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ABSTRACT

Poly(vinylidene fluoride) [PVDF] is a semicrystalline linear homopolymer composed by the repetition of CH2–
CF2 monomers. The Poly(vinylidene fluoride-trifluorethylene) [P(VDF-TrFE)] is a copolymer which is obtained
with the random introduction of fluorinated CHF-CF2 monomers in the PVDF main chain. PVDF, and also its
copolymers with TrFE contents ranging from 18 to 63 wt. %, have long been studied for their striking
ferroelectric properties and their applications in actuators, transducers and ferroelectric memory. Recent
research work around the world have demonstrated that, for TrFE contents ranging from with 30 to 50 wt. %,
the copolymer can have its ferroelectric properties modified by high doses of ionizing radiation, with the
appearing of radio-induced relaxor ferroelectric features. These studies have lead us to investigate the possible
use of these copolymers as high dose dosemeters, once the reported amount of induced C=C conjugated bonds
after X-ray, UV and gamma irradiation seems to be a function of the delivered radiation dose. In a first
investigation for doses ranging from 0.1 to 100 kGy we found out a linear relation between the gamma radiation
dose and the absorption peak intensities in the UV region of the spectrum, i.e., at 223 and 274 nm. The
absorption peak at 223 nm is the most sensitive to gamma rays and can be used for detecting gamma doses
ranging from 0.3 to 75 kGy. Simultaneously, the absorption peak at 274 nm can be used for doses ranging from
1 to 100 kGy. Now, in the present work, we extended the investigation to gamma doses up to 3 MGy.
Particularly, this study is focused in the optical absorption peak at 274 nm, corresponding to the radio-induction
of triplets of conjugated C=C double bonds. The investigation revealed a linear correlation between the gamma
dose and peak intensity at 274 nm for gamma doses ranging from 0.1 to more than 750 KGy, with a huge
extension of the original useable dose range. Calorimetric data revealed a decrease in the size and crystalline
order of the crystallites for increasing gamma doses. The copolymer becomes completely amorphous for dose
higher than 1.0 MGy. The results of this investigation points out that the P(VDF-TrFE) copolymer is a good
candidate for use in high dose gamma dosimetry applications for doses ranging from 0.1 to 750 kGy.

1 - INTRODUCTION

The use of high doses of radiation in industrial processes has encountered several
applications in different fields, as for example in the sterilization of medical products, in the
change of polymer properties and in food irradiation. All the applications are based on the
resulting ionizing radiation induced effects in materials, obtained by the deposition of precise
dosages of energy. In all cases, the uniformity and accuracy of the absorbed dose are essential
to introduce the desired properties, requiring a strict control, normally performed through a
reliable measurement of absorbed dose in the irradiated materials [1-2]. Calorimeter, Alanine,
Ceric-cerous sulphate (ECB), Ferrous Sulphate and dichromate solutions are some examples
of standard reference dosimetry systems commercially available elsewhere [1].
Thermoluminescence (TL) and Optically Stimulated Luminescence (OSL) dosimetry and
also polymer based dosimetry have been alternatively used for high gamma dose dosimetry
[3-4]. Particularly, the introduction of polymers in high dose dosimetry has added a
considerable progress in the developing of new materials for routine monitoring in
radioactive facilities. In this context, commercial dosemeters of poly(methyl methacrylate)
[PMMA] mixed with radio-chromic paintings sold by HARWELL Dosimeters have been
widely used to measure absorbed doses ranging from 102 to 104 Gy, through the radioinduced changing in the optical absorbance at 314nm (white PMMA), 530nm
(gammachrome) , 402-643nm (blue PMMA) and 542nm (Azo painting) [1].
In this work we will investigate the radiation induced optical absorbance behavior in
fluorinated Poly(vinylidene fluoride – trifluorethylene) [P(VDF-TrFE)] copolymers.
Fluorinated polymers are well-known for their good properties in terms of chemical, thermal
and electrical stabilities, inertness to acids, bases, solvents and oils, and high resistance to
ageing and oxidation [5]. Among all of the fluorinated polymers, the Poly(vinylidene
fluoride) [PVDF] homopolymer is the one that shows the best set of these properties.
Additionally, it shows very attractive ferroelectric properties. The polymeric main chain of
PVDF homopolymer is composed by the linear repetition of CH2–CF2 monomers. Its
copolymers with trifluoroethylene [P(VDF-TrFE)], obtained with random addition of CHF–
CF2 monomers to the main chain, have attracted much attention of researchers in view of
their eletromechanical behavior, originated from the ferroelectric and relaxor properties,
which are very useful for actuator, transducer and robotic applications [6].
Recently, the systematic investigation of the radio-induced relaxor features elsewhere have
revealed that these copolymers can have its ferroelectric properties modified by high doses of
ionizing radiation. For instances, their piezoelectric properties can be highly enhanced after
exposition to 0.5 MGy of electrons or gamma irradiation [7-8]. Also, the piezoelectric
properties can be highly improved with low-energy (UV) irradiation [9]. It seems that there is
a correlation between the UV exposure and the number of radiation-induced double bonds,
especially the formation of C=C conjugated bonds. In a previous work we investigated the
changes in the ultraviolet–visible(UV–VIS) and infrared (FTIR) optical absorbance spectra of
P(VDF–TrFE) copolymers exposed to high gamma doses, in order to evaluate the possibility
of using them as high-dose dosimeters. We have found out a strong linear correlation
between the gamma dose and the absorption peak intensities in the UV region of the
spectrum, i.e., at 223 and 274 nm. The absorption peak at 274nm can be used for doses
ranging from 1 to 100 kGy [10].
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Encouraged by these promising results, in the present work we will extend the investigation
to gamma doses up to 3.0 MGy. Differential Scanning Calorimetry (DSC) analyses will be
used in order to characterize the damages induced into the crystalline phase and also to
correlate the degree of crystalline order to the range of linearity in the optical absorbance at
274 nm.
2. MATERIALS AND METHODS

