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The work deals with the results of analytical review of the development and research of polymer
composite materials with improved electro-physical and physical-mechanical properties. It found
that the selection of special fillers, their variation by quantity and particle sizes in the polymer
matrix can essentially affect the electro-conductivity of material and thereby regulate their electret
properties on the whole. It revealed that the use of traditional fillers of carbon-black, graphite,
minerals, metals, etc. in the composition of thermoplastics, reactoplastics and rubber makes it
possible to prepare antistatic products, electromagnetic protective coatings, resistors, various
types of current-conducting materials. The use of various light-weight fillers allows preparing low-
density composites with higher physical-mechanical and electret properties. The spheroplastics
based on siloxane elastomer began gaining a larger popularity. There is the data on carbon-black-
filled composite materials based on polyolefins which, at definite ratios, allow preparing the
electroconductive products. A certain place in the review is given to the use of highly dispersed
metal powders for the improvement of the electret characteristics of composites. Much attention is
paid to the investigation of nanofilled composites with the use of large set of the dispersed
minerals. The use of hybride polymer nanocomposites opens up new perspectives for their wider
use in the production of current-conductive materials. The possibility of chemical binding of
mineral filler particles with polymer matrix using the binders with conjugated double bonds
provides innovative approaches to the creation of high-strength and heat-resistant
electroconductive composites. It becomes obvious that the most perspective direction of
preparation of materials with high electret properties must be based on mechanical-chemical
synthesis of composite materials.
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INTRODUCTION

In modern science, there are problems
arising  from  low-temperature  heating,
screening of sensors and constructions of
radio-electronic equipment, measurement of
statistical pressure, etc. The optimal solution
of the problems cited above is the use of
electroconductive ~ polymer  composition
materials (PCM) where the polymer is used as
a matrix in PCM, and filler as a current-
conductive powder [1-4]. Note that the
addition of disperse fillers into initial polymer
matrix makes it possible to regulate various
mechanical and electrical-physical properties
of polymers. The creation of composite
polymers with improved electrical-physical

and physical-mechanical properties is one of
the most perspective directions from practical
point of view in the field [2-4]. The primary
focus is on the analysis of the results of
preparation of electroconductive polymers
with various fillers published in the literature.
The works of various authors explored the
subject, and the results in this direction were
presented. Materials obtained can serve as a
basis for purposeful selection of technologies
to form the polymer composites with the
required level of electroconductivity.

Also explored were materials on
preparation of nanocomposites on the basis of
polyolefins and mineral fillers. This is
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explained as being due to the fact that as
distinct from usual disperse fillers, the
introduction of nanoparticles contributes to the

essential improvement of strength and electret
properties.

Influence of the nature and quantity of fillers on electrophysical properties of polymer
composites

The traditional electroconductive
polymer materials (EPM) are compositions
based on various polymers (thermo- and
reactoplasts, rubbers) and electroconductive
fillers  (carbon-black, graphite, carbon,
metallic, etc) which are used in antistatic
products, electromagnetic protective coatings,
high-value resistors, electrical non-metallic
heaters, in current-conductive varnishes and
adhesives. A basic electrical characteristic of
EPM is the electroconductivity. The
electroconductive materials on GOST 20214-
74 are the materials with conductivity less than
10° ohm™-cm™: y¢<10® ohm™-cm™ — conductors,
v=103-10""% ohm™-cm™ —semiconductors, y>10
10 ohm™-cm™ — dielectrics. For explanation of
the electroconductivity of polymers, a theory
of jumps, band conduction theory,
presentations of solitons (charged ion centers
with zero spin) are used. For stimulation of the
electroconductivity in polymers, there is used
the so-called doping effect, a special case of
modification with the use of the polymer
reaction with donor or electron acceptors [5].

Note that inadequate attention is paid to
the electrophysical properties of the polymer
films with solid dispersed fillers while
mechanisms of processes occurring in the
composite polymer films and responsible for
relaxation of the electret state in them are not
studied properly and no clear understanding of
the mechanisms of conductivity of these
materials is provided. In this case the electrets
on the basis of filled polymer films are
sufficiently produced and used in completely
different branches of industry beginning with
packaging materials for food products and
ending with elements of electroacoustic and
electromechanical transformers [2-4].

The syntactic foams (spheroplastics with
hollow spherical filler) were used in industry
since.  mid-past century. The general
application of these materials provides for
heat-isolation with high physical-mechanical
characteristics [6], heat protection of high-

speed aircrafts [7] and sealing compositions

[8].

Today, widely applied is the
spheroplastics on the basis of thermosetting
polymer  binders  filled with  glass
microspheres. The organosilicon polymers
(polyorganosiloxanes) find wide application
due to their long service life [9, 10].

However, all above-mentioned materials
are characterized by low electroconductive
characteristics. In a number of cases the
spheroplastics should have definite
electroconductive properties. In particular, it
refers to materials used in terms of explosive
components where it is necessary to exclude
the formation of charges of statistical
electricity.  Also, the electroconductive
properties are needed when using the
composition as an absorber of electromagnetic
energy, electric heating element, etc. The use
of hollow carbon microspheres as a filler
[CMS] is of particular interest. The hollow
carbon microspheres are prepared by means of
pyrolysis of hollow microspheres from
polymers with high coke number [11].

