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@  Aluminium  alloys  for  nuclear  apparatus. 

  Aluminium  alloys  having  the  following  composition  (% 
by  weight): 
-  Mg  0.2-4.0% 
- V 0.1-2.0% 
-  Si  (in  case)  0.05-1.0% 
-  other  possible  elements:  total  quantity  less  than 

1000  p.p.m. 
-  Al  balance  to  100%. 

The  use  of  said  alloys  in  nuclear  apparatus,  in  par- 
ticular  in  the  first  wall  of  nuclear  fusion  reactors. 



Background  of  the  I n v e n t i o n  

This  i n v e n t i o n   r e l a t e s   to  aluminium  a l l oys   p o s s e s s i n g   t i m e - s t a b l e  

mechan ica l ,   phys i ca l   and  chemical   c h a r a c t e r i s t i c s   s u i t a b l e   for  t h e i r  

use  in  nuc l ea r   a p p a r a t u s ,   in  p a r t i c u l a r   in  the  f i r s t   wa l l   o f  

nuc l ea r   fus ion   r e a c t o r s .  

The  f i r s t   wall  of  a  n u c l e a r   f u s ion   r e a c t o r   is  known  to  r e q u i r e  

the  use  of  m a t e r i a l s   able  to  w i t h s t a n d   very  c r i t i c a l   o p e r a t i n g  

c o n d i t i o n s   for  a  long  per iod  of  time  (up  to  10  y e a r s ) ,   they  b e i n g  

s u b j e c t e d   to  t e m p e r a t u r e s   up  to  350-400°C  (with  a  minimum  of  120°C) ,  

to  neut ron   i r r a d i a t i o n   and  to  c o r r o s i o n   in  very  pure  w a t e r .  

Because  of  i t s   low  a c t i v i t y   fo l lowing   neu t ron   i r r a d i a t i o n ,   p u r e  
aluminium  might  appear  to  be  a  m a t e r i a l   s u i t a b l e   for  t h i s   p u r p o s e .  

However,  when  in  the  pure  s t a t e   and  e s p e c i a l l y   when  hot ,   t h i s  

m a t e r i a l   has  low  mechanica l   p r o p e r t i e s   and  low  c o r r o s i o n   r e s i s t a n c e ,  

i n s u f f i c i e n t   for  i ts   use  for  the  a f o r e s a i d   a p p l i c a t i o n .  

This  d e f i c i e n c y   of  pure  aluminium  could  be  overcome  by  using  i t s  

known  commercial   a l l oys   c o n t a i n i n g   a d d i t i v e s   such  as  Si ,   Zn,  Cu, 

Mg,  Fe,  Ni,  Cr,  Mn  and  Z r .  

However,  most  of  said  a d d i t i v e s   are  u n s u i t a b l e   for  the  a f o r e s a i d  

a p p l i c a t i o n   in  that   a c t i v a t i o n   problems  a r i s e   when  u n d e r  n e u t r o n  

i r r a d i a t i o n .  

The  use  of  hype r -pu re   a l l oys   c o n t a i n i n g   c o n v e n t i o n a l   a d d i t i v e s   o f  

low  a c t i v i t y   would  leave  the  problem  of  hot  c o r r o s i o n   r e s i s t a n c e  

in  very  pure  water  u n s o l v e d .  



Summary  of  the  I n v e n t i o n  

The  ob j ec t   of  the  p r e s e n t   i n v e n t i o n   is  t h e r e f o r e   to  provide   a lumin ium 

a l l o y s   having  the  n e c e s s a r y   i n i t i a l   mechan i ca l ,   p h y s i c a l   and  c h e m i c a l  

c h a r a c t e r i s t i c s   for  t h e i r   use  in  nuc l ea r   a p p a r a t u s ,   in  p a r t i c u l a r  

in  the  f i r s t   wall   of  nuc lea r   fus ion   r e a c t o r s ,   said  a l l oys   b e i n g  

a lso   able  to  m a i n t a i n   said  i n i t i a l   c h a r a c t e r i s t i c s   s u b s t a n t i a l l y  

s t a b l e   with  time  dur ing   t h e i r   u s e .  

