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1. Introduction

It is known, that the changes of polymer dielectrics properties are closely concerned with their
manufacturing technology and, therefore, with their physical and chemical structure. At operation of prod-
ucts in polymer dielectrics its are frequently exposed to effect of the various external factors, such as radia-
tion, mechanical loads, high and low temperatures, strong electrical and magnetic fields, moisture, various
kinds of electrical discharge etc. The analysis of literature data about the properties of polymer dielectrics
testify that in polymer materials subjected to various external effects the essential changing of their chemi-
cal and physical structure and, hence, their basic properties, are observed [I]. Many investigators applying
the direct research methods: electrical and optical microscopy [2], X-rays diffraction [3], infrared spectros-
copy [4], electron-paramagnetic resonance etc., have rather successfully solved a number of problems con-
cerning with polymer dielectrics properties. In some cases the particular interrelations between the changing
of researched objects properties and their structure were convincingly obtained.

However, it is necessary to note that despite of plenty spent researches in this field; the decision of
many questions remains open. At many occasions the interpretations of experimental results were not defini-
tive. Absence of conventional classical theoretical works does not allow making the generalizing conclu-
sions.

Above told and also the facts of ongoing the new polymer materials with complex structure and,
therefore, with new properties, stimulate the realization of further researches in considered field.

The submitted work is devoted to research of a charging condition formation in the film samples on
base of Polyvinylidenfluoride (PVDF) subjected to electrical discharges effects.

The basic purpose of given research is study of basic laws and physical mechanisms of a charging
condition formation in linear polymers and compound systems under the strong electrical fields and dis-
charges effects.

2. Experiments and method

The PVDF samples were made under the most various technological conditions, namely: by hot
pressing at various pressures, crystallized and subjected to extension at various temperatures, air-hardened
and subjected to shrinkage, subjected to recrystallization, containing the some impurities in the structure and
also oriented along the axis and being under the constant force.

At the preparing of the samples of compound material formed on a base of PVDF films there is po-
rous adsorbent - KCM mark Silicagel (mainly consisting in silicon dioxide-SiO,) as filler is used. Some re-
searches on Polythene of high pressure and Nylon samples were carried out.

PVDF as a powder was served an initial material. The PVDF films of (150 — 180) um thickness
were made by hot pressing from melting state at temperature T = (170 — 250)°C under pressure
P = (50 — 150) Atm; then samples were hardened at various temperatures. The size of initial powders was
within the range of 63 um.

At the preparing of compound material the filler — special apparatus comminuted Silicagel and in a
powder state passed through a sieve for reception the size of 63 um. The received powder was previously
exposed to heating treatment at T = 200°C under the vacuum for 3 hours. Then the PVDF and Silicagel com-
ponents in a powder state were mixed up in the vibrating mixer at a necessary volumetric proportion, which
in our experiments was varied within range of (80 — 99)% PVDF and (20 — 1)% Silicagel.

Received homogeneous powder mixture of components was placed in special pressroom, heated
up to temperature T = 170°C and pressed for the time of 3 — 5 minutes. Then the pressure was reduced; the
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sample was crystallized at various temperatures, which were below the PVDF melting temperature. The
samples received by such way represented a films of (150 — 180) um thickness and size of (50x50) mm?.

At PVDF and (PVDF+Silicagel) films preparation the crystallization temperature was varied in a
wide interval T = (25 — 100)°C.

Effect of mechanical pressure during the some researched materials preparing to their properties at
varying of pressure value from 5 up to 150 Atm was carried out.

With purpose of study the charging condition of the film samples prepared under different techno-
logical conditions. They were subjected to effect of flame and corona types electrical discharges and
thermal polarization in a direct electrical field. The charging condition in samples was revealed by the ther-
mal stimulated relaxation (TSR) method widely used at researches of polymer dielectrics [5]. The TSR
method is that a material at first is charged (by means of polarization, corona discharge etc.) and then dis-
charged on the current reading device, simultaneously heating with constant speed of |1 °C/min. According to
TSR current function of time the value of storage charge into material may be determined.

Charging of samples by the flame discharge was carried out at AC voltage U =19 kV, current
I = 30 pA, distance between electrodes d = 4 cm. The typical TSR spectrums for a PVDF film treated by
flame discharge is shown on Fig. 1, curve 1. The spectrum contains two peaks; the first of them is fixed at
T = (95 — 100)°C, the second peak is observed at T = 130°C. Obtained charge density is: o; = 8,0-10° C/cm?.

