
©  J )  
Europaisch.es  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0   0 5 0   4 0 8  
A 1  

EUROPEAN  PATENT  APPLICATION 

Application  number:  81303998.9 

Date  of  filing:  01  .09.81 

§D  int.  ci.3:  C  22  C  3 8 / 5 0  

©  Priority:  05.09.80  GB  8028735  ©  Applicant:  FIRTH  BROWN  LIMITED,  Atlas  Works  Savile 
Street,  Sheffield  S47US  (GB) 

©  Date  of  publication  of  application  :  28.04.82  ®  In^ntor  :  Barraclougl̂   K^r.^h  Chsrles,  19  Park 
Bulletin  82/17  Avenue,  Chapeltown  Sheffield,  S30  4WH  (GB) 

@  Representative:  Hardisty,  David  Robert  etal,  BOULT, 
WADE  &  TEN  N  ANT  27  Furnival  street,  London  EC4A  IPQ 

@  Designated  Contracting  States  :  DEFRGBSE  (GB) 

00  
o  

o  

o  

o  

(54)  Austenitic  alloy  steel  and  bar,  billet,  wire,  slab,  plate,  sheet,  tube  or  forgings. 

An  austenitic  alloy  of  iron,  chromium,  nickel  and 
aluminium  containing 

and  cobalt  being  such  that  (Co +  Ni)  is  from  15  to  20%, 
2 

where  Co  is  the  percentage  of  cobalt,  and  Ni  is  the 
percentage  of  nickel, 

and  optionally  from  0  to  0.8%  of  hafnium  or  of  zirconium 
the  balance  being  iron  and  incidental  amounts  of  other 
alloying  elements. 

The  alloy  provides  resistance  to  oxidation  and  sul- 
phidation  together  with  weldability  and  hot  strength. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a u s t e n i t i c  

a l l o y s   or  i r o n ,   c h r o m i u m   and  n i c k e l ,   c o n t a i n g   a d d i t i o n s  

of  a l u m i n i u m   and  t i t a n i u m ,   w i t h   or  w i t h o u t   a d d i t i o n s  

of  e i t h e r   h a f n i u m   or  z i r c o n i u m .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  a u s t e n i t i c  

a l l o y   of  i r o n ,   c h r o m i u m ,   n i c k e l   and  a l u m i n i u m  

c o n t a i n i n g  

and  c o b a l t   b e i n g   s u c h   t h a t   (Co  +  Ni)  i s   f r om  15  to  20% 
2 

w h e r e   Co  i s   t h e   p e r c e n t a g e   of  c o b a l t ,   and  Ni  i s   t h e  

p e r c e n t a g e   of  n i c k e l ,  

and  o p t i o n a l l y   f rom  0  to  0 . 8  %   of  h a f n i u m   or  of  z i r c o n i u m  

the   b a l a n c e   b e i n g   i r o n   and  i n c i d e n t a l   a m o u n t s   of  o t h e r  

a l l o y i n g   e l e m e n t s .  

In  our   B r i t i s h   P a t e n t   a p p l i c a t i o n s   N o s . 8 0 0 6 7 3 8  

and  8 0 0 6 7 3 9   we  d i s c l o s e d   f e r r i t i c   a l l o y s   of  i r o n ,  

c h r o m i u m   and  a l u m i n i u m   c o n t a i n i n g   t i t a n i u m   and  h a f n i u m  



r e s p e c t i v e l y   and  p r o v i d i n g   r e s i s t a n c e   to  o x i d a t i o n .  

I t   ha s   b e e n   f o u n d   t h a t   the  f e r r i t i c   a l l o y s   d e s c r i b e d   i n  

t h e s e   a p p l i c a t i o n s ,   a l t h o u g h   p o s s e s s i n g   a d e q u a t e  

o x i d a t i o n   a n d / o r   s u l p h i d a t i o n   r e s i s t a n c e ,   h a v e  

i n s u f f i c i e n t   h o t   s t r e n g t h   f o r   use   in   some  e n v i r o n m e n t s  

or  f a i l   to   f i n d   a p p l i c a t i o n   due  to  t h e i r   i n h e r e n t l y  

p o o r   w e l d i n g   and  f a b r i c a t i n g   c h a r a c t e r i s t i c s .  

