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The frequency and temperature dependences of dielectric permittivity and electric conductivity of high-density
polyethylene with the addition of CaGa2S4:Eu*? are studied. It was shown that dielectric permitivity and electric conductance
increase with increasing of filler concentration at all temperatures. In this case, conductivity has hopping mechanizm
described by the Josher theory. The corresponding exponent parameter and activation energy slightly decreases with
increasing of filler concentration. The experimental data of dielectric permitivity are compared with the Maxwell-Garnett

theory.
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INTRODUCTION

Production of high-performance devices for
imaging and lighting, which are capable of competing
with conventional systems, requires the obtaining of
phosphors with specific properties. This necessity
promoted the development of new materials and the
optimization of existing phosphors. One of such
promising materials is CaGayS4 :Eu?*. Its monocrystal
and polycrystal emits a broad yellow luminescence
band is centered at 562 and 565 nm, respectively,
under both 420 nm and 337.1 nm excitation
wavelengths [1-2].

The spectroscopic properties of the phosphor
CaGayS4:Eu?* provide high performance. However, it
is not only requirement for the respective devices.
Active luminescent elements must be resistant to
water, solar radiation and temperature. The phosphor
cannot meet these requirements by itself. Its
encapsulation is required. Typically, a polymer is used
as the matrix. To predict the most optimal conditions
for encapsulation, it is necessary to determine the
interaction between the filler particles and the matrix.
One of the methods is dielectric spectroscopy.

The aim of present work is the study of the effect
of CaGa,SsEu*? on dielectric and conductivity
properties of high density polyethylene.

EXPERIMENTAL

CaGazSs :Eu 2* (5 mol %) polycrystals were
prepared from stoichiometric amounts of CaS and
GaySs powders. EuFs was used for the activation by
europium. The synthesis of this material was done by
a solid-state reaction in a graphite crucible covered
with graphite powder at temperature of 1000°C and
vacuum of 10 Torr for 4 hours. After the synthesis, a
4-hour annealing was carried out at 700°C in an argon
atmosphere with hydrogen sulfide.

Powder was obtained by grinding in the
planetary micro mill (the model Pulverisette 7, firm
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Fritsch, Germany).

The powder obtained was separated according to
sedimentation time t in a column with hexane
according to the relation:

18hn
(pl_pz)gdz (1)

where h is the height of the column; 1) is the viscosity
coefficient of the liquid; p1 and p, are the densities of
this material and hexane; g is the acceleration of
gravity; d is the transverse dimension of the particles.
The fractions obtained were dried under a vacuum of
102 torr at T = 50°C for a week. This method
produced a powder with an average particle size of
500 nm

We used high density polyethylene (HDPE) as a
matrix. Melting and softening points of polymer are
130-135°C and 80-90°C, -correspondingly. Then
obtained mixture was shaken in a vortex mixer for 1
hour at room temperature, followed by sonication with
dispergator Ultrasonic Cleaner NATO CD-4800
(China) for 4 hours. Disc-shaped samples of
composites were obtained by hot pressing at
temperature of 165°C and pressure of 15 MPa.
Pressing time after reaching the selected temperature
is 15-20 minutes. The diameter and thickness of the
obtained films were 4 cm and 80 90 um,
respectively. Aluminum electrodes with diameter of 3
cm and thickness of 10 um are pressed on both sides
of the films.

Dielectric measurements were carried out by the
Precision LCR Meter 1920 (IET Labs. Inc., USA)
over the frequency range of 20 Hz — 1 MHz and at
temperatures between 18°C — 70°C. In such a case,
applied voltage was 0.5 V. Electric capacity C and
dissipation factor (the loss tangent) D were recorded
by means of this device at different frequencies f. The
magnitudes of dielectric permittivity ¢ were defined
as:
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Cd

E =
E0S
where ¢ is the permittivity of free space, d and S are
the thickness and the square of the sample,
respectively. The real &' and image &" parts of

dielectric permittivity and electric conductance ¢ were
calculated by the expressions:
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RESULTS AND DISCUSSION

Figure 1 and figure 2 show the frequency
dependences of the real and image parts of the
dielectric permittivity for the composite with different
concentrations of filler.
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Fig. 1. Frequency dependences of real part of dielectric permittivity of the composite at different volume

concentrations of filler and 20°C.
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Fig. 2. Frequency dependences of image part of dielectric permittivity of the composite at different volume

concentrations of filler and 20°C.

As can be seen, with an increase in the filler
concentration, both real and image parts of the
dielectric permittivity increases at all frequencies. In
this case, there is a slight decrease in the real ¢
component of the permittivity with increasing
frequency, which is explained by the delay of dipoles
and a decrease in the number of particles involved in
polarization. The presence of a significant electrical
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conductivity of composites at high filler
concentrations also leads to the appearance of near-
electrode polarization at low frequencies, which
occurs in the layer adjacent to the electrode [3]. In this
case, an increase in the permittivity at low frequencies
is observed.

According to the Maxwell-Garnett theory [4],
scalar dielectric permittivity e 0f a medium



DIELECTRIC AND CONDUCTIVITY PROPERTIES OF POLYETHYLENE DOPED WITH CaGa,S,:Eu*?

consisted of particles with dielectric permittivity &
and the matrix with dielectric permittivity em is

@-f)e, + TP,
E =
o 1-f,+f,8

(6)

where f, is a volume fraction of the inclusions; S
depends on the shape of the inclusions. In order to
simplify the calculations, we will consider the
particles to be spherical, then

3&,,
p=—"Cm
g, +2¢&,

U]

and (6) reduces to

Ep — Em

3f,
£, +2&,
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®)

Note that the Maxwell-Garnett approximation
describes well isolated particles that are completely
isolated from each other by the material of the
medium.

