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With the am of creation of effective electret materids, the composite films, based on poly(vinylidene
fluoride) (PVF), in addition with segnetoelectric of barium titanate (BaTiO3z) were obtained in concentration
range of 0.5 — 5.0 %vol. It is established, that presence of BaTiO; at low content of, leads to increase of
crystallinity degree, and, practically, have no influence on, when at content of 1.0 — 5.0 % vol. of. There are
PVF s melting temperature range becomes narrower, when a 0.5 — 1.0 % vol. of, and, this pointing on more
homogeneous crystallite formation by dimensions in. When at high content (5.0 % vol.) of BaTiO;, there is
decrease of crystallization temperature observed (at 5 °C), and then, there istemperature range broadening exists,
and this pointing on forming of larger, but 1ess homogeneous crystallites by dimensionsin. It is determined, when
in composite films of PVF - BaTiO;  that surface charge is more stable e BaTiO; content of 4.0 %vol. in, and
then, one reaches value of 106 CI/m? when at conditions of treatment with electric field and crown discharge,
and, at film charge value of 500 kV/m in. There are non-linear dependence of dielectrica permittivity exists,
either when at low, or very high frequencies, and this may be linked with influence of high-disperse addition on

polymer’s crystalline structure formation, and sub-surface layers of one.
Key words: poly (vinylidene fluoride), barium titanate, crystallinity degree, dectret, dieectric permittivity,

surface charge.
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I ntr oduction

Lately, there are number of polymer electrets uses
increasingly — that is, the dielectric materials, those are
creating the powerful eectric field in the external space
around. Those are used in the many life's spheres, from
devices for home use to those ones for special purposes,
such as eectroacoustical devices (the eectret-based
microphones, surdophones), the eectromechanical
convertors (the electret-based sound pickupers, the
sensor switches, the knock detectors), and the electret-
based air filters etc. There is actual the aim for polymer
materials improvement, in area of those dlectret
propertiesin.

There are known several methods to govern to
electrophysical polymer properties, including the el ectret
ones of. Those are the additon of disperse fillers to
polymer [1, 2], the polymer surface modification with
different techniques [3], and blending of different
polymers [4]. There is the polymer modification via
addition of different nature's fillers plagtifiers, and
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others of purpose additions, which giving the possibility
for governing in composite properties, in the simple way
relatively, including to give for those the segneto- or
piesoelectrical properties [5] of. There are purposes of
work given, when consisting in the formation’s and
holding features for surface charge determining for
composite films, based on PVF, and when those are
content-dependently ones from high-disperse addition of
barium titanate.

|. Theexperimental part

There was poly(vinylidene) fluoride-2M(E), made by
Kirovo-Chepetz chemica factory (Russia), and one has
had chosen for preparation of the eectret-based
composite films, as polymer in. There was the powder-
like barium titanate also, made by Fluka (BaTiO3 content
of 98.0 %), and particle size of 3 mkmiin.

There were the polymer compositions, of PVF-
2M(E) and barium titanate BaTiOs; in, prepared with
polymer and disperse addition, with combining through
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Table1

The temperature characterigtics for melting, and those for crystallinity degree, in composite films of
poly(vinylidene) fluorude — barium titanate

The BaTiO, The temperature characteritics for melting, T °C
contentsin
wggpvf’;_t'gfns’ T T T, ATh DC, %

0 126 158 182 56 17.9
0.5 128 162 182 54 19.3
1.0 126 161 180 54 17.8
2.0 125 161 183 58 17.4
3.0 128 160 187 60 17.6
4.0 127 160 186 59 17.6
50 128 160 187 59 17.6

Table2

The temperature characteristics for crystallization, and those for its degree, in composite films of poly(vinylidene)
fluorude — barium titanate

BaTiOs contentsin The temperatures for crystallization, T °C of
compositions, % vol. f T T, T, AT, DC, %

0 127 122 111 16 22.8
0.5 128 124 113 15 23.3
1.0 128 124 113 15 23.1
2.0 129 124 112 17 22.2
3.0 129 125 112 14 22.8
4.0 130 125 113 17 20.5
5.0 133 127 114 19 21.1

suspension in the ethyl alcohol, and, when at conditions
of grinding, in the mortar of porcelain, during 30 min.
There were BaTiOs; contents of 0, 0.5, 1.0, 2.0, 3.0, 4.0,
5.0in. There were mixtures on air at room temperature of
23 °C dried, during 12 hrs,, and then, those were post-
dried in the drying hood, at temperature of 80 °C during
5hrs. after. There were samples pressed, at temperature
of 200 °C and pressure of 30 MPa, during 5 min., and
cooling on air, at one’'s speed of 9 °C/min in. There was
sampl e thickness approximately of 200 mkm in.

