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Estimate of Dielectric Characteristics on Polytetrafiuoroethylene by
the Dielectic Relaxation and Thermally Stimulated Current Method
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ABSTRACT

In this study, dielectric properties and Thermally Stimulated Current were measured in
Polytetrafluoroethylene, thickness of 100[zm], the temperature range from 30 [c] to
150[°C] and frequency range 30~3 x 10°[Hz] for searching the dielectric characteristics.

As a result, activation energy at 15.18 [kcal/mole] by micro Brownian motion’s loss of

long chain is obtained of glass transition temperature. It is almost confirmed that
activation energy of f peak obtained at thermally stimulated current method.

Also it is affirmed that the amplitude of dielectric loss factor calculated by thermally
stimulated current method, concurred with the value appeared in infrasonic region of die-

lectric characteristics.
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1. Introduction

The recent advances in petrochemical
industries as well as organic chemical
engineerings paved a way for polymeric
materials to replace dielectric and other
materials used in electric components.
Such usages of polymeric materials have
expanded into diverse purposes such as
composing materials for electric conduc-
tors, Insulators, semiconductors and
other-fuctional components. '~¥. Such cir-
cumstances necessitates more research
activities devoted on analysing electrical
properties of polymeric materials and,
consequently, developing new polymeric
materials with superior electrical proper-
ties®.

Recently, the ever increasing demand
for electricity also accompanies the in-
creasing demand for high voltage and
large capacity of electric power machin-
ery, equipments as well as high density
integrated electric components, and to
cope with such technological demand for
better and reliable electric materiéls,
many formidable technological problems
should be resolved. Especially, the molec-

ular structures of polymers are complex,
so 1t is difficult to accurately predict their

matenial properties by analytical means.
Furthermore, the method of analysis
should vary according to the application
field ™.
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In this study, the material properties
specifically  dielectric  properties, of
Polytetrafluoroethylene which is known
to exhibit superior dielectric characteris-
tics among  Polytetrafluoroethylene
(PTFE) is experimentally analysed. Spe-
cifically a combination of two experimen-
tal methods are used : One is the ther-
mally stimulated current(TSC) method
which facilitates the mesurement of the
dielectric properties during prolonged re-
laxation period and the other is the die-
lectric relaxation method to directly mea-
sure the time and chronological of dielec-
tric dispersion and absorption. Finally the
material properties founded in this study
is compared with other reported results
and its validity is discussed in detail®?,

2. Experiments

2.1 Sample Preparation

The sample in this study is PTFE of
thermo plastic resin, melting point
(known) is 327['C] in general. It be-
comes gel type above the range of melt-
ing point, but not liquidity.

The value of dielectric constant and
loss 1s similar to low density polyethylene
or less than that, these properties shows
that there is close relation of chemical
structure and molecular weight of PTFE.
It is monomer structure of PTFE as —

[CF 2 _
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CFr3, since it has not chain and high
crystal degree.

The specific gravity of PTFE powder,
which is not pass through disposition
process, obtained at common polymeriz-
ation is 2.28—2.295, it is applicable to
the degree of crystallinity of 93—98[ % J.

In this study, it was used as a sample
of PTFE film, thickness of 100[zm],
main electrode of 38 [mm] and
guardring electrode, having inner and
outer diameter 40 [mm] and 80[mm],
respectively. And then surface was at-
tached using pure vaseline. As it is men-
tioned above, PTFE is a good insulator,
and exhibits excellent chemical resistance
and incohesive properties as well as good
mechanical manufacturability. The mate-

rial is borded with strong C-F bonding
whose bonding strength is 114.76| kcal/

mole]. Also, since it’s molecules compact
structured in such a way that the F mole-
cules are compactly fills the spaces
around the C-C bonding (79— 79.8[kcal/
mole]), it exhibits strong anti-permeation

characteristics.

