparsely reticulated spatial
structure in the polymer matrix. In contrast to
HDPE, the number of terminal, trans-vinylene
and vinylidene double bonds in LDPE is
relatively higher. It is possible that this very
circumstance confirms some significant changes
in the properties of cross-linked nanocomposites
[16, 17]. It is known that in the process of
crosslinking of a polymer matrix, a drop in the
MFI of composites is observed. In particular, we
found that after sulfur crosslinking, the MFI of
nanocomposites with 5.0 and 10 wt% graphite
content (samples 17-18) decreases, respectively,
from 5.0 and 5.8 g/10 min to 4.2 and 5.0 ¢/10
min, which confirms the occurrence of partial
crosslinks in the structure of the polymer
matrix.

Another representative of the class of
polyolefins is isotactic polypropylene (PP),
which, due to a number of structural features, is
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widely used in various industries. In this
respect, it seemed interesting to consider the
possibility of changing its properties by
introducing graphite nanoparticles. The results
of studying the properties of nanocomposites

are shown in Table 3. As can be seen from this
Table, the concentration of graphite in the PP
matrix has a significant effect on the main
physical and mechanical properties of
nanocomposites.

Table 3. Physical-mechanical properties of nanocomposites based on PP, Gr and PEMA

Ne Composite Tensile yield Ultimate Elongation | Vicatheat | Flexural
formulation, stress, MPa tensile at break, % | resistance, | strength,

% stress, MPa °C MPa
1 | PP 34.9 33.0 130 160 35.0
2 | PP+2PEMA 34.2 325 140 160 34.6
3 | PP+1Gr 35.3 33.6 110 160 36.7
4 | PP+3Gr 36.6 35.2 75 160 37.4
5 | PP+5Gr 38.1 36.5 50 161 38.0
6 | PP+10Gr 35.2 34.6 25 163 39.6
7 PP+15Gr 315 31.2 15 163 414
8 | PP+20Gr 271.7 271.7 - 165 39.3
9 | PP+30Gr 25.5 25.5 - 165 38.5
10 | PP+2PEMA+1Gr 36.7 345 120 160 37.6
11 | PP+2PEMA+3Gr 37.4 35.6 85 160 39.2
12 | PP+2PEMA+5Gr 39.7 38.1 60 160 40.8
13 | PP+2PEMA+10Gr 36.5 36.0 35 162 41.6
14 | PP+2PEMA+15Gr 33.8 33.1 25 163 435
15 | PP+2PEMA+20Gr 30.6 304 15 165 43.1
16 | PP+2PEMA+30Gr 28.3 28.2 10 166 40.2
17 | PP+2PEMA+5Gr+5S 41.4 39.8 85 162 42.6
18 | PP+2PEMA+10Gr+5S 38.5 36.9 60 164 43.8

S — sulfur

The differences are manifested mainly in
the quantitative expression of the data. For
example, as the concentration of graphite in the
PP composition rises in the absence of a
compatibilizer, a change in the strength
characteristics (tensile vyield stress, ultimate
tensile stress) is observed with a maximum at
5.0 wt% filler content. Accordingly, a sharp
decrease in the elongation at break is observed
already at 3.0 wt% graphite content. And this is
quite understandable, since when using nano-
scale particles, their number per unit volume is
hundreds of times greater than when using the
same amount of conventional dispersed fillers.
As in the case of using HDPE and LDPE as a
polymer matrix, the introduction of graphite
(samples 3-9) into the PP composition leads to

The introduction of PEMA has a positive
effect on improving the compatibility of the
mixture components and, accordingly, on the
physical-mechanical characteristics of PP

rise in the MFI of nanocomposites in the
following sequence: 4.1, 4.8, 6.2, 7.9, 8.2, 6.6,
4.2 g/10 minutes. According to these data, the
maximum MFI value is observed for specimens
with 15 wt% graphite content (8.2 ¢g/10 min).
There are grounds to believe that such a sharp
decrease in the MFI of the samples after the
maximum confirms once again our arguments
over the existence of a peculiar threshold
concentration of graphite after which the
spontaneous formation of agglomerates of filler
nanoparticles is observed which results in a
regular increase in the viscosity of the
nanocomposites. Moreover, the MFI of
nanocomposites is always higher than that of the
initial PP (3.6 g/10 minutes).

nanocomposites. In this case, the point is not
about thermodynamic, but technological
compatibility which ensures uniform miscibility
and the existence of adhesive contact between
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the components of the mixture. Table 3 shows
the results of a research into the effect of sulfur
crosslinking on the nature of changes in
physical-mechanical properties (samples 17-18).
It can be noted that in this case, the use of
sulphur as a crosslinking agent contributes to a
noticeable improvement in the main physical-
mechanical properties of nanocomposites. A
drop in the MFI of these samples from 6.2 and
7.9 ¢/10 minutes, respectively, to 5.1 and 6.5
g/10 minutes reaffirms the probability of
crosslinking in the PP structure.