Charging of samples by the corona discharge at negative polarity of coroning electrodes was carried
out at U =6 kV, current I = 30 pA during 30 minutes. The typical TSR spectrum for a PVDF film treated by
corona discharge of negative polarity is shown on Fig. 1, curve 2. Spectrum also contains two peaks the first
of them is fixed at T = (95 — 100)°C, the second peak is observed at T = 135°C. Obtained charge density is:
6. = 1,2:10® C/cm?. Other kind of materials electrization used in work is polarization in a direct electrical
field. The researched sample is displaced between electrodes of the heating device, which is used for TSR
spectrum obtaining. There are polarization temperature Tp = 130°C, polarization voltage U, = 2 kV, polari-
zation time is 1 hour.
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Fig.1. TSR spectra at PVDF films electrization: Fig.2. PVDF depolarization heat patterns set for var-
1- flame discharge; 110 A; 2 — corona dis- ious values of electrization temperature;
charge of negative polarity; 1-10* A; 3 — polari- 1 —25°C; 2 —50°C; 3 —70 °C; 4 —100°C; 5 - 130°C;
zation in a direct electric field; 1-10™ A; 1104

After exposure for a time of 1 hour the heating of a sample stops and sample begins to cool down. At
achievement of a sample temperature of room meanings the applied voltage is stopped and TSR spectrum is
obtained. The appropriate spectrum is shown on Fig. 1, curve 3. The TSR spectrum also contains two peaks,
first of which is observed at 7= (95 — 100)°C, and the second at 7' = 125°C. Appropriate charge density is:
,= 2,0-107 Clem?

Comparison of obtained results shows that all TSR spectrums irrespective of a kind of electrical ef-
fect contain two peaks and the appropriate peaks are fixed approximately in the same temperature intervals.
This fact unequivocally testifies on a determining role of chemical structure and structural peculiarities of
researched materials in charge storage process.

3. Results

Analyze of results have shown that the value of total charge storaged in the researched materials
treated by flame and corona discharges by an order of magnitude less than at polarization in a direct electri-
cal field. In development of these researches we spent the series of experience on revealing the effect of po-
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larization temperature to the charge introduction into material. The PVDF films were polarized in a direct
electrical field at temperatures: (25, 50, 70, 100, 130)°C during the time of 1 hour. The appropriate TSR
spectrums are shown on Fig. 2.

As it is visible from Fig. 2, in increasing of polarization temperature the TSR curves maximums are
shifted to the higher temperature area, but thus the total charge values obtained from TSR spectrum are prac-
tically equal. The results obtained at higher electrization temperatures are apparently concerned with for-
mation of more perfect and, hence, more stable structural units-grains.

Values of the stored charge density in PVDF and (80% PVDF + 20% Silicagel) samples made at var-
ious pressure and then subjected to effect of the negative polarity corona discharge are equal:

o1 = 1,6-10° C/lcm? — at pressure of 5 Atm;
6, = 2,3-10°® C/lcm? — at pressure of 50 Atm;
o3= 3,9-10°® C/lcm?— at pressure of 100 Atm;
64= 4,3-10® C/lcm?— at pressure of 150 Atm:;
80% PVDF + 20% Silicagel

61 = 1,6-10" C/lcm?— at pressure of 5 Atm;
6,=1,4-107 Clcm?- at pressure of 50 Atm:
o53=1,8-10" C/cm?— at pressure of 100 Atm;
64=1,6-10" C/cm?— at pressure of 150 Atm.

These results showed that presence of Silicagel as a filler appreciable increases the stored charge in
polymer compounds. It is necessary to note that presence of fine-pored Silicagel in the PVDF samples struc-
ture gives the stabilizing effect on charge formation in materials, that causes the charge value to be un-
changed in increasing of external pressure applied to the melted samples.

Research of charging condition formation in the samples at various molding and crystallization
temperatures of initial materials was carried out. It is obtained that in increasing of initial materials molding
and crystallization temperatures the maximums of peaks on TSR spectra are shifted to the higher tempera-
tures area and the values of total saved charge essentially decreases. However in case of (PVDF+ Silicagel)
composites these changes appear not so essential as in case of P\VDF-samples.

According to the linear model of amorphous-crystal polymers it is necessary to consider that in sam-
ples subjected to electrical effect the electrical charges are trapped by both amorphous and crystal areas of a
material. More less value of stored charge in the samples molded and crystallized at higher temperatures is
concerned with increasing of a material crystalline degree, and, hence, with defects reduction and formation
of the more perfect crystal structural units in a material. The trapping of electrical charges in such materials
carried by centers located in the amorphous areas, which have insignificant sizes, is the reason of stored
charge reduction.

The stability of stored charge values in PVDF+Silicagel composites at increasing of molding and
crystallization temperatures is concerned, obviously, with insignificantness of structural changes in a materi-
al.

The shifting of a current maximum to the higher temperatures area on TSR spectrum is concerned
with a charge releasing from deeper trap levels and with more perfect structure.

Researches of a charging condition of PVDF samples no oriented as well previously oriented and
then subjected to the thermal shrinkage at a free state showed that stored charge in the samples of both types
are practically equals in value. It is a consequence of returning of oriented films to the initial no oriented
structure due to thermal shrinkage.

4. Conclusions

1. New physical representations about the mechanism of electrical charging of dielectric film mate-
rials subjected to strong electrical fields and discharges effects are advanced. It is revealed that value of
charge stored in the polymer materials is in many respects determined by the over molecular structure of
these materials.

