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  Abstract- Electrical properties of polymers undergo significant 

changes when exposed to ionizing radiation which may alter 

insulation reliability in radiative environment. The aim of this 

work is to investigate the effect of gamma-irradiation on the 

creation and the dynamic of space charges in 

PolyTetraFluoroEthylene (PTFE). The 200 µm thick PTFE films 

were exposed to a 60Co gamma radiation source to different doses 

30, 60 and 100 kGy at a constant dose rate. Space charge 

measurements were achieved by Pulsed Electro-Acoustic method 

under a field of 40 kV/mm on virgin and irradiated films. Unlike 

in virgin sample, positive and negative heterocharges were 

observed in a few minutes after irradiation. The results highlight 

the creation of pair of charges and the structural modification of 

the polymer that enhances their mobility. These space charge 

effects go with a strong increase of the polymer conductivity. 

 

I.    INTRODUCTION 

 

For several decades, one of the main uses of 

PolyTetraFluoroEthylene (PTFE) has been to insulate electrical 

wires in many industrial sectors, including nuclear facilities and 

the aerospace industry [1]. where extreme conditions such as 

radiation and high temperatures exist [2], [3]. 

The polymer may be degraded by ionizing radiation through 

processes such as chain scission when exposed to a high dose 

of gamma radiation [4]. This may also cause the formation of 

space charges within the polymer, as seen in crosslinked 

polyethylene (XLPE). For the latter, changes in the electrical 

behavior has been related to radiation-induced structural 

changes [5] [6]. Many studies have shown that space charges 

contribute to the electrical behavior of XLPE. A substantial 

amount of research has been conducted on the origin and effect 

of space charge formation on dielectric reliability [6–8]. 

Conversely, the origin of the space charge in PTFE is still 

poorly understood. Thus, it is of great importance to study the 

effect of irradiation on the formation and dynamics of space 

charge in PTFE to avoid undesirable effects such as breakdown 

or premature aging. 

In this work, experimental research was carried out to 

investigate the effect of gamma-irradiation on the creation and 

dynamic of space charge in PTFE. PTFE thin films of 200 µm 

were exposed to gamma irradiation in the air at room 

temperature at various doses in the range [30-100 kGy]. The 

Pulsed Electro-Acoustic (PEA) method was used to quantify 

space charge [9]. 

 

II.   EXPERIMENTAL SET-UP 

 

A.    PTFE Samples 

The PTFE samples used in this investigation are 

commercially available PTFE supplied by Goodfellow. Films 

with a thickness of 200 μm were used as best fitted for PEA 

measurements. 

 

B.    Gamma Irradiation 

PTFE samples of 5x5 cm² area were irradiated in air at room 

temperature air at the Nuclear Research Centre of Algiers, 

Algeria. A 60Co gamma radiation source provided a dose rate of 

22 Gy/min. Doses from 30 to 100 kGy were applied, 

representing up to 6 months of continuous irradiation. 

 

C.    Space Charge Measurements 

Fig. 1 shows the scheme of the experimental set-up used for 

the present experiments. Experiments were carried out at room 

temperature and atmosphere. A semi conductive layer (a carbon 

black doped polymer) [10] is placed between the top electrode 

and the sample to ensure electrical contact and acoustic 

impedance matching with the sample. Pulses of 250 V 

amplitude and frequency of 2 kHz were applied from the top 

electrode. The charging potential is also applied from this 

electrode. On the bottom side the sample is in contact with an 

aluminum ground electrode. The space charge profiles were 

recorded every 60 seconds along the stress cycle. Samples were 

stressed (Volts-On) under a field of 40 kV/mm applying a 

 
Fig. 1. The Pulse Electro-Acoustic (PEA) set-up of space charge 

measurement. 



positive DC voltage for 1 h with a rising rate of 1 kV/mm/s. 

Then, the charge distributions were recorded immediately after 

removing the applied voltage for 1 h (Volts Off). 

Results presented here concern a virgin sample and irradiated 

ones at doses of 30, 60 and 100 kGy. Samples were not 

metallized prior to measurements, therefore electrodes are 

aluminum to the ground and semicon on the high voltage side. 

It should be noted that with the rising rate selected, it takes 

40 s to reach the target electric field value. During this rising 

time period, the space charge distribution is interrupted to 

prevent any averaging while the signal is growing. 
 