(1) XRay Diffraction

For the first time Bunn reported on
the structure and specific gravity of
PTFE to analysis with X-Ray diffraction
test, after that many workers have stud-
ied their atom arrangement and model of

element, and so on. According to results
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of the study by Bunn, the molecule chain
of PTFE takes a coiled shapes titled from
planar zizag shape, and the volume of
molecules

fluoride compactly

arranged around C-C bonds. Also accord-

are

ing to Machio Iwasaki’'s report®, the
crystal structure of PTFE takes tetrahe-
dral structure at the rang of temperature
below 19['C] where every 13th CF; mol-
ecule is rotated by 180° to result in
coilles shape and such rotation is repeated
at every 16.9[ A ].

Besides, it reported on lattice distance

of 5.46[ A ] and the around of 2.38[ A ]
obtained X-Ray diffraction of PTFE by
Krim dispersed at amorphous and the
distance of 4.92[ A ] dispersed at crystal-
line region®.

It reported on the contribution of
amorphous region and dispersion of crys-
talline region appeared in 20=16" and
20=18"
—1. part of the crystal and amorphous

respectively, as shown in Fig2

region overlapped. Therefore, crystallini-
ty of PTFE can be obtained from area

ratio.

% Crystallinity = 100Ic/(Ic+Kla)
Ic : crystal region area
Ia : amorphous region area
So measured XRD from used sample
shown in Fig. 2—1, dispersion at 26=16.
7, at the same time it confirmed that lat-
tice distance had appeared in dispersion

of crystalline, it’s numerical value was 4.
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834[ A ], and it were observed that it
were very similar to the results by Krim.
Also in this figure obtaimed crystallinity
which applied area of 3.15[cm?] calculat-
ed by Planimeter with Ia and Ic using
equation (1) was about 81[% J.
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Fig. 2—1 XRay Diffraction of PTFE

2.2 Experimental Devices

Dielectric loss test equipment used in
this experiment was Ando Electric
(Japan) Products, it consists of an oscil-
lator WBG-9 (30—3x 10{Hz], balance
detector BDA-9, dielectric loss detector
TR-10C(Tan 8:1x107'~1x107%),
oven TO-9B(—70~200{C1).

3. Resuits and Discussion

Fig. 3—1 shows the dielectric character-
istics obtalned with varing temperature
range of 30~150{C] in 100 [ymm]
thickness of PTFE.

'a;v_m’n ‘
Fig. 3-1 Frequency characteristics
with varing temperature

Dielectric ratio divided three division in
measurement area, it is not appeared dis-
persion in low and high frequency region
under the temperature range of 70[°C],
the amplitude of dielectric ratio was
about 2.45 among the temperature range
from 70 to 110['C]. But among the
temperature, it took dielectric distribution
because of dielectric ratio of 2.2~2.45,

the more increased division of dielectric
distribution above 110 ['C] , the more

changed almost straight line with 2.2~2.
65. And dielectric absorption aﬁpeared
low frequency range than measured fre-
quenicy range under the temperature of
90['C], in the measured frequency range
it observed dielectric loss curve over the
measured temperature of 110[C], the
amplitude of loss curve of 10~!'~10"*

had very large absorption width. When

~325-
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maximum loss energy was 30, 50 and
110[Hz], dielectric absorption appeared
at 100, 110 and 125[C] respectively,
also if measurement frequency raised
above 1[kHz], maximum temperature of
dielectric absorption appeared at high
temperature region.
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Fig. 3—2 Temperature charactenstcs
with varing frequency

Fig. 3—3 shows TSC curves which ob-
tained with the forming temperature of
PTFE film 120[ 'C] and the temperature
increment 5[ C/min] between the ap-
plied voltage 200 to 2000[ V], during the
observation time 1200[sec]. The similar
TSC spectra were obtained in the report-

ed experiments.
There were 4 peaks, already reported.

Only B peaks between the temperature
range of 0 to 150[‘C] were shown to in-
vestigate the correlation with the dielec-

tric chatacteristics, and the maximum

TSC X 10=t3(A)

temperature(Tm) of the peaks was uni-
form In accordance with the forming
field.
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Fig. 3—3 TSC spectra vs. forming
field

PTFE is usually known as non-polarized

polymer. But Berry and Bro reported
that PTFE has been polar groups at the
tip when using acidity sulfite as initiator
include SO;H or using persulfate as initia-
tor include COOH, and many researchers
(Muller, etc) have studied and reported
the dielectric dispersion®.

