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THE INFLUENCE OF ELECTROTREATMENT ON MECHANICAL AND ELECTRIC
DURABILITIES OF COMPOSITIONS ON THE BASE OF POLYMERS AND
PIEZOCERAMICS
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Institute of Physics of NAS of Azerbaijan, Baku, AZ-1143, H. Javid av., 33
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The influence of preliminary electrotreatment on mechanical and electric composition durabilities on the base of polyethylene (PE),
polyvinylidene fluoride (PVDF) and piezoceramic (PCRS5) is investigated. It is shown, that mechanical and electric durabilities of
PE+30vol%PCRS5 and PVDF +30vol%PCRS compositions increase at first and then decrease in the dependence on electric field intensity of
E,..; electrotreatment, that is connected with increase and decrease of interphase interactions.

The study of electrotreatment influence on composition
strength properties on the base of polymers and piezoceramics
presents the scientific and practical interest as they are the
main elements in the devices of different sensing elements
and transformers and are treated by the influence of external
factors, including electric field [1-3].

In the given work the investigation results of electrotreatment
influence on mechanical and electric durabilities of
PE+30vol%PCRS5 and PVDF+30vol%PCRS compositions
are presented.

PCR5 piezoceramics has the content of zirconato-
titanate-lead (ZTL) and the rhombohedral structure.

The compositions are prepared by the method of hot
pressing of mechanical mixture from piezoceramics powders
PCRS and PE and PVDF polymers separately at melting
point of polymer matrix under the pressure 150 MPa during
10 min with the postcooling.

The logarithm dependence of mechanical durability /g7,
on mechanical bursting stress o for PE+30vol%PCRS,
preliminary treated by electrotreatment at different values of
electric field intensity E,., are presented on the fig. 1. It is
seen, that /g7, linearly decreases in the dependence on o in
all cases, i.e. the exponential dependence takes place

7o=Ae“’, (1)

where 4 and « are parameters, depending on the nature of
investigated material and test temperature on mechanical
durability.
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Fig. 1. The dependence of mechanical durability of
PE+30vol%PCRS5 compositions preliminary
treated by electrotreatment on the mechanical
bursting stress: 1- £=0; 2-E=10; 3-E=11; 4-E=12;
5-E=14-10°V/m.

From the fig.1, it is also seen, that the mechanical
durability /g7, of PE+30vol%PCRS compositions increases at
first and then decreases in the dependence on
electrotreatment £,,.,, intensity at other equal conditions.

The dependences of logarithm of electric durability /gzz
on breakdown electric field intensity £ for PE+30vol%PCRS5
compositions, preliminary treated by electrotreatment at
different values of electric field intensity E,..; are given on
the fig.2. It is seen, that here the exponential dependence is
also carried out:

w=Be"", )

where B and f are parameters, depending on the nature of
investigated material and test temperature on electric
durability.

From the fig. 2 it is also seen, that here the electric
durability Igzz of PE+30vol%PCRS5 compositions in the
dependence on electrotreatment £, intensity firstly
increases, and further decreases at other conditions.
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Fig. 2. The dependence of electric durability of PE+30vol%PCRS5
compositions preliminary treated by electrotreatment on
electric field intensity; 1- Ejeqr =0; 2- Ejpeqr =10;

3- Epear =115 4= E s =12; 5= E e =14-10°V/m.

The dependences of lgz, on o and Igz; on E for
PVDF+30vol%PCRS compositions preliminary treated by
electrotreatment at different values of electric field intensity
E, ... are shown on the figures 3 and 4. It is seen, that the
exponential dependences (1) and (2) take place for
PVDF+30vol%PCRS compositions. By other hand, as it is
seen from the figures 3 and 4, the mechanical durability /g7,
and electric one /g 7z of PVDF+30vol%PCRS compositions in
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the dependence of electrotreatment E,.,, intensity increase at
first and then decrease at other equal conditions.
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Fig. 3. The dependence of mechanical durability of
PVDF+30vol%PCRS5 compositions preliminary treated by
electrotreatment on mechanical bursting stress;

1- Etreat :0; 2- Etreat :3; 3- Etreat :5; 4- Etreat :8; 5- Etreat
=10; 6- Epyeqr =125 7- Ejyeqs =15-10°V/m.
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Fig. 4. The dependence of electric durability of
PVDF+30vol%PCRS compositions preliminary treated by
electrotreatment on electric field intensity;

1- Eyear =05 2- Eyrear =35 3- Eyear =5; 4 Eyear =8; 5- Eeur
=10; 6-E=12; 7- E e =15-10°V/m.

