


SPIN RESONANCE IN IRRADIATED PLASTICS
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Illustrations

E.S.R. spectrum of irradiated Teflon at -196°C.

E.S8.R. spectrum of irradiated Teflon at 22°C.

E.S.R. spectrum of irradiated Teflon at -176° ‘

E.S.R. spectrum of irradiated Teflon at -96°C.

E.S8.R. epectrum at -196°C of high density polyethylene irradiated
to a dose of 3.2 Mrad.

E.S.R. spectrum at -196°c of high density polyethylene irradiated
to a dose of 2.4 Mrad.

E.S.R. spectrum at -196°C of high density polyethylene irradiated
to a dose of .30 'rad.

E.S.R. spectrum at -196°C of low deneity polyethylene irradiated at
a dose of 2.3 Mrad.

E.S.R. spectrum at -196°C of low deneity polyethylene irradiated

at a dose of .10 Mrad.

E.S.R. spectrum of polyphenylene prior to irradiation.

E.S.R. spectrum of irradiated polyphenylene,

E.S.R. spectrum of polyphenylene using 1/8 the modulation amplitude
used to obtain spectrum of Fig. 1l.

Free radical concentration versus dose for Teflon.

Free radical concentration versus doee for high density poly-

ethylene,
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k., Conclusions

We observed in the case of hydrocarbon polymers that the free radical
concentration increased very rapidly with dose up to doses of appoximately
1. Mrad. At doses above 1. Mrad the free radical concentration produced
by irradiation remained constant (see Figures 14-16).

Hydrocarbon polymers irradiated under steady state conditions have been
observed to exhibit a linear relationship between spin concentration and dose
at these dose levela.]"" We hypothesize that the saturation of the spin
concentration observed in hydrocarbons irradiated at high dose rates is
due to the concomitant heating of the samplee. Such heating would tend
to promote the reaction of the free radicals. The results on Teflon (poly-
tetrafluoroethylene) tend to support our hypothesis. Teflon was found to
exhibit a linear relationship between spin concentration produced by irraida-
tion and dose received. The higher atomic weight of the fluorine atoms would
tend to inhibit the motion of the free radicals in this solid and hence their
reaction would be less likely to occur.

The predominant result of free radical reaction in polyethylene, for

> Crosslinking in polymers

example, is crosslinking of the polymer chains.
leads to greater rigidity and a higher softening point. In view of our re-
sults, it would be expected that polymers irradiated at high dose rate would
exhibit a greater degree of crosslinking than those irradiated to the same
dose under steady state conditions, and that this would be strongly reflected

in their mechanical properties.
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Plans for Future Work

a) A correlation will be made between our observations and the changes
in mechanical properties produced in plastics upon 1rrnd1ation.l

b) All the irradiations repor%ed in this work have been carried out
in air. To assess the effect of atmospheric gases on the radia-
tion demage mechanism in polymers, studies are planned on materials
that have been irradiated in vacuum.

c) Studies are also planned on samples irradiated at liquid nitrogen
temperature, in order to eliminate effects due to heating of the
samples.

d) Studies will be made on the mechanism of decay of the free radicals
produced in plastics.

e) we plan to exploit the linear relationship found between the spin

concentration produced in Teflon and dose received for dosimetric

purposes.

1
Studies are currently being conducted by our group on the change in

mechanical properties of plastics that have been subjected to irradiation
in the Febetron.
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