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A b s t r a c t : 

Relaxation spectroscopy provides an excellent method for the study of motional processes 

in materials and has been widely applied to macromolecules and polymers. The technique 

is potentially of most interest when applied to irradiated systems. Application to the study 

of the structure beam-irradiated "Teflon" is thus an outstanding opportunity for the 

dielectric relaxation technique, particularly as this material exhibits clamping problems 

when subjected to dynamic mechanical relaxation studies. A very wide frequency range is 

necessary to resolve dipolar effects. In this paper, we discuss some significant results about 

the behavior and the modification of the structure of Teflon submitted to weak energy 

radiations. 
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INTRODUCTION 

With the development of space and nuclear technology, more and more materials are 

used as structural and insulating materials in radiation circumstances. The variations of 

polymeric materials during and/or after the irradiation are widely studied by researchers f ] -4]. 

The innovation in car and aeronautical industry, electronics and telecommunications depends 

considerably on the quality of used materials as well as on the making of new materials. The 

multiplicity of the concerned disciplines requires cooperation between the users and the 

researchers in chemistry, physics and electronics. The study of these materials depends on the 

domain of application. It can be a microscopic approach for atomic or molecular 

characterization, or macroscopic for electromagnetic or mechanical characterization. For an 

optimal use of these materials, it is important to know their physicochemical characteristics 

which depend in general on the environment as well as on the frequency o f the field to which 

lhey are subjected. 

In this paper, we present a measurement method of an important characteristic of 

materials: the relative dielectric permittivity s*(=E'-je"). The measurement is made as a 

function of the used electrical field frequency. The suggested method is a frequential one 

based on the propagation of electromagnetic waves in a transmission line. 

TECHNIQUE OF MEASUREMENT 

In high frequencies, the signal wavelength is very small compared to the line 

dimensions. Consequently, the tension and the current are not constant along the line. 

i(x,t) 

v(x,t) Zo 

Fig 1. Transmission line terminated by an impedance Zo 
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The impedance in a given point x of the line, defined as the ratio between the tension 

and the current at the considered point, is given by 

Z M - Z c 2o + 2ctanh ( 7x) ( 1 ) 

Z c + Z 0 taah(Yx) 

where Zo is the load impedance, and Zc the characteristic impedance of the line, which 
depends on the nature of the conductors of the line and its geometrical dimensions, y being 
the propagation constant. 

The incidental wave is propagated in the line without perturbation until it meets a 

rupture, i.e., a change of impedance. The reflection coefficient in a point of the line is given 

by 

T(x) =roe-^ (2) 

where To is the reflection coefficient at the load. On the other hand, we show that 

. • t x ) - ^ ^ 0 ) 
Z(x) + ZL. 

T h u s 

Z(x) = z c = 7 ! ! — _ (4) 
k. 1 - T ( x ) l - r o e TX 

In the case of a coaxial line partially filled with a dielectric material of length d and complex 

permittivity E*, the impedance and the propagation constant of the line section containing the 

sample become functions of the permittivity and may be expressed as [5] 

Zc* — h . (5) 

y* = (6) 
c 

in Eq.(6), c denotes the velocity of light and at the frequency of the signal. 
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Fig 2. Reflection on a line containing a dielectric sample 

According to Eq.(3), the reflection coefficient at the load is given by 

_ 2 0 - Z c 1 o -

Z „ + Z t ; 

(7) 

We also introduce the coefficient of the first reflection, at the level A (see Fig. 2), noted p and 

defined as 

P = 
z c - z c 

z'c 
(8) 

M a k i n g use ol ' Hq. (5), we obta in 

P = : (9) 

This coefficient takes into account only the first reflection which occurs on the level A, the 

reflected waves at the level B being not considered. We note that p is different from the total 

reflection coefficient PA at the level A which takes into account the processes of multiple 

reflections between A and B levels. According to E q . ( 4 ) , the impedance on A is given by 

(10) 
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The total reflection coefficient at the level A can be expressed according to Eq.(3) by 

By combining (10) and (II) , and taking into account Eq.(8), we obtain 

rA V r 02) l + Proe 

where y* and p are expressed versus the relative permittivity e* of the material by Eq.(6) and 

Eq.(9) respectively. 

In the particular case of an adapted line, i.e. terminated by its characteristic impedance 

(Zij = Z c) , we show that 

Z c - Z c r 0 = „ = - P (13) 

'Vhus P.q.(12) becomes 

Z C : + 2 C 

I - c 1 1 - e 15 

| - A - p — (14) 
1 + VE* \-Je* , 

1 - p c l - ( , _ ) 2 e e 

1 + t/E* 

A numerical resolution is used to compute the relative permittivity e* for each set (d), r A ) 

experimentally measured. 

EXPERIMENTAL PART 

The experimental equipment we used for our study is composed essentially from the 

following elements 

• A vectorial impedance analyzer type HP4191A. 
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• A measuring fixture which is a coaxial transmission line whose characteristic impedance 

is equal to 50Q, type Amphenol, provided with APC7connectors. 