An introduction of carbon fillers allows
creating light weight electroconductive
products with higher physical-mechanical
properties, including inertness of the carbon
fillers which facilitates their exploitation and
recycling [12].

In the work [13], the electrical properties
of spheroplastics based on
polydimethylsiloxane elastomer and filled with
hollow carbon microspheres were explored.
The low-molecular oligodimethylsiloxane with
hydroxyl groups SKTN-1 was used as a binder
and the catalyst K-18 (tin diethyldicaprylate
and tetraethoxysilane) as a hardener. The
carbon microspheres were prepared by means
of pyrolysis of phenyl formaldehyde hollow
microshperes in terms of argon at temperature
1473 K for 4 h. The prepared microspheres
had particle sizes from 20 to 80 mcm. For
measurement  of the electroconductive
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properties of spheroplastics, there was used a
measuring cell consisting of two stainless steel
electrodes (one movable and one immovable)
and a clamping device providing given
clamping force of the electrodes to the sample.
Before the measurement, the ends of the
sample contacting with electrodes were treated
by electroconductive paste. As a result of the
investigation, a conclusion was made that the
use of hollow carbon microspheres allows
preparing electroconductive syntactic foams.
The experimental transition point to the
electroconductive state corresponds to 26%
(rev.) filler content in spheroplast. It revealed
that the temperature dependence of electrical
resistance has a reversible character and
decreases with growth of semiconductor in the
spheroplastics.

In the work [14] the polymer
compositions based on polyvinyl acetate
containing various carbon fillers allowing their
use in technology of 3D printing. This
technology allows preparing polymer products
of any form and complexity in terms of
considerably falling labor-intensity and rising
production rates [15].

For estimation of electroconductivity of

0

the polymer compositions, there were used
cylindrical bundles of length 20+0,05 mcm
and diameter 4+0,04 mcm. The determination
of electroconductivity of compounds was
produced by contact method according to
GOST 223-72. Variously-branded carbon fiber
of mark UVIS AK-P and technical carbon of
mark P 805-E, Printex XE-2B were used. A
choice of filler was due to high electric
characteristics provided by the manufacturer.
The carbon fillers were introduced in the
polymer in quantity 0-70%. It established that
for polyvinyl acetate filled by technical carbon
is characteristic an abrupt increase of
electroconductivity together with the growth
of filler content. Three characteristic sites can
be distinguished on the curve of dependence
lgo of the carbon-filled polymer compositions
in the content of technical carbon (Fig.1):

A — initial section characterized by low
values of electroconductivity of the composite
(Igo<-6 (Om-cm)™).

B — section characterized by sharp
increase in conductivity (Igo<-6 to -1 (Ohm:--
cm)™).

CcC -
insignificant

line with
conductivity.

gentle section in
changes  of

ig(a

*

Filler content, mass %

Fig.1. Dependence of electroconductivity of filled polymer compositions on the nature of filler
and its content: 1. PE2287-TVY Printex XE-2B; 1. PP 01030-TU Printex XE-2B; 2. SBS LG
Printex XE-2B; 3. PP 01030-UVIS AK-P; 4. PE 2287-TU P805D.

So in case of polyvinyl acetate containing
technical carbon of mark Printex XE-2B from
0 to 20% mass %, a section B corresponds to
the filler content 10-15 mass %, whereas if

filled with technical carbon of mark P-805E a
figure stands at 50-70 mass %. The
electroconductive properties in the filler
content make up more than 50 mass %. This
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difference was due to the fact that a technical
carbon of mark Printex XE-2B is characterized
by high degree of structuredness and much
smaller size of particles in comparison with P-
805E. When using the carbon fiber of mark
UVIS AK-P as an electroconductive one, a
growth of electroconductivity is observed in
more than 5 mass % of filler content and
changes of Igo in the concentration of carbon
filler were not sudden and remained
monotonous.

The authors [16] as well as the authors
[16] used the carbon fillers of mark P805E
with average particle sizes 8,7 mcm, Printex
XE-2B with average number 18,2 nm and the
carbon fibers of mark UVIS AK-P with fiber
diameter 5-8 mcm and by length 50-300 mcm
as a filler in preparing electroconductive
polymer materials for technology of 3D-
printing. As a matrix there were selected the
following industrial thermoplasts: syndiotactic
1,2-polybutadiene (SPB), polyvinyl acetate
(PVA), high density polyethylene (HDPE) and
polypropylene (PP). The polymer current-
conductive compositions were made by
mixing a pre-crushed polymer (with particle
size to 1-2 mm) and a carbon filler in the
cylindrical mixer with mixing rates at 400 min
for 5 min. The prepared powdered
compositions were granulated on a laboratory
single-screw extruder at a temperature of 190-
220 °C. The extruder used had the following
characteristics: L=300 mm, L/D =15, screw
rotation rate 0,9 rev./min. The
electroconductivity was determined by the
same method as was in the work [14].

In this case the filler content in the
composition of polymer composites varied
from 3 to 30 mass %. According to [17], the
composites with electroconductivity more than
102 (Ohm'm)* can be referred to the
electroconductive materials. Taken as initial
polymers were the typical dielectrics (specific
volumetric electrical resistance 10™4-10%°
(Ohm'm)?), and as carbon-containing
compositions were conductors characterized
by comparatively high electroconductivity (to
1,7-10° (Ohm:-m)™).