Said  o b j e c t   is  a t t a i n e d   accord ing   to  the  p r e s e n t   i n v e n t i o n   by 

aluminium  a l l o y s   c o n t a i n i n g   Mg  in  a  q u a n t i t y   of  between  0.2  and  4% 

by  we igh t ,   V  in  a  q u a n t i t y   of  between  0.1  and  2.0%  by  w e i g h t ,  

p o s s i b l y   Si  in  a  q u a n t i t y   of  between  0  and  1%  by  weight ,   and 

c o n v e n t i o n a l   i m p u r i t i e s   (such  as  Cu,  Mn,  Cr,  Ti,  Zn,  Ni,  B,  Fe)  i n  

a  t o t a l   q u a n t i t y   of  less   than  1000  p.p.m.  by  weight ,   the  b a l a n c e  

to  100%  being  r e p r e s e n t e d   by  A1. 

Said  a l l o y s   can  be  p repared   by  the  known  t y p i c a l   c a s t i n g   methods  

for  Al  a l l oys   ( f u s i o n - p r o d u c e d   a l l o y s ) .  

In  order   to  ob ta in   the  r e l a t i v e   r e q u i r e d   s e m i - f i n i s h e d   p r o d u c t s ,  

s u i t a b l e   known  cycles   are  used  compr is ing   homogen i sa t i on ,   e x t r u s i o n  

and /o r   r o l l i n g ,   and/or   o ther   p l a s t i c   de fo rma t ion   p roces se s   w h i c h  

may  be  n e c e s s a r y ,   as  known  to  expe r t s   of  the  a r t .  

Said  a l l o y s   accord ing   to  the  i n v e n t i o n   can  a lso  be  p repared   ( i n  

p a r t i c u l a r   a l loys   c o n t a i n i n g   Si)   by  the  known  powder  t e c h n o l o g y  

m e t h o d .  

In  t h i s   case,   a  d i s p e r s e d   phase  of  Al2O3  and/or   Al2O3.MgO  type  c a n  

a lso   be  p r e s e n t .  

P r e f e r r e d   Embodiments  of  the  I n v e n t i o n  

P r e f e r r e d   compos i t ions   for  the  a l l oys   p repared   by  fu s ion   a c c o r d i n g  

to  the  i n v e n t i o n   comprise  2.5-3%  of  Mg,  0.1-0.5%  of  V,  p o s s i b l y  

0.05-0.2%  of  Si ,   and  less   than  150  p.p.m.  of  c o n v e n t i o n a l   i m p u r i t i e s ,  

the  b a l a n c e   to  100%  being  Al  ( q u a n t i t i e s   expressed   by  w e i g h t ) .  

P r e f e r r e d   compos i t ions   for  a l l o y s   p repared   by  powder  m e t a l l u r g y  
acco rd ing   to  the  i n v e n t i o n   comprise  0.2-1%  of  Mg,  0.2-1%  of  S i ,  

0.5-2%  of  V,  and  less   than  150  p.p.m.  of  c o n v e n t i o n a l   i m p u r i t i e s ,  
the  b a l a n c e   to  100%  being  Al  ( q u a n t i t i e s   expressed   by  w e i g h t ) .  

Alloys  p repared   by  fus ion   are  p a r t i c u l a r l y   s u i t a b l e   for  maximum 



o p e r a t i n g   t e m p e r a t u r e s   of  150-200 C  for  the  said  wal l ,   w h e r e a s  

powder  -p roduced   a l loys   are  p r e f e r r e d   for  t e m p e r a t u r e s   above  200°C 

and  up  to  350-400°C.  

The  examples  given  h e r e i n a f t e r   by  way  of  n o n - l i m i t i n g   i l l u s t r a t i o n  

d e s c r i b e   the  a l l o y s   accord ing   to  the  p re sen t   i n v e n t i o n   in  g r e a t e r  

d e t a i l .  

Example  1 

A  b i l l e t   is  cas t   by  the  s e m i - c o n t i n u o u s   method  from  an  Al-Mg-V 

a l l oy   which  on  chemical   a n a l y s i s   shows  the  fo l lowing   c o m p o s i t i o n  

( q u a n t i t i e s   expressed   as  %  by  w e i g h t ) :  

Mg  2.69%;  V  0.11%;  Fe  100  p .p .m. ;   Si  11  p .p .m. ;   Cu 10  p . p . m . ;  
Mn  5  p .p .m. ;   Zn  2  p .p .m. ;   Ni  3  p .p .m. ;   Ti  less   than  1  p . p . m . ;  

A1  b a l a n c e   to  100%. 

