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ON MECHANISM OF THE ELECTRET EFFECT IN THE POLYMERS, DISPERSED
BY THE PARTICLES OF THE PIEZOELECTRIC MATERIALS
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M.G. SHAKHTAKHTINSKY, M.A. KURBANOV
Institute of Physics of Academy of Sciences of Azerbaijan
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In this article the results of investigation for reveal of the formation mechanism of the electret effect in polymer-piezoelectric heteroge-
neous system are presented. It is shown, that a volume submicro- and microsections (the polymer domains) formed at the dispersion by pie-
zoelectric particles of thermoplastic polymers (PE, PP, PVDF) are not the determing elements in the formation of the electret state of com-
posites. Oriented domains of piezoparticles that form with injected boundary charges the quasistationary system are responsible for the for-

mation of stable electret state of the composite

It is known, that thermoplastic polymer materials- poly-
ethylene (PE), polypropylene (PP), polyvinylidehe-fluoride
(PVDF) have the low electret properties, although the in-
ducted materials have high physico-mechanical and dielectric
characteristics [1]. It is also known, that for the formation of
stable electret state in dielectrics it is necessary to form in
them the two types of charges: homo- and heterocharges [2].
Taking into account that indicated polymers are mon-polar
(PE, PP) and weakly polar (PVDF) dielectrics then it can
make a conclusion that the formation in them a quasi-stable
system consisting of the oriented dipole and injected charge
is not possible practically. Despite of the fact that indicated
polymer materials after electrothermopolarization have the
high electret potential difference (Ue), or electret charge O,
but the dependences of U, and Q on time interruptedly de-
crease (Fig.1). The non-stable electret state in indicated mate-
rials may be related with the absence in them the stable and
easily relaxed dipole orientation polarization. Such polariza-
tion in polymers, as it is shown early was created by means of
dispersion of ones by the strongly polar piezoelectric parti-
cles [3].
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Fig.1. The dependence of effective surface electret charge den-
sity (1ngQ,) on storage time (t). 1 —~ HDPE; 2 - LDPE;
3 —PP; 4 - HDPE/PCR-3M; 5 — PP/PCR-3M
(@ =10% vol.).

From Fig.1 (curves 4, 5) and Fig.2 it is seen that compos-
ites on the basis of PE and piezoelectric ceramics of rhombo-

hedral structure (PCR-3M) at the certain volume fraction of
piezophase have high electret properties.
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Fig.2. The dependence of the stabilized surface charge density
(©) on volume fraction (&) of the piezoceramics for
PP/PCR-3M composite.

On the base of earlier presented model we have shown,
that the formation causes of stable electret effect in polymer-
piezoelectic composites relate with the formation in them a
quasi-neutral relaxed system of oriented domain-injected on
the phase boundary charge.

However it may be assumed that in the case of (PVDF)
the formation of stable electret state in PVDF/PCR-3M com-
posite is not related with domain polarization of piezoparti-
cles and the advent of micro- and submicropolar polymer do-
mains in the volume of polymer matrix takes place. The ab-
sence of electric field on the piezoparticle in electrothermo-
polarization process due to the great value of dielectric cons-
tant of the piezophase confirmates this proposition [2,3]. It is
noted, that the problem of polarization of polymer-piezoelect-
ric composites is reduced to the creation of maximal polari-
zation of dispersed particles in a polymer phase and its reten-
tion in a long time. It is known, that piezoceramic polariza-
tion of PCR-3M type are made usually at the electric field
strength order to 3-5 MV/m [4,5]. In this case the residual
polarization value in the piezoceramics is equal to 0,3+0,4
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that it corresponds to the theoretically value. Polarization of
the composite is carried out at the electric field strength of
3-8 MV/m, i.e. it practically coincides with polarization con-
ditions of piezoceramics used as piezofillers. The polarization
temperature interval of the piezocomposite and PCR-3M

" practically coincides: 320433 K [4]. The electric field

strength value on the piezoparticle the initial step of compos-
ite polarization was determined with the account of dielectric
constant of phases and the ratio of H/D, where D - piezoparti-
cle diameter, H — sphere interphase layer diameter with thick-
ness of H-D, the structure of which is formed by the inter-
phase interactions of various nature (Fig.3). The dielectric
constant of interphase layer in the first approximation can be
taken as dielectric constant of the composite. The piezoparti-
cle is considered one-domain for simplicity. In [6] the prob-
lem of the electric field strength determination within one-
domain crystallite surrounding by glassy-phase practically
coinciding with our problem is considered. Using the solution
of Laplas equation for the system given in Fig3, under
boundary conditions that take into account of the potential or

tangential component of electric induction continuity at theJ

Fig.3. Spherical piezoparticle surrounding by the polymer phase
EpsEpcand i3 - dielectric constants of the polymer, pie-
zoparticle and interphase layer, correspondingly.

Ey, - polarization electric field strengh

boundary transition in [8] it is obtained the expression for the
field strength within one-domain crystallite
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For domains the “c” axis of which coincides with Ep r 3gp
vector (180°-domains) n,=1. If the value of H/D appreciably L, = , @

is more that 1, then the field within one-domain crystallite
decreases distinctly. Using the piezoparticle of 200 um di-
ameter the thickness of the obtained composite sample on the
base of PP changes from 220 to 280 pum. The value of E cal-
culated by formula (1) for PP/PCR-3M composites of indi-
cated thickness is equal to: E=~(0,012+0,07)E,.

