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Abstract: In this study, the changes in the chemical structure and the physical property of fluoropolymer films (PTFE,
FEP, PFA, PVDF, and ETFE) induced by Co® gamma ray in air, N,, and vacuum environments were investigated. FTIR
spectra of the irradiated fluoropolymers indicate that the oxidation proceeded by the reaction of radicals generated by irra-
diation with oxygen in air. The changes in the heat of fusion and the degree of crystallinity of the irradiated flu-
oropolymers were investigated using DSC and the results indicate that the scission and crosslinking reactions of the
irradiated fluoropolymers were largely influenced by the chemical structure. It was also found that the mechanical prop-
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erty of the irradiated fluoropolymer films under an air atmosphere was significantly decreased.
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Table 1. Commercially Available Fluoropolymers

Name Abbreviation Structure
Poly(tetrafluoroethylene) PTFE -(CF,CF,),-
Poly(tetrafluoroethylene-co-hexafluoropropylene) FEP -(CF,CF,)n-(CF,CF(CF3)),-
Poly(tetrafluoroethylene-co-perfluoropropyl vinyl ether) PFA -(CF,CF,)~(CF,CF(OC;F5)),-
Poly(vinylidene fluoride) PVDF -(CF,CH,),-
Poly(ethylene-alt-tetrafluoroethylene) ETFE -(CF,CF,)~(CH,CH,),-
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Figure 1. FTIR spectra of (a) PTFE; (b) FEP; (c) PFA irradiated in

air, N, and vacuum at room temperature with unirradiated PTFE,
FEP, and PFA.
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Figure 2. FTIR spectra of (a) PVDF; (b) ETFE irradiated in air, N,
and vacuum at room temperature with unirradiated PVDF and
ETFE.
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Figure 3. DSC thermograms of (a) PTFE; (b) FEP; (c) PFA; (d) PVDF; (e) ETFE irradiated in air, N, and vacuum at room temperature with
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Table 2. Variation of Heat of Fusion, Melting Temperature
and Crystallinity of Fluoropolymer Films in Various
Irradiation Atmospheres

Melting Crystallin-

Ag/f“gs;’“ temp. ity (Xo)
) (%0)
Unirradiated 22.73 329.48 26.6
PTFE Air 20 kGy 57.04 328.97 66.79
70 kGy 59.62 328.48 69.81
160 kGy 68 328.55 79.6
N, 160 kGy  60.75 330.73 71.1
Vacuum 160kGy  59.97 330.27 70.2
Unirradiated 13.31 270.11 15.14
FEP Air 20 kGy 16.46 271.18 18.72
70 kGy 18.36 271.97 20.88

160kGy  19.14
N,  160kGy  17.27

272.59 21.77
271.01 19.64

Vacuum 160 kGy 18.28 271.13 20.79
Unirradiated 25.65 306.16 31.28

PFA Air 20 kGy 26.58 306.84 324
70 kGy 34.72 307.01 42.34

307.63 51.65
307.13 42.89

160 kGy 4236
N, 160 kGy 35.17

Vacuum 160kGy  35.04 307.15 42.73
Unirradiated 43.69 168.95 41.76

PVDF Air 20 kGy 41.39 168.87 39.56
70 kGy 39.12 168.74 37.39

160 kGy  38.52 166.22 36.82

N, 160 kGy  40.19 167.61 38.42

Vacuum 160 kGy 39.38 167.53 37.64
Unirradiated 39.44 256.63 34.77
ETFE Air 20 kGy 35.51 256.2 313

255.94 29.68
255.77 28.61
254.97 30.29
255.01 34.04

70kGy  33.66
160kGy  32.45
N, 160kGy 3436

Vacuum 160 kGy 38.61
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Figure 4. Tensile stress-strain curves for (a) PTFE; (b) ETFE irra-

diated in air, N, and vacuum at room temperature with unirradiated
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Table 3. Variation of Tensile Strength and Elongation at

Break of Fluoropolymer Films in Various Irradiation
Atmospheres
Tensile  Elongation at
strength break
(MPa) (%)
Unirradiated 31.1 256.8
PTFE Air 20 kGy 16.5 214
70 kGy
160 kGy
N, 160 kGy 16.1 129.6
Vacuum 160 kGy 15.8 38.7
Unirradiated 29.1 465.5
FEP Air 20 kGy 214 411.5
70 kGy 14.7 82.5
160 kGy 16.26 55.4
N, 160 kGy 19.5 363.2
Vacuum 160 kGy 18.2 363.4
Unirradiated 279 447.9
PFA Air 20 kGy 21.8 394.9
70 kGy 154 24.9
160 kGy
N, 160 kGy 17.3 321.5
Vacuum 160 kGy 16.8 7.4
Unirradiated 70.4 459
PVDF Air 20 kGy 66.8 436.5
70 kGy 62.5 426
160 kGy 59.1 361.5
N, 160 kGy 64.3 113.5
Vacuum 160 kGy 62.2 383.7
Unirradiated 60 586
ETFE Air 20 kGy 49.2 555
70 kGy 39 456
160 kGy 26.67 224.3
N, 160 kGy 57.1 463.3
Vacuum 160 kGy 44.7 403.7
g £

2 Ao e A A SO o8 B4R BE
(PTFE, FEP, PFA, PVDF 2 ETFE)¢] 7% 2 24 wslo|
#3to] Ashich. B71sh A2 #9171 L AFgeA
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