JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 6 No 4, 04029(4pp) (2014)

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 6 Ne 4, 04029(4cc) (2014)

Electretic State and Radiative Absorption of Polyvinyl Chloride Metal Nanocomposites

V.V. Krivtsov®, Ye.V. Malinovsky

Rivne State Humanitarian University, 31, Ostafov Str., 33028 Rivne, Ukraine

(Received 14 September 2014; published online 29 November 2014)

Electretic state and radiation absorption of nanocomposites consisting of polymer matrix and metal
particles filler obtained in result of electric explosion are investigated. Stable thermoelectrets of polymer
metal-filled systems that have better electert properties than traditional polymer materials are obtained.
Suggested method of composite polymer system creation enables to obtain shielded materials with better
radiative absorption, resistant to external actions, cost-efficient.
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1. INTRODUCTION

The development of modern polymer Physics and
Chemistry looks for new methods of obtaining polymer
composite materials with programmable set of proper-
ties. Traditionally, the priority is for new polymer syn-
thesis, but modifications of already existing high-
molecular compositions combined with different addi-
tional components in heterogeneous systems take an
important place in polymer materials technology. Popu-
lar modification components are different fillers that
allow changers in physical and chemical characteristics
of polymer materials. And, as a rule, impact efficiency of
such fillers is inversely related to their geometric dimen-
sions [1]. Therefore, change-over to nanodimension scale
makes significant theoretical and applied interest.

This paper introduces a promising area of changes of
electrophysical properties of polymer materials that is a
creation of nanocomposite films using nanodimension
inclusions. Origin and way of improvement of stability of
electretic state as well as increase of radiative absorp-
tion in such polymer materials are under-investigated,
preferable fillers and their optimum concentration are
not defined.

The investigation of electretic state of polymer mate-
rials is determined by their increasing penetration in all
spheres of human activities. Along with traditional
spheres of their application such as electroacoustic
transducers, filters etc, appear new ways of their usage,
that is medicine, packing, biotechnology. On this regard,
fundamental and applied investigations are currently
held, focused on examination and search of ways of im-
provement of electretic properties of polymer materials
[2]. The majority of investigations concerns materials of
heterogeneous structure with developed interface: dis-
persed filled polymers, laminated composites.

Lately tendency of usage electretic polymer as metal-
filled materials takes place and have in some cases bet-
ter electretic characteristics than traditional polymers.

As we know, high-density metals, concrete, and ma-
terials such as paraffin are typically used for radiation
protection [3]. Such radiation protection materials pos-
sess certain disadvantages; metals, in particular, have
corrosive action, plasticity, high price. Unlike high-
density metals, high-molecular compositions are charac-
terized by lower absorption capacity and specific behav-
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ior in radiation field. The majority of them is of high
radiation resistance and can modify their properties.

Task, which this paper can solve, is to create protec-
tive (shielding) material resistant to radiation, with low
density, suitable to be used in fixed protection shields
and in individual protective gear. Besides, a problem to
work out is to reduce the cost of the material at its high
efficiency [4].

2. EXPERIMENTAL PROCEDURES

The paper investigates electretic state and beta-
radiation absorption of industrial polyvinyl Ilchloride
(PVC KARVINYL SR-67 produced by «Karpatnaftochim
Ltd») filled with nanodispersive Cu powder obtained in
result of electric explosion of copper conductors in PVC.

2.1 Samples’ Preparation Technique

Electric conductor explosion method is a rather
promising technique of getting nanodispercive particles.
It is cost-effective and efficient and allows nanodisper-
sive metal particles size regulation. Thus, in polymer
(PVC powder) with the help of electric explosion nano-
dispersive metal (Cu) can be inleted with the size of
metal nanoparticles from 20 to 80 nm [5].

