
J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office  0   Publication  number:  0  0 6 9   4 5 2  
Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82302600.0  (sT)  Int.  CI.3:  C  22  C  1 9 / 0 5  
~  G  21  C  3 / 0 6  
(22)  Date  of  filing:  21.05.82 

©  Priority:  21.05.81  US  266005  (97)  Applicant:  HUNTINGTON  ALLOYS,  INC. 

Huntington  West  Virginia  25720(US) 
©  Date  of  publication  of  application: 

12.01.83  Bulletin  83/2  (72)  Inventor:  Floreen,  Stephen 
12  River  Road 

©  Designated  Contracting  States:  Suffern  NY  10901  (US) 
DE  FR  GB  IT  SE 

@)  Inventor:  Nelson,  Joseph  Lawrence 
High  Meadow  Drive 
Warwick  NY10990(US) 

©  Representative:  Lockwood,  Barbara  Ann  et  ai, 
Thames  House  (Fifth  Floor)  Miilbank 
London  SW1P4QF(GB) 

5*)  Articles  or  parts  resistant  to  stress  corrosion  cracking. 

Articles  or  parts  which  are  resistant  to  stress  corrosion 
cracking  for  use  in  aqueous  environments  such  as  nuclear 
reactors  comprise  an  age-hardened  nickel-based  alloy  con- 
taining  0.05  to  0.2%  zirconium.  The  invention  is  particularly 
usefully  applied  to  springs  or  bolts  which  require  a  yield 
strength  (0.2%  offset)  of  at  least  689.47  MN/m2  at  room 
temperature. 



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 r t i c l e s   o r  

p a r t s   w h i c h   a r e   r e s i s t a n t   to   s t r e s s   c o r r o s i o n   c r a c k i n g ,  

f o r   u s e   in   a q u e o u s   e n v i r o n m e n t s   s u c h   as   t h o s e   e n c o u n t e r e d  

in  n u c l e a r   r e a c t o r s .  

I t   h a s   b e e n   f o u n d   t h a t   h i g h l y   s t r e s s e d   p a r t s  

e m p l o y e d   in   n u c l e a r   r e a c t o r   e n v i r o n m e n t s ,   p a r t i c u l a r l y  

l i g h t   w a t e r   r e a c t o r s ,   a r e   s u b j e c t   t o   s t r e s s   c o r r o s i o n  

c r a c k i n g   and   t h i s   c a s u s e s   t h e   p a r t   to   f a i l   c a t a s t r o p h i -  

c a l l y .   A  c o m m e r c i a l   a l l o y   known  as  INCONEL  a l l o y   X - 7 5 0  

h a v i n g   t h e   n o m i n a l   c o m p o s i t i o n   up  t o   .08%  c a r b o n ,   u p  
to   1%  m a n g a n e s e ,   f r o m   5%  to  9%  i r o n ,   up  to   0 . 01%  s u l p h u r ,  

up  to   0 .5%  s i l i c o n ,   up  to   0 .5%  c o p p e r ,   f r o m   14%  to   17% 

c h r o m i u m ,   f r o m   0 .4%  to   1.0%  a l u m i n i u m ,   f r o m   2 .25%  t o  

2 .75%  t i t a n i u m ,   f r o m   0.7%  to   1.2%  n i o b i u m   (+  t a n t a l u m )  

. a n d   0 . 0 1   to   0 . 0 4 %   z i r c o n i u m ,   b a l a n c e   n i c k e l   (+  c o b a l t )  

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

b o l t s   and  v a l v e   s t e m s   in   n u c l e a r   r e a c t o r s .   T h i s  

a g e - h a r d e n e d   a l l o y ,   d i s c l o s e d   and   c l a i m e d   in  US  p a t e n t s  

N o .  2   570  193  and  2  570  194  h a s   a  t e n s i l e   y i e l d   s t r e n g t h  

in  e x c e s s   of  6 8 9 . 4 7   MN/m2  b u t   h a s   b e e n   s u b j e c t   to   f a i l u r e ,  

a t t r i b u t e d   to   s t r e s s   c o r r o s i o n   c r a c k i n g ,   in  d e a e r a t e d  

w a t e r   to   pH  10  a t   t e m p e r a t u r e s   up  to   3 6 0 ° C .  