• Three reference loads corresponding to: a short circuit (0 fi), an open one (co Q), and an 

adapted load (50Q). These arc used for the calibration of the analyzer before each 

measurements cycle. 

• A microcomputer for the data-processing and measurement analysis. 

The impedance analyzer HP4191A operates on the radio frequency band 

1 MHz-1 GHz. It is a vectorial analyzer which measures the complex reflection 

coefficient of an unknown load by giving its real and imaginary parts, or by giving its 

module and its phase. In our case, the load is the coaxial line containing the dielectric 

sample and terminated by the adapted load. The unit is connected to the lest port of the 

analyzer using an APC7 connector. The basic circuit of the analyzer consists of a 

directional bridge composed of five resistances of fixed value equal to 50Q, and of the 

unknown impedance Zx which we want to study (Fig. 3). 

VWW 
z. 

B 

Fig 3. Basic circuit of the impedance analyzer HP4191A 
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It is shown that for an excitation tension E, corresponds a tension Vab given by 

VAB= - r x E (15) X 

where the complex term I~x = — — — is the reflection coefficient of the unknown load Zx. 
Z x + Z0 

The instrument measures directly the tension Vab and then displays the reflection coefficient 

values using Eq.(15). However, the measurement taken by the apparatus is made on the 

"zero" level (i.e. on the test port level). The reflection coefficient at the level A is given versus 

f x by (see Fig. 4) 

+2i~L 
r A = r x e * 06) 

I, is the distance between the test port and the level A. 

Fig 4. Displacement of the measurement plan in the case of a coaxial line 

APPLICATION TO IRRADIATED TEFLON 

Let us stress that the suggested method is applicable for liquid materials like for 

irradiated or not irradiated solid materials. Polymeric materials, because of their excellent 
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thermal, mechanical and electrical properties are widely used as structural and insula^^ 

materials in electric and electronic devices. With the development of space and nuclear 

technology, they are always affected by ionizing radiation inevitably. The incident energetic 

particles transfer their energy to the dielectrics through the interaction with polymeric 

molecules. This causes the ionization and/or excitation of macromolecules leading to the free 

radical chain reactions, thus changing the molecular as well as the atomic structure. The 

dielectrics properties then deviate from their intrinsic values. It is worth noticing that the 

radiation effects on the polymer dielectrics after and/or during the ionizing radiation are 

investigated by more and more researchers and engineers [1-4], 

Po 1 ytetrafluoroethyi6ne (abbreviated to TEFLON) of chemical formula -(CF2-CF2-)„, 

is generally used as a dielectric in number of devices, and widely used in the radiation 

circumstance because it has not only good electric and thermal properties as general polymers 

but also good radiation resistance. The variation of dielectric properties under the ionizing 

radiation is an important aspect reflecting good or bad electric properties of the polymer. 

Here, we study the gamma-ray irradiation effects on the relative permittivity of Teflon. 

The sample is irradiated by Co-60 at room temperature during 115 hours (6900 

minutes). The dose rate is 66.56 Gy/min. Thus the absorbed dose is 459.264 kGy. The 

energy emitted by the radiation source is on average equal to 1.33 Mev. The distance 

between the sample and the y-ray source is 10 cm. The sample is maintained at 90 cm 

far from the ground. We characterized the sample before and after its 7-irradiation on 

the same frequency band going from 10 MHz to 1 GHz at the ambient temperature. 

The results experimentally obtained are depicted on figures 5 and 6. 

We notice on these figures that the real part of the relative permittivity (e') for 

the healthy sample (i.e. not irradiated sample) is constant and nearly equal to its well 

known value 2. While, for the irradiated sample, this term becomes equal to about 2.4 

at 10 MHz and decreases until the value of the healthy sample at approximately 100 

MHz. Above this frequency, the real part of the relative permittivity remains constant. 
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Fig 5. Frequency dependence of the real part of relative 
permittivity of Teflon before and after irradiation 

0,4 

tan(5) 
0.3 

0,2 

0,1 

0.0 
10 100 1000 

Frequency (MHz) 

Fig 6. Frequency dependence of the dissipation factor of 
Teflon before and after irradiation 
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With regard to the dissipation factor (tanS), we notice that the latter is constant 

for the healthy sample (practically zero), and is slightly higher for the irradiated 

sample in the frequency band going up to 100 MHz, attaining the value of the healthy 

sample above this frequency. 

The curves reveal that for the studied sample, the y-ray irradiation does not have 

an effect on the permittivity and the loss-factor in a frequency range higher than 100 

MHz. These two parameters increase slightly for lower frequencies. 

CONCLUSION 

The method that we have described is used for the experimental determination of 

several dielectric parameters for irradiated and not irradiated materials. In this work, we 

irradiated the sample of Teflon with only one dose of gamma radiations. In the future, we 

propose to extend our study for other materials and especially with different absorbed doses, 

which will enable us to see the evolution of the dielectric parameters not only with the 

frequency but also with the absorbed dose of radiations by the sample. 
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