As follows from experimental data of the
works [14] and [16], the use of dispersed
carbon fillers allows preparing composites

with higher electroconductivity. A maximum
value of electroconductivity of compounds
prepared on the basis SPB [1,38-10%(Ohm-m)’
1 is slightly lower than those based on
polyolefins and PVA [1,66:103%(Ohm-m)™].
This was due to the influence of nature of the
polymer matrix: decrease of parameter ¢ can
be stipulated by availability of strong adhesion
interaction at the border of carbon filler-
polydiene [18].

Using carbon nanotubes (CNT) one can
add antistatic and electroconductive properties
to polymers. Every year there appear a lot of
works on the study into electroconductivity of
polymers filled with CNT both thermoplasts
[19], and reactoplasts [20].

Leys Z.G. and et al [21] have studied
the electroconductivity of CNT of series
“Taunit” in the polymer matrix. A polyether
sulfone Ultrason 6020 of firm «Basf» in a
form of the film with thickness of 20-40 mcm
was used as a polymer matrix in the analysis
of electroconductivity. A volume resistance of
this dielectric is »1,0E+16 Om [22].

At the same time the polyethersulfone
filled with electroconductive fillers (for ex.,
graphite, carbon) to 50 weight % is widely
used as electroconductive materials, for ex., in
heating elements [23]. The film resistance was
measured on Teraommeter E6-13A apparatus.
The data obtained say that the introduction of
CNT of “Taunit” series in the polymer matrix
of poliethersulfone makes its resistance
decreased. A growth of conductivity correlates
with concentration of CNT: with growth of
concentration the conductivity rises.

The authors [24] have showed that the
use of pressing process makes it possible to
increase the electroconductivity of the carbon-
containing composition and keep a high
positive temperature coefficient of resistance
providing self-regulation effect. It is assumed
that the loss of conductivity in the composition
materials during heating is explained as being
due to the increase of distance between
contacting particles of the filler involved in the
thermal expansion of the binder. An increase
of the distance, in its turn, leads to a decrease
of a number of contacts up to their
disappearance, i.e. to a sharp increase of
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contact resistance. To show the self-regulation
effect, two conditions must be fulfilled:

— the filler should well react to thermal
expansion of the binder, at least, from physical
contact standpoint.

In the work [25], the electroconductivity
of the polymer composites on the basis of
polypropylene with various fillers content a-
Al,O3 and o-Fe,O3; was explored. The filler
content in the composite ranged around 1-10%
of the volume. The measurements of the
resistance of samples were also carried out on
Teraommeter E6-13A apparatus as shown in
the work [21]. The used fillers a-Al,O3 and a-
Fe,O3 had a specific resistance 10 and 10’
Ohm-cm, the particles size are 10 and 25 mcm,
respectively. It revealed from experimental
results that at room temperature the composite
consisting of 96% PP and filled with 1% o-
Al,O3 and 3% a-Fe,0O3 has the largest value of
specific resistance and the composite
consisting of 93 % PP and filled with 2% a-
Al;O3 and 5% a-Fe,O; — the lower value of
specific resistance. Presumably this was due to
the fact that in such quantity (1% o-Al,03/3%
a-Fe,03) of filling a rigidity of the polymer
links increases which leads to a decrease of
electroconductivity of  the  composite.
According to the data on IR- spectroscopy, as
the percentage quantity of the fillers of
aluminum and iron (I11) oxide rises the optical
density of the absorption bands in the
composites rises as well.

The authors [26] have investigated the
electroconductivity of nanocomposites on the
basis of low density polyethylene with
nanoparticles of Cu,S. The temperature
dependences of the electroconductivity of
LDPE and Cu,S were explored. The authors
revealed that the temperature dependence of
the electroconductivity beginning with a
definite temperature was described with
equation o=cgp-exp(-E/KT) to comply with the
Arrhenius view on several sites depending on
lgp=7(10*/T) with various activation energy
values. The electroconductivity of
nanocomposites of LDPE/Cu,S was
determined by the mobility value of
macromolecules of the polymer matrix in the
composite, electric properties of the filler and

— the material should have a nonlinear
thermal expansion coefficient,
by the interaction of polymer with the filler in
the interphase border.

In the paper [27], the influence of
electroconductivity in forming a solution and
relative air moisture on stationary jet at
capillary-free electro-formation of
polyurethane fibers and on morphology of the
material was investigated. The work used an
aliphatic thermoplastic polyurethane Elastollan
(BASF) of 2 marks: 1180A (on Shore hardness
A-80), 1195A (on Shore hardness A-96, on
Shore hardness D-48), with high resistance to
hydrolysis and frost, and the stability of
microorganisms activity. The
electroconductivity of solutions was regulated
by addition of tetrabutyl ammonium iodide

(TBAI) and measured by means of
conductometer WTW inoLab Cond 720
(Germany). Results of the investigation

showed that the obtained results were well
correlated with ideas on the influence of the
electroconductivity on formation process: at
the first stage of electroforming the surface of
forming solution deformed. In this case, the
more intensive is the electroconductivity the
greater is the deformation of its surface. Thus,
following the exploration of electroforming of
fiber from polyurethane Elastollan (BASF) in
the wvarious conditions, the influence on
stationary jet and morphology of prepared
material of the electroconductivity of solution
and relative air moisture revealed. It found that
an increase of the electroconductivity of the
solution to 26 mcCm/cm and relative moisture
to 36-48% provides for the stable
electroforming of polyurethane fibers.

