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A b s t r a c t  

P o s i t r o n  i r r a d i a t i o n  e f f e c t s  on po l yp ropy lene  (PP) and p o l y e t h y l e n e  
d u r i n g  t h e  p o s i t r o n  l i f e t i m e  measurements have been s t u d i e d  i n  d e t a i l .  
The e f f e c t ,  wh ich  was t o  decrease 13, has been found t o  be l a r g e r  i n  
a i r  t h a n  i n  vacuum. For PP, when t h e  1  i f e t i m e  measurements were per -  
f ormed a t  tempera tures  above 348K, t h e  r a d i a t i o n  e f f e c t  was scarce1 y  
observab le .  However a t  low tempera ture  t h e  r a d i a t i o n  e f f e c t  was accu- 
mu la ted  and I3 was ,decreased d u r i n g  t h e  measurements. I r r a d i a t i o n  o f  
Co-SO 7 - r a y  up t o  t h e  dose o f  300 MRad a l s o  l e a d  t o  s i m i l a r  decrease 
i n  13, b u t  t h e  decrease due t o  y - i r r a d i a t i o n  was n o t  as l a r g e  as 
t h a t  due t o  t h e  p o s i t r o n  i r r a d i a t i o n .  I r r a d i a t i o n  e f f e c t  o f  p o s i t r o n s  
appears t o  be d i f f e r e n t  f r om t h a t  o f  y  - rays .  

1 .  I n t r o d u c t i o n  

PA i s  a u s e f u l  t echn ique  t o  i n v e s t i g a t e  c h a r a c t e r i s t i c s  o f  m a t e r i a l s .  
However, as r e p o r t e d  by Walender e t  a l .  1 PA must be c a r e f u l l y  
app l  i e d  t o  s t u d y  polymers.  A s  p o s i t r o n  i r r a d i a t i o n  induces r a d i a t i o n  
damage t o  polymers d u r i n g  t h e  measurement o f  PA, i n t e n s i t i e s  ( I 3 )  o f  
l o n g - l i v e d  components o f  o-Ps decrease g r a d u a l l y  w i t h  t h e  measurement 
t i m e .  They showed t h a t  t h e  decrease depends on t h e  k i n d  o f  po lymers .  
Large decrease was observed f o r  po l yp ropy lene  (PP), and i t  was a t -  
t r i b u t e d  t o  r a d i c a l s  formed by t h e  p o s i t r o n  i r r a d i a t i o n .  However, i t  
seems t h a t  t h e  decrease i n  Ig i s  n o t  s i m p l y  e x p l a i n e d  by r a d i c a l s  and 
t h e r e  a r e  s e v e r a l  f a c t o r s  c o n t r i b u t i n g  t o  i t  /2 ,3 ,4 / .  

2 .  Exper imenta l  

The PA exper iments  were conducted w i t h  a  conven t i ona l  f a s t - f a s t  c o i n -  
c i dence  system hav ing  a  t i m e  r e s o l u t i o n  o f  270 ps f u l l  w i d t h  a t  h a l f  
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maximum (FWHM). The p o s i t r o n  source was prepared by d e p o s i t i n g  ca.  1 
MBq (30  ,uC i )  o f  aqueous 2 2 ~ a ~ 1  on a  Kapton f o i l  o f  7  ,urn t h i c k n e s s  
and 10x10 mm area.  The d iameter  o f  t h e  s p o t  o f  2 2 ~ a  source  was ca.  2 
mm and t h e  dose r a t e  was es t ima ted  t o  be 0 .1  Mrad/h a t  most .  

3.  R e s u l t s  and d i s c u s s i o n  

3 .1  I r r a d i a t i o n  e f f e c t  on PP and HDPE i n  a i r  and vacuum 
I r r a d i a t i o n  e f f e c t s  o f  p o s i t r o n s  on PP and h i g h  d e n s i t y  p o l y e t h -  

y l enes  (HDPE) were i n v e s t i g a t e d  i n  vacuum and a i r  a t  303 K .  I n t e n s i t i e s  
o f  t h e  o-Ps ( I 3 )  decreases w i t h  e lapsed t i m e  and t h e  decrease i n  I3 
( A 1  3 )  can be summarized as f o l l o w s :  