P(VDF–TrFE) copolymers granules with 50% of TrFE contents were supplied by
ATOCHEM (France). The polymeric film samples were produced by melting at 200 ºC under
300 bar, and subsequent air-cooling to room temperature. This process produced transparent
films of about 170 µm. The samples were irradiated with a 60Co source at a constant dose rate
(12 kGy/h) in the Gamma Irradiation Facility of CDTN, with delivered doses ranging from
100 to 3,000.0 kGy. The irradiated samples were placed in a fixed position near the source, in
order to reduce the time required for the high radiation doses. Optical absorption
measurements were taken in a Shimadzu UV-240 PC spectrometer at wavelengths ranging
from 190 to 900 nm. Lorentzian (Amplitude) lines were then used to perform the
deconvolution of the optical absorption peaks, each one fitted as in equation (1).

y=

a0
 x − a1 

1 + 
 a2 

2

(1)

where
a 0 = amplitude
a1 = center
a 2 = width

After deconvolution using the software “Peak Fit”, once a group of peaks has been attributed
to a specific delivered dose, all UV-VIS spectra obtained for different radiation dosages were
fitted with the same group of peaks, maintaining constant the wavelength for each peak, and
varying the amplitude and width. The same procedure has been employed to evaluate the
optical absorption intensities for “fading” purposes.
The calorimetric data were measured at a DSC TA Q10, with heating and cooling rates of
10°C/min. Measurements were taken immediately after the irradiation process, in the second
run, the time between the end of the irradiation and the beginning of the optical absorption
measurement being kept always lesser than two hours.
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3. RESULTS AND DISCUSSION

In order to verify the effect of gamma radiation in the P(VDF-TrFE) copolymers, the film
samples were exposed to doses of 100, 300, 500, 750, 1,000 and 3,000.0 kGy. This range of
irradiation has been established in order to complement the range used in a prior work, which
reported the investigation for gamma doses ranging from 0.1 to 300 kGy [10]. After each
irradiation process the UV-VIS absorption spectra were collected. The results are shown in
Fig. 1, for wavelengths ranging from 190 to 900 nm.

Fig.1 - Comparison between the Optical Absorption spectra of a sample of virgin P(VDFTrFE) copolymer and the samples exposed to 100, 300, 500, 750, 1000.0 and 3,000 kGy of
gamma radiation. In the inset is shown the spectrum for the sample exposed to 1.2 kGy and
the absorption peaks at 196, 223 and 274nm, obtained after peak fitting (solid lines).