T h o s e   s k i l l e d   in   t h e   a r t   w i l l   a p p r e c i a t e  

t h a t   a  s u f f i c i e n t   a m o u n t   of  c h r o m i u m   mus t   be  p r e s e n t  

to  p r o v i d e   a  b a s i c   o x i d a t i o n   r e s i s t a n c e .   On  t h e  

o t h e r   h a n d ,   s i n c e   a  low  n i c k e l   c o n t e n t   i s   d e s i r a b l e  

f rom  t he   p o i n t   of  v i e w   of  s u l p h i d a t i o n   r e s i s t a n c e ,  

to   m a i n t a i n   an  a u s t e n i t i c   s t r u c t u r e   t h e   c h r o m i u m  

c o n t e n t   s h o u l d   be  k e p t   to  t h e   min imum  c o n s i s t e n t  

w i t h   a d e q u a t e   o x i d a t i o n   r e s i s t a n c e .   The  a d d i t i o n a l  

b e n e f i t   c o n t r i b u t e d   by  s m a l l   bu t   s i g n i f i c a n t  

a d d i t i o n s   of  e i t h e r   h a f n i u m   or  z i r c o n i u m   d o e s   i n  

some  i n s t a n c e s   a p p e a r   w o r t h w h i l e .   The  p r o v i s i o n  

of  t i t a n i u m   s t a b i l i s e s   t he   a l l o y   a g a i n s t  

i n t e r c r y s t a l l i n e   c o r r o s i o n   e f f e c t s .   A  h i g h  s i l i c o n  

c o n t e n t ,   w h i l s t   p o s s i b l y   b e i n g   b e n e f i c i a l   a s  

r e g a r d s   o x i d a t i o n   r e s i s t a n c e ,   i s   to   be  a v o i d e d  

on  a c c o u n t   of  i t s   p o s s i b l e   e m b r i t t l e m e n t   e f f e c t o  

S i m i l a r l y ,   a  s u f f i c i e n t l y   h i g h   m a n g a n e s e   c o n t e n t  

to  be  e f f e c t i v e   as  a  d e l t a   f e r r i t e   s u p p r e s s o r  

i s   n o t   a d v i s a b l e   on  a c c o u n t   of  i t s   d e t r a c t i o n   f r o m  



o x i d a t i o n   r e s i s t a n c e .  

Up  to  5%  of  c o b a l t   i s   p e r m i t t e d ,   f u l f i l l i n g  

e s s e n t i a l l y   t he   same  p u r p o s e   as  n i c k e l .   When  c o b a l t  

i s   p r e s e n t   i t   can  be  r e g a r d e d   as  a  r e p l a c e m e n t   on  a  

2 : 1   b a s i s   f o r   n i c k e l .  

O p t i o n a l l y   up  to  0 .8%,   e . g .   0 . 0 5   to  0 . 8 0 % ,  

of  h a f n i u m   or  of  z i r c o n i u m   may  be  i n c l u d e d .   T h e  

b a l a n c e   of  t he   c o m p o s i t i o n   i s   i r o n   and  i n c i d e n t a l  

a m o u n t s   of  o t h e r   a l l o y i n g   e l e m e n t s   n o t   s p e c i f i c a l l y  

a d d e d .   The  p r e s e n c e   of  i n c i d e n t a l   a m o u n t s   o f  

c o p p e r ,   c o b a l t ,   m o l y b d e n u m   and  t u n g s t e n   a b o v e   t h e  

i m p u r i t y   l e v e l   may  be  t o l e r a t e d   p r o v i d e d   t h e y   a r e  

n o t   p r e s e n t   in   e x c e s s .   O t h e r   e l e m e n t s   s u c h   a s  

s u l p h u r   and  p h o s p h o r u s   may  be  p r e s e n t   b u t   t h e s e   a r e  

i m p u r i t i e s   w h i c h   a r e   n o t   d e s i r a b l e .  

In  a l l   c a s e s ,   h o w e v e r , '   t h e   c o m p o s i t i o n   b a l a n c e  

i s   s u c h   as  to  e n s u r e   a  v i r t u a l l y   n o n - m a g n e t i c   a l l o y .  

The  a l l o y s   may  be  m a n u f a c t u r e d   by  p r o c e s s e s  

n o r m a l l y   u s e d   f o r   m a k i n g   a l l o y s   of  t h i s   g e n e r a l   t y p e .  

