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EFFECT OF HELIUM ON V O I D  SWELLING I N  VANADIUM 

J. L. B r imha l l  and E. P. Simonen 
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Large amounts o f  he l ium wi.11 be 'generated i n  t h e  f i r s t  w a l l  o f  a  

fus ion  r e a c t o r .  I n  t h e  s i m u l a t i o n  o f  r a d i a t i o n  damage by  heavy i o n  

bombardment, t h e  he l ium i s  general l y  i n j e c t e d  p r i o r  t o  t h e  i o n  bombard- 

ment. It i s  expected t h a t  the  e f f e c t  o f  he l ium w i l l  depend on whether 

i t  i s  i n j e c t e d  s imu l taneous ly  w i t h  t h e  heavy i o n s  o r  i n j e c t e d  p r i o r  t o  

t h e  heavy i o n  bombardment. I n  t h i s  work, vanadium was bombarded w i t h  

Ni i ons  under c o n d i t i o n s  of s imultaneous he l i um i n j e c t i o n  and p r i o r  

he l ium i n j e c t i o n .  The v o i d  f o rma t i on  and r e s u l t a n t  s w e l l i n g  were t h e n ,  

compared. 

~ o m m e r c i a l ' l ~  pure  vanadium, annealed a t  1  100°C i n  a  vacuum o f  

1  x  t o r r ,  was used i n  t h e  experiment.  Some m a t e r i a l  was p r e - i n j e c t e d  

w i t h  3 appm he l ium and subsequent ly bombarded ( i n  the  VEC a t  Ha rwe l l )  

w i t h  46 MeV ~ i ~ '  i o n s  at'.750°c. M a t e r i a l  w i t h  no he l i um was a l s o  

bombarded w i t h  t h e  n icke. i  ions.  For t he  simultaneous i r r a d i a t i o n  

experiment,  specimens were bombarded a t  750°C w i t h  5 MeV ~ i++ ions  i n  

t h e  a c c e l e r a t o r  a t  High Voltage Engineer ing.  A  200 KeV he l ium beam 

was magne t i ca l l y  merged w i t h  t h e  n i c k e l  beam near  t he  t a r g e t  so tha t .  

t h e  h e l i  um beam was concur ren t  w i t h  t h e  n i c k e l  beam. The he l i um 

i n j e c t i o n  r a t e  was 0.07 appM/sec a t . t h e  p o i n t  o f  maximum concent ra t ion .  

Specimens w i t h  no he l ium were a l s o  bombarded i n  t h e  same experiment. 

The r e s u l t s  o f  t h e  e l e c t r o n  mic roscop ic  a n a l y s i s  o f  t h e  v o i d  

m i c r o s t r u c t u r e  a re  summarized i n  Table 1. The r e s u l t s  r e p o r t e d  f o r  

5 MeV ~i+' ions rep resen t  t h e  spread i n  va lues  f rom two d i f f e r e n t  

specimens. 

The r e s u l t s  show t h a t  he l ium i n j e c t e d  p r i o r  t o  bombardment can be 

e f f e c t j v e  i n  promot ing v o i d  format ion.  A t  750°C and a t  t he  r e l a t i v e l y  

low dose r a t e ,  vo ids  cou ld  n o t  be generated i n  t h e  specimen w i t h o u t  

he l i un~ .  A t  Ltie ti-iytier. dose r.dl;e, vuids were ye r~e ra ted  i n  specimens 

w i t h  no hel ium. There was l i t t l e  d i f f e r e n c e  between these specimens 

and those i n  which he l ium was i n j e c t e d  s imu l taneous ly  w i t h  t h e  n i c k e l .  



.TABLE 1. VOID PARAETERS FOR DIFFERENT CONDITIONS OF HELIUM AND NlCKEL BOMBARDMENT 

Void Void Void ' ~ o l  ume 
. . Dose Rate Dose D ia  e t e r  Densi t y  F r a c t i o n  

I r r a d i a t i o n  Cond i t i on  (dpa/sec) a (a) ( ~ r n - ~ )  (%) 

I 46 MeV ~ i~ ' ,  3 appM:He 8 X I O - ~ .  16 ' 350 
IU 
I pce- i n j ec ted  

46 MeV ~ i~ ' ,  N o  He 8 x 1 0 ' ~  1 6 . .  None - - 
5 MeV ~i ", 100-300 appM He 1.2 x 1 50-60 116-120. 5 - l 0 . x  10 l5 0.6 - 1.4 

appl  i ed s i  mu1 taneous l y  

5 MeV ~i", No He .  '. 1.2 x 1 0-2 50-60 140- 145 3-5 x 10 l5 0.52 - 0.96 



These r e s u l t s  can be shown t o  be cons i s ten t  with the  experimental 

r e su l t s  of Santhanarn, e t .  a l . ( ' )  and the  nucleation theory of Wiedersich ' 

and ~ a t z " ) .  The nucleation r a t e  i s  a strong function.  of the vacancy 

, supersaturat ion which i s  dependent on the  defec t  generation r a t e .  Only 

a t  lower supersaturat ion values, .i .e., low dose r a t e ,  i s  helium 

e f f ec t i ve  i n  increasing the  nucleati.on r a t e .  The r e l a t i ve  values of t he  

predicted nucleation r a t e s ,  with and without helium, agree with the 

experimental observations. The calcula ted r a t e s ,  however, are  . c r i t i c a l l y  

dependent on such f ac to r s  as  the vacancy formation energy,, which i s  not 

well known. 

In summary, . l  i  t t l e  d i f ference in  void microstructural  swell ing of 

vanadium i s  noted when helium i s  in jec ted  simultaneously with a nickel 

beam a s  compared t o  no helium in jec t ion ,  a t  .least a t  high dose r a t e s .  

A t  lower dose r a t e s ,  a strong helium e f f e c t  i s  seen when the  helium i s  

in jected pr io r  t o  heavy ion  bombardment. The e f f e c t  of the  helium i s  

shown'to be a strong function of t h e  overal l  displacement,damage r a t e .  
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