There were DTA, TG, and DTG curves, and those
registered with Q-1500D derivatograph by MOM,
Budapest. There were the platinum crucibles used in, and
Al,O; as standard aso. There were films dispersed, and
the probe studying was approximately of 200 mg in.
There were thermograms of melting process registered,
at heating speed of 5 °C /min, in the temperature range of
room one to 200 °C, and then the crystallization curves
wererecorded, at cooling speed of 1.5 °C/min in.

There were temperatures of melting beginning (T,),
mdting itself (T,,), the temperature range for melting
(ATy), and those of crydallization beginning (Ts3),
crystallization itsdf (T.), and temperature range of
crystallization (AT.). There was the determination error
of 2 °C, for melting temperature and crystallization ones.
There was melting enthalpy, determined with known
technique [5]. There was calibration of peak squares by
p-aminobenzoic acid, with one of 36.3 cal/g, to calculate
enthal py with.

There was crystallinity degree, and on€'s value
calculated in, when proceeding from melting enthal py of
fully crystallized polymer, asfollowsin equation:
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A = AH/AH-100,
where is AH., as melting enthalpy of fully crystallized
polymer, and on€e' s value of 25 cal/g for PVF [6]; H- the
melting entha py of specimen given.

There were real component (¢') and imaginating (€”)
one for complex didlectrica permittivity of composites
studied both, and this has performed in UHF range of 8 -
12 GHz, using the interferometer, which is principle-
based on RFK2-18 measurer of phase differences, and
R2-60 measurer of dacking coefficients for standing
waves, by non-electrode technique [7], and when at low
frequencies, of 0.1, 1, and 10 kHz [8] — by two-contact
one with E7-14 immitance measurer. There was
measuring error, and one not exceeding value of 5% in.

There was surface charge dendity (o), one is
determined with non-contact induction technique (the
electret vibrations in capacity clearance) [9]. There was
setup for, and one combined with two plane and static
condensors of covers as themsdves in. There were
specimens, in the frames fixed on, and those were
attached to the mechanical vibrator, which doing
harmonical vibrations, directed in destination, from
normal one to condensor covers both. There was surface
charge of samples determined, by the way of
comparation of amplitude voltage, when on the specimen
and known calibrated electret both. When using this
technique, there was surface charge of PVF films and
composites, based on addition of BaTiOs; determined
with.



L.S. Dzubenko, S.M. Makhno, O.0O. Sapyanenko, P.P. Gorbyk

Il. Theresultsand discussion

There are temperature characteristics of melting,
crystallization processes, and crystalinity degree
respectively, when dependently to BaTiO; content (Table
land 2)in.

Asit seen from Table 1, thereis presence BaTiO; at
low content of (0.5% vol.), which leads to increase of
crystallinity degreein, and, practically, have no influence
on this parameter at content of 1.0 — 5.0 % in. There is
melting temperature range of PVF becomes narrower, a
0.5 — 1.0% of addition, and this pointing on forming
more homogeneous crystallites by dimensions
explaining with nucleation-forming influence on, by
particle surface of addition, when a homogeneous
particle disperson, and, a low content of. There is
broadening of melting temperature range observed, at
higher addition’s content in, of 2.0 — 5.0 % val., pointing
on that, there were crystallites of PVF formed in, and
ones are more less homogeneous by dimensions. This
can be caused with increase of polymer’s macromolecule
part, which contacts with surface of disperse addition in,
and those having lower mobility in, then, the
crystallization process goes at higher temperature, when
comparing with pure one, and, it means, at conditions,

which are more closdy to equilibrium state in. In
general, and it isworth noticing here, that introduction of
hard and high-disperse addition have not suitable
influence on crystallinity degree (DC) of PVF-2M(E) in.

When using DTGA technique, then, there was
therma sability of films, based on PVF-2M(E) and
BaTiOs, at heating speed of 10 °C/min performed also.
Thisisimportant characterigtic to choose the temperature
range of electret-forming processin.

