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Development of scientific basis of obtaining technology and study the properties
of dielectric materials based on polymers and ionic crystals with the use of irradiation

The scientific and methodological fundamentals of new composite materials were developed, as well as the experimental
studies depending on stress-strain and thermal properties of the various polymers, dielectrics (KBr, KCL, etc.)
and their compositions using irradiation. The most interesting results were obtained for polymers, in particular for
polytetrafluoroethylene at the various temperatures 0, 19 and 50°C.
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K. b. Tne6aes, A.M. Kymuumnn
Pa3paboTka Hay4YHBIX OCHOB TEXHOJIOTHH NOJYYEHUs] H HCCJIe0BAHHE CBOMCTB AMIEKTPHYECKHX
MaTepUaJIOB HA OCHOBE I0JMMEePOB U HOHHBIX KPHCTAJLJIOB C HCIOJIb30BAHHEM 00.1y4eHHsI

Pa3paboTanbl HAyUHO-METOANYECKHE OCHOBBI MOTYyYEHHUs] HOBBIX KOMIO3UTHBIX MaT€PUAJIOB, a TAKXKe TPOBEAEHBI IKC-
HEePUMEHTAJIbHBIC UCCIIEIOBAHMUS 110 3aBUCUMOCTH HANPSDKEHHS OT Ae(OpMALK U TEIUIOBBIX CBOMCTB YISl Pa3IMYHBIX
nonmmepoB, auannekTpukoB (KBr, KCL, u 1p.) ¥ mx KoMIO3MIMI ¢ HCTIoiIbp30BaHHeM oOimydeHus. Hanbonee nnrepec-
HBIC Pe3yJIbTaTHI TOTYyUCHBI Ha ITOJUMEPax, B YACTHOCTH Ha ITOJIUTETPAQTOPITHICHE IIPH PA3IHYHBIX TeMIepaTypax
0, 19 u 50°C.

KuroueBbie ciioBa: monumep, MOHHBIA KPUCTAILT, JUIIEKTPUKH, KOMIO3UT, Je(opMaliys, TepMHUUECKHIE CBOHCTBA, 00-
JIydeHHe.

K.b. Tine6aes, A.W. Kymanma
Caynenenaipyai naiaajasa oTbIpPbI HOHABIK KPUCTAIJAPAbIH KJHe NOJIMMepPJIepAiH Heri3inge AudJIeKTPIIiK
MaTepHaIIapAbIH KACHETIH 3epTTey skoHe aJy TeXHOJIOTHsIJIAPbIHBIH FBLIBIMHU HEri3iH KypacThIpy

JKana KOMIO3WTTIK MaTepuaniapibl alyablH jKaHa FBUIBIMH-METOIUKAIBIK HEri3i KypacTBIPBUIIBI, COHBIMEH Karap
aptypai nomumepiep, muekrpukrep (KBr, KCL sxone T.6..) YIIiH jk0HE OJapIbIH KOMITA3HUIHACHIHA COyIeIeH Pyl
KOJIZIaHa OTBIPBII, TOK KYLIiHE OalTaHBICTHI Ae(hOpMaLUACH )KOHE JKBLUTYIIBIK KaCHETi TOXIpHOe Ky3iHAe 3epTTEeNMiHI.
MaHBI3IBUIBIFBI KOFAPBl HOTHKENEP opTypiii Temmeparypazaa 0, 19 sxone 50° C moauteTpadTOpITUIICH MOTMMEpPIH/IE
QJIBIH]IBI.

Tyiiin ce3mep: moauMep, HOHIBIK KPUCTAILI, AUIIEKTPUKTEP, KOMITO3UT, Ae(hopManus, TEPMHSIIBIK KacHeTTep,
COyIIeIICHY.

Introduction

The polymeric materials (polyester resin,
polytetrafluoroethylene, polyethylene, polyimides,
polymeric coatings etc.) and insulators (KBr, KCI
etc.) have already become a model for the study
of mechanisms of unstressed a primary radiation
defects and the accumulation of secondary processes,
complex (up to the colloids) defects in the bulk of a
solid when exposed to ionizing radiation.