Said  b i l l e t   is  homogenised  for  15  hours  at  400°C  and  24  hours  a t  
460°C,  and  is  then  ex t ruded   at  420°C  to  a  d i amete r   of  14  mm.  From 

the  e x t r u s i o n   ob ta ined   in  th is   manner,  samples  of  the  r e q u i r e d  

s ize   are  p repared   by  known  methods  for  d e t e r m i n i n g   t e n s i l e ,   p h y s i c a l  

and  creep  behaviour   c h a r a c t e r i s t i c s   (by  ASTM  p r o c e d u r e s ) ,   t h e s e  

c h a r a c t e r i s t i c s   being  shown  h e r e i n a f t e r   ( the   known  symbols  R, 

Rp  0.2,   A  and  σ   being  used  to  i n d i c a t e   r e s p e c t i v e l y   the  u l t i m a t e  

t e n s i l e   s t r e s s ,   0.2%  y i e ld   s t r e n g t h ,   u l t i m a t e   e l o n g a t i o n   and  

b reak ing   s t r e s s ) :  

-  Tens i l e   c h a r a c t e r i s t i c s :  

-  Phys ica l   c h a r a c t e r i s t i c s  

-  E l e c t r i c a l   r e s i s t i v i t y   at  -196°C:  1.890  µ Ω c m  

-  C o e f f i c i e n t   of  l i n e a r   expans ion   between  20  and  200°C: 

26.2  MK-1 

-  Creep  b e h a v i o u r :  



Example  2  

The  p rocedure   of  Example  1  is  fo l lowed ,   the  only  d i f f e r e n c e   b e i n g  

tha t   the  a l l o y   compos i t ion   is  as  fo l lows  ( q u a n t i t i e s   expressed   i n  

%  by  we igh t ) :   Mg  2.68%;  V  0.21%;  Fe  12  p .p .m. ;   Si  11  p . p . m . ;  

Cu  10  p .p .m. ;   Mn  5  p .p .m. ;   Ni  3  p .p .m. ;   Zn  2  p .p .m. ;   Ti  less  t h a n  

1  p .p .m. ;   Al  b a l a n c e   to  100%. 

The  c h a r a c t e r i s t i c s   of  said  a l l o y   are  as  f o l l o w s :  

-  T e n s i l e   c h a r a c t e r i s t i c s :  

-  P h y s i c a l   c h a r a c t e r i s t i c s :  

-  E l e c t r i c a l   r e s i s t i v i t y   at  -196°C:  2 . 1 1 0  µ Ω  c m  

-  C o e f f i c i e n t   of  l i n e a r   expans ion   between  20  and  200°C: 

25.2  MK-1 

-  Creep  b e h a v i o u r :  

Example  3 

Powdered  Al  ( p u r i t y   99.99%),  Mg,  Si  and  V  were  used  ( in   the  w e i g h t  

p r o p o r t i o n s   of  Mg  0.97%,  V  1.1%,  Si  0.71%,  Al  b a l a n c e   to  100%) 

to  p repare   by  the  known  powder  m e t a l l u r g y   method  a  Al-Mg-Si-V  a l l o y  
in  the  form  of  a  b i l l e t   of  s ize   80  mm  d iamete r   x  200  mm,  u s i n g  
the  fo l lowing   main  bas ic   pa ramete r s :   s i n t e r i n g   t empera tu re   580°C; 

s i n t e r i n g   time  24  hours;   hot  compacting  at  580°C  with  a  p r e s s u r e  



of  550  N/mm2;  b i l l e t   e x t r u s i o n   at  450°C  to  a  d iamete r   of  10  mm; 

s o l u t i o n   h e a t - t r e a t m e n t   for  2  hours  at  520°C;  rap id   q u e n c h i n g  

fol lowed  by  ageing  at  1500C  for  15  h o u r s .  

On  chemical   a n a l y s i s ,   said  ex t ruded   b i l l e t   shows  the  f o l l o w i n g  

compos i t ion   (%  by  weight ) :   Mg  0.66%;  V  1.07%;  Si  0.65%;  Fe  80  p . p . m . ;  

Cu  12  p .p .m. ;   Mn  7  p .p .m. ;   Zn  3  p .p .m. ;   Ni  2  p .p .m. ;   Ti  less   t h a n  

1  p .p .m. ;   Al  b a l a n c e   to  100%. 