The fact, that dependences Ig7, on o and /gzz on E at
extrapolation o =0 and £ =0 cross at a point of ordinate axis
on the figures 1,2,3 and 4, pays attention. By other words, 4
and B parameters in formulae (1) and (2) are constant, and
changes of strength properties (of mechanical and electric
durabilities) reflect in changes of « and £ parameters.

It is known, that temperature-force dependence of
mechanical durability 7,=f(T,0) of polymer compositions is
expressed by Jurkov’s formula [4]:

Uy-yo
KT 3)
and temperature-field dependence of electric one 7z=f(T,E) of

polymer compositions is expressed by formula, which is
analogical to Jurkov’s one:

T, =T,€

Wy—xE
Tp =10 KT )
Here U, and W, parameters are activation energies of
processes of mechanical and electric destructions, and y and y
are structural-sensitive coefficients, correspondingly.
From the comparison of formula (1) with formula (2) and
formula (2) with formula (4) we can write the following
expressions:

Uﬂ
A=tk , a=-"
KT

Wy
B=r,ef", ﬂ:i

KT

From the figures 1-4 it is followed that A=const and
B=const at T=const, therefore U,=const and W,=const. This
means, that the changes of mechanical and electric
durabilities of PE+30vol%PCR5 and PVDF +30vol%PCRS5
compositions in the dependence on intensity E,.. at their
electrotreatment don’t reflect in changes of U, and W, i.e.
they stay constant (permanent) and these changes are
connected with the ones of structural-sensitive coefficients y
and 7, since « and S parameters change at that. Consequently,
the values of activation energies of mechanical destruction U,
and electric one W, stay constant at preliminary
electrotreatment  of  PE+30vol%PCRS5 and PVDF
+30vol%PCRS5 compositions, and changes of their strength
properties in the dependence on E,., are connected with the
ones of physical structure, that reflects in the changes of
structural-sensitive coefficients y and y.

The observable changes (increase and decrease) of
mechanical and electric durabilities of investigated
compositions in the dependence on electrotreatment E, .4
intensity, probably, are connected with the ones
(amplification and weakening) of interphase interactions.
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POLIIMERLOR VO PYEZOKERAMIKA 9SASINDA ALINMIS KOMPOZiSiYALARIN MEXANIKi Vo
ELEKTRIiK YASAMA MUDDOTLORINO ELEKTRIK SAHOSINDO iSLONMONIN TOSIRi

Polietilen (PE), polivinilidenftorid (PVDF) vo PKRS pyezokeramikasi asasinda alinmig kompozisiyalarin mexaniki vo elektrik yasama
miiddotlorina onlarin avvalcadon elektrik sahosindo islonmonin tasiri todqiq edilmisdir. Gostorilmigdir ki, elektrik sahasindo islonmonin E;y
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intensivliyindon asili olaraq PE+30h%PKRS5 vo PVDF+30h%PKRS kompozisiyalarinin mexaniki vo elektrik yasama miiddatlori avvalco
artir va sonradan iso azalirlar. Bu iss fazalararasi qarsiliqli tasirin artmasi vo azalmasi ils slagedardir.

C.A. Abacos, M.A. Pama3anos, X.C. UOparumoBa

BJIMSHHUE 3JIEKTPOOBPABOTKH HA MEXAHUYECKYIO U JIEKTPUYECKYIO JOJTIOBEYHOCTD
KOMITIO3UIIMU HA OCHOBE INIOJIMMEPOB U ITBE3OKEPAMUKHA

HccnenoBano BIMsSHHUE MPEIBAPUTEIBHON 3JEKTPOOOPAOOTKH Ha MEXaHMUYECKYIO M 3JIEKTPHUYECKYIO JONTOBEYHOCTh KOMITO3HMLIUI Ha
ocHoBe mojuerwieHa (I19), nomuBunwimaeHpropuna ([IBA®) u  mbesokepamuku ITKPS5 . Tloka3aHo, 4TO B 3aBHCHMMOCTH OT
HANpsHKEHHOCTH  3JIEKTPHYECKOIO  TIOJISL  DIEKTPooOpaboTku  Eqsp, MeEXaHHMYeCKass M 3JIEKTPUYECKas JOJNOBEYHOCTH KOMIIO3HLMH
I19+3006.%IIKP5 n TIBJAdD+3006.%IIKP5 cHavana yBeaudMBarOTCs, a 3aTEM YMEHBIIAIOTCS, YTO CBSI3aHO C YCHUJICHHEM H OCIabIeHHEM
MeK(pa3HbIX B3aUMOICHCTBHIA.
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