No less important is the role of these materials
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for the study of radiation-simulated phenomena.
One such important for the science and practice of
phenomena is the formation of these materials in
the form of macroscopic defects of radiated crystals
(RC) under the influence of gamma and electron
radiation.

As it has appeared the exposure to ionizing
radiation of the “polymer-dielectric-air” leads to an
effective change of structure and properties, even
when compared with the radiation damage in the
crystals.
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Under the conditions of contact crystals KBr,
KCI with the atmosphere at the surface of crystalline
phases are created nitrates and oxyhalides alkali
metals. The heterogeneous nature of the phenomenon
is confirmed by that with the increase of the specific
surface of the samples occurs increasing depth of
the layer of reaction products.

These radiation-chemical technologies were
based on the use of accelerators of charged particles
(electrons and ions) as well as data of neutron
nuclear reactors and nuclear power plants, due to the
need to obtain materials with desired physical and
chemical properties.

In this regard, the problems were considered
associated with the passage of particles through
matter, their interaction with condensed media
and on this basis - getting materials with desired
properties and prediction of these properties. To
these used materials the strict requirements are
imposed, as they often work in extreme conditions
of the intense radiation fluxes, the high mechanical
stresses, high temperatures and pressures and
corrosive environments. According to the type and
energy of the incident particles, the atomic number
of the target, the temperature of the material,
etc. in solids are taken place the different rather
complex processes ranging from the interaction of
primary particles with electrons and atoms of the
medium, and scattering of particles, the excitation
of atoms and nuclei, and the formation of primary
and secondary-sputtered atoms (PVA-BBA,
respectively) and finishing by the phase transitions,
anomalous phenomena, exotic effects [1-4].

The problem of obtaining new composites,
especially those with structural and phase
transformations in the polymer has recently become
extremely important.

The necessity of such work is caused by the need
of development of this field in the world in general,
as well as in Kazakhstan and is due to the demand in
new materials and solution to stabilize the structure
and properties of materials under conditions of the
intense radiation, creating radiation technology, the
production of materials with desired properties, the
use of radiation in the industry of Kazakhstan. It
has already now on the basis of the previous studies
in the 2al-Farabi Kazakh National University and
FTTS the introduction of the results is going to the
JSC “Medpolimer”, “Polymed”, “Unimed”, “Bios”,
“Antarius”, “Doltse” LLP, “Kama”, etc.

It is due to the fact that in addition to the well-
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known type of fusion reactions and glass, for example
in the irradiated polytetrafluoroethylene (PTFE), we
found another type of structural transformation at
room temperature, the interpretation of which has
been defined a significant interest in its investigation.
However, not all researchers are of the single point
of view regarding the domain of these transitions,
mainly is due to the fact that different methods
are used. The “Static” measurements are usually
given a low temperature for the same transition
than dynamic (mechanical, dielectric and NMR).
In the measurements by dynamic methods with
increasing frequency, the transition point is shifted
to higher temperatures. Further confuses the issue
is the fact that static methods can sometimes show
the existence of the transition that are not detected
by dynamic methods and vice versa. For example,
the phase transitions of PTFE at room temperature
are very clearly manifested in the calorimetric
measurements and by X-ray diffraction analysis.
It should also be noted that the simultaneous
measurement of mechanical and thermal properties
of polymers were not carried out.

Thus, at present there are some contradictions
between the various authors of the synthesis of new
composites, the existence and nature of structural
transformations in them.

Experiment

The irradiation of composite was carried out on
the electron accelerator of the type ELU-6 with the
intensity of a beam of particles (current) from 0.1 to
0.5 pA, with the energy of 4 - MeV up to the integral
doses 102-104 Gy. It was found that the electron
irradiation at the energies of the particles in the
studied range 2-6 MeV is significantly strengthened
the composite, due to the additional cross-linking
of the polymer binder with the components of the
composite.