2. The obtained correlation between the over molecular structures and properties of polymer dielec-
trics represents an opportunity to operate the charge formation process in materials.

3. The key role of amorphous areas in materials on the charging condition formation is determined.

4. As a result of spent researches the new compound material for the polymer dielectrics preparing is
offered. Material includes the polymer PVDF and fine-pored Silicagel and has the high charge density and
stability.
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Summary

Wide using of polymer dielectrics in various branches of modem engineering stimulates the re-
searches of changing these materials properties under the various conditions. Especially it concerned with
materials subjected to various external effects. In submitted paper the results of research of charging condi-
tion formation in some polymer dielectrics and compound materials under the effect of strong electrical
fields and various kinds of electrical discharges in air environment are presented. Correlation between the
materials charging processes and their structure and technological preparing conditions are considered. New
physical representations about the charging process mechanism in solid dielectric materials, subjected to
effects of the strong electrical fields and discharges are extended. Formation the electrical charge of anomaly
high density up to (107-10®) C/cm? in researched materials and revealing it charge only at heating a material
is found out. Opportunities of control the process of charge injection in a material are analyzed.

9.H. AxmenoB

IJIEKTPOPA3ZPAAHAA MOAUO®UKAIIUSA ITOJIUITUIEHA

Huemumym ¢usuxu Akademuu nayk Azepoaiioxcana,
np. I'. [casuoa, 33, 2. baxy, 370143, Azepbaiiosncan

OcymiecTBieH IMpOLECC AJIEKTPOpa3psiiHOTO CHUHTE3a IPUBHUTOrO COMOJIMMEpa JIMHEHHOIo
MONMATHIICHA HHU3KOW IUIOTHOCTH C HHUTPWIOM aKPHJIOBOM KHCIOTHI 0€3 NpPUMEHEHHsS KaKuX-JHOo
KaTanu3aTopoB. [lomy4yeHHBIH COMOIMMEP HE COAEPKUT HEKENAaTeNbHOr0 MOOOYHOI0 MPOIYKTa PEAKIUH —
FOMOIIOJIMMEPA IPUBUBAEMOIO0 MOHOMEpA.

OHUM U3 TIEPCIIEKTUBHBIX HATIPABICHUH MOIU(PHUKAIIMNN IOJIUMEPOB SBJISIETCS METO/] IIPUBUBKH CO-
MOJIMMEPOB, KOTOPBIH IMO3BOJISIET TONyYaTh NPOIYKTHI, COUETAIOIINE B cebe CBOICTBA Pa3INYHBIX MO CBOEH
MIPUPOAE MOJUMEPHBIX MaTepHajoB. sl TOCTHXKEHHS JKEIaeMoro coueTaHus (pU3NKO-MEXaHHIECKUX, JJIeK-
TPUYIECKUX M IKCIUTyaTallMOHHBIX CBOMCTB MPOAYKTA BAXKHBIM SIBJISETCS BHIOOP NPUBHBAEMOIO MOHOMEPA.
3HAYUTENbHBIA MHTEpEC MPEACTABIAIOT MOHOMEPHI aKpUJIOBOTO psAJa, MO3BOJAIOLINE CYLIECTBEHHO YIIyd-
aTh XapaKTePUCTUKH MOJUMEPOB. MEXAHHMYECKYIO IPOYHOCTh, aATe3HI0 K MeTaaaM, CTOMKOCTh K AeH-
CTBHIO arpeCCUBHBIX Cpef U T.1. B mpomuecce cuHTe3a NIpUBUTHIX CONOJUMEPOB B IPUCYTCTBUH crienuduye-
CKHX KaTaJlMu3aTOpPOB MPAKTUYECKH BCETAa 00pa3yroTcs ONpeesieHHbIe KOJIMYECTBa TOMOIOIUMepa MPUBH-
BacMOr0 MOHOMEpa, OTPHUIIATEIIHHO BIMAIOIIETO HA BCE XapaKTePUCTHKU NpuBHTOrO moaumepa [1]. TIporecc
YAaJEeHUs] U3 COCTaBa IOMOIOJIMMEPA 3HAYMTENBHO YCIOXKHACT M YJOPOXKaeT TEXHOJIOTHUIO Ipolecca. ITo
00CTOSITENIbCTBO CO3/IAE€T CEPhE3HOE MPEISATCTBHE PACHIMPEHUIO MPOU3BOJICTBA MPUBHUTHIX COMOIUMEPOB H
obJiacTell MX MCIOIb30BaAHUS.

ITooToMy MOMCK METOIOB IMOJYYEHUs MPHUBHUTHIX CONOIUMEPOB, HE COJEPKAIIUX TOMOIOIMMEpa
MIPUBUBAEMOTI0 MOHOMEDA, a TAK)KE UCKIIIOYCHHS NIM OIPaHUYEHUS IPUMEHEHHsI KaTalI3aTOPOB B Ipoliecce
peaKuy, BJISCTCA aKTyaJbHOW Hay4YHON U IPAaKTUYECKOH 3a1aueil.
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