In [7] for composites it is introduced local field coeffi-
cient (Lz) of the electric field strength determined as the ratio
of local field (E) in the internal piezoelectric sphere to the
average field (Ep). For calculation of Lg it is presented the

26, + &, t D, — &)

where &, pc and & - dielectric constants of the polymer, pie-
zoceramics and composite, correspondingly; E- polarization
electric field strength; @ - volume fraction of piezoparticles.
10,032, E=0,032E,, at #=0,05 for PP/PCR-3M composite.
If E is determined using formulas (1) and (2), then we obtain
E=0,1+0,2 MV/m. It is seen that E on the piezoparticle by an
order smaller as it’s electric field strength polarization. The
obtained results show that other electron-ion and polarization

following expression of piezoparticles dispersed in the polymer [3].
Table
Composites Polarization regime E}ectret potential | Charge decay time
Ep, MV/m T, K difference U,, V to zero, hours
5 373 124 <72
HDPE/CaTiO; 10 373 145
@=5% vol. 14 373 182 <100
5 393 115 <48
10 393 135 R
HDPE/SiO;, 5 373 140 <72
D=5 % vol. 10 373 170
5 393 117 <75
10 393 108
14 393 124
PP/CaTiOs 5 373 105 <75
D=5 % vol. 10 373 122
14 373 140
PVDF/TiO, 6 413 150 <9
@=10 % vol.
PVDF/CaTiO; 6 413 200
P=20 % vol.




ON MECHANISM OF THE ELECTRET EFFECT IN THE POLYMERS, DISPERSED BY THE PARTICLES OF THE PIEZOELECTRIC ...

Theoretical modeling of polarizaton process of piezoelec-
tric or polymer domains in heterogeneous systems, polymer-
piezoelectric in particular, is fraught many assumptions. The-
refore we are chosen physical modeling method. For this
purpose the polymer matrix is dispersed by inorganic fillers
of various dielectric constants: TiO,, SiO,, CaTiO;. The stu-
dy of electret properties of composites on the bases of poly-
mers and indicated fillers shows that these electrets are not
stable (Table).

The change of polymer structure after introduction of in-
organic fillers is observed for diffractograms, IR and EPR-
spectrums, DTA [8]. The obtained results show, that the dis-
persion of polymers by PCR-3M, TiO,, SiO,, CaTiO; parti-
cles leads to identical change of physicochemical polymer
structure. If a disturbance of physicochemical structure of the
matrix at the dispersion (the formation of polymer domains)
maintains the electret charge stability, then the stable electret

state in composites is formed by filler type independent
(which have metastable domain-orientation polarization or
ones have not it). The electrets with high surface density and
stability of the charge are formed from composites only dis-
persed by PCR-3M piezoceramics that has metastable domain
orientation polarization and high Curie temperature. Hence
are follows that the main factor of stable electret state forma-
tion of composites on the bases of polymers and piezoelec-
trics is non-polymer-domain polarization, and piezoelectric
domain-orientation polarization takes place. Of course, the
stabilized in various traps charges (external residual polariza-
tion) make great contribution in the stable electret state for-
mation of composites. Namely these charges as we are shown
earlier [8], form interrelated stable charge system with ori-
ented domains of piezoparticles maintaining in the result the
electret charge stability of composites.
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PYEZOELEKTRIK MATERIALLARININ HiISSOCIKLORI iLO DISPERSIYALANMIS POLIMERLORDO
ELEKTRET EFFEKTININ MEXANIZMI

Maoagqalede polimer-pyezoelektrik heterogen sisteminde elektret effektinin formalagmast mexanizminin tedgiqatimn netigeleri veri-
lir. Gésterilir ki, termoplastik polimerlorin (PE, PP, PVDF) pyezohisseciklerin dispersiyasi ilo yaranmis submikro- ve mikrooblastlar
(polimer domenlari) kompozitin elektret halnin formalagmasinda esas rol oynamir. Pyezohisseciklerin injeksiya olunmus serhed
yiikleri ile kvazistasionar sistem yaratmis istiqamatlenmis domenleri kompozitlarin stabil elektret halimin formalagmasini te'min edir.
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MEXAHHW3M DJIEKTPETHOTI'O YO@®PEKTA B NOJIMMEPAX, JUCIIEPTUPOBAHHBIX YACTUIAMMU
MNBE3OJEKTPHYECKOI'O MATEPHAJIA.

B zaHHO# CTAThE MPEACTABNEHB PE3yAETATH HCCISAOBAHHA MeXaHH3Ma GOPMHPOBARMS NEKTPETHOTO 3QPeKTa B reTeporenHol cucre-
Me TOJMMep-NILE303/IeKTpHK. Tlokaszano, o cyOMMKpPO- M MHKpOOGIacTH (fon¥MepHBIE JOMEHBI) TepMonnactuk monuMepos (110, HIT,
[B/1®) copmupoBanHsie gucrepcreit Nhe3049acTHIl HE ABIAIOTCA ONPEACTSIOUMMH B (JOPMUPOBAHHH BEKTPETHOTO COCTOSHUA KOMITO3M-
ta. OpPHEHTAPOBAHHBIE JOMEHK! IILE30YACTHIL, KOTOPEie 06pa3yloT C HEXEKTHPOBAHHBIMU I'PARHUYHEIMH 32pATaMH KBa3HCTAUMOHAPHYIO CHC-
TeMy, OTBETCTBEHHBI 32 GOPMUPOBAHHAA YCTOKIUBOTO 3NEKTPETHOTO COCTOAHMSA KOMIIO3HTA.
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