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Abstract

A detailed study was performed to develop the dosimetric characteristics of poly(vinyl)butyral
film (PVB), to be used as a film dosimeter for high-dose gamma radiation dosimetry. The useful dose
range of this polymeric film extends up to 350 kGy. Correlations were established between the absorbed
dose of gamma radiation and the radiation-induced changes in PVB measured by means of ultraviolet
(UV) and Fourier Transform Infrared (FTIR) spectrophotometry. The results showed a significant
dependence of the response on the selected readout tool of measurements whether FTIR (at 1738 and
3400 cm"1) or UV (at 275 and 230 ran), as well as on the quantity used for calculation. The effect of
relative humidity during irradiation on dosimeter performance as well as the post-irradiation stability at
different storage conditions are also discussed.

1. INTRODUCTION

According to extensive studies of the radiation effects on polymers [1,2], irradiation of polymer
film in air induces the oxidation of the polymer and the production of carbonyl groups. The magnitude
of the oxidation process depends not only on the structure of polymer but also on the type of ionizing
radiation; more specifically, the dose rate. Hence, it would be expected that oxidation processes
predominate for irradiation with gamma rays which are characterized by their slow rate. On the
contrary, for irradiation with accelerated electrons, which are known to have very high dose rates,
processes other than oxidation, such as inter-molecular and disproportion reactions would predominate.
In the polymeric film dosimeters, the radiation-induced signal depends on the absorbed dose of ionizing
radiation by the dosimeter and may also depend on the dose rate or fractionation of dose [3], on the
temperature during the irradiation and handling, on the presence or absence of oxygen in the
surrounding atmosphere or in the dosimeter [3], and on the ambient humidity or rather on the amount of
water in the dosimeter [4,5].

2. EXPERIMENTAL

The film used in this investigation was prepared using poly(vinylbutyral) (PVB), (Pioloform
BM18, average molecular weight of about 36,000, product of Wacker Co., USA). 5g of PVB was
dissolved in 100 mL of n-butanol at about 50 °C and kept well stirred at that temperature for about 24
h. 30 mL, of this solution, poured onto a 15x15 cm glass plate and dried at room temperature for about
48 h. After drying, the film was stripped from the glass plate, then cut into 1x1 cm pieces and stored for
different investigations. The thickness of the obtained film was found to be 50±5 mm (Is).

A Uvikon 860 spectrophotometer was used for scanning the absorption spectra and measuring the
optical density at X^ of the different film dosimeters. Also, Mattson 1000 Fourier Transform Infrared
(FTIR) spectrometer (Unicam) was used for measuring and scanning the infrared absorption spectra at
resolution of 4 cm"1. High signal-to-noise spectra were obtained by collection of hundred scans for each
sample. The resultant digitilized spectra were stored for further data processing. Irradiation was carried
out in the ^Co gamma chamber 4000 A (product of Bhabha Atomic Research Center, India). Dose rate
of ( 2.17 ) kGy/h was used as checked by Fricke dosimetry [5],
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FIG. 1. UV-absorption spectra of PVB films, unirradiated and irradiated to different absorbed doses.
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FIG. 2. FTIR-difference spectrum of PVB films irradiated to different absorbed doses.
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3. RESULTS AND DISCUSSION

3.1. Absorption spectra

The ultraviolet spectrophotometric scan in the wavelength range between 180 and 400 nm of
PVB films was recorded before and after g-irradiation to different doses and are shown in Fig. 1. It can
be seen that the UV-spectrum of the unirradiated film has a main absorption bands peaking at 188 nm,
which may be attributed to n-s* transition of non-bonding electrons of the (C-O-C) group. Upon
irradiation, two absorption bands at 230 and 275 nm wavelengths were developed. The absorption band
at 230 nm is related to the presence of a ketonic carbonyl group due to the oxidation of PVB upon
gamma irradiation in air, while the other absorption band at 275 nm is indicative of the presence of
conjugated double bonds of polymers [6]. Despite the experimental finding of the increase of absorption
at 188 nm with the irradiation dose, it cannot be used for quantitative estimation of absorbed dose. This
is due to its unstability at fixed wavelength as can be seen in Fig. 1. Careful examination as well as
preliminary experimentation has shown that absorption bands at higher wavelengths (230, 275) may be
used for dosimetry studies.

Oxidation products of irradiated PVB were also identified and quantified by FTIR spectroscopy.
Figure 2 shows the IR difference spectra of films irradiated to different doses, obtained by subtracting
the spectrum of the unirradiated film from that of the same film after irradiation. Changes due to
irradiation can be seen, these changes are mainly represented by the appearance of three absorption
bands, the first at about 3400 cm'1 which is attributed to the formation of hydrogen bonded -OH groups,
the second at 1738 cm'1 wavenumber which is attributed to the stretching vibration of ketonic carbonyl
groups and the third at 1190 cm'1 which is probably due to the -C-O- absorption of the peroxide cross-
links [6,7].

3.2. Responce curves

The response curves of PVB films obtained by using the UV-spectrophotometric quantities

(AAmm'1) and (AJ/AQ) at 230 and 275 nm wavelength, as a function of absorbed dose are shown in

Figs. 3 and 4, respectively; where (AAmm"1) is the change in absorbance before and after irradiation
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FIG. 3. Radiation response curves of PVB films,
in terms of change in UV-spectrophoto-
metric quantities (AA.mm') 230 and
(A/A0)23o as a function of absorbed dose.

FIG. 4. Radiation response curves of PVB films,
in terms of change in UV-spectrophoto-
metric quantities (AA.mm~!)27s and
(A/AO)275 as a Junction of absorbed dose.
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divided by thickness of the film, and Ao and A, are the optical densities at 230 and 275 nm wavelengths
for the unirradiated and irradiated films, respectively.

