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Abstract — Dielectric materials can be used in radiative
environment that is why it is of major importance to determine
their properties modifications with time. In this paper we focus
our attention on PolyTetraFluoroEthylene (PTFE) films
submitted to gamma radiations. We investigate the FTIR spectra
and show that after exposure to Co% the crystallinity of the
material is increasing. This result is confirmed by Differential
Scanning Calorimetry (DSC) analysis. Some space charge
distribution profiles obtained by the Pulse Electro Acoustic
(PEA) method show that the irradiation favours the drift of
injected charges toward the bulk. Obviously the dose of radiation
must be carefully chosen in order to be able to perform electrical
measurements. Indeed, we observed that if the radiation dose is
too high the sample becomes fragile and most of the
characterisation tools cannot be used.
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I. INTRODUCTION

Dielectric materials that are commonly used as electrical
insulation can be submitted to various sources of radiation that
might modify their electrical properties with time. It is
therefore important to understand their behaviour after
different periods of ageing.

In this paper, we have selected one type of polymeric film
the PolyTetraFluoroEthylene (PTFE) which is used for space
applications for its high temperature withstanding. Many
measurements have been performed on PTFE after electron
irradiation [1]. It has been observed that such type of material
is able to store charges for long period of time. In this work
the samples have been submitted to one source of gamma
radiation and analysed after exposure to different doses. We
have chosen to use only one source of radiation at a time to be
able to relate the physico-chemical modifications to one
parameter.

In the next section we present results obtained by Fourier
Transform Infrared spectroscopy -FTIR and Differential
Scanning Calorimetry -DSC. We show that changes that are
directly linked to the radiation can be detected. However the
analysis of the space charge profiles by the Pulse Electro-
Acoustic -PEA system presented in the following section
shows little changes in space charge behaviour in the entire
sample bulk. It means that even if the polymeric chains are
physically damaged, the charge storage and conduction
processes are little affected.

Il. SAMPLE SELECTION AND EXPERIMENTAL SET-UP

A. Samples and Irradiation Conditions

For this set of experiments, commercially available PTFE
(supplied by Goodfellow) films have been selected. Two
sample thicknesses (50 and 200 pum) have been chosen
because they are convenient for the characterisation tools we
are using.

The samples have been irradiated in air at room temperature
with a ®°Co gamma radiation source available at the Nuclear
Research Centre of Algiers with a dose rate of about
22 Gy/min. Samples are supposed to be homogenously
crossed by the gamma radiations.

The aim is to compare the experimental data obtained on
virgin sample and samples submitted to 60 and 600 kGy. The
deposited dose is directly dependent on the irradiation time.
The order of magnitude of the irradiation was between a few
days and a few weeks.

B. Fourier-Transform Infra-Red Spectroscopy

In order to investigate the effect of the gamma irradiation
on the PTFE sample chemical structure, FTIR measurements
have been performed. The equipment used is a VERTEX 70
fully digital infra-red (IR) spectrometer designed for data
acquisition in the mid Infra-Red region (400 - 4000 cm!) with
a resolution of 2 cm™*. All the spectra have been recorded on
Virgin and irradiated samples using the transmission mode.

C. DSC Analyses

To analyse the thermal response of virgin and irradiated
PTFE a TA Instruments Q2000 Differential Scanning
Calorimeter has been used. Samples of c.a. 10 mg weight were
enclosed in aluminium pans. A classic protocol consisting in
two successive cooling/ heating scans has been followed. In
the present case a temperature range from -120 up to 150 °C
with a cooling/heating rate of 10 °C/min has been applied. The
experiments are performed under a nitrogen atmosphere to
avoid any thermal degradation.

D. Space charge measurements

To follow the space charge distribution during the
polarization the classic PEA set-up [2, 3] available in the
laboratory has been used. The measurements were performed
at atmospheric pressure at a controlled temperature of 25°C.
During the measurements the sample is sandwiched between
two set of electrodes. The polarization voltage was applied
through the top electrode on which a semiconducting layer



(carbon black doped polymer) -semicon is attached. The
bottom part of the sample is in contact with the grounded
Aluminium bottom electrode.