The samples of dielectrics have being pulverized
at a special mill to micro and nano scale. Then the
components were mixed in a predetermined ratio.
Thereafter the mixture was poured polyester resin
with hardener and poured into a form and pressed.
The samples were dried for 20-50 hours, depending
on the assumed properties of the composite.

The tensile strength of PTFE materials was
tested for tensile testing machine. The samples
with a working length a=50 mm and width b=5
mm were deformed in uniaxial tension mode for
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experimental computer installation created by us
based on the tensile testing machine model RMU-0,
05 - 1 with the appropriate software in a standard
Windows - applications. The obtained experimental
data were transmitted directly to the table EXCEL.
The mechanical testing of the materials were
manufactured according to GOST 14236-81 and
GOST 11262-80 at three temperatures T =00 C,
T,=190 C and T,=500 C and the speed of the film
moving apart grippers 36, 09 =0, 0 5 % mm / min.
And capture movement associated with the meter
did not exceed 0.1 mm. The temperature of the
samples was maintained with the help of a special
device.

Results and Discussion
The scientific and methodological fundamentals

for obtaining of new composite materials were
developed and the experimental studies of the

electrical  properties (conductivity, dielectric
properties, breakdown, etc.) polymer (polyester
resin, polytetrafluoroethylene, polyethylene

terephthalate, polyimide, polymeric coatings, etc.)
and insulators (KBr, KCL, etc.) with the use of
irradiation were carried out.

The detailed analysis of the state the issue on
the subject in question was carried out, in particular
on the development of technologies for producing
ionic crystals, including materials such as potassium
chloride, potassium bromide, sodium chloride,
sodium bromide, carbon dioxide, aluminum, etc.
It was found that in the literature there are quite a
lot of research on the effects of different types of
radiation on the physical and chemical properties
and structure of ionic crystals (especially the optical
properties of materials). It was revealed that among
other things the beams of charged and neutral
particles are used widely in industry, medicine,
agriculture, engineering, etc.

The technology was developed for production
of new materials using polymers (polyester resin,
polytetrafluoroethylene, polyethylene terephthalate,
polyimide, etc.) and insulators (KBr, KCL, etc.).
The technology for producing a new material
includes a selection of the components and their
concentrations, the grinding components with a
special setup, the sifting powdered material, the
mixing of the components in the specified proportion,
the processing of the electron and ion beams and
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manufacture of the experimental samples (pressing,
sintering, cooling, grinding, polishing materials
for fixed physical, chemical and technological
parameters and different actions).

The appropriate chemical and engineering and
radiation modes of production (the concentrations of
filler, intensity, energy and dose) of the composites
were developed.

It was found that the parameters of the
manufactured composite and the manufacturing
technology of the new materials based on dielectric
metal particles is strongly depended on the size and
structure of the components of mixed materials,
their compatibility and external influences.

The experimental study of the electrical
properties (conductivity, dielectric properties,
breakdown, etc.), polymer (polyester resin,
polytetrafluoroethylene, polyethylene terephtha-
late, polyimide, etc.) and insulators (KBr, KCL,
etc.), with the inclusion of the nanomaterials of
nano metal particles of the nano powders Al, etc.,
applied coatings at different intensities directly
under a beam of high-energy electrons were
carried out. It was found that the tested properties
depend strongly on the exposure and especially
the intensity and dose, with increasing of them the
electrical properties under the beam can be changed
more than ten times.

