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Abstract: In this paper, the tribological behavior of PTFE and its composites after gamma ray irradiation was studied.
The effects of irradiation on the chemical structure, heat resistance and tensile properties of the materials were mainly
investigated, so as to establish the correlation between the structure change and tribological properties of PTFE under
irradiation, and provide guidance for the design of PTFE sealing materials for nuclear power plants. Poly (phenylene
terephthalate) modified polytetrafluoroethylene (PTFE/POB) composites were irradiated by gamma-ray with dose of
1000 Gy, 1500 Gy, 2200 Gy, and 3000 Gy. The chemical composition and crystal structure of the materials before and
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after irradiation were characterized by infrared spectroscopy, X-ray diffraction and differential scanning calorimetry.
The thermal stability, tensile properties and tribological properties of the materials were compared with those of
irradiated pure PTFE. The results show that the chemical composition and thermal stability of PTFE/POB materials are
not significantly changed under irradiation, but the molecular weight of PTFE decreases sharply, and the small molecular
chains spontaneously form crystalline phase, leading to the increase of crystallinity. Compared with pure PTFE, the
addition of POB improves the radiation resistance of PTFE to a certain extent, and delays the decrease of molecular
weight and recrystallization ability of PTFE. The results showed that the tensile strength of PTFE and PTFE/POB
decreased significantly after irradiation, but for PTFE/POB, with the increase of irradiation dose, the decreasing trend of
the tensile strength of PTFE/POB was not significant, but gradually stabilized. The effect of irradiation on the elongation
at break of PTFE and PTFE/POB is complex. The elongation at break of pure PTFE increases first and then decreases
with the increase of irradiation dose, while the elongation at break of PTFE/POB decreases with the increase of
irradiation dose. The effect of irradiation on the wear resistance of PTFE/POB is not significant, but the friction
coefficient decreases to some extent. With the increase of irradiation dose, the friction coefficient first increases and then
decreases. This is mainly because with the continuous increase of irradiation dose, the molecular chain length of PTFE

becomes shorter and the size of crystal band becomes smaller, leading to the obvious increase of the grain boundaries. It

341 %

results in the increase of shear strength gradually, leading to the increase of friction coefficient.
Key words: polytetrafluoroethylene; y-ray irradiation; crystallinity; molecular weight; friction and wear
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Fig. 1 FT-IR spectra of pristine and irradiated PTFE (a) and PTFE/POB (b)
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Fig. 2 XRD spectra of pristine and irradiated PTFE (a) and PTFE/POB (b)
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Fig. 3 TGA curves of pristine and irradiated PTFE (a) and PTFE/POB (b)
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Fig. 4 DSC thermograms of pristine and irradiated PTFE and PTFE/POB: (a) PTFE, heating; (b) PTFE, cooling;
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Table 1 Thermal properties of initial and irradiated PTFE
as a function of absorbed dose

frradiation  \ p 1o AHLJ(lg) ATIC AHJIg) Xysel% M, /(ke/mol)
dose/Gy
Uniradiated 3282 243 3129 2587 2963 1749

1000 330.9 42.08 309.8  44.75 5132 103
1500 330.4 43.97 3103 4395  53.62 114
2200 331.5 41.17 309.7  44.12  50.21 111
3000 333.8 55.29 3082 5419 6743 39

*2 NEFIEyH iR A /EPTFE/POB
MR RELE R
Table 2 Thermal properties of initial and irradiated
PTFE/POB as a function of absorbed dose

Irradiation

dose/Gy

Unirradiated 328.7 22.5 311.8 2501 2744 2082
1000 3292 3430 3108 34.13  41.82 419

AT, /°C AH,/(J/g) ATJC AHJ(/g) Xpsc/% My/(kg/mol)

1500 331.1 40.27 3100 41.19  49.11 159
2200 329.9 41.77 3106 4526  50.94 98
3000 332.0 3856 3093 4284  47.02 130
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Table 3 Tensile properties of initial and irradiated
PTFE/POB as a function of absorbed dose

o Tensile strength/MPa Elongation at break/%
Irradiation dose/Gy
PTFE PTFE/POB PTFE PTFE/POB
Unirradiated 35.22 23.25 373 360
1000 18.31 11.21 407 150
1500 17.79 10.36 393 120
2200 15.85 10.68 363 30
3000 12.83 10.32 283 40
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Fig. 6 Friction coefficient (a) and wear width (b) of irradiated PTFE/POB as a function of absorbed dose
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Fig. 7 SEM micrographs of the wear morphology of irradiated PTFE/POB at different dose: (a, a;) Unirradiated;
(b, by) 1 000 Gys (¢, cq) 1 500 Gy:s (ds dy) 2 200 Gy:s (e, e1)3 000 Gy
Bl 7 A7) &4 B S PTFE/POBAT B IS 51 32 H TR 3 I SEM B )7 (a, a,) Unirradiated;
(bs by) 1 000 Gy; (cs ¢;) 1 500 Gy; (ds d;) 2 200 Gy; (es €;) 3 000 Gy
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