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CR-39 as a gamma dosimeter: dielectric

and infrared studies
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The relative permittivity, ¢, and dielectric loss factor, tan 8, were measured in the frequency
range 50-10° Hz for the solid state track detector CR-39 irradiated with y-rays (56-100 kGy).
The variation of ¢’ and tan & with y-dose have been interpreted in terms of structural changes
as emphasized from infrared spectra. A mathematical model has been introduced describing

the use of CR-39 as a dielectric dosimeter.

1. Introduction

The importance of CR-39 (allyl diglucol carbonate)
arises from its use as a solid state track detector. Since
its introduction [ 1], intense efforts have been made to
confirm its properties [2—4] and to develop its use in
numerous fields of application [5-7]. This plastic is
thermoset, cross-linked, amorphous and very sensi-
tive to heavy-ion damage. In addition to the general
thermoset characteristics, CR-39 is a high grade op-
tical plastic whose refraction index is just slightly less
than that of crown glass. In fact, it is used in making
lightweight eyeglass lenses.

The CR-39 monomer has the following structure

O

|
_ CH,CH,—0— CO—CH,—CH =CH,
Q 7
CH,—CH,—0O— C—0—CH,—CH =CH,

Because of the presence of two allyl groups, the mono-
mer cannot only polymerize but also cross-links to
form a three-dimensional network structure.

Application of this polymer in the field of dosimetry
was investigated by measurements of latent damage
trails using an etching technique [8, 91. To our know-
ledge, no work has been reported regarding measure-
ments of its dielectric properties. In the present
investigation the effect of gamma rays on the dielectric
permittivity,e’, and dielectric loss factor, tan 8, of
CR-39 is explained in terms of structural changes
induced by irradiation. Also, the use of these measure-
ments in the field of dosimetry is presented.

2. Experimental procedure

CR-39 homopolymer in the form of sheets of uniform
thickness (3.0 mm) (Homalite, Wilmington, DE, USA)
were used for dielectric measurements. For infrared
measurements, thin sheets (250 um) of CR-39 homo-
polymer (Pershore Mouldings Ltd, UK) were used.

0022-2461 © 1992 Chapman & Hall

’

The relative permittivity, €, and dielectric loss
factor, tan 9, of the samples before and after being
irradiated up to 100 kGy were measured using NF
Dekameter type DK-05 having a frequency range of
30-10° Hz at room temperature. The accuracy of the
instrument for £ was + 0.3%-0.5% and for tan  was
+ 3%—-5%.

A °9Co gamma cell type J-6500 at the National
Centre for Radiation and Technology, Cairo, was used
for irradiating the samples at a dose rate of
1.75 Gys ! at room temperature in air.

The infrared spectra were obtained using a Fourier
transform infrared spectrometer (Perkin Elmer 1430)
in the wavenumber range of 200-4000 cm ™ L.

3. Results and discussion

3.1. Infrared spectra

Fig. 1 shows the plots of the infrared absorption spec-
tra for CR-39 in the spectral ranges 3700-1800 ¢cm ~?
and 800-500 cm ™' where spectral features are ob-
served. In the region of 1800-800 cm ™!, the spectra of
all CR-39 samples are quite similar. The observed
features can be summarized as follows.

(a) For the nonirradiated sample (Curve a), the
intense absorption bands at 2910 and 2750 cm ! can
be assigned to saturated antisymmetric and symmetric
C—H stretching vibration, respectively. The absorp-
tion band which appears at their shorter wavelength
side ( ~ 3030 cm™!) can be assigned to unsaturated
= C—H stretching vibration [10]. It can be seen
(Fig. 1) that increasing the y-dose causes a gradual
decrease in the intensity of this latter band which
completely disappeared with irradiation dose of
100 k Gy. This behaviour indicates a cross-linking
process, because it is usually possible to follow the
course of cross-linking by monitoring the residual
degree of unsaturation using infrared spectroscopy.

(b) It is obvious from Fig. 1 that irradiation of
CR-39 with y-rays causes a sharp increase in the
intensity of absorbance at about 2330 and 650 cm ™1,
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The most radiation sensitive group in CR-39 is the
carbonate group which decomposes into CO, and CO
on irradiation and is responsible for CR-39 track
recording properties. Carbon dioxide absorbs at 2350
and 667 cm ™!, and the carbon monoxide band exten-
ds from about 2040-2220 cm ! [11, 12]. The presence
of these molecules trapped in the glassy CR-39 net-
work could be responsible for the increase in the
intensity of the observed bands at about 2330 and
650 cm ™ *. The absorbance of unirradiated CR-39 in
this region may be attributed to the presence of some
carbon dioxide even in the unirradiated sample as a
by-product of decomposition of peroxydicarbonate
which was used as the polymerization initiator.