The scientific basis of the technology was
developed and prototypes were manufactured. In the
study ofcompositesbased onpolytetrafluoroethylene,
for example, it was taken into account that the
polymer has a phase transition in the temperature
range of 19- 30 °C. Moreover, we have shown that,
thermal and other properties of this material depend
strongly on the energy and dose of the electron
irradiation (thermal conductivity, specific heat,
thermal conductivity, thermal expansion coefficient,
electrical and mechanical properties, and so on)
(table 1 and figurel-4). With increasing doses of
the peak value is reduced, and the peak shifts to
the left and then disappears altogether. At low
concentrations of the second component the phase
transition is partially the case. Adding a second
component in the mixture, as in the case of the
electron irradiation is reduced the amplitude of the
peak and shifts it to lower temperatures. The effect of
electron irradiation on the mechanical properties of
insulators for continuous and pulsed high-intensity
electron beams was studied.
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Table 1 — The experimental values of the temperature dependence of the thermal conductivity of PTFE under different
doses of electron irradiations

2, W/m ‘K
T, K
D =0, MGy D =0.05, MGy D=1, MGy D =2, MGy
240 0.295 0.300 0.303 0.280
260 0.301 0.308 0.312 0.280
280 0.308 0.325 0.319 0.280
293 0.320 0.300 0.289 0.282
303 0.301 0.290 0.290 0.282
320 0.303 0.303 0.303 0.282
330 0.305 0.305 0.305 0.305
A W
o3y L0
7.0
0,32]
6.0
0.31
5.0
0,3
4.0
0,29
3.0 a . . . . =
0,28 . 240 260 280 290 300 320 ¥ K
240 260 280 290 300 320 Tk
The absorbed dose D: (A) -0; () - 0.05; (0) - 1; (D) - The absorbed dose D: (®) -0; (A) - 0.05; (0) - 1; (0) -
MGy-2 MGy-2
Figure 1 — Dependence of the thermal conductivity of PTFE Figure 2 — The dependence of the specific heat of PTFE on
on the temperature measurement the temperature measurement

3.0

2,240 260 280 290 300 320 7r,K
23 323 93 TIK
The absorbed dose D: (A) -0; (e) - 0.05; (o) - 1; () - MGy-2 The absorbed doseD: 1 -0,2-0.05,3 -1, MG 4 -3.

Figure 3 — The dependence of the thermal diffusivity of PTFE Figure 4 — The dependence of the coefficient of linear thermal
on the temperature measurement expansionf of PTFE on the temperature measurement
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The studies were carried out on the stress-
strain and thermal properties of various polymers,
dielectrics, and their compositions. The most

interesting results were obtained for polymers (in
particular polytetrafluoroethylene) at different
temperatures (0°, 19° and 50° C) (figure 5).
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Figure 5 — Curves of stress-strain at different temperatures

As follows from the experiments on all three
curves were observed the anomalies at the room
temperature, expressed as a sudden change for the
specific heat and the coefficient of linear expansion,
and in the form of bending tensile strength. Moreover,
the temperature dependence of the specific heat was
showed two peaks at the temperatures of 19° C and
30 ° C, and the curve of the coefficient of linear
expansion, in contrast to the curves of the specific
heat was observed a single peak at 30° C, which was
more pronounced than on the curves.

Conclusion

From the study of composites based on
polytetrafluoroethylene it is seen that the PTFE has
a phase transition in the temperature range of 19-
30°C. Moreover, it was shown that, thermal and other
properties of this material depend strongly on the
energy and dose of the electron irradiation(thermal

conductivity, specific heat, thermal conductivity,
thermal expansion coefficient, electrical and
mechanical properties, and so on).With increasing
doses of the peak value is reduced, and the peak
shifts to the left and then disappears altogether.
At low concentrations of the second component
the phase transition is partially the case. Adding a
second component in the mixture, as in the case of
the electron irradiation is reduced the amplitude of
the peak and shifts it to lower temperatures.

The test results of PTFE films in tension at
various temperatures show that at T=0°C, a sharp
drop intension and low elongation. The structural
transition at T=19°C, pronounced on the heat
capacity curves of PTFE did not forma “neck” in
tension and evenly pulled up to several hundred
percent. At T=50°C occurred data uniform,
smooth draw. The similar effects were observed
in composite materials with a low concentration of
the second component.
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