On the basis of polysulfone copolymer
with polysulfide sulfone in the work [28], the
solid polymer electrolyte with high electrical
conductivity and adhesion to the materials of
the electrodes of lithium current source was
developed. One of the methods of achieving a
necessary level of the electroconductivity of
the polymer electrolyte was its plasticization
by introduction of some quantity of plasticizer-
liquid solution of lithium salt in an aprotonic
solvent in its structure [29]. However, the
authors suppose that the plasticized electrolyte
can hardly be wused in the structure of
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composite electrodes; in addition, it is
impossible to exclude the interaction of
plasticizer ~with  metallic lithium and
components of composite electrodes with all
the ensuing consequences arising from such an
interaction. For solution of this problem the
authors  developed the solid polymer
electrolytes (SPE). The electroconductivity of
the solid polymer electrolyte was determined
by means of a bridge between alternating

currents P5021. As expected, the maximum
electroconductivity of the films of the solid
polymer electrolyte was achieved within a
range of their elastic homogeneous states.
Changes in the kinetics of electrolyte films
drying makes it possible to increase their
electroconductivity by a factor of ten while the
characteristic of electroconductivity-
concentration is of an extreme nature with
maximum manifestation.

Electret properties polymer compositions

The authors [30] have studied the corona
electrets on the basis of polystyrene
composition with electroconductive filler —
graphite. During preparation of electrets in the
corona discharge the accumulation of
homocharge in the surface layer of dielectric
due to deposition and bearer injection by
charge was realized [31]. The polystyrene (PS)
of mark PSM-115 (GOST 20282-86) and
graphite of mark GS-1 were chosen as the
objects of investigation. The mixing of
polymer with filler was carried out on
microrollers at 140°C for 5 min. The
electrification of the polymer films was carried
out in a negative corona discharge using an
electrode containing 196 pointed needles
equally located on an area of 49 cm? as a
square. A distance between a sample and an
electrode was 20 mm, polarization voltage
Upo-30 KV, polarization time t,0-30 s. Before
electrification the samples were sustained for
10 min. at 90°C. The investigations showed
that a level and temporal stability of
composition was largely accounted for by the
graphite content in a volume of polymer. It
revealed that an introduction of filler to 8 rev.
% in composition of polymer increases a level,
temporal and thermal stability of its electret
properties.

In the work [32], the results of influence
of the aluminum powder on electret properties
of polypropylene were presented. The filler
content in the polymer matrix was 2 and 4 %
on volume. Thickness of the samples was
about 200 mcm. The investigations were
carried out by means of thermo-stimulated and
isothermal relaxation of surface potential.
Experimental data revealed that an addition of

aluminum powder to the initial polymer leads
to an improvement of the stability of electret
state. It noted that the polypropylene with 2%
volume content of aluminum powder had the
best electret properties.

The authors [33] have developed the
physical models of electret state of the
polymer. For realization of this purpose, there
was used a complex methodology where the
same samples were studied by two methods —
thermostimulated potential relaxation (TSPR)
and optical methods. The high pressure
polyethylene (HPPE), pure and composite with
nanodispersed silica was chosen as a matrix.
The composite films contained the particles of
aerosil and white carbon black in a quantity of
2% (y=0,02) and 4% (y=0,04). When a filler
was introduced in the polymer, the
electroconductivity of composition slightly
decreased due to the decrease of “catalyst”
content of electroconductivity: molecules of
H,O (in the films containing diatomite) which
were adsorbed by filler particles. It was
established by optical methods that an
introduction of SiO; to PE leads to an increase
of its density and degree of crystallinity in the
composition of composite and, as a
consequence, to a decrease of its moisture
permeability, which leads to a decrease,
consequently, to an increase of stability of
electret state of the composite films.

In the work [34], the influence of zeolite
on electret properties of low pressure
polyethylene of mark PE2NT 11-285 were
investigated. A diameter of filler particles is
less 50 mcm. The electrification of the
polymer films was carried out in corona
discharge by means of electrode consisting of
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196 pointed needles equally located on an area
of 49 cm? as a square. It was established that
the zeolite positively influenced electret
properties of polyethylene: in its introduction
with the quantity of 6% an increase of electret
difference of potentials of polyethylene of low
pressure in 3 times was observed.

The electret properties of polystyrene
with TiO, were investigated in the work [35].
The authors have chosen the polystyrene (PS)
of mark PSM (GOST 20282-86) (density —
1,06 g/cm®), medium viscous molecular
weight — 3-10° and specific electrical volume
resistance —2:10** Ohm-m) and TiO, of mark
P-02 with density 4,10 g/cm®, diameter of
particles 0,3 mcm and specific surface
Se=1,25 m%g. The authors came to the
conclusion that the content of polystyrene by
2-10% of TiO, leads to a growth of its electret
characteristics. An increase of electret
difference of potentials and effective surface
density of charge of polystyrene in filling was
stipulated by appearance and increase of
fraction of macromolecules of the polymer
with lower mobility, appearance of interphase
polarization and formation of high-energetic
traps located at the border of phase division
“polymer-filler”. Also in filling of polystyrene
with titanium dioxide the thermal stability of
its electret properties considerably increased.
In endurance at 170°C for 60 min., the values
of electret difference of potentials and
effective surface of corona electrets decreased
by 40-45% while in polystyrenes it fell to zero.

