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Studies on radiation induced reaction in polymer materials have heen carried out by using
various Kinds of radiation sources.

When polymer is irradiated by ionizing radiation, the first step of the action is simply
ionization and excitation in the medium. In the medium of polystyrene, very fast formations of
anion, dimer cation, excimer singlet state, triplet and radical species of polystyrene have been
observed by the pulse radiclysis method. The pulse radiolysis experiments in polymers, such as
ethylene-propyrene rubber (EPR) and PMMA containing aromatic additive, have shown that the
very fast charge migration plays very important roles for protecting those materials from
radiation damage.

The radiation durability of epoxy resin depends on to large extent property of the hardener
and the structure of epoxy itself. The epoxy hardened by aromatic amine such as diamino
diphenylmethane (DDM) is more stable than aliphatic amine hardended one. This is due to the
internal protection effect of aromatic hardener in the matrix.

An epoxy compound such as tetraglycidyl diamino diphenylmethane (TGDDM) hardened by
DDM has the highest stability against radiation {no change up to 60 MGy). This may be due to
formation of a new energy trap site such as an excimer produced in the matrix.

lon beam pulse radiolysis and testing methods of irradiated materials have been developed.
Irradiation effects on polystyrene thin film have been examined by using H*, He*, N* and 20 keV
electron. The differential G values of crosslinking of polystyrene have been determined. It has
been found that irradiation effects on high radiation resistant polymers such as polyimides



can be detected by using FT-IR methoed. This is a very sensitive testing method, compared with

other means.
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Fig. 1. Transient absorption spectrum ob-

served for the polystyrene film by the elec-
tron pulse radiolysis method, The notation
Ps in the figure represents the repeating
unit of polystyrene
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Table 1. The gel point doses and the differential G-vatues of crosslinking in ion and
electron irradiated polystyrene resist films

Gel point dose®™

Ion Stopping gower"” Differential G-value
{energy [(MeV)) (eV/A) F2: D, (/100 eV)
@C/cm?  (Mrad)
e” {(0.02) 0.131 319 398 0.12
H* (3.3) 1.19 3.30 374 1.3
H* (1.0Y 3.21 1.07 327 1.5
HY (0.4) 6.12 0.395 23.0 2.1
He® (3.0) 16.0 0.211 322 15
He* (2.0 21.0 0.135 27.0 1.8
He™* (1.0} 24.9 0.0531 126 3.9
He™* {0.7) 24.3 0.0416 9.63 5.1
He*{0.4) 20.5 00748 14.6 34
N* (1.0) 64,2 0.0270 16.5 30
8
He*
sk 0.7 MeV
1+i]
=
£ 4L 1.0MeV
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Fig. 2. The relation between differential G-values of crosslinking in polystyrene thin films and stopping
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