The  f a i l u r e s   e n c o u n t e r e d   in   s e r v i c e   w e r e   q u i t e  

u n e x p e c t e d   and   d i s m a y i n g .   I t   was  known   t h a t   o v e r - a g i n g  

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

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

and   i t   was  p o s t u l a t e d   t h a t   c o m p o s i t i o n a l   c h a n g e s   in  t h e  

a l l o y   u s e d   c o u l d   a l s o   i m p r o v e   s t r e s s   c o r r o s i o n   c r a c k i n g  

b u t   no  l e a d s   w e r e   a v a i l a b l e   w h i c h   w o u l d   i n d i c a t e   t h e  

d i r e c t i o n   in   w h i c h   to   p r o c e e d   or   t h e   i n g r e d i e n t   in  t h e  

a l l o y   w h i c h   s h o u l d   be  c o n t r o l l e d   in   o r d e r   to   i m p r o v e  

r e s i s t a n c e   to   s t r e s s   c o r r o s i o n   c r a c k i n g   of  a g e - h a r d e n a b l e  

a l l o y s   h e a t   t r e a t e d   to   p r o v i d e   a  r o o m - t e m p e r a t u r e   y i e l d  



s t r e n g t h   (0 .2%  o f f s e t )   o f   a t   l e a s t   6 8 9 . 4 7   M N / m 2 .  

The   p r o b l e m   was  f u r t h e r   c o m p l i c a t e d   in   t h a t   n o t   o n l y  

was   i t   d e s i r a b l e   to   o b t a i n   t h e   p r o p e r t y   of  r e s i s t a n c e  

t o   s t r e s s   c o r r o s i o n   c r a c k i n g   b u t   in   a d d i t i o n   t h e  

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

i n t e r e s t   was  s t i l l   to   be  r e t a i n e d .   I t   was  known  f r o m  

t e s t i n g   of   w e d g e   o p e n i n g   l o a d i n g   (WOL)  s t r e s s   c o r r o s i o n  

s p e c i m e n s   made  of   an  e s s e n t i a l l y   n o n - a g i n g   n i c k e l - b a s e  

a l l o y   c o n t a i n i n g   15 .75%  c h r o m i u m ,   8.1%  i r o n ,   0 . 0 1 4 %  

c a r b o n ,   0 . 2 9 %   a l u m i n i u m ,   0 . 0 0 7 %   t i t a n i u m ,   0 . 0 0 0 5 %  

s u l p h u r ,   0 . 1 5 %   s i l i c o n ,   0 . 2 1 %   c o p p e r ,   0 . 0 0 6 %   b o r o n ,  

0 . 0 0 8 %   p h o s p h o r u s ,   0 . 0 0 6 %   n i t r o g e n ,   0 . 2 1 %   z i r c o n i u m ,  

s u b j e c t e d   to   d e a e r a t e d ,   d e i o n i z e d   w a t e r   a t   pH  10  and  a  

t e m p e r a t u r e   of   360°C   t h a t   c r a c k i n g   was  o b s e r v e d   a t   7  a n d  

16  w e e k s   in   two  s p e c i m e n s   o f   m a t e r i a l   w h i c h   had  b e e n  

a n n e a l e d   ( s o l u t i o n   t r e a t e d )   one   h o u r   a t   1 1 2 0 ° C   and   w a t e r  

q u e n c h e d   b u t   t h a t   when  t h e   s a m e   a n n e a l e d   m a t e r i a l   w a s  

t h e n   h e a t e d   ("L"  t r e a t m e n t )   f o r   7  h o u r s   a t   608°C  a n d  

a i r   c o o l e d   t h a t   no  c r a c k i n g   was   o b s e r v e d   in   t h e   f u l l  

3 6 - w e e k   c o u r s e   of   t h e   t e s t .   H o w e v e r   t h i s   a l l o y   i n  