3.2. Relative permittivity, ¢’

Fig. 2 shows the relative permittivity of CR-39 as a
function of frequency for different y-doses up to
15 kGy. At all y-doses the relative permittivity de-
creases with increasing frequency as a result of the

c

VAN

3500 2000 1800 700 500

Wavenumber {cm™)

Transmittance (%) — >

3500 3000

Figure 1 Infrared spectra of CR-39 obtained before and after vy-
irradiation: (a) 0, (b} 5, (c) 25, (d) 100 kGy.
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Figure 2 Relative permittivity as a function of frequency for
different y-doses—: (@) 0, (2) S kGy, (x) 10 kGy, (O) 15 kGy.
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dielectric dispersion which arises from the lag of
CR-39 macromolecules behind the variation of the
applied field. On the other hand, &' decreases with
increasing y-dose to 15 kGy over the entire range of
frequencies studied.

Increasing the y-dose beyond 15 kGy and up to
100 kGy shows a marked increase in & especially at
low-frequency values as depicted in Fig. 3. The varia-
tion of the relative permittivity with gamma irradia-
tion could be explained as follows.

(a) At low radiation doses, further cross-linking of
the resin occurs and this restricts dipolar orientation,
thereby reducing the relative permittivity. The occur-
rence of such a cross-linking process is indicated by
the decrease in the intensity of the unsaturated
= C—H stretching vibration band at 3030 cm ™! as
discussed above.

(b) The high values of relative permittivity at high
doses may be attributed to the formation of the easily
orientable low molecular mass (oxygen-containing
molecules) due to the oxidative degradation.

Fig. 4a depicts a linear relation between £ and dose
value, D, up to 15kGy at different frequencies. The
highest slope is that at 100 Hz which can be re-
presented numerically by

g = 5466 — 0.037D 1)

where D is in kGy. However, for the frequency 50 Hz,
the relationship is linear between log D and ¢’ up to
25 kGy (Fig. 4b).
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Figure 3 Relative permittivity as a function of frequency for different
v-doses:—{ x ) 25 kGy, (B) 30 kGy, (V)40 kGy, (¥) 60 kGy, (O) 100
kGy.
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In the higher y-dose region (15-100 kGy) the rela-
tion between the relative permittivity and dose value is
represented by a polynomial function as shown in
Fig. 5 for ¢ measured at 10 kHz. The empirical equa-
tion satisfying this relation is given by

¢ =39174 + 1456 x 1072 D
—0.078 x 1073D?

2)

An alternative relation which is more satisfactory but
covers only the range 25-100 kGy, is shown in Fig. 6.
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Figure 6 An alternative representation of € versus gamma doses at
10 kHz: (O} theoretical and (X) experimental, for CR-39.
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Figure 4 Relative permittivity dependence of CR-39 on gamma
doses (0-15 kGy) at different frequencies; (a) (A) 10° Hz, (A)
60 kHz, (3 30 kHz, (x) 10 kHz, (@) 100 Hz; (b) (O) 50 Hz.
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Figure 5 Relative permittivity dependence on gamma doses (15-100
kGy) at 10 kHz; (O) theoretical, ( x ) experimental, for CR-39.
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Figure 7 Dielectric loss factor, tan 8, versus frequency for CR-39
irradiated by different y-doses: ((3) 0, (@) 5 kGy, (A) 10kGy, {x) 15
kGy, (W) 25 kGy, (V) 30 kGy, (¥) 60 kGy, (O) 100 kGy.
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Figure 8 Tan$ plotted against y-doses at different frequencies for
CR-39: (x) 50 Hz, () 100 Hz, (A) 200 Hz, (O) 1 kHz, (@) 3 kHz

This is represented by

12.152
g = 46976 — 3 (3)

3.3. Dielectric loss factor, tand

Fig. 7 shows the dielectric loss factor, tand, of CR-39
versus frequency for different y-doses. As described in
the trend of the relative permittivity, tan ¢ decreases
for low y-doses, but the dose at which it starts to
increase is higher than that exhibited for the relative
permittivity. This may be explained by the need of
more bond dissociation to enhance segmental and
group mobility.
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The decrease of the diclectric loss factor, tan 8, with
irradiation in the low y-dose region continues up to
30 kGy (Fig. 8). It is clear that tan & decreases linearly
with y-doses, for frequencies down to 200 Hz at which
the highest slope is attained. This is represented by the
equation

tand = 0.1707 — 0315 x 1072 D  (4)

where D is in kGy.
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