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Thermal and piezoelectric properties of composites based on the polar and non-polar polymers and piezoceramics of different structure
and researched. It is found that composites with high temperature conductivity, low thermal expansion coefficient and specific heat have the
increased piezoelectric properties. Thermal and piezoelectric properties of composites were regulated by the change of the temperature-

pressure regime of crystallization and piezophase structure.

Many new works are appearing in literature every year on
study and use of the polymer-piezoelectric and polymer-
semiconductor compositional systems, which have various
properties [1-3]. The physico-chemical base of the obtaining
of composite piezoelectric materials connected to volume
electron-ionic, polarization and interphase phenomena and
the formation of the supermolecular structure elements on the
polymer-active filler phase boundary is considered very few
today. Therefore, on the example of concrete composites ob-
tained on the base of polar (polyvinylidene fluoride - PVDF)
and non-polar (low density and high density polyethylene -
" LDPE, HDPE) polymers and piezoceramics of different
structure (rhombohedral — PCR-3M and tetragonal — PCR-
7M), we analyse the relationship between piezoelectric and
thermo-physical properties and interphase phenomena.
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The obtaining of composites, their polarization and meas-
urement of thermal and piezoelectric properties and described
in [4].

Temperature dependences of temperature conductivity (D)
of the composite components are presented in Fig.1 (a). It is
shown that temperature conductivity of polymers and piezo-
ceramics is quite differ and this difference remains in the all
investigated temperature range. Temperature conductivity of
composites substantially depends on a polymer phase (Fig.1,
b). Composites based on HDPE have higher temperature
conductivity than composites based on PVDF. Comparison a
and b on Fig.1 shows that this difference of values of D of
composites could not explained only by the difference of D in
starting polymers — HDPE and PVDF. The phase boundary
phenomena plays the main role here [2,5].
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Fig.1. The temperature dependences of temperature conductivity (D) of polymers, piezoceramics (a) and composites (b).
a) 1 - PCR-7M; 2 - PCR-3M; 3 - HDPE; 4 - LDPE; 5 - PVDF.
b) 1 - PVDF/PCR-7M; 2 - PVDF/PCR-3M; 3 - HDPE/PCR-7M; 4 - HDPE/PCR-3M. Volume fraction of the piezoceramics

D=60%

The parameter of D is sensitive to a relation of phases in
composite. The value of temperature conductivity of
PVDF/PCR-3M and PVDF/PCR-7M composites in depend-
ence on volume fraction of piezoparticles with the size of
63+100 pum are presented in Table 1. It is seen that the com-

posite based on PVDF and PCR-3M has a higher temperature
conductivity in comparison with PVDF/PCR-7TM composite.
Noticible spread of temperature conductivity of composites in
dependence on the piezoceramics particles size are observed.
Also,with the increase of the piezoparticle size this factor rai-
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Fig.3. a) The temperature dependences of thermal expansion coefficient (1,2,3) and piezoelectric modulus (4,5) of composites based on

HDPE.

1 - HDPE; 2,4 - HDPE/PCR-3M; 3,5 - HDPE/PCR-7M. @ = 50 %vol.
b) The dependences of specific heat (1) and piezoelectric modulus (2) on pressure for composite PVDF/PCR-3.

Particle size 63+100 um

also confirmed by the temperature conductivity of composites
with PCR-3M is higher than with PCR-7M one. The results
of measurement of specific heat and piezoelectric modulus
(ds3) of composites are found according to this. Really, the
temperature of dj; relaxation and a growth temperature
practically coincide. Moreover, ds; of the composite with the

small @ and high D is high, which is connected to the in-

crease of the probable charges’ flows in the polarization pro-
cess to the polymer-piezofiller boundary, which is deter-
mined by the ordered structure of the polymer phase. As it is
shown in [8], the composite specific heat is determined
mainly by filler specific heat, polymer matrix and interphase
layer. Investigations show that C, and dj; of composites on
the basis of LDPE, PVDF and PCR-3M, PCR-7M quite differ
(Table 3).

The indicated factors substantially depend on the com-
posite obtaining conditions, for example, on the obtaining
pressure (Fig.3,b). It is seen that specific heat of PVDF/PCR-3M
composite decreases with the increase of P, but piezoelectric
modulus increases and tends to saturation.

Table 3. Specific heat and piezoelectric modulus of the composites.

Composites Specific heat Piezoelectric
Cp, JkgK | modulus ds; ,
pC/N
PVDF/PCR-TM 350 95
LDPE/PCR-3M 600 80

Thus, the increase of temperature conductivity, the de-
crease of thermal expansion coefficient (&) and specific heat
with the increase of the obtaining pressure of the composite
based on the piezoceramics of rhombohedral structure shows
the interphase interaction increase favoring to the decrease of
heat scattering on the phase boundary. The increase of pie-
zoelectric modulus with the growth of thermal conductivity
and the decrease of specific heat and « also shows the am-
plification of interphase interaction favoring to an effective
transmission of mechanical perturbation on the composite
piezoparticle.
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POLIMER-PYEZOELEKTRIK KOMPOZITLORIN PYEZOELEKTRIK, ISTILIK XASSOLORI VO FAZALAR
ARASI HADISOLOR ARASINDA OLAQ®D

Polyar ve qeyri-polyar polimerler ve miixtslif strukturlu pyezokeramikalar ssasinda alinmig kompozitlerin istilik ve pyezoelektrik
xasseleri tadqiq edilmigdir. Mileyyen edilmisdir ki, yiiksek temperaturkegirmo emsal, algaq termik genislenme amsah ve istilik tutu-

35



A.l. MAMEDOV, M.A. KURBANOV, M.G. SHAKHTAKHTINSKY. S.N. MUSAEVA, LA. F ARADZHZADE

mu olan kompozitler yiiksak pyezoelektrik xasselere malikdir. Kompozitlerin istilik ve pyezoelektrik xasselori polimer-pyezoelektrik
fazalarin strukturunun ve kristallagmasimin temperatur-tozyiq rejimini deyismekle nizama salinmugdir.
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B3AMMOCBS3b MEXY ITbE3O3JIEKTPUYECKHUMH, TEIUIO®M3NMYECKUMYU CBOMICTBAMH !
MEKDA3ZHBIMU SIBJEHVSIMM B KOMIIO3UTAX ITOJUMMEP-IIBE30O3JEKTPHK

Hccne0BaNbl TEMIOPH3MIECKHE H IHE30INEKTPHIECKUE CBOHCTBA KOMIIO3UTOB HA OCHOBE MOMAPHLIX ¥ HEMOJAPHAIX IONMMEPOB H M-
30KEPAMHK pasauHoM CTPyKTyphL HaineHo, 4T0 KOMIO3UTE! G BEICOKHM K03/ PHIMEHTOM TEMMNEPATYPONPOBOIHOCTH, HU3KAM KO3 duum-
€HTOM TEPMUYECKOTO PaCIIMPEHIA ¥ TEMIOEMKOCTBIO 0GIANAI0T NOBEILICHHBIMHU [EE300ICKTPUECKUMH ceoticreamu. Tenmnodusudeckue u
Ibe303MEKTPHUECKHE CBOKCTBA KOMIIO3MTOB PEryIHPOBAINCH NIYTEM M3MCHEHMA TEeMIIEPaTYPHO-6apUYECcKOro peXUMa KPUCTAILTH3AIHA H
CTPYKTYpB! a3 noJINMEp-Tbe303MIEKTPHK.
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