Electric explosion of copper conductors took place in
a special basin directly in dispersed PVC mass. PVC
metal nanocomposites with different volume content of
nanodispersive Cu particles were obtained by varying
dispersed PVC mass and number of conductor’s explo-
sions in it, followed by hot pressing of obtained blend
compound in T-p mode. To determine quantitative com-
position and mean size of nanodispersive particles in
PVC metal nanocomposites X-ray phase analysis was
used. X-ray diffraction patterns of PVC metal nanocom-
posites with film thickness 6,810-4m and powder
standard «-Al203 with particle size (1+4)-10-> m were
performed under identical conditions on diffractometer
DRON-3 in step-by-step scanning mode of photon coun-
ter with the help of ffilter CuKa-radiation with a wave
length 21=(1,542+0,002) A at an operation voltage
U =24 kV and power of anode current I, = 20 mA in the
range of angles 34°<26<78°. There are diffraction
peaks on all X-ray diffraction patterns of all investigated
samples according to X-ray powder standard JCPDS
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PDF2, which correspond to Cu chrystals and indicate the
absence of CuO and Cuz0 chrystal in PVC metal nano-
composites. Statistical analysis of the results was per-
formed with the help of X-Ray Scanner program, X-Ray
Graphic and ORIGIN.

2.2 Thermally Stimulated Depolarization Method

With the help of thermally stimulated depolarization
method (TSD) the impact of electrical conductive fillers
(nanodispersive Cu, dispersive powders of wolfram, zinc)
and fillers-dielectrics (dispersive powders of talcum, em-
ery) on the electrets effect in PVC is investigated. We
managed to get the electrets with volumetric substance
of electrical conductive filler 0,5 vol. % where effective
size of the particles doesn’t exceed 7 um. We could not
receive electrets of PVC composition with 0,5 vol. % Cu
because of the inner electric breakdown — particles size
Cu ~ 14+18 um [6].

The investigated samples with diameter (29 + 1) mm
and thickness (0,2 + 0,02) mm were made with the help
of the hot press 130 °C temperature and 10,0 MPa pres-
sure. For reaching a reliable electric contact within the
electrets and the sample, it was pressed between two
aluminum foils.

The sample’s polarization was made in electric field
with constant intensity for five minutes. After that the
sample was cooled for thirty minutes to the indoor tem-
perature in the same intension field. TSD current
changes and parameter calculations of electric relaxa-
tion of the composites were conducted according to the
GOST 25209-82. Current of discharge was recorded with
the help of electrometric amplifier U 5-9 (fig. 1).
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Fig. 1 — TSD pilot unit: 1 — thermo case; 2 — thermo heating; 3
— electrodes; 4 — thermo sensor; 5 — automatic temperature
programmer; 6 — personal computer with analog-to-digital sig-
nal converter; 7 — current meter (electrometric amplifier U5-9
and digital voltmeter V7-40/4); 8 — electret

2.3 Measuring Beta-radiation Absorption
Capacity

The source of radiation is 90Sr + 90Y, BF 90SS-5M
type with maximum energy Wmax = 2,270 MeV, intensity
of outlet flow I=46781imp/s and half-live time
Tz = 28,7 years. Maximum beam energy before the
sample was 2,047 MeV. Source usage enables to get only
beta-radiation. Beam of the source goes through the
leaded plate with 2 mm hole in the middle (collimator)
and orb of appropriate absorber, which is in fine vacuum
to minimize currents that appear as a result of atmos-
phere ionization. Investigation of filled PVC beta-
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radiation absorption was held by using pilot unit the
scheme of which is on fig. 2.

~220V

Fig. 2 — Pilot unit for measuring the absorption capacity of
beta-radiation: 1 — source of radioactivity; 2 — collimator; 3, 4 —
holders of the polymer sample; 5 — thermo heating; 6 — polymer
sample; 7 — thermo sensor; 8 — automatic temperature pro-
grammer; 9 — Geiger-Muller counter SBT-11A; 10 — device for
studying the energy spectrum of electrons FPK-05

3. RESULTS AND DISCUSSION

3.1 Electret Effect in Heterogeneous
Systems (Electret Thermal Analysis)

pPvC

Current curves of TSD for PVC with different fillers
are on fig. 3. The parameters of electric relaxation, calcu-
lated on the basis of T'SD current’s curves (speed of heat-
ing 3°C/min), are shown in fig. 4, where o is the surface
solidity of an electric charge, 7. is the minimal time of
charge relaxation under exploitation circumstances.