Space charge density profiles were recorded for 1 h while
the sample was polarized under a field of 40 kV/mm.
Afterwards, the signal was recorded for an extra hour under
Volt-off to probe the charge release.

The first set of charge density profiles was recorded on a
virgin sample of 200 pum thick then the experiment was
repeated on the 60 kGy irradiated sample. Unfortunately the
sample submitted to the higher dose could not be characterized
as it was very brittle and only too small pieces were available
for the analyses.

I1l. EXPERIMENTAL RESULTS AND DISCUSSION

A. FTIR Spectroscopy

The effects of gamma radiation on FTIR spectra being
milder at lower irradiation dose (60 kGy), only the results
obtained with the higher dose (600 kGy) are compared herein
to the virgin one. FTIR spectra of 600 kGy irradiated and
virgin PTFE samples are shown in Fig. 1

The FTIR spectra are dominated by two bands at 1199 and
1146 cm! (not visible in the figure due to enlargement)
attributed to the -CF, asymmetrical and symmetrical stretching
[4]. The band at 2364 cm™ was assigned to a combination band
of two modes associated with the CF, backbone [5]. Its
increase in the case of irradiated sample results from the chain
scission induced by gamma irradiation. The appearance of the
band located at 1884 cm is attributed to the COF group, its
formation is due to the presence of the oxygen during the
irradiation. Also, a much greater absorption was observed at
1810 and 1776 cm” in irradiated PTFE. These bands are
associated to the free and bonded carbonyl stretching of
carboxylic acid end groups (COOH), respectively [6]. The
presence of these ends groups indicates that oxidation
reactions have occurred. The presence of moisture during
irradiation may have cause an increase of the band.

In addition, the existence of double bonds or crosslinked
structure, assigned to band at 1792 cm® (-CF=CF,) [7] in
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Fig. 1. Global FTIR spectra recorded on virgin and gamma irradiated
(Dose 600 kGy) PTFE in transmisison mode.

virgin PTFE, apparently disappeared during the irradiation.
The new group appearing at 986 cm™ is assumed to arise from
CF; terminations [4, 8]. It has a relatively weak intensity
compared to the other new groups mentioned previously (COF
and COOH). The kinetics of CF3 formation starts with the
scission of the main chain producing a pending group CF,
which recombines with an ionized F atom, which was initially
split from the chain.

The FTIR spectra show that the virgin PTFE has a
crystalline phase revealed by the presence of the peaks 553,
625, 638 cm™ due to the CF, group [9]. On the other hand, the
effect of the irradiation appears in the decrease or the
disappearance of the amorphous phase manifested by the
absorption bands in the region between 700 and 800 cm™ [10].

B. DSC results

Figure 2 summarizes the DSC analyses of virgin and
irradiated PTFE (0 and 600 kGy). The DSC thermograms
show two endothermic peaks associated to solid-solid
transitions located at about 21 and 30 °C, also called "first-
order transition” in PTFE. The first peak corresponds to the
transition from the triclinic phase to the hexagonal phase
whereas the second one reflects the phase transition from
hexagonal to pseudo-hexagonal. The positions of the peaks are
in very good agreement with the literature [11, 12].

Both peaks show a shift by about 5°C towards lower
temperature in the case of the sample submitted to the highest
irradiation dose (600 kGy). These peaks remain unaffected in
the case of lowest dose (60 kGy).