For   i n s t a n c e ,   t h e y   may  be  made  by  i n d u c t i o n   m e l t i n g ,  

e i t h e r   i n   a i r   or  u s i n g   i n e r t   a t m o s p h e r e   or  v a c u u m  

as  a p p r o p r i a t e ,   c a s t  i n t o   i n g o t s   and  s u b s e q u e n t l y  

f o r g e d   or  r o l l e d   i n t o   b i l l e t   or  s l a b  p r i o r   to  w o r k i n g  

down  to  p l a t e ,   s h e e t ,   s t r i p ,   b a r   w i r e ,   t u b e   or  a n y  

o t h e r   c o m m e r c i a l l y   s a l e a b l e   f o r m .  



In  a  t y p i c a l   s m a l l   s c a l e   p r o c e s s   f o r  

p r o d u c i n g   an  a u s t e n i t i c   s t e e l   o f   t h i s   i n v e n t i o n ,  

a  c h a r g e   of   h i g h   p u r i t y   i r o n ,   n i c k e l   p e l l e t   and  l o w  

c a r b o n   f e r r o c h r o m i u m   i s   m e l t e d   down  i n   a  b a s i c   l i n e d  

i n d u c t i o n   f u r n a c e ,   e i t h e r   i n   a i r   u n d e r   a  b a s e   s l a g ,  

o r   u n d e r   an  i n e r t   a t m o s p h e r e   or   i n   v a c u o ,   w i t h o u t  

s l a g ,   as  a p p r o p r i a t e .   When  c o m p l e t e l y   m e l t e d ,  

t h e   a p p r o p r i a t e   a d d i t i o n s   of   a l u m i n i u m ,   f e r r o t i t a n i u m  

(and   h a f n i u m   or  z i r c o n i u m   or   o t h e r   s p e c i a l   m e t a l  

a d d i t i o n )   a r e   a d d e d ,   i n   t h a t  o r d e r ,   t h e   m e t a l  

b r o u g h t   to   t e m p e r a t u r e   and   c a s t   i n t o   an  a p p r o p r i a t e  

i n g o t   m o u l d .  

The  i n v e n t i o n   w i l l   be  i l l u s t r a t e d   by  t h e  

f o l l o w i n g   e x a m p l e s .   A l l o y s   a c c o r d i n g   to   t h e   i n v e n t i o n  

w e r e   p r e p a r e d   h a v i n g   t h e   c o m p o s i t i o n s   g i v e n   b e l o w   b y  

t h e   p r o c e s s   d e s c r i b e d   a b o v e .   The  s i z e   o f   t h e   m e l t s  

was  10  kg  e a c h ,   g i v i n g   a  2½"  (60  mm)  s q u a r e   i n g o t  

w h i c h   was  h e a t e d   t o   1 1 5 0 °   C  and   f o r g e d   u n d e r   a  

10  c w t .   h a m m e r   to   p r o d u c e   s u i t a b l e   t e s t   b a r .  



T h e  r e s i s t a n c e   of   t h e s e   s t e e l s   to   o x i d a t i o n   w a s  

c o m p a r e d   by  t h e   f o l l o w i n g   t e s t   p r o c e d u r e :  

S p e c i m e n s   some  ½"  (13  mm)  in   d i a m e t e r   by  1 ¼ " ( 3 0   mm) 

l o n g   w e r e   m a c h i n e d   f r o m   b a r   and  g r o u n d   to   a  120  g r i t  

f i n i s h .   They   w e r e   w a s h e d   and  c l e a n e d   i n   a l c o h o l  

p r i o r   to   t e s t .  

The  t e s t   was  o f   r e l a t i v e l y   s h o r t   d u r a t i o n   b u t  

i n v o l v e d   c y c l i n g   b e t w e e n   a m b i e n t   and   t e s t   t e m p e r a t u r e .  