The  c h a r a c t e r i s t i c s   of  said  a l l o y   are  as  f o l l o w s :  

-  T e n s i l e   c h a r a c t e r i s t i c s :  

-  Phys i ca l   c h a r a c t e r i s t i c s :  

-  Densi ty :   2.71  Mg  M-3 

-  E l e c t r i c a l   r e s i s t i v i t y   at  -196°C:  1 . 5 3 0  µ  Ω  c m  
The  mechanica l   and  p h y s i c a l   c h a r a c t e r i s t i c s   of  the  three   a l l o y s  
d e s c r i b e d   h e r e t o f o r e   by  way  of  example  s a t i s f y  -   as  is  a p p a r e n t  

to  an  exper t   of  the  a r t  -   the  r e q u i r e m e n t s   for  t h e i r   use  in  t h e  

pr imary  wall   of  n u c l e a r   f u s ion   r e a c t o r s .  

Moreover,   said  a l l oys   have  good  r e s i s t a n c e   to  c o r r o s i o n   in  a  m o i s t  

env i ronment ,   both  at  room  t e m p e r a t u r e   and  under  hot  c o n d i t i o n s  
(100-150°C) ,   and  in  a d d i t i o n   have  e x c e l l e n t   w e l d a b i l i t y   by  a l l   t h e  

t y p i c a l   methods  for  aluminium,  and  good  w o r k a b i l i t y   for  p r o d u c i n g  
s e m i - f i n i s h e d   p r o d u c t s ,   even  of  complex  fo rm.  

From  the  a f o r e g o i n g   d e s c r i p t i o n   and  examples,   the  a l l o y s   a c c o r d i n g  
to  the  i n v e n t i o n   are  s u i t a b l e   for  use  in  nuc l ea r   a p p a r a t u s   compone- 
n t s ,   in  p a r t i c u l a r   in  the  f i r s t   wall  of  nuc lea r   fus ion   r e a c t o r s ,  
in  accordance   with  the  ob j ec t s   of  the  i n v e n t i o n   i t s e l f .  



1.  Aluminium  a l l oys   c h a r a c t e r i s e d   by  the  fo l lowing   c o m p o s i t i o n  

(component  q u a n t i t i e s   expressed   in  %  by  w e i g h t ) :  

-  Mg  from  0.2  to  4.0% 

- V  from  0.1  to  2.0% 

-  o ther   p o s s i b l e ' c o m p o n e n t s :   t o t a l   q u a n t i t y   less   t h a n  

1000  p . p . m .  
-  A1  b a l a n c e   to  100% 

2.  Aluminium  a l loys   as  c laimed  in  claim  1,  c h a r a c t e r i s e d   by 

a lso   c o n t a i n i n g   Si  in  a  q u a n t i t y   of  between  0.05  and  1%  by  w e i g h t .  

3.  Aluminium  a l l oys   as  claimed  in  claim  2,  wherein  the  S i  

q u a n t i t y   is  between  0.4  and  0.8%  by  w e i g h t .  

4.  Aluminium  a l l oys   as  claimed  in  claim  1,  wherein  the  component 

q u a n t i t i e s   ( e x p r e s s e d   in  %  by  weight)   a r e :  

- Mg  from  2.5  to  3.0% 

-  V  from  0.1  to  0.5% 

-  o ther   p o s s i b l e   components:  t o t a l   q u a n t i t y   less   t h a n  

150  p . p . m .  
-  Al   b a l a n c e   to  100% 

5.  Aluminium  a l loys   as  claimed  in  claims  1  and  2,  wherein  t h e  

component  q u a n t i t i e s   ( e x p r e s s e d   as  %  by  weight)   a r e :  

-  Mg  from  0.2  to  1% 

-  V  from  0.5  to  2% 

-  S i   from  0.2  to  1% 

-  o ther   p o s s i b l e   components:  t o t a l   q u a n t i t y   less   t h a n  

150  p . p . m .  

-  Al  b a l a n c e   to  100% 

6.  Use  of  aluminium  a l l oys   as  claimed  in  claims  1  to  5  i n  

components  of  a p p a r a t u s   which  are  s u b j e c t e d   to  neu t ron   i r r a d i a t i o n  

dur ing  t h e i r   o p e r a t i o n .  



7.  Use  of  aluminium  a l l o y s   as  claimed  in  claims  1  to  5  in  t h e  

f i r s t   w a l l  o f   nuc lea r   fus ion   r e a c t o r s .  
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