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

t e m p e r a t u r e   of   o n l y   about   275.79  MN/m2 or  l e s s   and  t h e r e f o r e  

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

t h i s   a l l o y - a n d   t h e   a g e - h a r d e n a b l e   a l l o y   w i t h   h i g h   y i e l d  

s t r e n g t h ,   o f   6 8 9 . 4 7   MN/m2  a t   r o o m   t e m p e r a t u r e ,   d e s i r a b l e  

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

The  p r e s e n t   i n v e n t i o n   i s   b a s e d   on  t h e  

d i s c o v e r y   t h a t   a  m o d i f i c a t i o n   of   t h e   INCONEL  a l l o y  

750X  c o m p o s i t i o n   by  i n c r e a s i n g   t h e   z i r c o n i u m   c o n t e n t  

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

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

s t r e s s   c o r r o s i o n   c r a c k i n g .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   an  a r t i c l e  

o r   p a r t   w h i c h   i s   s u b j e c t e d   i n   u s e   to   c o n d i t i o n s   w h i c h  

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

m e c h a n i s m ,   s u c h   as  in   n u c l e a r   r e a c t o r   e n v i r o n m e n t s ,  



c o n s i s t s   of   an  age   h a r d e n e d   a l l o y   c o n t a i n i n g   0 . 0 5   t o  

0 .2%  z i r c o n i u m ,   up  to   0 . 08%  c a r b o n ,   up  to   1%  m a n g a n e s e ,  

up  to   0 .5%  s i l i c o n ,   up  to   0 .5%  c o p p e r ,   up  to   0 . 0 1 %  

s u l p h u r ,   f r o m   5  to   9%  i r o n ,   f r o m   14  to   17%  c h r o m i u m ,  

f r o m   0 . 4   t o   1%  a l u m i n i u m ,   f r o m   2 . 2 5   to   2 .75%  t i t a n i u m ,  

f r o m   0 . 7   t o   1.2%  n i o b i u m ,   and   t h e   b a l a n c e   a p a r t   f r o m  

i m p u r i t i e s   and   i n c i d e n t a l   e l e m e n t s   b e i n g   n i c k e l .   S u c h  

a l l o y s   p r o v i d e   a  y i e l d   s t r e n g t h   (0 .2%  o f f s e t )   of  a t  

l e a s t   6 8 9 . 4 7   MN/m2  a t   room  t e m p e r a t u r e   and   h a v e  

e x c e l l e n t   r e s i s t a n c e   to   s t r e s s   c o r r o s i o n   c r a c k i n g   i n  

t e s t i n g   a t   3 6 0 ° C   in   d e a e r a t e d ,   d e i o n i z e d   w a t e r   c o n -  

t a i n i n g   l e s s   t h a n   50  p a r t s   p e r   b i l l i o n   of   o x y g e n   a n d  

s a t u r a t e d   w i t h   h y d r o g e n .  

.  The  a l l o y   p r e f e r a b l y   c o n t a i n s   a t   l e a s t   . 0 7 %  

z i r c o n i u m .  

I n .  a c c o r d a n c e   w i t h   a  f u r t h e r   a s p e c t   of   t h e  

i n v e n t i o n   an  a l l o y   i s   p r o v i d e d   c o n s i s t i n g   .073   to   2% 

z i r c o n i u m ,   up  t o   0 .08%  c a r b o n ,   up  t o   1%  m a n g a n e s e ,   u p  

to   0 .5%  s i l i c o n ,   up  to   0.5%  c o p p e r ,   up  t o   0 .01%  s u l p h u r ,  

f r o m   5  t o   9%  i r o n ,   f r o m   14  t o   17%  c h r o m i u m ,   f r o m   0 . 4  

. t o   1%  a l u m i n i u m ,   f r o m   2 . 2 5   t o   2 .75%  t i t a n i u m ,   f r o m   0 . 7  

t o   1.2%  n i o b i u m ,   and  t h e   b a l a n c e   a p a r t   f r o m   i m p u r i t i e s  
a n d  i n c i d e n t a l   e l e m e n t s   b e i n g   n i c k e l .  