The author [36] has also studied the
mechanism of charge relaxation and influence
of titatnium dioxide on stability of electret
state of polyethylene plates charged in the
field of corona charge. The electrification of
the polymer plates was carried out in the work
as well [34]. It found that an introduction of
titanium dioxide in polyethylene raises the
stability of electret state due to the increase of
capture energy of the injected charge carriers.
It also revealed that the charge relaxation runs
not due to its own surface, but due to the
release of charge carriers from traps.

The electret properties and conductivity
of the polyethylene films with micro- and
nanodispersed fillers was investigated by
authors [37]. The high density polyethylene

(HDPE) of mark PE2NT11-285D was chosen
as the objects of investigation. The nanoporous
fillers had the foIIowing characteristics:
diatomite density — 1,9 g/cm®, zeolite density —
2,4 glem®, particles size of diatomite and
zeolite didn’t exceed 50 mcm. The stability of
electret state of HDPE with concentration of
zeolite 6 rev.% is higher than that of stability
of HDPE with the same concentration of
diatomite. The optical control of the samples
showed that passing of laser radiation with
wave length 0,63 mcm through polyethylene
film with porous nano-additions as diatomite
and zeolite depends on filler concentration.

In the work [38], the electret
characteristics of material on the basis of high
pressure polyethylene and chitosan were
studied. For investigation there was chosen
HPPE 11503-070 (TU 6-05-1636-91) and
chitosan (TU N9289-046-04689375-96) as
scales with sizes 0,2-0,5 mm. The mixing of
polymer with filler was carried out on
microrollers at 140°C for 5 min. The films by
thickness 0,8 mm were made by a method of
pressing at 170°C. The electrification was
carried out as well as in the work [34]. The
different authors in their works [39,40] have
showed that an introduction of dispersed fillers
in polyethylene essentially changes its electret
properties. The electret state is inherent to the
chitosan itself [41]. Thus, it revealed that the
filling of high-pressure polyethylene by
chitosan reduces its electrical characteristics,
although their level is sufficient for practical
application of the developed materials as
packaging ones. When storing the electret state
of polyethylene compositions with chitosan in
the soil relaxes by the 20th day, i.e. after
burial, the electret field of materials does not
interfere with their assimilation by various
microorganisms. Over a year of storage of
polyethylene compositions with chitosan in the
soil, the weight loss as a result of their
biodegradation reached 23%.

In the work [42], the electret properties
of polyethylene composition with nanoporous
diatomite were investigated. In the course of
the work it became clear that an introduction
of diatomite raised the electret properties of
low density polyethylene which was explained
by availability of traps on the surface of
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dielectrics, which can serve as nanopores of
diatomite and where a homocharge forming in
the preparation process of electrets was kept. It
revealed that when introducing the diatomite
and electrification the content of oxygen-
containing groups on surface of polyethylene
films considerably increased.

In the work [43], the films of impact-
resistant polystyrene (IRP) and polypropylene
(PP) with percentage content of rutile and
aerosol were investigated, respectively. A
rutile content (TiO;) in impact-resistant
polystyrene was 0,2, 4 and 6%, and in the film
from polypropylene an aerosil content (SiOy)
was 0, 2, 3, 4 and 6%. The relaxation time of
electret state of PP film calculated on

experimental data showed that the composite
films on the basis of PP with 2% aerosil
content possess the best electret stability. With
increase of volume concentration of the filler
to 4% a stability of electret state in the sample
IRP grows. The further increase of volume
concentration of rutile in the sample to 6%
leads to a decrease of temperature stability. An
increase of stability of electret state in the
composite polymers in this case the authors
explain by the fact that the filler modifies the
polymer conductivity. Owing to water
adsorption on nanosized inclusions of the filler
a volume conductivity of the polymer
decreased following which a stability of
electret state increased.

Physico-mechanical properties of composite materials based on polyolefins

In recent years, the investigations
directed to the preparation of nanocomposites
on the basis of polyolefins and mineral fillers
were considerably expanded at the Institute of
Polymer Materials of ANAS under the
leadership of Professor Gahramanov N.T. in
the laboratory of  "Mechano-chemical
modification and processing of polymers".
This is explained as being due to the fact that
unlike usual dispersed fillers, an introduction
of  nanoparticles favors an  essential
improvement not only strength, but also
electret properties. To clarify processes
connected with the improvement of the electret
properties of the polymer materials, it is
necessary, first of all, to have sufficiently
convincing data on the structure and properties
of the filled composite materials. In particular,
in the work [44,45] the general state of the
problem of preparation and investigation of the
composite materials on the basis of polyolefins
and mineral fillers is considered. The main
perspective  directions of  preparation,
processing and application of the composite
materials were shown.