As it seen from Table 3, there is BaTiO; presence
decreases the temperature values of therma polymer
stability, however, the temperature for beginning of
intensive polymer’s part destruction, in the composite
based on (390 °C), is suitably overcomes T, (160 °C) of
polymer, and, this means that, there is possibly to
perform the electret-forming process at temperature, as
high as Tcyie for BaTiOsthe segnetoe ectric (120 °C), and
T Of polymer in.

There are on Fig.1, the dependencies of red
component for complex dielectric permittivity from
BaTiO3; volume content, at low frequencies (a) and ultra-
high ones (b) shown.

Here it seen that, at low content of hard addition in
composite (up to 1% vol.), there is decrease of &', oneis
possibly linked with more finely-crystallic structure of its

Table3
Thethermal stability in poly(vinylidene fluoride)-based films
BaTiO3 contentsin the Temperature characteristics for process, T °C in
compositions,
% vol. of Theg Ty Tz Tao%
0 400 485 575 460
0.5 390 480 575 450
5.0 390 440 560 440
Tweg — the temperature of beginning for intensive decomposition; T, — the temperature of main and (first)
destruction’s peak by DTG’s curve; T, — the temperature for second and the same process in; Tigy - the
temperature for 10% mass|ost of polymer.
g =
167 5,5
154
14 + 451
131
12+
- 0.1 KH: 3.53
- 1 KH:
1 1 E — 10 KH:z
10 - :1 j 3 ; 4 5 oo 2.5 , :
- Ve 0 1 2 3 4 5Cy. %
a b

Fig. 1. The dependence for real part of complex dielectrical permittivity, from value contents of BaTiOs, in films of
PVF-BaTiOs,0n thelow frequencies (a) Ta and those of UHF in 9 GHz (b) ones.
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Fig. 2 The dependence of surfacial charge (o) for
PVFBaTiO; films, from BaTiO; contents, until
action of external dectric field (a), and after that,
when at charge with intensity of

0,5 kV/cm of positive (b) potential, negative(c)
one, and at temperature of 22 °C, during 5 (1) , 10
(2) and 15 min (3), after charging off.

filmsinside. Thereis further decrease of ¢’, a conditions
of BaTiO; content’s increasing, this linked with
gtructural change on molecular level, and in the
amorphous regions of. There is linear dependence, a
further increase of addition content (3.0 — 5.0 % val.),
and one induced with contribution of addition itself, so

that BaTiO; have significantly values of ¢’ in.
As it seen, from data presented here, that initia
samples are having surface charge in, when without pre-
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Fig. 3 The dependence of surfacial charge (c) for

PVF-BaTiO; films, from BaTiO; contents, until
act of external dectric field (a), and the same &fter,
when at charge with crown discharge conditions,
with intensity of 5 kV/cm of positive (b) potential,
negative (c) one, and at temperature of 90 °C,
during 5 (1) , 10 (2) and 15 (3), and 20(4) min
after charging off.
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treatment with dectric fied (Fig. 2, @) of. Thereisinitia range of 0.5 —5.0% voal., prepared. It is established, that
polymer, and one have the lowest values for surface BaTiOz presence, when a low content of 0.5% val.,
charge (o), but, possibly, one decreases due to positive leads to increase of crystalinity degree in, and,
and negative charges, in composites of. When after practically, have no influence on one, when at content of
remaining of samples, in eectrical fiedd of crown 1.0 — 3.0%val. in. There is the temperature range for
discharge during 1 min, then those surface was charged melting in PVF narrows, at filler concentration of 0.5 —
with positive potentia (Fig. 2, b), aswell as negative one 1.0% val., pointing on crystallite formation, being more
(Fig. 2, c). When a room temperature of sample homogeneous ones by dimensions in. When at high

treatment, there are the charges in composite of PVF — content of BaTiO; (5.0%vol.), there is increase of
3.0%vol. BaTiO; saving more stable ones, and, a crystallization temperature observed, up to 5°C, and for
positive potential in. temperature range aso, pointing on crystallite forming,