Filled electrets obtain more initial value of surface

charge-density othan PVC electrets without fillers. Thus
accumulated charge has different energy of relaxation
process activation. The most stable among filled electrets
are metal-filled composites. So, PVC + 0,1 vol. % nanoCu
and PVC + 0,1 vol. % W electrets gain o almost twice a
large than initial PVC o and from 1 to 2 years charge
relaxation. PVC-electrets with dielectric fillers obtain
lower 7 and therefore can’t be actually used due to their
unsteady electret effect. During the formation of
PVC +0,5 vol. % Zn and PVC + 0,5 vol. % W composite,
we deal with an active filler, and the mass transfer of
PVC macromolecule turns to its surface, that facilitates
composites’ energy interaction on the brink phase divi-
sion PVC-metal. Investigation showed the advantages of
Cu nanodispersed polymer composites if to compare with
systems obtained on the basis of industrial dispersed
powder metals. When the electric field is given to such
composites, the charge of certain quantity and sign is
inducted on the surface of metal fillers [7].
Composites acquire electric charge that remains stable
after outer electric field removal, because the mobility of
polymer segments is restrained not only by steric but
also by energetic effects in a boundary layer. While
pressing composites in T-p thermal condition, PVC is
melting and filling all the volume around filler’s parti-
cles, forming for nanometal fillers a system which has a
number of improved physical and chemical properties.
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Fig. 3 — TSD current curves of the following samples: PVC (1);
PVC + 0,5 vol. % W (2); PVC + 0,1 vol. % nano Cu (3)
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Fig. 4 — Characteristics of electric relaxation of thermoelectret
PVC-systems with different fillers

3.2 Filled PVC Beta-radiation Absorption

Laboratory research sets that the most effective ra-
diative absorption takes place when nanofiller is about
40+45 nm. Fig. 5 presents characteristic curve 1 of lay-
er thickness of complete absorption (h) of PVC + Cu
composite’s radiation energy of the source 90Sr + 90Y,
BF 90SS-5M type [4] against nanofiller size (d) when
its concentration is 10 vol. %. The figure shows that
there is no intensive growth of magnitude A in range
(20+80) nm of particle filler size.

Fig. 5 (curves 2, 3) shows dependency diagram of
layer thickness of complete absorption (k) against filler
volume content (p) when nanoparticles are (45 £ 5) nm
and microparticles are 14,5 uym in Cu-filled PVC. It is
set that at the same metal radiative absorptivity the
amount of nanodispersive material decreases in 45
times at contents 0,02-3,00 vol. % if to compare with
microdispersive filler. Especially intensively the effect
takes place when contents of nanodispersive metal are
low (0,01+0,1) vol. %.
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Fig. 5 — Dependence of layer thickness of complete absorption
(h) of PVC + Cu composite’s radiation energy of the source
90Sr + 90Y, BF 90SS-5M type on nanofiller size (d) — curve 1
and on Cu volume PVC content (¢): curve 2 — PVC filled with
microdispersed Cu; curve 3 — PVC filled with Cu nanoparticles

Radiative absorption occurs because of energy dis-
sipation on the edge of structure polymer — high dis-
persed metal. Therewith, radiative energy doesn’t local-
ize on inter- or intra-molecular connections but scatters
on account to relaxation processes in the whole system,
without damage to the material structure.

Suggested method of composite polymer system
creation enables to obtain shielded materials with bet-
ter radiative absorption, resistant to external actions,
cost-efficient.

4. CONCLUSIONS

1. It is set, that inletting into polymer conductive
nanodispersive fillers, creates a composite system with
better set of physical and chemical properties.

2. Activity of PVC dispersed fillers according to the
influence on spectrum character of TSD is classified in
a line: nanoCu (0,1 vol. %), microdispersed W, Zn, tal-
cum, emery at ¢=0,5vol. % and T < T,. Among filled
electrets the most stable electret effect have metal
filled composites.

3. Stable PVC thermo electrets with Cu nanofillers
are got, that obtain more initial value of surface
charge-density o than PVC electrets without fillers.
Conditions of PVC metal nanocomposite electrets’ elec-
tric relaxation and their radiative absorption are de-
termined by structural composite factors.

4. Investigation of electret condition and radiative
absorption showed the advantage of Cu nanodispersed
polymer composites if to compare with systems ob-
tained on the basis of industrial dispersed powder met-
als. Industrial application of such samples will lower
their metal consumption in many times, that offer sig-
nificant economic effect.