The  t e s t   c h a m b e r   was  an  a l u m i n a   t u b e   2"  (50  mm) 

i n t e r n a l   d i a m e t e r   in   w h i c h   t h e   s a m p l e   was  p o s i t i o n e d  

a c r o s s   an  o p e n   e n d e d   a l u m i n a   b o a t .   H e a t i n g   w a s  

by  m e a n s   of   t h e   c o n c e n t r i c   e l e c t r i c   f u r n a c e ,  t h e  

t e m p e r a t u r e   b e i n g   m e a s u r e d   by  r e f e r e n c e   to   a  n o b l e  

m e t a l   t h e r m o c o u p l e ,   t h e   h o t   j u n c t i o n   of   w h i c h   w a s  

i m m e d i a t e l y   a b o v e   t h e   s p e c i m e n .   The  t e s t   a t m o s p h e r e  

was  p r o d u c e d   by  b u r n i n g   n a t u r a l   gas   u s i n g   e x c e s s   a i r  

o v e r   t h a t   r e q u i r e d   f o r   c o m b u s t i o n ,   t h e   f l o w   r a t e s  

b e i n g   1 . 4   c u b i c   f o o t   and  14  c u b i c   f o o t   ( 0 . 0 4   and   0 . 4  

c u b i c   m e t r e s )   p e r   h o u r   r e s p e c t i v e l y   f o r   g a s   and  a i r .  

T h e  c o m b u s t i o n .   p r o d u c t ,   a  m i x t u r e   of   n i t r o g e n ,   o x y g e n ,  

c a r b o n   d i o x i d e   and  s t e a m ,   was  p r e h e a t e d   to   t e s t  

t e m p e r a t u r e   b e f o r e   p a s s i n g   t h r o u g h   t h e   t e s t   c h a m b e r ;  



t e s t   t e m p e r a t u r e   was  e s t a b l i s h e d   p r i o r   to   i n s e r t i n g  

t h e   s a m p l e   so  t h a t   h e a t i n g   was  r a p i d .   Each   t e s t  

c y c l e   was  f o r   s i x   h o u r s ;   a f t e r   t h i s   t h e   s p e c i m e n s  

w e r e   r e m o v e d   f r o m   t h e   t e s t   c h a m b e r . a n d   c o o l e d   i n  

a  c l o s e d   c o n t a i n e r   so  t h a t   any   s c a l e   w h i c h   b e c a m e  

d e t a c h e d   was  c o l l e c t e d .   When  c o l d ,   t h e   s p e c i m e n   w a s  

w e i g h e d ,   t o g e t h e r   w i t h   any  d e t a c h e d   s c a l e   and  t h e n  

s c r u b b e d   w i t h   a  s t i f f   b r i s t l e   b r u s h   to   r e m o v e   a n y  

l o o s e l y   a d h e r e n t   o x i d e   p r i o r   to   r e w e i g h i n g   to   o b t a i n  

t h e   s t a r t i n g   w e i g h t   f o r   t h e   n e x t   c y c l e .   The  w h o l e  

p r o c e d u r e   was  r e p e a t e d   f o r   a  t o t a l   of   s e v e n   c y c l e s  

and   t h e   t o t a l   g a i n   in   w e i g h t ,   t h a t   i s   t h e   sum  o f  

t h e   i n d i v i d u a l   g a i n s ,   e x p r e s s e d   as  m i l l i g r a m s   p e r  

s q u a r e   c e n t i m e t r e   f o r   t h e   4 2 - h o u r   p e r i o d ,   u s i n g   t h e  

o r i g i n a l   s u r f a c e   a r e a   f o r  t h e   u n t e s t e d   s p e c i m e n ,  

was  t a k e n   as  t h e   s c a l i n g   i n d e x .  

The  s c a l i n g   i n d i c e s   f o r   t h e   s t e e l s   t e s t e d   w e r e   a s  

f o l l o w s :  



Thus   f o r   s e r v i c e   a t   t e m p e r a t u r e s   up  to   1 1 0 0 ° C  

in   o x i d i s i n g   a t m o s p h e r e s   t h e   a l l o y s   c o v e r e d   by  t h e  

p r e s e n t   a p p l i c a t i o n   a r e   a t   l e a s t   e q u i v a l e n t   to   t h e  

s t a n d a r d   m a t e r i a l   known  as  A I S I   310 .   None  of   t h e  

m a t e r i a l s   w e r e   s u i t a b l e   f o r   u s e   a t   h i g h e r   t e m p e r a t u r e s .  

To  make  a  r o u g h   a s s e s s m e n t   of   r e s i s t a n c e   t o  

s u l p h i d a t i o n ,   s i m i l a r   t e s t   s p e c i m e n s  t o   t h o s e   u s e d  

a b o v e   w e r e   p r e p a r e d   and  w e i g h e d   and   t h e n   h a l f   i m m e r s e d  

in   an  i n t i m a t e l y   g r o u n d   m i x t u r e   of   90%  s o d i u m   s u l p h a t e  

and  10%  s o d i u m   c h l o r i d e   c o n t a i n e d   in   a l u m i n a   b o a t s .  