From a comparative analysis of the data shown
in Tables 1-3, it can be established that the
maximum value of the strength characteristics
in HDPE is achieved at 3.0 wt%, in LDPE at 15
wt%, and in PP at 5.0 wt% graphite content. Of
course, the type of polyolefin and the degree of
its crystallinity are fundamental factors that
determine the optimal content of graphite in its
composition. For example, in HDPE which is
characterized by a linear macro-chain structure,
the degree of crystallinity is 82%, in LDPE -
59%, and in PP - 65%. From this it follows that
the lower the crystallinity of the polyolefin, the
greater the “vacant free volume” in the inter-
spherolite region for filling with graphite
nanoparticles.

Based on the foregoing, it can be
concluded that the use of graphite as a filler
makes it possible to obtain a whole set of
nanocomposites with predetermined properties.
This circumstance allows us to assert the receipt
of a high-tech construction material intended for
use in special fields of engineering and
technology. Based on the data obtained, it can
be assumed that the considered nanocomposites

2. It was found that the

are characterized by satisfactory MFI values

which allow them to be processed by the most

common processing methods such as extrusion
and injection moulding.

Thus, according to the results of the

experimental studies performed, one can come

to the conclusions as follows:

1. The effect of graphite concentration on
physical-mechanical properties of
nanocomposites based on HDPE, LDPE, and
PP, such as tensile yield strength, ultimate
tensile stress, elongation at break, heat
resistance, flexural strength, melting point
and MFI, has been studied. It found that,
depending on the type of polyolefin used, the
limiting values of the graphite concentration
change at which comparatively high values
of the strength  characteristics  of
nanocomposites are observed for HDPE at
3.0 wt%, LDPE at 10 wt% and PP at 5.0 wt%
graphite content.

introduction  of
compatibilizer — PEMA into the composition
of graphite-filled polyolefins leads to
significant improvement in the complex of
physical-mechanical properties of
nanocomposites.

3. The influence of sulfur on the character of

changes in the properties of nanocomposites
is considered. It is shown that the
introduction of sulfur into the composition of
polyolefins leads to some improvement in the
properties of composite materials while
maintaining the MFI at a satisfactory level,
sufficient for their processing by extrusion
and injection molding.
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240 PHYSICAL-MECHANICAL PROPERTIES OF

ORAFIT VO MODIFIKASIYA OLUNMUS POLIOLEFINLOR BSASINDA
NANOKOMPOZITLORIN FiZIKI-MEXANIKI XASSOLORI

X.V. Allahverdiyeva

Azarbaycan Milli Elmlar Akademiyasinin Polimer Materiallart Institutu
S. Vurgun kii¢asi, 124, AZ 5004, Sumgayit, Azarbaycan;
e-mail: najaf1946@rambler.ru

Orafitin migdarimin yuxart sixhq polietileni, asagi sixliq polietileni va polipropilen kimi poliolefinlar
asasinda nanokompozitlorin asas fizki-mexaniki xassalorina tosiri nazardon kecirilmisdir. Dartilmada axiciliq
haddi, dartilmada mohkamlik haddi, ayilmada méhkomlik haddi, nisbi uzanma, istiliyadavamiilig, ayilmada
mohkamlik, arintinin axiciliq haddi vo arima temperaturu kimi xassalor tadgiq edilmisdir. Qarisigin
qarisdirdan komponentlarinin uygunlugunun yaxsilagdirilmast iiciin biitiin polietilen markalari ti¢iin Exxelor
PO1040 markali, polipropilen iiciin isa Exxelor 1020 markali kompatibilizatordan istifads edilmisdir.
Poliolefinlorin torkibina grafit asagidaki migdarlarda daxil edilmisdir: 1.0, 3.0, 5.0, 10, 15, 20, 30 kiitl2%.
Aparilmis tadqiqatlar naticasinda miiayyon olunmugsdur ki, grafitin poliolefinlarin tarkibina daxil edilmasi
onun miixtalif migdarlarinda maksimumun alda edilmasi ilo méhkamlik xiisusiyyatlorinin yaxsilagmast ila
miisayat olunur. Yuxar: sixliqgh polietilen ticiin méhkoanlik xiisusiyyatlorinin maksimal giymati grafitin 3.0
kiitlo%, asagr sixhqlr polietilen iigiin 10 kiitlo%, polipropilen iiciin isa 5.0 kiitlo% miqdarinda miisahida
olunur. Gostarilmisdir ki, méhkomlik gostoricilarinin maksimal giymatini tomin edan grafitin bu hadd
migdarinin giymatinda bels forg birbasa polimer matrisanin kristalliklik daracasi ilo baghidir.