In the works [46-50], the results of
investigation of influence of the standard
mineral fillers on basic physical-mechanical
and physical-chemical properties  of
nanocomposites on the basis of comparatively
new types of thermoplastic polyolefins —

statistic copolymer of ethylene with propylene
(REP) and block copolymer of propylene with
ethylene (BEP) were presented. It revealed
that an introduction of multifunctional
structure-forming agents — alizarin and zinc
stearate within the ranges of 1.0% mass in the
composition of above-mentioned polyolefins
improves essentially the strength and
rheological characteristics of the composite
materials on their basis. The most probable
formation mechanism of heterogeneous
nucleation centers with formation of a small-
spherulite permolecular structure with the
participation of structure-forming agent and
nanofiller particles is proposed. By the
methods of IR-spectral and X-ray phase
analysis of nanocomposites the detailed
analysis of structure of nanocomposites was
carried out. In particular, in the analysis
process of structure of the samples the
displacement of the characteristic absorption
bands and reflexes of the filler confirming
possibility of behavior of the orientation
processes of macrochains on its surface was
established. The formation mechanisms of
interphase field in nanocomposites during the
interaction with strength properties was
considered, the basic regularities of change of
the physical-mechanical properties of the
polymer nanocomposites on the basis of REP,
BEP and such natural minerals of Azerbaijan,
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as vesuvianite and CLT were revealed. It
found that the natural minerals by their
strength characteristics do not yield to the
standard mineral fillers. The main advantage
of natural mineral fillers is that they not only
improve the exploitation properties of
nanocomposites but also retain the rheological
pecuiliarities of melt on a satisfactory level.
The latter circumstance makes it possible to
prepare the highly filled polymer composites
with concentration of 30-40% mass, which can
be recommended for preparation of qualitative
construction products by methods of casting
under presssure and extrusion.

The authors [50-53] have established
that the availability of nanoclay in the
composition of natural mineral fillers
(vesuvianite and CLT) leads to essential
improvement of rheological properties (shift
rate) of the polymer composites on the basis of
BEP and REP in 2.8 times. The flow curves
and melt viscosity of the initial REP and its
filled composite were investigated. It found
that the structural branch on flow curves is
characterized by availability of areas close to
the highest and lowest Newtonian viscosity. In
Arrhenius coordinates it was established the
dependence of viscosity on temperature,
according to which the "apparent” activation
energy of the viscous flow for polyolefins and
their nanocomposites with vesuvianite and
CLT varied within a sufficiently wide ranges
of 23.5-58.4 kJ/m. The temperature-invariant
dependence of the viscosity of nanocomposites
allowing its extrapolation to the field of high
shift rates, close to the real conditions of
plastics processing by methods of casting
under presssure and extrusion was constructed.
The influence of structure of composites on
the basis of REP and BEP, type of filler
(vesuvianite and CLT), number of revolutions
of the screw, pressure in the material cylinder
and temperature regime of extrusion on
productivity of the extruder was investigated.
It showed that the highest productivity of the
extruder (22.6 and 22.3 kg/h) is reached at
concentration of vesuvianite and CLT within
the ranges of 10% mass in composition of
REP. The maximum productivity of the
extruder (32.6 and 33.8 kg/h) was achieved in
the composites on the basis of BEP also with

10% mass with content of vesuvianite and
CLT.

The influence of temperature regime on
pressured strength properties and volumetric
shrinkage of polymer nanocomposites on the
basis of REP and BEP and mineral fillers —
vesuvianite and CLT was analyzed. It revealed
that comparatively high values of strength
properties of nanocomposites on the basis of
BEP +5% mass vesuvianite and BEP+10%
mass of CLTs was fixed at a temperature
regime of material sylinder 160-180-195-
210°C, holding time under pressure 20 sec.,
and a mold temperature 50°C [51].

Another perspective direction in the
modification of polymers is the preparation of
hybride composites on the basis of polyolefins
and mineral fillers [54-55]. For this purpose
there was developed a method of synthesis of
silicon-containing epoxide compounds on the
basis of hydrosilylation reaction of glycidyl
ethers of allyl series with methyldiethyl silane
in the presence of platinohydrochloric acid. It
found that the latter underwent the reaction on
oxirane ring with various reagents and the
corresponding silicon-containing derivatives
were  formed. The  synthesized 12
organosilicone compounds were used as
appretes of quartz nanoparticles. It revealed
that the synthesized organosilicone compounds
possess good finishing properties favoring the
improvement of compatibility of the mineral
filler with polymer matrix. The quartz of
nanosized level (to 100 nm) was used as
mineral filler. The quartz nanoparticles were
prepared on analytical mill A-11 at rotor rate —
28000 rev./min. The size of nanoparticles was
determined on apparatus of model STA
PT1600 Linseiz (Germany) to make up 20-100
nm. To analyze the physical-mechanical
properties of the polymer nanocomposites they
were subjected to pressing at a temperature
190-200°C. The samples were cut from
pressed plates to determine the breaking stress,
specific elongation, bending strength of the
filled composites. The results of investigation
of influence of type and concentration of
appretes and filler on basic physical-
mechanical properties of nanocomposites were
presented. The finishing of nanoparticles was
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carried out in 0.5-2.0% aqueous solution of
acid to pH = 3.5, at a temperature 55°C for 60
min. Optimal concentrations of appretes and
filler providing maximum values of the
physical-mechanical characteristics of
composites were established. The main
reasons favoring improvement of strength
characteristics of finished nanocomposites
were revealed. The comparative analysis of the
obtained experimental data showed that
nanocomposites with 2-methyl-5-
methyldiethylsilyl-2-(methylenoxy-1,3-
dioxolano)-pentane was used as an apprete and
characterized by relatively high physical-
mechanical properties [56].