It can be seen that, the response curves of both quantities (AA-mm"') and (Aj/Ao) obtained at 230
and 275 nm wavelength are linear and can be represented by Eq. (1):

Y= a-bD (1)

where, Y is (AA-mm"1) or (A/Ao), D is the absorbed dose in kGy, a and b are constants. The constants a
and b as well as the correlation coefficients for the response curves are given in Table I.

TABLE I. THE CONSTANTS A AND B AND THE CORRELATION COEFFICIENTS (r2) OF
THE UV RESPONSE CURVES.

constants

a

b

r2

-3.679

0.097

0.991

(Ai/A0)275

0.117

0.024

0.989

(AA.mm"1 )230

1.017

0.066

0.979

(Ai/Ao)230

0.371

0.012

0.989

The response functions of PVB films for ^Co irradiation using the FTIR spectroscopy were

established by plotting the IR-spectrometric quantities (DA mm1) and (Ai/Ao) at 1738 and 3400 cm'1 as

a function of absorbed dose (see Fig. 5), where (DA-mm1) is the radiation-induced peak absorbance

divided by thickness (in mm) and Ao and A, are the peak absorbances before and after irradiation,

respectively. From Fig. 5, it can be seen that the response curves for 1738 cm"1 are linear throughout the
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FIG. 5. Radiation response curves of PVB films,
in terms of the change of FTIR-spectro-
photometric quantities (AA.mm') and
(A/Ao) as a Junction of absorbed dose.
Wavenumbers of analysis are indicated.
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FIG. 6. Relative change ofUVspectro-
photometric quantities (AA.mm'') and (A/
Ao), relative to that value at 33% RH, as a
function of percentage relative humidity

during irradiation. Absorbed doae =150 kGy
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whole dose range, and follow the general linear Eq. (1). While those for 3400 cm"1 are non-linear, where
they follow the third-order polynomial equation which can be represented by Eq. (2).

Y= a + bD + cD2 + dD3 (2)

The constants a, b, c and d as well as the correlation coefficients for the response curves are given in
Table II.

TABLE II. THE CONSTANTS a, b, c and d AND THE CORRELATION COEFFICIENTS (r2) OF
THE FTIR- RESPONSE CURVES

constants

a

b

c

r2

(AA.mm"1)^

0.548

0.0081

0.900

(AA.mm"1)34oo

0.281

0.0665

-2.3xlO-5

-1 4 Y If)"7

0.994

(A/A,).™

-0.141

0.0333

0.942

0.38

0.01954

-0.0043

^v 1 (V7

0.986

3.3 Radiation-chemical yield

The radiation-chemical yields of the ketonic carbonyl group and the hydroxyl group produced in
irradiated PVB films were evaluated from the increment of the IR-absorbance (DA 1733) at 1738 cm"1

and (DA3400) at 3400 cm'1, respectively. Using the reported molar extinction coefficient e!738 = 111

L.mor'.cm'1 and ê oo = 138 L.mol'.cm'1 [8], G(>C=O) was found to be 0.81 mmol/J and G(>C-OH)
was found to be 4.86 mmol/J.

3.4 Relative humidity during irradiation

To investigate the effect of relative humidity (RH) during irradiation on the response of PVB
films, the latter were irradiated to an absorbed dose of 150 kGy (dose rate = 2.17 kGyh1) at different
relative humidities by suspending films (five films per each relative humidity) over different saturated
salt solutions in tightly enclosed glass tube [5,6], except for the two extreme values of relative humidity.
The 0% RH value was obtained with films suspended over dried silica gel and 100% RH was attained
with films suspended over water. The mean temperature during gamma ray irradiation was about 35°C.
The films were stored before irradiation for 48 hours under the same relative humidity conditions as
when irradiated, so that equilibrium moisture in the PVB films could be established before irradiation.
Immediately after the irradiation, the dosimeters were removed from the tube and then readout
spectrophotometrically at room temperature.

Figure 6 shows the relative variation of response as a function of percent relative humidity, in
terms of both UV-quantities [(AA-mm"1^ and (Aj/Ao) 275] relative to that value at 33% RH. It was
found that, in the intermediate range of 10-60% RH, the responses of all spectrophotometric quantities
are not influenced by the change in relative humidity during irradiation. As a conclusion, PVB films can
be used for routine high-dose dosimetry in the 10-60% R.H. range without any correction. Irradiation at
relative humidities higher than 60% should be avoided, otherwise correction is needed.
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FIG. 7. Relative change of the UV-spectro- FIG. 8. Relative change of the FTIR-spectro-
photometric quantities (AAmrn1), at Z2so photometric quantities, (AA-mm1 )i7i8 and
and Xjis, as a function of storage time (AA-mm'')34oo as a Junction of storage time
after irradiation to a dose of 150 kGy of after irradiation to a dose of 400 kGy of
films stored at different conditions. films stored at different conditions.

3.5 Post irradiation stability

A study of the stability of the radiation-induced changes in PVB films was made over a period of
70 days between irradiation (D = 150 kGy) and readout by means of ultraviolet spectrophotometery at
230 and 275 nm. After irradiation, the films were stored, at ambient relative humidity (35-40 % RH),
under different storage conditions namely, normal laboratory illumination plus daily incident daylight at
25 °C and dark at 25 °C.

Figures 7 and 8 show the stability results in relative absorbance as a function of storage time
between irradiation and readout at 230 and 275 nm, 1738 cm"1 and 3400 cm'1, respectively. In all
figures, the values of relative response are normalized to the values of both quantities obtained
immediately after irradiation (zero storage time).

The results given in the last two figures indicate that further oxidation processes may take place
within the bulk of the polymer on storing after irradiation.
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