PP HDPE 
A 1  i n  60 h  (Vacuo) -5.7% -2.8% 

A I ,  i n  60 h  ( A i r )  -7 .8% -3.8% - 
The decreases i n  I3 o f  PP and HDPE i s  c o n s i s t e n t  w i t h  t h e  p r e v i o u s  
r e s u l t s ,  and A 1  i n  a i r  i s  l a r g e r  t han  t h a t  i n  vacuum. The d i f f e r e n c e  
between t h e  exper iments  i n  a i r  and vacuum i s  cons ide red  t o  be due t o  
t h e  r a d i a t i o n  induced o x i d a t i o n ,  wh ich  produces >C=O groups i n  p o l y -  
mers i r r a d i a t e d  i n  a i r .  The ca rbony l  groups w i t h  i t s  l a r g e  e l e c t r o n  
a f f i n i t y  may reduce Ps f o r m a t i o n  i n  po lymers .  
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I3 vs e lapsed t i m e  a t  5 d i f f e r e n t  I3 vs t i m e  a t  low tempera tures  
tempera tures .  Samples were k e p t  f o r  
24h a t  these tempera tures  i n  vacuum 
and t h e n  coo led  t o  303K. 

3.2 The i n f l u e n c e  a t  h i g h  tempera ture  ( F i g . 1 )  
Above 348K,  I3 was c o n s t a n t  and, as soon as t h e  tempera tu re  was 

r e s t o r e d  t o  303K, i t  decreased i n  t h e  same way as  f o r  t h e  u n i r r a d i a t e d  
samples, wh ich  i n d i c a t e s  i r r a d i a t i o n  e f f e c t  i s  n o t  accumulated a t  h i g h  
tempera ture .  

3.3 The i n f l u e n c e  a t  low tempera ture  ( F i g . 2  and F i g . 3 )  
F i g u r e  2  shows I3 vs t i m e  f o r  6  d i f f e r e n t  tempera tures :  f o r  f o u r  



tempera ture  cases (260K, 240K, 220K, and 195K), t h e  sample tempera- 
t u r e s  were r e s t o r e d  t o  303K a f t e r  48h and f o r  100K a f t e r  93h. These 
r e s u l t s  i n d i c a t e  t h a t ,  as soon as t h e  tempera tures  a r e  r e s t o r e d  t o  
303K, I3 becomes t h e  same va lue  as t h a t  o f  samples i r r a d i a t e d  f o r  t h e  
same l e n g t h  o f  t i m e  a t  303K. A t  100K s i m p l y  I3 i n c r e a s e s ,  whereas 
above lOOK I3 decreases f i r s t  and then s t a r t s  t o  i n c r e a s e .  The t u r n -  
i n g  p o i n t  f o r  i nc rease  and t h e  amount o f  t h e  i n c r e a s e  depend on t h e  
tempera tures .  A t  100K, t h e  i n c r e a s e  i n  I g  may be e x p l a i n e d  by  t h e  
t e r m i n a t i o n  o f  mo lecu la r  mot ion /5 / ,  which takes  many hours .  A l s o  r a d i -  
c a l s  a r e  f r o z e n  and hence cross-1 i n k i n g s  a r e  suppressed. The c ross -  
1 i n k i n g s  occu rs  a t  room tempera ture  and I3 o f  these samples i nc rease  
s l o w l y  a t  100K. The s low  inc rease  i s  r e l a t e d  t o  r e l a x a t i o n  and can be 
f i t t e d  w i t h  t h e  s o - c a l l e d  V o i g t  model. F i g u r e  3  shows t h e  f i t t i n g s .  
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F i g u r e  3, F igu re  4, 
e+ i r r a d i a t i o n  t ime  e f f e c t  y - i r r a d i a t i o n  e f f e c t  on PP 

3 . 4  Comparison w i t h  y - i r r a d i a t i o n  ( F i g . 4 )  
For  y - i r r a d i a t e d  samples t h e  d a t a  were c o l l e c t e d  w i t h i n  l h  f rom t h e  
s t a r t  o f  measurements. For  100 MRad i r r a d i a t i o n  o f  y - r a y s ,  t h e  de- 
c rease i n  I3 was about  3.7 % f rom t h a t  o f  u n i r r a d i a t e d  samples. Howev- 
e r  t h e  decrease i n  I3 f o r  samples i r r a d i a t e d  by p o s i t r o n  source  i s  
about  5 .7% a f t e r  60h: t h e  dose by t h e  p o s i t r o n  i r r a d i a t i o n  can be 
es t ima ted  t o  be a t  most 0.06MRad. T h i s  r e s u l t  suggests  t h a t  t h e  p o s i -  
t r o n  i r r a d i a t i o n  g i v e s  l a r g e r  r a d i a t i o n  e f f e c t  on PP t h a n  t h e  y -  
i r r a d i a t i o n  e f f e c t .  
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