III.   EXPERIMENTAL RESULTS 
 

A.    Space Charge Distribution in Virgin PTFE 

Benchmark was achieved on a non-irradiated sample. Though 

profiles were recorded all along the polarization and 

depolarization steps, we in Fig. 2 only the profiles at the 

beginning and end of the polarization under 40 kV/mm and 

depolarization steps, each lasting for 60 min.  

PTFE is a relatively dispersive material for the acoustic wave, 

hence the signal to the top electrode is broad. Here, will focus 

our attention on the signal detected close to the ground electrode 

(left part of Fig. 2) where the resolution is better. During 

voltage application the signal shows a small variation, with a 

trend to a decrease of the influence charge peak. After voltage 

removal, a very small quantity of injected negative charges are 

detected in the bulk while positive induced charges are 

observed on the surface. After one hour of relaxation, the 

amount of negative charge decays gradually while the positive 

image peak at the surface grows slightly. We will consider that 

the creation of space charge at 40 kV/mm for the non-irradiated 

sample remains very small (< 4 C/m3) and is essentially 

injected charges. 

 

B.   The Dynamics of Space Charge in Gamma-Irradiated 

PTFE. 

Fig. 3 shows space charge results from an PTFE sample 

irradiated at 30 kGy during 60 min of polarization. 

Charge dynamics in a 30 kGy irradiated sample are quite 

different from those in a non-irradiated sample. At first glance, 

in the first instants when an electric field is applied, a 

considerable amount of charges builds-up deep in the bulk. This 

seems a common feature for the irradiated PTFE samples as 

shown below. A negative charge region develops in the front of 

the anode and a negative one in front of the cathode. The 

positive heterocharge grows and moves slowly towards the 

cathode. As a result of this there is a relative increase of the 

electric field at the cathode. On the anode side, even if the 

resolution is not so good we can see that almost all of the 

negative heterocharges remain static and do not really evolve 

over time. 

Fig 4 shows the relaxation of space charge during 60 min 

following the removal of the applied voltage. The positive 

heterocharges in the bulk decay slowly with the peak maximum 

remaining stable in position. On the other hand, the negative 

peak of heterocharges splits in two. It appears that one part of 

the charges remains close to the pre-Anode while the other part 

migrates in the direction of the positive charges region. Because 

 
Fig. 2. Charge profiles of a 200 µm –thick virgin PTFE during polarization 

(Volt On) for 60 min under 40 kV/mm and 60 min of relaxation (Volt Off). 

0 50 100 150 200

-60

-50

-40

-30

-20

-10

0

10

C
h

a
rg

e
 d

e
n

s
it
y
 (

C
/m

3
)

Distance (µm)

 Initial

 40 kV/mm - 1 min

 40 kV/mm - 60 min

 0 V - 1 min

 0 V - 60 min

0 40 80 120 160 200 240

-120

-100

-80

-60

-40

-20

0

20 30kGy
C

h
ar

g
e 

d
en

si
ty

 (
C

/m
3
)

Distance (µm)

 

 

 1min  5min  15min

  30min  60min

Cathode

 
Fig. 3. Charge profile dynamics recorded during 60 min polarization under 

40 kV/mm.in a 30 kGy irradiated PTFE sample  
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Fig. 4. Charge relaxation during 30 min in a 30 kGy irradiated PTFE sample 

after charging for 60 min under 40 kV/mm. 



negative charges are displaced towards the bulk in comparison 

to virgin PTFE, we postulate that positive charges are 

recombined with negative charges. When the applied voltage is 

removed, a new behavior emerges due to charge movement 

driven by the space charge own electric field. Negative charges 

(electrons) are apparently more mobility than positive ones. As 

negative heterocharges move more freely under the influence 

of their own field, the charge might leak from electrodes or be 

recombined [11]. 

Space charge measurement results obtained in the same 

conditions as above for a dose of 60 kGy are shown in Fig. 5. 

Globally, the same behavior as for 30 kGy is obtained, though 

with an increased magnitude, whether in polarization (Fig. 5) or 

in relaxation (not shown). The charge peak exceeds 30 C/m³ 

and the profile builds up nearly instantaneously.  

Fig. 6 shows the charge distribution in a PTFE sample 

exposed to 100 kGy of gamma-irradiation during polarization 

under 40 kV/mm. Even if the radiation dose is increased to 

100 kGy, the charge dynamics is similar to the one observed 

with 30 and 60 kGy. Once again, an abundance of negative and 

positive heterocharges are detected in the bulk in the vicinity of 

the anode and cathode. The charge peak here is twice as that for 

a those of 30 kGy. The build-up of the heterocharge region is 

very fast and does not evolve with time as is was the case in the 

sample irradiated with 30 kGy. 

