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Abstract .

Positron lifetime measurements were performed on polyethylene
probes of different demsities under various atmospheric condi-
tions within a Y—dose range from 0 kGy up to 1460 kGy. Ve present
here experiments non destroying the sample. Four components could
be resolved in each lifetime spectrum; the components consist
each of a lifetime 7 and an intemsity I. In the dose range imves—
tigated the behaviour of the lifetime parameters of the longest-
lived (714, I4) and the second lopg-lived (7=, Iz) component,
respectively, could be explained by the Y-induced recristallisa-
tion and the creation of hydroperoxides. The average free volume
as a function of the dose may be calculated ocut of the lifetime
of the fourth component (1.).

Introduction

Among organic solids, polyethylene (PE) repeatedly has been subject by diffe-
rent positron annihilation techmiques /1-7/. 0Of the four resolved positron
lifetimes the longest one (vax 2,5 ps) is associated with ortho-positronium {(o-
Ps), the shortest one (r13= 0.1 ms) is - at least partially - associated with
para-positronium (p-Ps), and an intermediate one (v2= 0.3 ns) with free posi-
trons not forming positromium (Ps). The origin of the third component (1s~ 1
ns) has been umnder debate, i.e. it should be due to either a positron or o-Ps
bound to a molecule. However, at present 1t seems that there exists more
evidence in favor of the latter interpretation of 7= /8/.

Changes of PE materials properties during irradiation have been studied by
positron annihilation and could be well correlated with the results of other
methods /9-12/. Thereby a general real-time state-of-matter description of po-
lymers during irradiation bhas been suggested.

Here we present experiments on high demsity PE for doses up to 1460 kGy to
study the irradiation induced effects non-destructive by the positron lifetime
technique. '

Results and Discussion

PE (Lupolen 4261 A, from BASF Ludwigshafen, Germany) with a density of 0.942
g cm = and a crystallinity of 59% was used /13/ as starting material for Y-ir-
radiations with the €“Co source at the Strahlenzentrum of the Universitat Giles-
sen. Separate sample pairs (50 mm x 50 mm x 5 mm) were cut from larger plates
(0.5 w*) for each irradiation taking place in air at room temperature with a
dose rate of 0.54 kGy bh~'. Positron lifetime measurements (with a =2HKa-source
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between twn 7.5 pm thick Fi-foils) were carried out up to a number of at least
more then 1 x 10 integral counts. The measurements were performed with a posi-
tron lifetime spectrometer based on BaFz—scintillators (Harshow Chemie, Ver-
melskirchen, Germany) and XP2020Q (Valvo, Hamburg, Germany) photomultipliers
having a time resclution of about 400 ps FVHM. The final analysis was perfor-
med with four components and the comstraints (i) 3I:= Is + Ia , and (i) e.g.
71 = 120 ps. The lifetimes and intensities of the components vary with the de-
gree of irradiation /13/.

The lomgest—-lived component (ta, 14) shows the pick-off annihilation of or-
tho-positronium atoms (o-Ps) primerily in the amorphous regions (in the free
volumes). :

Due to the ¥-irradiation in the polymer chains there may be produced radi-
cals by kicking off B-atoms /14/. Subsequently different chemical reactions
(recristallisation, creating of hydroperoxides, crosslinking, degradation) are
induced. Immediately after the beginning of irradiation the oxygen, dissolved
in polyethylene, may be bound forming hydroperoxides at the polymer chains in
the amorphous regions. More oxygen for this reaction is supplied by diffusing
from the air into the sample /15/.

By increasing the dose, cross-linking of the polyethylene /15/ togetber with
disarranged folding in the amorphous regions is induced, and consequently the
created hydroperoxides are screened off by polymer chains. At doses higber than
500 kGy the degradiation prevails /15/ (preferentially in the amorphous regions
of the polyethylene), and furtheron disarranged folding takes place. But now
previously screened off hydroperoxides get available for reactions.

Because of the disarranged folding of the polymer chains in the amorphous
regions there is induced a recristallisation /3/. Consequently the fraction of
amorphous regions 1s reduced with increasing dose. This effect can be seen by
the decreasing of I. /5/ and on the bebhaviour of the reciprocal demsity p~7. It
is found that p~' (measured by BASF) correlates with changes of the intensity
I« as a function of the applied Y-dose (fig. 1).
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Fig. 1. Behaviour of the reciprocal density p~' (a) and of the intensity I. (b
(relative units) as a function of the €°Co-¥-dose.
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The lifetime of the fourth component (714) depends on the free volume {i.e.
from the crystallimity /7/, 713/). In /16/ there is given a madel to calculate
the lifetime of o-Ps atoms inside the free volume (V= 4x Ro2/3; Ro= Free volume
radius). ..

To decide on the reproducibility of results (c.p. /717/) and possible aging
effects of unradiated materials "o0ld” (1990) and “new” (1992) Lupolen samples
have been studied. E.g. with a time resclution of about 215 ps and different
statistics 718/, a constraint free analysis of all spectra gave the averages
collected in Table 1.

Table 1. Global averages of the components (v [ps), I [%]) /13/

T Tz Tz Ta Is Ia

"014~ 85110 30715 1100122 2620433 12.46%0.30 16.15+0.38
“HEV" 80115 30815 955+16 2581110 12.14%0.35 16.1840.15

It is found 718/ that the counting statistics has no significant influence
on the final evaluations if more than 3 x 10% counts are collected. The 7.1 va-
lues given are possibly a little too short compared to the p—Ps lifetime (125
ps) but not unreasonable. Except for the 75 walue there are no changes in the
measurable parameters due to the age of the samples.
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