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Abstract: Positron irradiation effects on polypropylene (PP) have been studied using 

positron sources (22Na) during positron annihilation (PA) experiments. The 

irradiation effect was measured by the intensity (Is) of the long-lived component of 

positronium (Ps). At a low temperature of around 100K, la for unirradiated PP samples 

increased due to a termination of the thermal motion of the -CHs groups. However, the 

increase in la for 7-ray irradiated samples was reduced in inverse proportion to the 

amount of irradiation. Although no increase in la was observed for 1 MGy-irradiated 

PP with 7 -rays, an increase was observed again after a 48 h irradiation by positrons 

emitted from 22Na. This may be due to a reconstructing of the polymer chains. 

INTRODUCTION 

Positron annihilation (PA) in polymers has been extensively studied during the 

last decade, and the positron annihilation lifetime (PAL) technique has been recognize 

as being a useful method to study the characteristics of polymers. However, positrons 

emitted from 22Na have sufficient energy to induce radiation damage in polymers, and 

the positron probe can thus affect the object to be investigated. It has been pointed 

out that the positron irradiation effect is quite significant in polyethylenes (PEs) 

and polypropylenes (PPs) (Walender and Maurer, 1992; Suzuki et al.,1994a) during PAL 

experiments. These polymers are considered to be easily affected by radiation, 

compared with such aromatic compounds as epoxy resins and polyimides. Radiation 

damage of these polymers induced by 7 -rays has been studied by PAL (Suzuki et 

al.,1994b, Wang et al., 1988, Hsu and Hadley, 1971). Considering the radiation effect 

of positrons on the polymer samples, these results must be carefully analyzed. 

It has been reported that at low temperature 13 increased along with decreasing 

temperature, and that /?-relaxation at 246 K and 7-relaxation at 200 K were observed 

(Suzuki et al., 1994c; Zhang and Ito, 1991; Reiter and Kindle, 1990). The former 

relaxation was associated with micro-Brownian motion and the latter with crankshaft-

type motion of the methyl groups. After cooling the samples from room temperature to 

100 K, the increase in 13 took a few days to reach the maximum, at which point the 

polymer structures were considered to obtain the thermal equilibrium (Reiter and 

kindle, 1990). The time required to reach equilibrium is considered to be equivalent 

to the relaxation time of the polymer structures at low temperature. 

In this study, the radiation effects on PPs due to both positrons and 7 -rays were 

investigated by the PAL method. Hence, positrons are playing a role as probes to study 
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nano-meter polymer structures and, at the same time, serve as radiation to induce 

radiation damage. The temperature dependence of the radiation effect due to 7-rays is 

described. Although an increase in la at low temperature became negligible in highly 

irradiated samples by 7-rays, it was again observed by reconstructing the broken 

polymer structures. Thus the effect.of 7-rays is compared with the effect of positron 

irradiation. 

EXPERIMENTAL 

The PA experiments were conducted using a conventional fast-fast coincidence 

system having a time resolution of 270 ps full width at half maximum (FWHM). The 

details have been presented elsewhere (Suzuki et al., 1994a). 

PP slabs (2mm thick) were cut into pieces to an area of 10x20 mm2. Two kinds of 

isotactic PPs, of which crystal Unities were determined by X-ray measurements as 55% 

(PPN: polypropylene normal) and 65% (PPHC: polypropylene with high crystallinity), were 

used. Positron sources were prepared by depositing ca. 1 MBq (30 #Ci) of aqueous 
22NaCl on a 7 y.m thick Kapton foil having a 10x10 mm2 area. After drying, the foil 

was covered with the same size of foil; the edge was then glued with epoxy resins. 

In order to measure the irradiation effect of positrons emitted from 22Na by 

PA, it is important to start data-taking as soon as the positron source is placed 

between two samples. Hence, in these experiments the data collection was started 

within a minute after setting the sources. Every PA spectrum was automatically saved 

every hour. Thus, PA spectra were taken for about 70 h, resulting in 2 million 

events being collected in each spectrum. The PAL spectra were analyzed using 

P0SITR0NFIT EXTENDED (KirKegaard and Eldrup, 1974). 

In order to study the effect of 7-ray irradiation, the samples were sealed in glass 

tubes under a vacuum and irradiated at room temperature at the 80Co 7-ray irradiation 

facility, Japan Atomic Energy Research Institute. The same care as mentioned above 

was taken while conducting the PA experiments for the 7-ray irradiated samples. 

RESULTS and DISCUSSION 

Positron irradiation effect at room temperature 

It has been shown that I3 in PP decreased with two components: the decrease of the 

fast component was 4% within 10 h in a vacuum and 5% in air (Suzuki et al., 1994a); 

the decrease in the slow component was 1% in both air and a vacuum. Comparing the G 

values of cross-linkings (G(X)=0.18) with that of scissions (G(S)=0.27) (Quirk and 

Alsamarraie, 1989), it is expected that there are more scissions than cross-linkings in 

the radiation damage of PP. Due to a reduction in the Ps formation by -CH3 groups, we 

have temporarily ascribed the two decay components in PP as follows: the fast decay 

component is subject to the formation of new -CH3 groups due to scissions and the 

slow decay component to form free radicals (suzuki et al., 1994a). The difference 

between air and vacuo irradiation may be due to radiation-induced oxidation, 

which forms carbonyl groups in polymers (suzuki et al., 1994c). 
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Positron irradiation effect at low temperature 

Figure 1 shows I3 for 6 different temperatures: for 100 K, the sample temperature 

was restored to 300 K after 93 h; for other low-temperature cases, it was after 48 h. 