The algebraic reduction ratio of distor-
tion vibration observed from the dielec-
tric relaxation phenomena and TSC char-
acteristics in the experiment was applica-
ble to the a peak reported by McCrum.
Fig. 3—1 and 3—2 show that few dielec-
tric dispersion arises under 90[C] and
very large dispersion arise above 110

["C] within the measurement frequency
range. On the other hand, when density

(D) 1s acquired by various methods die-
lectric ratio can be obtained from the
equation, ¢=(1-+0.238D)/(1—-0.119D),

- 326 -
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with D : density.

Obtained dielectric ratio using this
equation to the measured value. And
within the measuring temperature range
110—150[C] and the frequency 10

[Hz] . Many researchers have report-
ed that there exists changing point near
130['C] in the case of measurement of
linear expansion, and because the bend-
ing point of specific volumetric change is
high at the side of the low degree of crys-
tallinity.

It is known that this transition occurs
in amorphous region.

In the study on biscoelastic or dielectric
characteristics by Iller, Eby, McCrum,
Becker, Machio, Iwasaki, Krum, Etc, it
was reported that there existed the
dispersion near 130['C] , but McCrum
reported that this transition was princi-
pally caused by comparatively long CF,
chains'?.

Because this phenomenon is the micro-
scopic loss by long chains at high temper-

ature, 1t 1s observed that dielectric
absorption arised in the infrasonic range

(1072~109Hz]). And if the frequency,
at which tan & has maximum value, is fa,
fo moves to the side of high temperature
low frequency depending on the measur-
ing temperature.

Applying relaxation process of Eyring,
when R is gas constant and T is absolute

temperature, freuency at which tand has

maximum value is f, = Aexp(—4H/RT)

~
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Fig. 3—4. Activation energy of dielec-
tric relaxation

Figure 3—4 illustrates the relation of inf,
versus 1/T and activation energy by po-
larized group is calculated 15.18[kcal/
mole].

Beside PTFE hold at the end of two
carboxyl group or sulfon group per one
polymer molecule, in accordance with
kind of initiator and because specimen
sintered at high temperature have strong
possibility of being —CF=CF; group it is
supposed that this group can be contrib-
uted to TSC forming polarization.

Typical COOH group shows an strong
absorption at wave length of 1811 and

1780[em'](5.52 and 5.62[ «£]).
It is possible to observe that a large

amount of absorption at band of 1780
[em™'](5.624) exists in the IR spectra'.
It is supposed that 8 peak is generated
by polarized group of a COOH radical.
Moreover 8 peak at low temperature
of 30[C] presents TSC by contributing
of electric charge trapped in the high
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electric field and depolarization current
of ohmic type.

The meaning of the dielectric charac-
teristics of 8 peak in the TSC spectra is
the absorption at infrasonic region in
TSC case. So, from the measurement of
TSC to obtain the dielectric characteris-
tics through searching activation energy,
elevating speed and relaxation time it is
easy to measure the value of dielectric
dissipation factor in infrasonic region.

Using these values, the amplitude of
calculated dielectric loss factor was 4.5 X
1073, and it confirmed the value in the in-

frasonic region as shown in Fig. 3—1.

4, Conclusion

The results show measurement of die-
lectric characteristics by dielectrics relax-
ation and TSC method in the PTFE film.

1) Dielectric loss which was appeared
in infrasonic contribute long chain by

micro Brownian motion in the vicinity of
glass transition temperature, at that time
we obtained activation energy of 15.18
[kcal/mole].

2) Dielectric loss factor which was cal-
culated by dielectric characteristics and
TSC method was 4.5%107% and it con-
firmed the value at infrasonic of dielec-
tric characteristics.

3) Among the physical characteristics
of this sample, dielectric constant which
was calculated by density method was 2.
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15 and the degree of crystallinity was 81

[%].
4) Activation energy of 8 peak in TSC
was similiar to dielectric characteristics.
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