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a b s t r a c t

Changes induced by radiation in the UV–vis and Infrared absorbance spectra of fluoropolymer films

were investigated. Samples (3�1 cm2) of commercially available fluoropolymers, tetrafluoropolymer

homopolymer (PTFE–Tecnofluor/DuPont) and its copolymers with hexafluoropropylene (FEP 1000 C–

DuPont) and perfluoroalkoxy (PFA 500 CLP–Dupont) were irradiated with 60Co gamma radiation in free

air at electronic equilibrium conditions with absorbed doses between 1 and 150 kGy. Studies of

environmental condition effects, such as temperature and light, pre- and post-irradiation stability and

dose range useful response were carried out. Fluoropolymers are very stable when exposed to different

ambient conditions; the dosimetric wavelength is characteristic for each type of fluoropolymer and a

linear correlation was found between gamma radiation dose and optical response.

& 2009 Elsevier B.V. All rights reserved.
1. Introduction

Ionizing radiation treatment on a variety of polymers is a well-
established technology. Polymeric materials exposed to electron
beams, g-rays and X-rays undergo structural changes due to
molecular cross-linking and chain scission (degradation) reactions
and these properties are in strong contrast with the original polymer
properties and can be used for dosimetric purposes [1–6].

The radiation treatment of polymeric materials changes chemical
resistance, electrical properties, thermal stability, surface properties
and other characteristics. The final result depends on the nature of
the material, dose, dose rate and energy of the incident radiation.

Fluoropolymers represent a group of rather specialized polymeric
materials. The term ‘‘fluoropolymers’’ is a broad grouping of
polymers made from monomers containing one or more fluorine
atoms, or copolymers of such monomers with other monomers. The
backbone is formed of carbon–carbon bonds and carbon–fluorine
bonds. Both are extremely strong bonds (C–C=607 kJ/mole and
C–F=552 kJ/mole). The majority of the fluoropolymers are crystalline
plastics (PTFE has a very high degree of crystallinity of up to 90% in
the virgin state) but some are amorphous (Teflons AF). This range of
structures means that the optical clarity of fluoropolymers can range
from opaque (PTFE) to excellent (Teflons AF has a high luminous
transmittance and excellent optical clarity). Fluoropolymers are
among the most chemically inert of all polymers and remain stable
in almost all chemical environments. It presents excellent thermal
ll rights reserved.

.

resistance and can be handled without special care in the
environment under normal conditions of temperature and light.
Fluoropolymers transmit more UV, visible and infrared radiation
than ordinary window glass.

FEP (copolymer of hexafluoropropylene and tetrafluoroethylene-
DuPont) and PFA (perfluoroalkoxy polymer resin-DuPont) are very
similar in composition to the fluoropolymers PTFE (polytetrafluor-
oethylene Tecnofluor/DuPont). The radiation tolerance of FEP in the
presence or absence of oxygen is higher than that of PTFE by a factor
of 10:1. PFAs, like other perfluoropolymers, are not highly resistant
to radiation.

The ionizing radiation induced changes on fluoropolymers have
been extensively studied in order to know its radiation sensitivity.
The degradation effect is more severe in the presence of oxygen (in
air) than in vacuum, and is further intensified at elevated
temperature, resulting in reduction of the molecular weight.

In this work it was evaluated the radiation induced changes in
the UV–vis and Infrared optical absorbance of the fluoropolymers
samples aiming to assess the absorbed dose. Further studies
regarding environmental condition effects, such as temperature
and light, pre- and post-irradiation stability and the dose range
over which there is a useful response were also carried out.
2. Experimental

Commercially available fluoropolymers: tetrafluoropolymer
homopolymer (PTFE–Tecnofluor/DuPont) and its copolymers with
hexafluoropropylene (FEP 1000 C–DuPont) and perfluoroalkoxy
(PFA 500 CLP–Dupont) in film form, cut in plates of 3�1 cm2 with
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thickness of 200, 250 and 125mm, respectively,were irradiated
free in air with absorbed doses between 1 and 150 kGy and dose
rate of 2.14 kGy/h using a 60Co gamma radiation source.

Optical absorption measurements of irradiated and non-
irradiated samples were taken in a Shimadzu spectrophotometer
UV-2101PC at wavelengths ranging between 190 and 900 nm.

The FTIR spectra of the same samples were obtained using an
ABB FTLA 2000 spectrometer (Fourier transform infrared spectro-
scopy) from 500 to 4000 cm�1.