I n c i d e n t a l   a l l o y s   and   i m p u r i t i e s   may  i n c l u d e  

t h o s e   t y p i c a l   i n   a g e - h a r d e n a b l e   n i c k e l - b a s e d   a l l o y s .  

F o r   e x a m p l e   t h e   n i o b i u m   w i l l   n o r m a l l y   i n c l u d e   a b o u t  

0.1%  t a n t a l u m ,   and   t h e   n i c k e l   w i l l   n o r m a l l y   i n c o r p o r a t e  

a b o u t   1%  c o b a l t .   Up  to   a b o u t   .05%  r a r e   e a r t h   a l l o y s  

s u c h   as   l a n t h a n u m   a n d / o r   c e r i u m   may  be  p r e s e n t .  

I m p u r i t i e s   may  i n c l u d e   up  to   .005%  b o r o n ,   up  to   . 0 3 9 %  

m a g n e s i u m ,   up  to   a b o u t   .30%  m o l y b d e n u m   and  a b o u t  

0 .05%  v a n a d i u m .  

The  i n v e n t i o n   w i l l - n o w   be  d e s c r i b e d   b y  

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

I t   s h o u l d   be  n o t e d   t h a t   a l l   p e r c e n t a g e s   g i v e n  

in  t h i s   s p e c i f i c a t i o n   and  c l a i m s   a r e   by  w e i g h t .  



E x a m p l e   1  

S i x t e e n   l a b o r a t o r y   s i z e   h e a t s   of   an  a l l o y  

c o n t a i n i n g   n o m i n a l l y   15%  c h r o m i u m ,   7 .5%  i r o n ,   1% 

n i o b i u m ,   0 . 7 5 %   a l u m i n i u m ,   a n d   2.7%  t i t a n i u m   w i t h   t h e  

b a l a n c e   e s s e n t i a l l y   n i c k e l   w e r e   p r o d u c e d   and  r e d u c e d  

t o   1 . 2 7   cm  t h i c k   by  1 2 . 7   cm  w i d e   h o t   r o l l e d   p l a t e .  

C e r t a i n   o f   t h e   a l l o y s   c o n t a i n e d   a b o u t  0 . 0 8 %   z i r c o n i u m  

w h i l e   t h e   o t h e r s   w e r e   e s s e n t i a l l y   z i r c o n i u m - f r e e .  

1 . 2 7   cm  t h i c k   WOL  s p e c i m e n s   w e r e   p r e p a r e d   f r o m   e a c h  

h e a t .   The   WOL  s a m p l e s   w e r e   f a t i g u e   p r e - c r a c k e d   a t  

room  t e m p e r a t u r e   and   b o l t   l o a d e d   t o   v a r i o u s   s t a r t i n g  

s t r e s s   i n t e n s i t i e s   d e t e r m i n e d   by  a  c r a c k   o p e n i n g  

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

or   t h r e e   WOL  s a m p l e s   w e r e   t e s t e d   f r o m   e a c h   h e a t .   P r i o r  

t o   m a c h i n i n g ,   s p e c i m e n   b l a n k s   o f   t h e   WOL  s a m p l e s   w e r e  -  

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

a t   1 0 9 3 ° C   f o r   2  h o u r s   f o l l o w e d   by  w a t e r   q u e n c h i n g   a n d  

an  a g i n g   a t   7 0 4 ° C   f o r   20  h o u r s .   The   WOL  s a m p l e s   w e r e  

t e s t e d   i n   d e a e r a t e d   pH  10  w a t e r   a t   3 6 0 ° C .   The  s a m p l e s  

w e r e   r e m o v e d   f r o m   t e s t   a t   f o u r - w e e k   i n t e r v a l s   and   t h e  

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

T h e s e   t e s t s   a n d   e a r l i e r   s t u d i e s   s h o w e d   t h a t   v i s i b l e  

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

of   t e s t i n g .   The  t o t a l   t e s t   t i m e   was  12  w e e k s .  