In the previous section, it was shown that PTFE undergoes a
structural modification mainly due to degradation during
gamma rays [13]. This is reflected by the presence of carbonyl
groups and the disappearance of the amorphous region of
PTFE [14]. Therefore, these results reflect to some extent that
defects are induced by exposure to 600 kGy radiation dose to
cause chain scissions and relieve the residual stresses shown in
the amorphous region, which, in turn .will cause some
increase in molecular mobility and allow the molecules to
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Fig. 2. Differential Scanning Calorimetry thermograms of virgin PTFE
and gamma irradiated samples (60 and 600 kGy) obtained under a
heating rate of 10 °C/min.



rearrange themselves [14, 15]. This relaxation of the structure
can explain that the main first order transition at 20 °C for
irradiated PTFE (a triclinic structure to a well-ordered
hexagonal structure) appears 5°C lower after irradiation.
Recently Fu et al. [16], in their study of electron beam
irradiation effect on room temperature transitions, have
reported that the lowering of transition temperatures with
doses was attributed to the combined effects of main chain
scission and formation of degradation products. They assumed
that the decrease of crystal-crystal transition of PTFE should
be due to the irradiation-induced new side groups and their
content variations.

On the other hand in can be noticed from Fig. 2 that the
peak area (and hence the enthalpy) associated to the first solid-
solid transition is higher than that of the higher temperature
transition. This can be explained by the high energy required
to change the crystalline symmetry from triclinic to hexagonal,
in comparison to the transition between hexagonal and
pseudo-hexagonal symmetry as reported by Marega et al. [17].
This behaviour is similar for all the samples, i.e. irradiation
does not apparently change the capabilities of PTFE to
crystalline in a given crystalline form.

C Space charge distribution profiles

Initially the space charge profile has been recorded on a
non-irradiated PTFE sample. The charge density profile
reported in Fig. 3.a shows a negative peak on the left (at the
interface sample/detection electrode) and a positive peak on
the right (at the interface sample/excitation electrode). These
peaks are associated to the polarization voltage which is
creating an internal field of 40 kV/mm and capacitive charges
on both electrodes. We notice that both peaks are not
symmetrical because there is an attenuation effect of the signal
through the bulk due to the sample nature and possibly also
due to acoustic impedance mismatch with the semicon
electrode. In the bulk of the sample no charges are detected
while the field is applied. As there is no charge injected, no
residual charges are detected to relax during the volt off period
of 1 h. The small peak that is observed on the back electrode
side after volt off is attributed to the electrostriction
phenomenon which is due to the pulse voltage application.

In Fig. 3.b we have reported the space charge profile
recorded under the same conditions on a sample that has been
exposed to 60 kGy radiation. It can be noticed that during the
polarization a small amount of negative charges is detected in
the bulk. After short-circuiting (Volt-Off), the relaxation of
the charges was very fast. Unfortunately, the thicker 600 kGy
sample was too brittle to be measured by PEA. We notice that
the thinner sample (50 um thick) irradiated also with 600 kGy
was not so fragile but could not be measured by the classic
PEA cell as the resolution is not sufficient.

The 60 kGy dose does not create enough damages in the
structure to provide a large amount of conductive path or
traps. The same conclusion was made from the DSC results.
To complete this set of experiments we do plan to work on
samples that are exposed to intermediate doses to keep the
sample in shape for the measurement. Besides, to perform
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Fig. 3 : Charge density profile recorded by the classic PEA set-up on a
PTFE 200 pm thick a) Virgin sample during 1 h Polarisation under
40 kV/mm and 1 h relaxation and b) After gamma irradiation 60 kGy
during 1 h polarisation under 40 kV/mm.

measurements on thin sample it is possible to work with a
PEA cell offering a better resolution [18]. Finally in order to
study the space charge distribution in thin sample we may also
use the Laser Intensity Modulated Method -LIMM that has
already been recently developed to work under applied voltage
conditions [19].

IV. CONCLUSION

In this work the modification of the crystallinity due to
Gamma irradiation in PTFE sample has been shown. The of
gamma radiation dose needs to be relatively important to
detect important damages in the sample to be detected by
physico-chemical measurements. At this stage of the analysis,
the changes observed are attributed to a scission effect.
Obviously further work is necessary to define more precisely
from which dose the effect is preponderant.

To go further, it will be important to select samples and
irradiation conditions that can be analysed by PEA method.
The aim of the work remains to establish links between the



effect of the irradiation and the charge transport in the bulk. In
real situations other parameters such as temperature, electric
field and other sources of damages need to be taken into
consideration. This type of work will be developed in further
research project.
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