In order to compare the experimental
concentration dependences of the permittivity with the
Maxwell-Garnett theory, we present them at the
frequency of 1 kHz as well as theoretical curves on the
same figure 3.
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Fig. 3. Comparison of experimental data at frequency of 1 kHz with the Maxwell-Garnett theory: circles - experimental
data, solid curve corresponds to the Maxwell-Garnett approximation.
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OFig. 4. Frequency dependences of electric conductance of samples at 20°C.

As can be seen, the experimental values are good
agreed with theoretical curve. Frequency dependences
of electric conductivity at different concentrations of
filler are presented in figure 4. One can see from this
figure, conductivity increases with increasing of
frequency. In this case, conductivity is more for the
composites with more concentration of filler.
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The frequency dependence of the conductivity of
composite materials has a hopping mechanism and
can be described by the equation obtained in [5]

o0=0dc +Af",

©)

where oqc iS the direct current conductivity, A is a
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constant at given temperature, n is a parameter that
varies from 0 to 1 and characterizes the degree of
interaction of charge carriers with the matrix material.
Conductivity occurs by hops between particles and
along defects in the polymer matrix. Since the
particles are randomly arranged, isolated conducting
paths have a wide size distribution leading to
conductance dispersion [6].
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An analysis of the frequency dependences of the
conductivity of composites showed that the coefficient
n, which characterizes the degree of interaction of
carriers with the matrix material, equals to 0.51 and
does not change with an increase in the filler.

Figure 5 shows the temperature dependences of
conductivity for the composites.
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Fig. 5. Temperature dependences of electric conductance of the composites at frequency of 1 kHz.

As can be seen, the conductivity increases with
increasing temperature. Moreover, with an increase in
the concentration of filler, the conductivity increases

at all temperatures. At the same time, these
dependencies obey the Arrhenius law:
__E
o =0, KaNaT (10)

where o, is the pre-exponential factor, E is the
activation energy of electrical conductivity. kg is
Boltzmann constant, N is the Avogardo number, T is
Kelvin temperature.

From the last expression, it is possible to find the
activation energy E of the composites. It equals to 121
kJ/ mol for the sample with 1% filler concentration
and slightly decreases with increasing of
concentration. The value of E consists of the
activation energy of the motion of the carriers and the

energy necessary for the nucleation of new charges. It
is an energy barrier which an ion must overcome to
move inside the polymer medium. The larger the E,
the harder the ions move within the composite and,
accordingly, the lower the conductivity.

CONCLUSIONS

it is shown that dielectric permittivity and
electric conductivity of high-density polyethylene
with the addition of CaGa,SsEu*? increase with
increasing of filler concentration at all temperatures
and frequences. In this case, conductivity has hopping
mechanizm described by the Josher theory. The
corresponding exponent parameter and activation
energy slightly decreases with increasing of filler
concentration. The experimental data of dielectric
permitivity are compared with the Maxwell-Garnett
theory.
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JANDJIEKTPUYECKHUE U ITPOBOJSIIINE CBOMCTBA INOJUITUJIEHA JETUPOBAHHOT' O
CaGazSs:Eu™?

HccnenoBanbl 4aCTOTHBIE U TEMIIEPATypPHbIE 3aBUCUMOCTH JUIEKTPHUECKON POHUIIAEMOCTH H IEKTPONPOBOIHOCTH
NIONIMATHIIEHA BBICOKOH MIOTHOCTH ¢ no6aBkoit CaGazSaEu*?. TlokasaHo, 4TO JMONEKTPHYECKas MNPOHHIAEMOCTb H
JJIEKTpUYECcKas MPOBOAUMOCTh YBEIUYHMBAIOTCS C YBEIMYCHUEM KOHLEHTPALUM HANOJHMTEINA MpH BCEX TemIeparypax. B
3TOM Cllydae IPOBOJUMOCTb MMEET IIPBDKKOBBIM MeXaHU3M, omnuchiBaeMblii Teopueidl Jlxomepa. CoOTBETCTBYHOIIUI
MOKa3aTellb CTEIIEHW W JHEPTHs aKTHBAIMM HECKOJIBKO YMCHBINAIOTCS C YBEJIMYEHHEM KOHIEHTPAIlMM THTaHATa Oapws.
DKcIepUMEHTAIbHbIC JaHHBIC JU3JIEKTPUIECKOM MPOHUIIAEMOCTH COTIOCTaBIICHHI ¢ Teopueil MakcBemna-I"apuerra.

T.C. Ibrahimov, O.B. Tagiyev, |1.S. Ramazanova, T.S. ibrahimova,
E.Q. 9sadov, A.F. Nurahyev

CaGaSs:Eu? iLO LEGIRLONON POLIETILENIN DIELEKTRIK VO KECIiRiCi XASSOLORI

CaGazSa:Eu*? olavssi ilo legirlonon yiiksok sixliqlt polietilenin dielektrik niifuzlugunun vo elektrik kegiriciliyinin tezlik
Vo temperatur asililiglart Gyranilmigdir. Gostorilmisdir ki, biitiin temperaturlarda olavenin konsentrasiyasinin artmasi ilo
dielektrik niifuzlugunun va elektrik kegiriciliyinin giymoti artir. Bu halda kegiricilik Josher nazariyyasi ilo tosvir edilon
sigrayls mexanizmina malikdir. Miivafiq qlivvat istli Vo aktivlasmo enerjisi barium titanatin konsentrasiyasinin artmasi ila bir
godor azalir. Dielektrik kegiriciliyin eksperimental giymotlori Maksvell-Qarnet nazariyyassi ilo miiqayiso edilir.
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