T h e s e   w e r e   t h e n   p l a c e d   on  a  s t a i n l e s s   s t e e l   t r a y ,   w i t h  

s a m p l e s   of   a  n u m b e r   of   o t h e r   d i f f e r e n t   m a t e r i a l s  

s i m i l a r l y   t r e a t e d ,   and  t h e   w h o l e   p l a c e d   in   a  m u f f l e  

f u r n a c e   and  h e a t e d   to   900°C  f o r   s i x   h o u r s .   The  t r a y  

was  t h e n   w i t h d r a w n ,   t h e   s a m p l e s   a l l o w e d   to   c o o l ,  

c l e a n e d   as  f a r   as  p o s s i b l e   in   h o t   w a t e r   a n d   t h e n  

c a t h o d i c a l l y   d e s c a l e d   in   a  b a t h   of   m o l t e n   s o d i u m  

h y d r o x i d e   a t   3 5 0 ° C ,   u s i n g   a  c u r r e n t   of   9  a m p e r e s   f o r  

20  m i n u t e s .   A f t e r   d e s c a l i n g   and  t h o r o u g h   w a s h i n g ,  

t h e y   w e r e   d r i e d   in   a l c o h o l   and  r e w e i g h e d .   L o s s e s  

i n   w e i g h t ,   e x p r e s s e d   in   mgm.  p e r   s q . c m . ,   w e r e   a s  

f o l l o w s : -  



T h e s e   f i g u r e s   w e r e   as  low  as  t h o s e   f o u n d   w i t h  

any  o t h e r   s t e e l   t e s t e d ,   i n c l u d i n g  t h e   s p e c i a l   i r o n -  

c h r o m i u m - a l u m i n i u m   a l l o y s   of   o u r   c o p e n d i n g   a p p l i c -  

a t i o n s   r e f e r r e d   to   a b o v e .   In   g e n e r a l ,   a l l o y s   w i t h  

h i g h   n i c k e l   c o n t e n t s   b u t   n o t   c o n t a i n i n g   a l u m i n i u m  

f a i l e d   c a t a s t r o p h i c a l l y ,   e x a m p l e s   b e i n g :  

To  c h e c k   t h e   r e l a t i v e   h o t   s t r e n g t h s   of   t h e  

p r o p o s e d   m a t e r i a l s ,   h o t   t e n s i l e   t e s t s   w e r e   c a r r i e d  

o u t   a t   a  n u m b e r   of   t e m p e r a t u r e s ,   w i t h   a  s t r a i n   r a t e  

of   t h r e e   i n c h e s   p e r   m i n u t e .   T h e s e   i n d i c a t e d   t h e   h o t  

s t r e n g t h   t o   be  s i m i l a r   to   t h a t   of   A . I . S . I . 3 1 0   a n d  

c o n s i d e r a b l y   h i g h e r   t h a n   t h a t   of   t h e   i r o n - c h r o m i u m -  

a l u m i n i u m   a l l o y s .  

L a b o r a t o r y   s c a l e   w e l d i n g   t r i a l s ,   w i t h   d e p o s i t s  

l a i d   down  on  t h e   e d g e s   of  1"  x¼"  c o u p o n s ,   i n d i c a t e d  

f r e e d o m   f r o m   c r a c k i n g   w i t h i n   t h e   p a r e n t   m e t a l .  

The  a l l o y s   e x e m p l i f i e d   a b o v e   can   be  s e e n   t o  



p r o v i d e   a  w e l d a b l e ,   r e l a t i v e l y   s t r o n g   s e r i e s   o f  

a l l o y s ,   s i m i l a r   in   g e n e r a l   c h a r a c t e r i s t i c s   to   t h e   w e l l  

known  A . I . S . I . 3 1 0   h e a t   r e s i s t i n g   m a t e r i a l   b u t   h a v i n g  

t h e   a d v a n t a g e   of   r e s i s t a n c e   to   s u l p h i d a t i o n   a t t a c k  

e x h i b i t e d   by  t h e   i r o n - c h r o m i u m - a l u m i n i u m   a l l o y s .  

