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A. le Moel, J.P.

The advantage of high energy radiation to
promote reproducible changes has been put
forth by Charlesby <7>. This technique
allows one to avoid the use of chemical
reagents and a complete control of

temperature, environment and additives,
the most 1important aspect being to carry
out the radiation process usually in the
solid state, so that the chemical
modifications can be induced in a fabri-
cated object. According to this author
the main factors which direct polymer
modifications towards crosslinking mecha-
nisms are :the dose of irradiation ; the
kind of radiation, sparsely ionizing
(electrons, X-rays, O -rays) or highly
ionizing (fast protons, & -particles,

requirement of unsa-
the

heavy ions...) ; the
turated or other reactive groupings ;
chemical structure.

It was also suggested that the alter-
native reaction to cross linking was
degradation. However, these reactions are
not necessarily exclusive, and both may
and do occur in the same polymer. This is
confirmed by recent results <35>. From
these general phenomena, it 1is possible
to propose a classification of the
modifications of Linear polymers
accounting for the structural
organization of the main backbone. It is

important to outline that it relies on
experiments realized 1in vacuo and under
controlled atmosphere. Air or oxygen
pressure considerably modifies the
evolution of the polymers. This aspect
will be examined in the next section.

Taking into account a Llinear polymer
of general formula (CR, R, - CR, R )

submitted to electronic
will successively
the nature of the

excitations, we
examine, according to
substituents R,, R,

R, R4, the behavior of these polymers
uhder irradiation. It is quite reasonable
to separate these polymers in four
classes symmetrical polymers with
R1:R2:R3=R ; alternating polymers with
R1=R and R :RA s polymers with
R1:R2=R3¢R4 s complex polymers with
R,#R#RZ#R
17273 .

. ~ Symmetrical polymers - These
polymers correspond to the general
formula -(CRR-CRR)-_ with R = H, F.... It

is in particular the case of polyethylene
(PE) and polytetrafluoroethylene (PTFE).
Recently, Ungar <35> reviewed the effects
of high energy radiations on polyethylene
and n-alkanes. The author shows that a
four step mechanism accounts for the
modification of this polymer - i)
formation, spatial distribution and decay
of free radical migration ; and ii)forma-
tion of crosslinking and other stable by
products ; iii) effects of crystallinity,
crystalline modifications and morphology

on radiation crosslinking ; iv) radiation
induced changes 1in the crystal Llattice
and the destruction of crystallinity at
high irradiation doses.
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and n-alkanes to high
energy radiation results in the following
chemical changes after the creation of
free radicals by dehydrogenation :
crosslinking, main-chain unsaturation,

The exposure of PE

il s€s transvinylene (=CH=CH=-), diene
(=CH=CH-CH=CH) and polyene groups. Cross
linking generally occuUrs mainly by
recombination of two free radicals :
initiation * 2
- - —— > -CH- + )
CH2 CH2 CH2 CH2 CH CH2 H 1
CHy=CH-tH, Souble bong eyl ch=cH-+H 2
2 2 creation 2
CH_-CH-CH CH,-CH-CH (3)
2 ; 2 2
. Crosslinking” |
CHZ—LH—CH2 CHZ-CH—CH2
Similar results were obtained by the
authors < 9,16> on PTFE compounds. They

studied the modifications of this polymer
under 10 keV electron idirradiation, in
vacuo, by photoelectron spectroscopy.
They suggest that the first step of the
modification of PTFE was the progressive
creation of multiple double bonds evolved
with increasing dose into bulk <cross
lLinks. These modifications would perhaps
be on the basis of the explanation of the
aging process.

Fig. 2 shows the evolution of the PTFE vs
dose as observed by photoemission. For
PTFE the reactional mechanism is similar
to that of PE, with the substitution of
protons by fluorine atoms. Desorption of
fluorine molecules was studied by mass
spectroscopy. Fig. 3 represents the mass
spectrum of species desorbed from PTFE
under irradiation. Previously, PTFE was
considered as a degradating polymer ; our
study shows that this polymer is first a
crosslinking polymer. We never found
"premises'" of degradation effects under
electronic excitation.

- Alternating polymers with R,=R, ;

R3:R The most current polymers which
belong to this second class are built
with R1:R =H and with R, =R which are
halogenic atoms polyvinylidene
fluoride (PVDF), polyvylidene <chloride
(PVC) or groupings Like polyisobutylene

(R,=R,= CH.). In a recent work, we
stidied by &PS the modifications induced
in PVDPF samples by energetic heavy ions
(Kr26"10MeV/amu) and low energy
electrons. In both cases the first step
of modifications 1is the desorption of
hydrogen fluoride molecules and the
creation of allenic compounds <17>. These
mechanisms are confirmed by the C Line
evolution (Fig. &). 1In +the "case of Kr
ions irradiation (Fig. 4b) a Lline located
at A~ 285 eV indicates that energetic
heavy ions induce first in saturations but
also a beginning of crosslinkings which
are supposed to be the reevolution of
allenic compounds when the appropriate
dose is increased.
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