C o m p o s i t i o n s   o f   t h e   h e a t s   a r e   g i v e n   on  T a b l e   I  a n d  

t h e   r e s u l t s   o f   t h e   WOL  t e s t   a r e   g i v e n   i n   T a b l e   2.  T h e  -  

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

of   t h e   s t r e s s   i n t e n s i t y   a t   w h i c h   s t r e s s   c o r r o s i o n   c r a c k  

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

o f   s a m p l e s   t h a t   w e r e   m e c h a n i c a l l y   b r o k e n   o p e n   a t   r o o m  

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

The  h i g h e r   t h e   KISCC  v a l u e   t h e   g r e a t e r   i s   t h e   r e s i s t a n c e  

to   s t r e s s   c o r r o s i o n   c r a c k i n g .   The   y i e l d   s t r e n g t h  v a l u e s  

w e r e   d e t e r m i n e d   by  t e n s i l e   t e s t s   a t   room  t e m p e r a t u r e .  



The  r e s u l t s   o f   T a b l e   2  d e m o n s t r a t e   t h a t  
s t a t i s t i c a l l y   t h e   a l l o y s   c o n t a i n i n g   0 . 0 8 %   z i r c o n i u m  
w e r e   s i g n i f i c a n t l y   h i g h e r   i n   KISCC  v a l u e   t h a n   w e r e   t h e  
low  z i r c o n i u m   h e a t s .  







E x a m p l e   I I  

S e v e n   h e a t s   h a v i n g   c o m p o s i t i o n s   s e t   f o r t h  

i n   T a b l e   3  w e r e   p r o d u c e d .  

T e n s i l e   s p e c i m e n s   a n d   WOL  t e s t   s p e c i m e n s  

w e r e   p r e p a r e d   f r o m  e a c h   of   t h e s e   s e v e n   a l l o y s .   A l l  

s a m p l e s   w e r e   s o l u t i o n   t r e a t e d   a t   1 0 9 3 ° C   f o r   two  h o u r s  

and   w a t e r   q u e n c h e d   and   w e r e   t h e n   g i v e n   an  a g i n g  

t r e a t m e n t   a t   e i t h e r   704°C   f o r   20  h o u r s   f o l l o w e d   b y  

a i r   c o o l i n g   ( t r e a t m e n t   A)  o r   a t   7 6 0 ° C   f o r   96  h o u r s  

f o l l o w e d   by  a i r   c o o l i n g   ( t r e a t m e n t   B ) .   The  r e s u l t s  

o f   t h e   t e n s i l e   and  WOL  t e s t i n g   a r e   g i v e n   in   T a b l e   4 .  

The  t e s t   c o n d i t i o n s : f o r   WOL  t e s t   w e r e   t h e   s ame   a s  

t h o s e   of   E x a m p l e   I .  

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

z i r c o n i u m   c o n t e n t  o f  t h e   a l l o y   i s   c l e a r l y   shown  i n  

c o m p a r i n g   t h e   K I S C C  v a l u e s   g i v e n   in   T a b l e   4 .  







E x a m p l e   I I I  

P l a t e   s t o c k   of   c o m m e r c i a l   o r i g i n   of   a n  

I n c o n e l   a l l o y   X750  h a v i n g   t h e   c o m p o s i t i o n   shown  i n  

T a b l e   5  was  o b t a i n e d .  

T e n s i l e   s p e c i m e n s - a n d   WOL  t e s t   s p e c i m e n s  

of   t h e   t y p e   d e s c r i b e d   in   E x a m p l e   I  w e r e   p r e p a r e d   f r o m  

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

The   r e s u l t s   of  t h e   t e n s i l e   t e s t   on  t h e   h e a t  

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

o b t a i n e d   f o r   t h e   v a r i o u s   h e a t   t r e a t m e n t s   a r e   shown  i n  

T a b l e   6.  The  h e a t   t r e a t m e n t   a c c o r d e d   e a c h   s p e c i m e n   i s  

a l s o   i n c l u d e d   in   T a b l e   6 .  