When a sample treatment in eectrical field, and at being larger, but less homogeneous ones by dimensions
temperature of 90 °C, there the same trend for charge in. It is detected, that, when in composite films of PV
stability after cooling stays (Fig. 3, b, c), but, there is BaTiO;, there is surface charge more stable, when at
level for o values increases more, in compare with BaTiO; content of 4.0 % val., and one reaches value of
previous measures, up to 10 degree of valuein. Thereis 106 Cl/m? and when at intensity of electric field of
increase in formation temperature for surface charges, crown discharge of film charge of 500 kV/min. Thereis
when in crown discharge, making the same for specific non-linear dependence for dielectrical permittivity, on
charge in polymer composite, and, when after cooling, lower frequencies, as well as on UHF ones, and one can
owing to fixing of chargesin. be linked with influence of high-disperse addition on the

There is the temperature of pre-heating must be crystallic structure, and on one in sub-surface layers of

higher one, than those of T, and segnetolectric’s Teyre polymer in.
are, but, then cooling must be performed in the crown
discharge of. This is technique, which will give the
possibility for polymer-, disperse-, and segnetoelectric-
asfiller-based preparation, of stable electret properties
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based (barium titanate) composite films, at concentration
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BB BHCOKOAMCIIEPCHOTO TUTAHATY 0apil0 HA CTPYKTYPY Ta
eJIeKTPO(i3uUHi BJIACTHBOCTI IJIIBOK HA OCHOBI
noJiBiHLTIAeHpTOPUAY

Incmumym ximii nosepxni im. O.0. Uyiika Hayionanenoi akademii nayk Yxpainu, eyn. I'enepana Haymosa, 17,
03164 Kuis—164, e-mail: ryash@i.ua

3 METol CTBOpEHHS e(QEKTUBHHX EJIEKTPETHUX MarepialiB OJep)KaHO KOMIIO3WUTHI ILTIBKM Ha OCHOBI
noniBiHimineapropuny (IIB®) i3 cernetoenexktpukom TutanaroMm 6apito (BaTiO3) B inTepBam konuentpariit 0,5 -
5,0 06. %. Bcranosieno, mo mpucyTtHicth BaTiOs 3a Hu3bkoro Bmicty (0,5 00. %) mpu3BOAUTH A0 3pOCTaHHS
CTYIICHIO KPUCTATIYHOCTI 1 MPAKTUYHO HE BIUTMBa€E Ha HHOro 3a Bmicty 1,0 - 5,0 00. %. 3a HU3BKUX KOHIICHTpAIIii
(0,5 - 1,0006. %) 3ByKyeTbCs TemIiepaTypHHil iHTepBan miasneHHs [IB®, mo Bkasdye Ha (opMyBaHHS OibII
OJIHOPITHUX 3a pO3MipamMu KpHcTamiTiB. 3a Bucokoro Bmicty (5,0 00. %) BaTiO; cnocrepiraetbcsi 3pOCTaHHs
TemnepaTypu kpuctanmizamii Ha 5 °C Ta po3IIMpPeHHS TEMIIEPaTypHOro IHTEpBalIy IBOTO MPOIECy, IO BKa3ye Ha
(hopMyBaHHsI KPYITHIIIKMX, aJjie MEHI OJHOPITHHUX 32 pO3MipaMH KpUCTaIliTiB. Bu3HaueHo, 110 OBepXHEBUH 3apsi B
KoMIo3uTHHUX IuiiBkax [IB®-BaTiO; naiibinemn crabinpauii 3a Bmicty BaTliOs 4,0 00. % i mocsirae 3HaueHHS
10 Kynow/m? ipu 0Gpo6Li 3a HAIPYKEHOCTI SIEKTPUYHOrO MO KOPOHHOTO PO3psiy 3apsiak miiBok 500 kB/wm.
HeniniiiHa 3ajeXHICTh Ai€NEKTPUYHOI MPOHUKHOCTI SK Ha HU3bKHX, TaK 1 HA HA/IBUCOKHX YacTOTax MOXe OyTh
TIOB’ si3aHa 13 BIUIMBOM BUCOKOJMCIIEPCHOI T00aBKHM Ha ()OPMYBaHHS KPUCTAJIYHOI CTPYKTYpH, a TAaKOX Ha OyIOBY
MIPUTIOBEPXHEBHX LIAPIB MOJTIMEPY.

Karwu4osi cioBa: nomiBiHiLTINeH(TOpUA, TUTAHAT Oapilo, CTYMIHb KPUCTANIIYHOCTI, €NEKTPET, MielIeKTpUYHA
MIPOHUKHICTh, TOBEPXHEBUH 3apsil.
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