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The Dielectric Properties of Crown Ether Polymer
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ABSTRACT. The dielectric properties such as permittivity,
dielectric loss and loss tangent for the dibenzo-18 crown-6
supported on epoxy resin were studied. The measurements were
carried out under vacuum in temperature range (280-380)K and
frequency range (}-20) kHz. At temperature range (300-320) K
the permittivity, & was found to be constant and starts to increase
approximately linearly at temperature above 320 K. This
behaviour occurred at frequencies 1, 5, 10, 15 and 20 kHz, where
the values of ¢’ at these frequencies were coincided. The dielectric
loss ¢’ was found to be constant at all frequencies at the
considered temperature range (300-320) K while at temperatures
above 320 K ¢’ increases with increasing temperature but
decreased with increasing the frequency. The loss tangent, tan &
followed the same trend as ¢ except a maximum occurs at 360 K
after which tan & decreased with increasing temperature. The
change at 360 K were related to the glass transition temperature of

the polymer

INTRODUCTION

Studying the dielectric properties of polymers have increased importance
because it provide an understanding to the molecular chains which reflect the
s and usage in engineering, electrical and
|s are used as insulators in wires,

wide polymer applicatione
electronics[1]. These polymers materia . .
cables, printed circuit boards and in many other electronic de\./nces [?]. f
Insulators with low permittivity are preferred to be use In the industry o
al cables to minimize as much as possible the electron
. whereas the high dielectric constant

he industry of capacitors.
te the effect of temperature and

y resin permittivity, dielectric

communication coaxl
density on the conductor surface

materials are preferred to be used in t

The aim of this paper is to investiga

frequency variations on the Crown ether epoX

Joss and loss tangent.
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EXPERIMENTAL

Matcrials

Dibenzo-18-Crown ether-6
gin was used 1t

terisation procedure 0

(DB-18-CR-6) supported on high moje,
v the preparation of the sampleg Tar
f these new crowy et}:]

weight cpoxy re .
preparation and charac .
derivatives are reported elsewhere [3]-

ameter 30 mm were Prepareq ,

Sample disks with thickness 4 mm and di
ard electrode system v,
as used

direct curing of the samples in the mold. A gu retectr
- i Strr ure the dielectric properti
Aluminum  foil clectrodes to meas properties of he

with
specimen [4].
The high and low rerminals of the system Were connected to RCI, Brig
enerator (Model Exact-579) %te
0

302) and function g
supply the bridge with the desired frequencies. The RCL bridge -
calibrated by a Digital RCL Bridge (Model hp-4261A) at 1 kHz and yseq .
measure the capacitance and the loss tangent of the specimen.

performed under vacuum (about 10 mbar) o

The measurements Werc
ture range (260-380) K and frequency (1-20) kHz.

(Model Phillips PM-6

over a tempera

Measurements
was calculated by the following equation, usine the
=)

The permittivity, €,
measured value of the specimen capacitance, C, and the electroge

capacitance, Co

C
’ (1)

g."‘_‘_—

Co

The dielectric loss, was calculated by equation (2), using the measured

values of tan . and the calculated values of ¢” from equation (1)
e"=¢" tanod ... (2)

RESULTS AND DISCUSSION

Permittivity, ¢’
The variation of the permittivity, ¢’, as a function of temperature for (¢

Crown ether epoxy resin is shown in Fig.(1). At temperature range (297-320
F- The permittivity was found to be constant at initial stages and start®
increase approximately linearly at temperatures above 320°C. This behaviot
occurred at frequencies 1, 5, 10, 15 and 20 kHz, where the values of g ol
these fre.quencies were coincided. This behaviour can be attributed 01t
weak orientation of the dipoles with the applied electric field due tothe
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insufficient free volume available to the dipole to orient freel A
eely. At

temperatures above 320 K the specimen start to expand in volume Jeadi
Jarge free volume and increase in the permittivity values (4] e

Fig.(2) shows the relation between the permittivity and the fre
temperature range (290-370) K. At lower temperatures the ;Mncy “’f
variation did not effect on the permittivity. At higher temperatures :;‘l“‘""cy
decrease in the premittivity at the frequencies (1-2) kHz Decreas?ire '5""
values at low frequency region is conventional behavio.ur of a:iielng ;
materials (5,6). This decrease can be attributed to the interfacial polari w'nc
which is called Maxwell-Wagner Process (MWP). This polarizatiin is Zz:(:n
the accumulation of the charges on the intermediate boundaries between thz
different components of the molecular chains, i.e., between the epoxy unites
and the ether units [6,8]. At high frequencies, ¢’ is constant due to the

van.ishn.ng' of (MWP) effect and the domain of the orientation polarization
which is independent on frequency [9].
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Fig.(1) The permittivity as a function of temperature in frequenéy range (1-
20) kHz.
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Fi (2)_The permittivity changes as a function of frequency at different
19. o -
: temperatures (1: 290 K, 7300 K, 3:318 K, 4:332K, 5:350K,

6: 360 K, 7: 370 K).

. . 1/
Dielectric Loss, ¢ ,
The variation of the dielectric loss, g, asa function of temperature is

shown in Fig.(3). The dielectric loss (¢') was found to be constant atall
frequencies under consideration in the temperature range (300-320) K while
at temperatures above 320K ¢ increased with increasing temperature and it
decreased with increasing frequency. The weak orientation of the dipoles
exhibited at this temperature range due to the molecular chains slow motion
leads to slow variation of the dielectric loss. While at higher temperatures the
chains motion will increase leading to increase in the free volume which
means an increase in the number of dipoles that orient with applied electric
field leading to increase the ¢” values with temperature.
§ g: 1;(:2 :hows 'the variation of ¢ with frequency. The values of g were
quencies below 1 kHz, but it decreased with frequency up to 20
kHz. The decreasing of ¢ with increasing fre i kHz
quency in the range (1-20)

can be aftri , _ _

nature of n:;:ted t: the interfacial polarization caused by the heterogenot®
S s em 4 .

(112,13, ystem [10]. Similar arguments were suggested by other®
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Fig.(4) The dielectric loss as a function of frequency at different
temperatures (1: 200 K, 2:300K, 3:318K, 4:332K, 5 350 K,
6:360 K, 7: 370 K).
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Loss Tangent, tan §
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The variation of the loss tangent, Fan Sasa Fun;:::g, of";:?ﬁ:amre .
frequency are shown in Fig(5) and F lg.('6) respec - ;em " nj ‘angent
ﬁ»llowedﬁ the same trend as ¢ except maxumum occur. o p?a D re 36 K
after which tan § decrcased with increasing temperature. nee at 3¢ K

| iti ' T.
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S
[ncreasing in permittivity, dielectric loss and joss tangen
obtained as a re:m.ﬂt of increasing Crown ether epoxy reqii t“i values were
5. Constant permittivity was obtained at frequency cie él P gmperamre.
dielectric loss and loss tangent decreased with increasin );Hz, but the
the range (1-20)kHz especially at temperatures above 335 KS requency in
3. The structural transitions can be obtained from the }oss tan
remperature spectrum for dielectric polymers. gent-
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