In Figure 1 we can see that, as the gamma dose increases, the large peak at 196 nm seems to
increase its intensity and shift to higher wavelengths. Actually, after peak deconvolution it is
possible to see that there are four optical absorption peaks centered at 196, 223 and 274nm
respectively, as it can be seen in the inset of Fig. 1. If only the absorption intensities are
adjusted, the sum of these four peaks can also well fit the absorption spectra for the virgin
sample and those exposed to doses ranging from 100.0 to 1,000 kGy. The spectrum for
sample irradiated with 3,000 kGy can not be fitted by these three peaks. However, it is very
important to remark that these peaks are the same used in our previous work [10] for gamma
doses of 0.3, 0.6, 1.2, 5.0, 13.0, 25.0, 37.0, 49.0, 75.0, 100.0 and 300.0 kGy. We should note
that these absorption bands were also observed in P(VDF-TrFE) copolymers irradiated with
X rays and were attributed to the formation of C=C conjugated bonds (185 nm), doublets
(223 nm) and triplets (274 nm) [11]. We attribute the small difference for the peak centered at
196 nm (against 185nm for X rays) to the different amount of trifluoroethylene present in
each sample, i.e., 30 wt% (Ref. 11) and 50 wt% for this work.
The peak fitting data using Lorentzian lines were then used to check if one or more

INAC 2009, Rio de Janeiro, RJ, Brazil.

absorption peaks could be used for dosimetric purposes in the range of 100 to 1,000 kGy. In
Figure 2, we show the linear behavior of the peak absorption intensities at 274 nm when
irradiated with gamma doses in this range. Note that for 1.0 MGy the optical absorption
intensity does not follow a linear correlation. For clarity purposes we show in the inset of Fig.
2 the linear fitting for data obtained with doses ranging from 0.1 to 100 kGy.

Fig 2. The optical absorption intensities at 274 nm for doses ranging from 100 to 1000 kGy,
for P(VDF-TrFE) copolymers. In the inset it is shown the linear fitting for doses ranging
from 0.1 to 100 kGy.

In conclusion, for gamma doses from 0.1 to 750 kGy, it is possible evaluate the dose
delivered to the samples using the optical absorption intensity of the peak centered at 274 nm.
The morphological changes induced by gamma irradiation were mainly studied by
differential scanning calorimetry (DSC). The thermograms for the heating cicle in Figure 4
show the results of the irradiated samples compared with the standard sample virgin. The
peaks at lower temperatures are due to the ferro-to-paraelectric transitions and the ones at
higher temperatures are due to the melting of the crystallites. As we can see through these
thermograms, the latent heat for the melting transitions gradually decreases as the gamma
dose increases. Also, the temperatures of these peaks decrease for increasing doses. This
behavior means that the size of the crystallites and the crystalline order are decreasing as the
gamma dose is increased. For doses higher than 1.0 MGy the copolymer becomes completely
amorphous. Thus, it seems that there is a correlation between the presence of the crystallites
in the P(VDF-TrFE) copolymer and the gradual appearing of conjugated C=C bonds, which
allows the linear relation between the intensity of the at 274 nm and the delivered gamma
doses.
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Fig.3. Thermograms for P(VDF-TrFE) copolymer exposed of gamma radiation compared
to the sample virgin.

The absorbance signal decreases in time after the irradiation due to recombination of
radiation - induced radicals in the polymer. The fading of the dosimetric peak ranges from 5.0
to 30.0% in a month after irradiation, depending on the exposed dose.
4. CONCLUSIONS

P(VDF-TrFE) copolymers have been investigated from the view point of high dose
dosimetry. The samples were irradiated with a Co-60 source and the correspondent optical
absorption spectra were peak fitted with Lorentzian lines. The intensities of the peak centered
at 274 nm were found to behave linearly with the delivered gamma dose. The optical
absorption at 274 nm is attributed to triplets of conjugated C=C bonds. The DSC data
revealed a decrease in the size and crystalline order of the crystallites for increasing gamma
doses. The copolymer becomes completely amorphous for dose higher than 1.0 MGy. The
results of this investigation points out that the P(VDF-TrFE) copolymer is a good candidate
for use in high dose gamma dosimetry applications for doses ranging from 0.1 to 750 kGy.
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