The presented results are the average of 3 individual measure-
ments and the error bars the standard deviation of the mean.
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Fig. 2. FTIR spectra of non-irradiated fluoropolymer films.
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3. Results

3.1. UV–vis spectra of non-irradiated fluoropolymers

Fig. 1 shows transmission and absorption optical spectra for
the non-irradiated fluoropolymer films studied.

3.2. FTIR spectra of PTFE, FEP and PFA of non-irradiated films

Infrared spectra of non-irradiated PTFE, FEP and PFA samples are
shown in Fig. 2. According to the literature the band at 2365 cm�1 is a
combination band associated with the CF2 backbone, while the
absorption band from 1000 to 1400 cm�1 represents the C-F
stretching vibration. The band at 1882 cm�1 is assigned to carbonyl
stretching vibration and at 1793 cm�1 is assigned to terminal double
bonds in the form of –CFQCF2 in the polymer chain structure [7–10].

3.3. Effects of environmental conditions

The PTEF, FEP and PFA samples were exposed for many days to
the laboratory ambient light and to different temperatures
between 10 1C and 100 1C. The optical response did not present
significant variation (o5%); therefore, the samples can be
manipulated without special care.

3.4. Fluoropolymer films irradiated with 60Co gamma radiation

3.4.1. UV–vis spectra of PTFE, FEP and PFA irradiated films with 60Co

gamma radiation

In Fig. 3(a) for FEP and (b) for PTFE and PFA are shown the
optical absorption spectra between 190 and 300 nm. It can be
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Fig. 1. Light transmission and absorption of non-irradiated fluoropolymer films.
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Fig. 3. Absorption spectra of fluoropolymer films irradiated with 60Co gamma

radiation.
seen that optical absorption increases as a function of gamma
dose. The dosimetric band wavelengths are 600, 250 and 192/
220 nm for PFTE, FEP and PFA films, respectively.
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3.4.2. FTIR spectra of PTFE, FEP and PFA irradiated films with 60Co

gamma radiation

The radiation induced changes in the optical absorbance
spectra of fluoropolymer films can be observed in Fig. 4(a)–(c)
for PTFE, FEP and PFA, respectively. In the studied dose range, only
the absorption intensity was noted to vary with the absorbed
dose. The appearance of new bands in the spectrum was not
observed. The infrared spectra show absorption bands in the
1700–1900 cm�1 region typical for oscillations of the double
bonds in compounds having fluorine; intensification of absorption
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Fig. 4. FTIR spectra of fluoropolymers irradiated with 60Co gamma radiation.
was noted to occur at 1699, 1705, 1716, 1734, 1774, 1776, 1796,
1871 and 1887 cm�1, very close to the literature data [7–10].

3.4.3. Dose–response curve–spectrophotometric UV–vis analyses

Fig. 5 shows the dose–response curves for FEP and PFA
fluoropolymers. A linear dose–response correlation was
established. The relationship can be described by the following
equation: Absorbance=A+(B�Dose).

3.4.4. Dose–response curve–FTIR analyses

In the FTIR spectra changes were observed in the intensity of
the band at 1774 cm�1 (PFA 500 CLP) and 1776 cm�1 (FEP 1000 C)
and these can be correlated with absorbed dose. Fig. 6 shows the
dose–response curves for FEP and PFA fluoropolymers. A linear
dose–response correlation was established. The relationship can
also be described by the previous equation.
4. Conclusions

Radiation induced changes in the optical absorption spectra of
the studied fluoropolymer films can be correlated to absorbed
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Fig. 5. Dose–response curves–UV–vis absorption analyses of FEP and PFA

fluoropolymer films irradiated with 60Co gamma radiation.
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Fig. 6. Dose–response curves and FTIR absorption spectra of fluoropolymer films

irradiated with 60Co gamma radiation.
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dose. The useful dose range is large and probably this can be
extended to absorbed doses higher than 150 kGy.

The UV–vis spectra present a linear correlation between the
600 nm (PTFE), 250 nm (FEP 1000) and 220 nm (PFA 500) peak
intensities, which were chosen as being wavelength dosimetric
interest for the given gamma doses.

The FTIR spectra show changes in the 1796 cm�1 (PTFE),
1774 cm�1 (PFA 500) and 1776 cm�1 (FEP1000) band intensities
that can also be correlated with absorbed dose.

The dosimetric properties can be determined, quantified and
related with radiation dose.

The fluoropolymer films present excellent dosimetric char-
acteristics and are promising materials as alternatives in high
gamma dose quality control.
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