A l t e r n a t i v e l y ,   t h e y   e x h i b i t   t h e   r e s i s t a n c e   t o  

s u l p h i d a t i o n   a t t a c k   of   t h e   i r o n - c h r o m i u m - a l u m i n i u m  

a l l o y s   b u t   h a v e   t h e   a d v a n t a g e   o v e r   t h e s e   of   h i g h e r  

h o t   s t r e n g t h   and   w e l d a b i l i t y ,  m a k i n g   t h e m   s u i t a b l e  

f o r   t u b e   m a n u f a c t u r e   f o r   u s e   in   d i f f i c u l t   e n v i r o n m e n t s  

w i t h o u t   t h e   n e e d   f o r   c l a d d i n g   and  r e n d e r i n g   t h e m  

c a p a b l e   of   b e i n g   u s e d   in   w e l d e d   ' f a b r i c a t i o n s ,   t h e i r  

o n l y   d i s a d v a n t a g e   b e i n g   a  l o w e r   r e s i s t a n c e   to   p u r e  

o x i d a t i o n   as  c o m p a r e d   w i t h   t h e   more   a d v a n c e d   i r o n -  

c h r o m i u m - a l u m i n i u m   a l l o y s . . T h e s e   l a t t e r   p r o p e r t i e s ,  

h o w e v e r ,   can   o n l y   a d e q u a t e l y   be  r e a l i s e d   w i t h   a d e q u a t e  

s u p p o r t   in   a p p l i c a t i o n s   s u c h   as  e l e c t r i c   r e s i s t a n c e  

e l e m e n t s .  



1.  An  a u s t e n i t i c   a l l o y   of  i r o n ,   c h r o m i u m ,  

n i c k e l   and  a l u m i n i u m   c h a r a c t e r i s e d   by  c o n t a i n i n g  

and  c o b a l t   b e i n g   s u c h   t h a t   (Co  +  Ni)   i s   f r o m   15  to   20% 

w h e r e   Co  i s   t he   p e r c e n t a g e   of  c o b a l t   and  Ni  i s   t h e  

p e r c e n t a g e   of  n i c k e l ,  

and  o p t i o n a l l y   f rom  0  to  0 . 8   %  of  h a f n i u m   or  of  z i r c o n i u m  

the   b a l a n c e   b e i n g   i r o n   and  i n c i d e n t a l   a m o u n t s   o f  

o t h e r   a l l o y i n g   e l e m e n t s .  

2.  An  a l l o y   as  c la imed  in  c la im  1  f u r t h e r  

c h a r a c t e r i s e d   by  c o n t a i n i n g   from  17 -   20%  chromium. 

3.  An  a l l o y   as  c l a i m e d   i n   c l a i m   1  o r  C l a i m  2   f u r t h e r  

c h a r a c t e r i s e d   b y  c o n t a i n g   1 7  -   20%  n i c k e l .  



4.  A n   a l l oy   as  c laimed  in  any  p r e c e d i n g   claim  f u r t h e r  

c h a r a c t e r i s e d   by  c o n t a i n i n g   t i t a n i u m   s u c h   t h a t   t h e  

c o n t e n t  i s   no t   l e s s   t h a n   4  t i m e s   t he   c a r b o n   c o n t e n t  

b u t   no t   more  t h a n   0 . 8 % .  

5.  An  a l l o y   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  

f u r t h e r   c h a r a c t e r i s e d   by  c o n t a i n i n g   a b o u t   2 . 5 %  

a l u m i n i u m .  

6.  An  a l l oy   as  c la imed  in  any  one  of   claims  1  to  5 

f u r t h e r   c h a r a c t e r i s e d   by  c o n t a i n i n g   0.05  to  0 . 8 %   h a f n i u m .  

7.  An  a l l oy   as  c la imed  in  any  one  of  claims  1  to  5  f u r t h e r  

c h a r a c t e r i s e d   b y  c o n t a i n i n g   0.05  to  0.8%  z i r c o n i u m .  

8.  Ba r ,   b i l l e t ,   w i r e ,   s l a b ,   p l a t e ,   s h e e t  

t u b e   or  f o r g i n g s   c h a r a c t e r i s e d   by  b e i n g   in   an  a l l o y  

as  c l a i m e d   in   any  one  of  t h e   p r e c e d i n g   c l a i m s .  
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