In the work [57], the influence of kaolin,
apprete—aminoethyl-aminopropyl-trimethoxy-
silane and zinc stearate concentration on basic
physical-mechanical properties of
nanocomposites based on polypropylene was
considered. An introduction of mineral filler
more than 10% mass leads to the deterioration
of breaking stress and specific elongation of
considered samples. This is explained as being
due to the fact that the introduction of excess
quantity of nanosized filler in the composition
of the polymer matrix is accompanied by
accumulation of nanoparticles in  the
amorphous regions rigidly reinforced by
passing chains in the inter-spherulite space. A
schematic image of the proposed mechanism
of interaction of the filler with apprete, as well
as a summary table of experimental
investigations on the study of selective and
joint influence of ingredients in the
composition of composite on basic physical
and mechanical properties was presented. The
data on finishing mechanism of nanoparticles
were presented. It showed that the joint use of
the zinc stearate and apprete makes it possible
to improve the breaking stress, bending
strength, specific elongation and melt flow
index. An improvement of flow melt creates
some technological advantages to the
examined highly filled nanocomposites

1. Abdulin M.I., Glazyrin A.B., Basyrov

organosilicone compound acidified by acetic
intended for their processing by methods of
extrusion and casting under pressure.

The authors [58-60] have considered the
influence of mineral fillers (talc, quartz,
clinoptilolite,  etc) that resulted in
organosilicone compounds based on physical-
mechanical properties of composite materials.
In all cases a noticeable improvement of
properties of finished composite materials was
noted. So, for example, it found that the
maximum value of breaking stress was
achieved in nanocomposites with 10% mass
content of talc and apprete. An increase of
heat-stability of nanocomposites with growth
of content of finished talc was interpreted by
the existence of the possible covalent bond of
silanes with tertiary carbon atoms or double
bonds available in the structure of
polypropylene.

On the basis of the above-mentioned, it
may be concluded that the problem of
improvement of the electret and physical-
mechanical characteristics of the polymer
composite materials on the whole will mainly
be identified by the concentration of reacting
components of the mixture, structure of the
initial polymer matrix due to its molecular
weight and molecular-weight distribution,
content of functional groups with conjugated
double bonds, sizes of filler nanoparticles and
its composition. The investigation of
nanosized filler particles once again confirms
great opportunities of structure regulation and
properties of the composite materials. It
becomes obvious that the most perspective
direction of material preparation with high
electrical properties will be formed in the
process of mechanical-chemical synthesis of
the composite materials with the use of
combined variants of their modification. The
possibility of wide variation in the structure of
polymer nanocomposites opens up new
possibilities of selective influence on change
of their properties.
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synthesis and study of hybrid

O IIOJIYYEHHHU KOMIIO3UTOB C YJIIYYUIEHHBIMH
SJEKTPODH3HYECKHUMH H ®H3HKO-MEXAHUYECKHMH CBOHCTBAMH

H.T. Kaxpamanos, X.B. Annaxeepouesa, /I.P. Hypynnaesa

Unemumym nonumepuvix mamepuanos Hayuonanenou AH Azepbaiioscana
AZ 5004 Cymeaiioim, yn C. Bypeyna, 124, e-mail: najaf1946@rambler.ru