Agar sozlor: dartilmada axicilig haddi,dartilmada mohkamlik haddi, ayilmado mohkamlik haddi nisbi
uzanma, istiliyadavamliliq, arintinin axiciliq gostaricisi, kristalliklik daracasi.

OHU3HKO-MEXAHHYECKHUE CBOHCTBA HAHOKOMIIO3HTOB HA OCHOBE
I'PA®UTA U MOAUDUIIUPOBAHHBIX I10/-THOJIEQHHOB

X.B. Annaxeepouesa

Unemumym Ionumeprnoix Mamepuanoe Hayuonanvroii Axademuu Hayx Azepboaiioscana
yauya C. Bypeyna, 124, AZ 5004, Cymeaum, Asepbaiiodican;
e-mail: najaf1946@rambler.ru

Paccmompeno  enusnue xonyenmpayuu ecpaguma  Ha OCHOGHbIE DUBUKO-MeXaHuuecKkue C8OLUcmea
HAHOKOMHO3UMOG HA OCHOBE MAKUX NOIUOLEPUHOS, KAK NOIUIMULEH BbICOKOU NIOMHOCU, NOIUIMUTLEH
HU3KOU niaomumocmu u noaunponunen. Hcciedosanvl maxue ceolUcmea, Kax npedeil meKyyecmu npu
pacmsiiceHuly, paspyuwaiowee Hanpsiiceue, npedesl NPoYHOCMU HA U32ub, OMHOCUMENbHOEe YONUHeHuUe,
MENTOCMOUKOCMb, NPOYHOCL HA U32UD, NOKA3amelb MeKyYecmu pacniasa u memnepamypa niaeienusl.
Jna yryuwienuss coeMecmumocmi cCMeuudaemMvlx KOMHOHEHMO8 CMeCU UCNOb308AIY KOMN AMUOUNUZAMOD
mapru Exxelor PO1040 ons ecex mapox noausmunena u Exxelor PO1020 ons noaunponunena. I'pagpum
66800uUU 6 cocmas noauoaepunos ¢ credyiouux konyenmpayusx. 1.0, 3.0, 5.0, 10, 15, 20, 30 %wmacc. B
pesyivmame NPoOBEOEHHBIX UCCIEO08AHUT YCTHAHOBLEHO, YMO 88e0eHUe 2paguma 6 cocmas noauoLeQuUHo8
CONpPOBOAHCOACTCS  VIAYUUIEHUEM NPOUYHOCMHBIX XAPAKIMEPUCIUK C MAKCUMYMOM HPU  PA3TUYHbIX €20
KOHYenmpayusix. J{is nonusmuiena 6vblCOKOU NIOMHOCMU MAKCUMATbHbIE 3HAYEHUs. NPOYHOCTNHBIX
xapaxmepucmuk nabaooaromes npu 3.0 Y%macc., 0na noausmuiena Huskou niomuocmu - npu 10%macc., a
ona noaunponunena - npu 5.0 %amacc. cooepacanuu epaguma. Iloxkasano, umo maxoe pasnudue 6 3HA4eHUU
nopo206oll  KOHYeHmpayuu  epaguma, obecneyusaiowell MAKCUMATbHOE 3HAYEHUe NPOYHOCHHBIX
nokazameretl, HANPIMYIO CEI3AHO CO CHENEHbIO KPUCTATTUYHOCIU NOTUMEPHOU MAMPUYDL.

Knwouesvle coea: npeden mexyuecmu npu pacmsadiceHuu, paspyuiaroujee Hanpsaxcenue, npeoei nPoyHOCmu
Ha u32ub, OmHOCUmenvHoe YONuHeHue, MenioCmouKOCmy, NOKA3aAmens MmeKyyecmu pacniaed, CmeneHbs
KPUCMALIUYHOCTU.
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