These facts indicate the following: (1) the lower was the samples cooled, the greater 

did la increase; (2) as soon as the temperature was restored to 300 K, la reached the 

same value as that of samples irradiated at 300 K; (3) above 195 K, Is decreased first, 

and then in a few hours it started to increase. The increase at low temperature can be 

explained by a freezing of the thermal motions of the -CH3 groups and other short 

branches (Zhang and Ito, 1991). 
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Figure 1, Normalized intensity of Is vs 
time for polypropylene. Data after 2 h 
are normalized to the first one-hour data. 
Samples were kept for 48 h for 195K~260K 
and 93h for 100K. 
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Figure 2, h vs time for polypropylene 
irradiated by 60Co 7 -rays. Data were 
taken at room temperature. 

7-ray irradiation effect on 13 

PAL measurements of PP samples irradiated by 7-rays of 60Co were conducted in a 

vacuum at room temperature for 24 h (Fig. 2). As described above, for the 

unirradiated samples, 13 decreased by ca. 4% in 10 h. For 1 MGy irradiation with 7 -

rays, Is at 1 h was 3.7% smaller than la of unirradiated samples; the decrease 

in 13 within 10 h was only 1.5%. The time variation of 13 of these irradiated samples 

was measured at 100K for 24 h (Fig. 3). Although a sharp increase was observed for the 

unirradiated samples, the increase became smaller in the irradiated samples with a 

larger dose; it was almost negligible for 1 MGy-irradiated samples. Since the increase 

has been explained by the termination of rotating thermal motions of the -CH3 

groups, the negligible observed increase may suggest the loss of thermal motion due 

to scissions of polymer structures. A rotating motion of short branches is possible in 

rigid polymer structures. 

Positron irradiation effect on 7-ray irradiated samples 

As discussed above, positron irradiation can induce radiation effects on Is for 

PP samples; at room temperature it decreased with the irradiation time. Figure 4 shows 

both positron and 7-ray irradiation effects in the following three temperature 
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regions: (1) 0~24 h, 100K; (2) 25~48 h, 300K; (3) 49~100 h, 100K. Although I3 for 

the unirradiated sample increased sharply in the first region, 13 for the 1 MGy 

irradiated sample with y-rays showed a negligible increase, and was almost constant 

for 24 h. In the second region, I3 became smaller than that in the first region and the 

value at 25 h was almost the same as that obtained after 25 h of positron irradiation 

at room temperature (Fig. 2). 

These results indicate that the radiation effect on 13 remained at 100 K and, as 

soon as the sample was heated up to room temperature, the effects appeared as the 

step decrease in 13. In the third region, a gradual increase was observed. This 

increase could be fitted by the equation l-exp(t/T), where t is the positron 
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Figure 3, Radiation effect on the Figure 4, Positron irradiation effect on 
increase in 13 at 100K. polypropylene irradiated by 60Co y-rays. 

The increase in 13 for the unirradiated 
samples is shown to be compared with that 
for the irradiated one. 

irradiation time in h and T a constant, which may be equivalent to the relaxation 

time related to the thermal motions of the -CH3 groups. For the unirradiated case, two 

Ts, Tl= 3 h and T2= 20 h, were obtained. On the other hand, for the irradiated case, 

only one T2 = 28 h was obtained. If there are a sufficient number of events to fit the 

PAL spectra with four components, two long-lived components can be found in the case of 

PP; one is contributed from Ps in the crystalline region, and the other in the 

amorphous region. From a previous study by Reiter and Kindle in 1990, T2 was 

considered to be equivalent to the relaxation time for the amorphous region. Hence 

the T2 shown above for the third region may indicate that the amorphous region appeared 

again after 48 h of positron irradiation. This may be possible to induce cross-linkings 

so as to reconstruct broken polymer structures caused by radiation-induced scissions. 

CONCLUSIONS 

Positron irradiation effects on 7 -ray irradiated PP have been studied with 

positron sources for positron annihilation experiments. The radiation effect at low 

temperature remained while irradiating the samples by positrons. As soon as a sample 

was heated from 100K to room temperature, 13 decreased from 25% to 15% for unirradiated 
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samples, and from 17.5% to 16% for the 1 MGy irradiated samples with 7-rays-

The increase in 13 was larger in samples cooled at a lower temperature, but 

increased as soon as the samples were cooled at 100K. The increase was fitted with two 

compoiisnts of the relaxation time; the longer time was considered to he related to the 

amorphous region. Although the increase for the 1 MGy irradiated samples with 7 -rays 

was not observed during the first stage of cooling at 100K, it increased during the 

second stage of cooling after heating the samples to room temperature. From the 

relaxation time, the amorphous region was considered to be reconstructed, suggesting 

that positrons induced cross-linkings of broken polymer structures caused by radiation-

induced scissions. 
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