B pabome npedocmasnenvl pe3yrbmamyl aHAIUMUYECKO20 0030pa COCMOSAHUS NPoOIeMbl pa3spabomKu u
UCCne008anus NOIUMEPHBIX KOMNOZUMHBIX MAMEPUANO8 C YIAVYUEHHbIMU INeKMPOPUIUYECKUMU U
Qusuxo-mexanuveckumu  ceolicmeamu. Iloxazano, umo noo6GOpom CheyuanbHuIX HaAnoaHumenel,
8apPbUPOBAHUEM UX KOIUYECTBA U PA3MEPAMYU YaACMUY 8 NOJUMEPHOU MAMPUYE MOICHO CYUWECEEHHbIM
00pas3oM NOGIUAMb HA INEKMPONPOGOOHOCIL MAMEPUANA U MEM CAMbIM Pe2yiupoeams 6 Yeiom ux
anexmpemuvle ceovicmea. Iloxazano, umo ¢ UCnoIL306aAHUEM MPAOUYUOHHBIX HANOJIHUMENCU CAMNCH,
epagpuma, MuHepanog, Memaulos u m.0. 8 COCmase MEPMONIACTNOS, PeaKmoniacmosd U pe3uHbl
B03MOJICHO NOMYHAMb  AHMUCIIAMUYECKUe U30enUsl, IAEeKMPOMASHUMHbIE 3AWUMHble NOKPbIMUS,
Pe3UCmOopbl, pasIuuHble Munbl MOKONPOGOOAUUX MaAmepuanos. Mcnonv3oeanue pasiuiunslx 1€2KOBECHbIX
HanonHumenell MNo3601aem NOAYYAMb  HUSKONJIOMHbIE KOMHO3UMbL € NOGbUUEHHLIMU — PUIUKO-
MEXAHUYECKUMU U DNeKMpemubiMuU ceoticmeamu. bomvuyio nonyaspnocms npuobpenu cgheponiacmuru
Ha OCHOBe CUNOKCAHO8020 3aacmomepa. Illpedcmagnenvl OauHble HA OCHOGE CAICCHANOTHEHHBIX
KOMNO3UMHBIX MAMEPUAN08 HA OCHOBE NOIUONEPUHOB, KOMOpble NPU ONPEOCNCHHLIX COOMHOUEHUSX
NO360AAI0M  HOIYHUUMb  INEKMPonposoosiyue uzoenus.. OnpedenenHoe Mmecmo 6 0030pe  yOereHo
UCNONL30BAHUIO  8bICOKOOUCNEPCHBIX ~ MEMAIAUYEeCKUX NOPOWKOE OJid  YAVHUUEHUS  INEeKMPEmHbIX
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xapaxkmepucmux Kkomnozumos. bonvuioe mecmo yoeneno ucciedosanuio HAaHOHANOIHEHHbIX KOMNO3UMO8
C UCNONBL308aHUEM OONBULO20 HAOOPA OUCHEPCHbIX MUuHepanos. Hcnonv3osanue 2uOPUOHBIX NOIUMEDPHBIX
HAHOKOMNO3UMO8 OMKPbIGAem HOBble U NEPCHEKMUBHBIE BO3MOICHOCHU WUPOKO20 UX UCNOTIb308AHUS 8
npoU3B00CmEe MOKONPOBOOSMUX MAMepuanos. Bosmodcnocms xumuueckoeo c6a3vl8aHus yacmuy
MUHEPATIbHO20 HANOJIHUMENSL C HOTUMEPHOU Mampuyel ¢ UCHOAb308AHUEM CEA3YIOUUX C CONPAHCEHHbIMU
OBOUHBIMU CEAZAMU — IMO UHHOBAYUOHHbIE NOOX00bI 8 Oeile CO30AHUsL 8bICOKONPOUHBIX U MENI0CHOUKUX
IAEKMPONPOBOOWUX KoMno3umos. Queduono, 4mo Hauboree NepcnekmueHoe HAnpagieHue NowyYeHus
MAmMepuanog ¢ 6blCOKUMU IIEKMPEMHbIMU C8OUCMEaMu Oy0em OCHOBbIBAMbCA HA NpPoYyecce MeXaHo -
XUMUYECKO20 CUHME3A KOMNOIUMHBIX MATNEPUAIO8.

Knrwouesvie cnosa: nonusmuien, 31eKmponposoosiyue NoiuMepHvle KOMNO3UYuY, yoeivHoe 00beMHoe
conpomugienue, HAHOBOIOKHO, 2paghum, 3aeKmpem, MeXHUYecKull yaiepoo, Yenepoonvle 60J0KHA,
91eKMPONPOBOOHOCHb

YUKSOK ELEKTROFIZIKI VO FIZIKi-MEXANIKI XASSOLI KOMPOZITLORIN
ALINMASI HAQQINDA
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Maqalada elektret xassalara malik polimer kompozisiya materiallarin tadqiqi va islanilmasinin adabiyyat
icmalr verilmisdir. Gostorilmisdir ki, xtisusi tayinatli dolduruculari se¢moKlo va onlarin migdarin
polimer matrisda dayismaklo materialin elektrikkegiriciliyina tasir etmakla yanagsi, elektret xassalarini do
tonzimlamak olar. Miiayyan edilmisdir ki, termoplastlari, reaktoplastlart va rezin mamulatlar: duda,
grafit, minerallar vo metallar kimi anonavi doldurucularla doldurdugda antistatik momulatlar,
elektromagnit ortiiklor, rezistorlar vo miixtalif nov elektrikkegirici materiallar almaq miimkiindiir.
Miixtalif név yiingiil doldurucularin tatbigi yiiksok fiziki-mexaniki xassalora malik asagi sixhqh
kompozitlorin alinmasina imkan yaradir. Poliolefin vo duda doldulurmus kompozisiva materiallarin
miiayyan nisbatlarinda elektrikkegirici materiallarin alinmasina dair malumatlar veririlib. Magaloda asas
yerlardan birini kompozitlorin elektret xassalorini yaxsilasdirmaq maqsadilo istifada edilon yiiksak
dispersliya malik metallik tozlar taskil edir. Konyugo olunmug ikigat rabito vasitasilo mineral
doldurucunun va polimer matrisin kimyavi alagasi imkanlari— yiiksok mohkamliya vo istiliya davamii
elektrikkecirici kompozitlorin almmasinda innovasiya hesab edilir. Hesab edilir ki, yiiksok elektret
Xassaya malik materiallarin alinmasinda perspektiv istiqamat kompozit materiallarin mexaniki-Kimyavi
sintez prosesine asaslanmalidir.

Acar soslar: polietilen, elektret, elektrikkeciriciliy, kompozit materiallar, mexaniki-kimyavi sintez, grafit,
fiziki-mexaniki xassalar
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