Charge dynamics during the relaxation in the 100 kGy 

irradiated PTFE is shown in Fig. 7. As soon as the polarization 

is stopped the positive peak of heterocharges close to the pre-

cathode starts to decay. While the positive peak decays in 

amplitude, there is a shift toward the ground electrode. In the 

present case a large amount of negative mobile charges move 

into the bulk of the sample due to its own electric field. 

Recombination with positive ions may have led to the reduction 

in heterocharge after the voltage was removed. Note that at the 

end of the 1 h relaxation all internal charges have disappeared 

though an influence charge on the ground electrode remains. 

This behavior is possibly related to the build-up of orientation 

polarization in the material. It could result from the formation 

of polar groups under the effect of the irradiation. 

IV.    DISCUSSION 
 

The manner in which space charge distributions decay varies 

depending on the dose. When comparing a 30 kGy to a 100 kGy 

irradiated sample, one can say that 60 minutes of relaxation is 

nearly sufficient to dissipate all of the charges present in the 

bulk of the sample if the dose is high enough to modify the 

internal structure. 

Indeed, electrical conductivity measurements realized at the 

same temperature (20 °C) as space charge measurements have 

revealed an important change of the conductivity in gamma 

irradiated sample, and the change depends on the dose: in 

respect to the virgin PTFE, the conductivity for 30 kGy is 

increased by a factor of ≈ 100. For 100 kGy, the increase is by 

a factor of ≈ 200. These changes can be explained by the 

cumulative increase of the mobility and density of charges du 

to gamma irradiation as evidenced by these space charge 

measurements. 

As previously reported [10], PTFE undergoes structural 

alteration due to degradation by gamma irradiation. The fact 

that gamma irradiation were performed in the presence of 
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Fig. 5. Charge build-up in 60 kGy irradiated sample recorded during 

polarization for 60 min under 40 kV/mm. 
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Fig. 6. Charge dynamics in 100 kGy irradiated sample recorded by PEA 

during polarization for 60 min under 40 kV/mm. 
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Fig. 7. Charge decay in 100 kGy irradiated sample during relaxation for 

60 min after polarization under 40 kV/mm. 



oxygen favors chain scission, which leads to a decrease in the 

average molecular weight [12]. This was confirmed by the 

presence of carbonyl groups and acid fluoride [5], [13]. The 

structural changes caused by gamma irradiation also reduce 

residual stresses in the amorphous phase, which leads to more 

molecular mobility in the material [12], [14]. The movement of 

charges in low molecular weight PTFE chains generated by 

chain scission is thought to be the origin of the emergence of 

heterocharges in irradiated PTFE. 

One probable explanation for the formation of heterocharges 

is that rising irradiation doses in the air cause an increase in the 

density of electron-ion pairs and in the concentration of 

carbonyl groups via chain scission and oxidation reactions [15]. 

It has been shown that carbonyl groups generate shallow traps 

that promote charge transport [15]. 

It is noteworthy that electron-ion pairs arise during gamma 

radiation when electrons separate from their ions. Most of the 

electrons remain within the region of influence of the "parent" 

ions, and the other part can move within the material. However, 

when the electric field of 40 kV/mm is applied, it looks as 

mobile electrons have been pushed toward the anode but have 

left the more stable and less mobile positive ions at the cathode. 

One may finally note that as the dose increases, the 

heterocharge regions stay closer to the electrodes. This may be 

due to an impact of the dose on the charge mobility. Another 

possibility is that the material modification is not homogeneous 

along the insulation thickness and that part of the charge 

measured is a result of conductivity gradient. 
 

V.    CONCLUSIONS 
 

In this work, the motivation behind this investigation was to 

see how gamma-irradiation affects the generation and dynamics 

of space charge in PTFE. Significant differences in the space 

charge profiles of virgin and irradiated PTFE with gamma rays 

in the presence of oxygen were shown. When the radiation dose 

is increased, the charge dynamics show an abundance of 

negative and positive heterocharges. 

From previous analyses, the presence of carbonyl groups and 

acid fluoride confirms that gamma irradiation in the presence of 

oxygen promotes chain scission, which results in a drop in the 

average molecular weight. During this work it has been shown 

that the emergence of space charge in PTFE samples may be an 

indication of the degree of oxidation and degradation of the 

material. 
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