5. The obtained results can be used as scientific
basis for creation of new polymer composite materials;
direction regulation of their structure and set of prop-
erties; to improve technology of obtaining and imple-
mentation in different scientific and engineering
branches.
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Esexrpernuil cran Ta pagianiiiHe MOrJIMHAHHA MOJIBIHIIXJIOPUIHUX METAJIOHAHOKOMIIO3UTIB
B.B. Kpismos, €.B. ManuHoBcbrnii

Pisnencorull depocasruti 2ymarnimapruli ynigepcumem, gys. Ocmagposa, 31, 33028 Pisre, Yrpaina

JlocitireHO eJIeKTPeTHU CTaH Ta PO3IVISHYTO pajialfifiHe MOTJIMHAHHS HAHOKOMIIO3WUTIB, IO CKJIAIA-
IOTBCSA 3 TI0JIIMEPHOI MATPHIIl TA HATIOBHIOBAYA Y BUTJIAl HAHOYACTHHOK METAJTy, OJEPHKAHUX IIJIAXOM eJIeK-
TpUYHOTO BUOYXy IpoBigumnKka. OTpuMaHo cTablbHI TEPMOEIEKTPETH 3 MOJIIMEPHUX METAJIOHATIOBHEHUX CH-
cTeM, K1 IepeBepIIyITh 34 CBOIMH €JIEKTPETHUMH XapaKTePHCTUKAM TPANMININHI ITOJIIMEepHI MaTepiasim.
3anpornoHoBaHUN METOJT CTBOPEHHS] HAHOKOMIIO3UIIMHUX [TOJIIMEPHUX CHACTEM JI03BOJISE BUTOTOBJISATH MaTe-
plasw s 3aXUCTY BIJI PaI0AKTHBHOTO BUIIPOMIHIOBAHHS 3 ITIBUINEHOIO0 MOTJIMHAIOYOI0 3IATHICTIO pajia-
IIHOTO II0JIs, AKI € CTIMKMMHU J0 i1 30BHIIIHIX BILIMBIB TA €KOHOMIYHO JOILIEHUMMU.

Kmiouosi ciosa: Hanokommosur, Enexrper, Tepmiuno crumysiboBara memnosapuaaitist, [lomiBiHiaxaopu,
Bera-sunpomimoBaHH.

BHeRTpeTHOC COCTOAHHNE U paJuallMOHHOE IIOIVIOLI€H e MOJIMBUHUMJIXJIOPUIHBIX
METAJIJNIOHAHOKOMIIO3HUTOB

B.B. Kpusiios, E.B. Manunosckwuii

Posencruii eocydapecmeennniii 2ymanumapuoiii yrusepcumem, ya. Ocmagposa, 31, 33028 Posno, Yrpauna

WcenenoBano ayieKTpeTHOE COCTOSIHYE M PACCMOTPEHO PaJHMAIMIOHHOE IIOTJIONeHe HAHOKOMIIO3UTOB, CO-
CTOSAIUX W3 IOJIMMEPHON MATPHWITHI W HATIOJHUTEJSI B BUJE HAHOYACTHI[ METAJUIA, JOOBITHIX IIyTEM JJIeK-
TPUYECKOr0 B3PHIBA IIPOBOIHUKA. [loJiyueHBI CcTaOMIIBHBIE TEPMOIJIEKTPETH M3 IIOJIMMEPHBIX METaJLJIOHA-
TIOJTHEHHBIX CHCTEM, IIPEBOCXOJSIINNE II0 CBOMM JJIEKTPETHBIM XapAKTEPUCTHUKAM TPAIHUIIMOHHEBIE IIOJIIMEp-
Hble Marepuastbl. [IpenomeHHbI METO/T CO3/TaHNS HAHOKOMITO3UITHOHHBIX ITOJTMMEPHBIX CHCTEM IT03BOJISIET
M3TOTABJIUBATHD MATEPHAJIBI JIJIS 3AIMUATHI OT PAJAOAKTABHOTO W3JIyYE€HUS C ITOBBIIIIEHHOMN ITOTJIOIIAOIIEH
CIOCOOHOCTBI0 PAJUAIIMOHHOTO II0JISI, CTOMKHE K JIEMCTBUI0 BHEIIHUX BIUSHUN M 9KOHOMHYECKH I[eJIeCO00-
pAa3HHI.

Kimouessie cnosa: Hanorommosur, Oserrper, TepMudeckn cTuMyaIupoBaHHAas Aenossspusarusd, [loausu-
HuUIXI0pUI, Bera-usnyuenne.
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