The   d a t a   o f   T a b l e   6  d e m o n s t r a t e   t h a t   t h e  

h e a t   t r e a t m e n t s   p r o d u c e d   u n d e r a g e d ,   p e a k e d   a g e d   a n d  

o v e r a g e   m i c r o s t r u c t u r e s .   The  d a t a   of   T a b l e   6  i n d i c a t e  

h o w e v e r   t h a t   n e i t h e r   u n d e r a g i n g   n o r   o v e r a g i n g   p r o d u c e s  

a  d i s t i n c t i v e l y   c o m b i n a t i o n   o f   s t r e n g t h   and  c r a c k i n g  

r e s i s t a n c e .   O n l y   t h e   s p e c i m e n s   a g e d   f o r   96  h o u r s   a t  

760°C  a p p e a r   t o   p o s s e s s   d i s t i n c t l y   b e t t e r   p r o p e r t i e s .  

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

t h a t   t h e   f l e x i b i l i t y   a c c o r d e d   t h r o u g h   t h e   h e a t   t r e a t m e n t  

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

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

i m p r o v e m e n t   i n   p r o p e r t i e s   was  p r o d u c e d   by  a  9 6 - h o u r  

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

be  c o m m e r c i a l l y   p r a c t i c a l .  







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

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

c o r r o s i o n   c r a c k i n g   m e c h a n i s m   s u c h   as  in   n u c l e a r   r e a c t o r  

e n v i r o m e n t s   c o n s i s t i n g   o f   an  age   h a r d e n e d   a l l o y  

c o n t a i n i n g   0 . 0 5   t o   0 .2%  z i r c o n i u m ,   up  t o   0 .08%  c a r b o n ,  

up  t o   1%  m a n g a n e s e ,   up  t o   0 .5%  s i l i c o n ,   up  t o   0 . 5 %  

c o p p e r ,   up  t o   0 . 0 1 %   s u l p h u r ,   f r o m   5  t o   9%  i r o n ,   f r o m  

14  t o   17%  c h r o m i u m ,   f r o m   0 . 4   to   1%  a l u m i n i u m ,   f r o m   2 . 2 5  

t o   2 . 7 5 %   t i t a n i u m ,   f r o m   0 . 7   t o   1.2%  n i o b i u m ,   and  t h e  

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

b e i n g   n i c k e l .  

2.  An  a r t i c l e   o r   p a r t   as  c l a i m e d   in   c l a i m   1  

in   w h i c h  t h e   z i r c o n i u m   c o n t e n t   i s   0 . 0 7   to   0 . 1 5 % .  

3.   An  a r t i c l e   o r   p a r t   as  c l a i m e d   in   c l a i m   1  o r  

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

s t r e n g t h   ( 0 . 2 %   o f f s e t )   o f   a t   l e a s t   6 8 9 . 4 7   MN/m2  a t   r o o m  

t e m p e r a t u r e .  

4.  A  n i c k e l   b a s e d   a l l o y   f o r   u s e   in   c o n d i t i o n s  

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

m e c h a n i s m   s u c h   as   i n   n u c l e a r   r e a c t o r   e n v i r o m e n t s  

c o n t a i n i n g   0 . 0 7 3   t o   0 .2%  z i r c o n i u m ,   u p -  t o   0 . 0 8 %   c a r b o n ,  

up  t o   1%  m a n g a n e s e ,   up  t o   0 .5%  s i l i c o n ,   up  t o   0 . 5 %  

c o p p e r ,   up  t o   0 . 0 1 %   s u l p h u r ,  f r o m   5  t o   9%  i r o n ,   f r o m  

14  t o   17%  c h r o m i u m ,   f r o m   0 . 4   to   1%  a l u m i n i u m ,   f r o m  

2 . 2 5   t o   2 . 7 5 %   t i t a n i u m ,   f r o m   0 . 7   t o   1 .2%  n i o b i u m ,   a n d  

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

b e i n g   n i c k e l .  

5.  An  a g e - h a r d e n a b l e   n i c k e l   b a s e d   a l l o y   a s  

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

t i a l l y   as   h e r e i n b e f o r e   d e s c r i b e d   as  a l l o y s   1  to   23  o f  

t h e   E x a m p l e s .  
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