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©  KH-base  alloy  member  and  method  of  producing  the  same. 
A  nickel-base  alloy  with  high  stress  corrosion  cracking 

resistance  and  suitable  for  use  as  material  for  springs  and 
bolts  used  in  nuclear  reactors  consists  essentially  of,  by 
weight,  up  to  0,15%C,  up  to  1%Si,  up  to  1,5%Mn,  14  to 
25%Cr,  up  to  30%Fe,  0,2  to  2%Al,  0,5  to  3%Ti,  0,7  to  4,5%Nb 
and  the  balance  substantially  Ni,  the  high  stress  corrosion 
cracking  resistance  of  this  alloy  in  high-purity  water  at  high 
temperatures  and  pressures  (typically  288°C,  86kg(cm2)  is 
obtained  by 

1)  cold  plastic  working  at  a  ratio  of  at  least  40%  between 
the  solution  heat  treatment  and  the  direct  aging  treatment  or 

2)  cold  plastic  working  at  a  ratio  of  beyond  25%  between 
the  solution  heat  treatment  and  a  two-stepped  aging  treat- 
ment. 



BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

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  n o v e l   N i -  

b a s e   a l l o y   m e m b e r ,   p a r t i c u l a r l y   an  N i - b a s e   a l l o y   m e m b e r  

s u i t a b l e   f o r   use   as  m a t e r i a l   of  s p r i n g s   and  b o l t s   u s e d  

in  n u c l e a r   r e a c t o r s ,   as  w e l l   as  a  m e t h o d   of  p r o d u c i n g  

t h e   s a m e .  

DESCRIPTION  OF  THE  PRIOR  ART 

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

have   b e e n   p r o d u c e d   by  a  p r o c e s s   w h i c h   has   t h e   s t e p s   o f  

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

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

r o l l i n g   a t   a  w o r k i n g   r a t i o   of  30%  and  t h e n   s u b j e c t i n g  

t h e   r o l l e d   s p r i n g   to  an  a g i n g   t r e a t m e n t .   In  t h i s   p r o -  

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

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

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

r e a c t o r s ,   a r e   e n s u r e d   by  t h e   s t e p s   of  c o l d   w o r k i n g   a n d  

s u b s e q u e n t   a g i n g   t r e a t m e n t .   U n f o r t u n a t e l y ,   h o w e v e r ,   n o  

s p e c i f i c   c o n s i d e r a t i o n   has   b e e n   made  in  t h i s   c o n v e n -  

t i o n a l   p r o c e s s   in  r e g a r d   to  t h e   r e s i s t a n c e   a g a i n s t  

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 f e r r e d   to  as  " S C C " ,  

h e r e i n u n d e r )   a t   c r e v i c e ,   w h i c h   is  a  p r a c t i c a l   p r o b l e m  

e n c o u n t e r e d   when  the   s p r i n g s   a r e   a p p l i e d   to  a c t u a l  



a p p a r a t u s .  

The  s p r i n g s ,   p a r t i c u l a r l y   s p r i n g s   f o r   n u c l e a r  

r e a c t o r s   s u c h   as  e x p a n s i o n   s p r i n g   i n c o r p o r a t e d   in  t h e  

c o n t r o l   rod  d r i v e s   of  a  b o i l i n g   w a t e r   r e a c t o r   (BWR),  

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

a p p l i c a t i o n   of  h i g h   l e v e l   of  s t r e s s .   The  c o u n t e r m e a s u r e  

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

C u r r e n t l y ,   a  m a t e r i a l   c a l l e d   " i n c o n e l   x 7 5 0 "  

( c o m m e r c i a l   name)   h a v i n g   a  s u p e r i o r   s t r e n g t h   and  c o r r o -  

s i o n   r e s i s t a n c e   is  mos t   b r o a d l y   u s e d   as  t h e   m a t e r i a l   o f  

s p r i n g s   i n t e n d e d   f o r   use   in  n u c l e a r   r e a c t o r s .   In  m o s t  

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

s u b j e c t e d   to  a  c o l d   w o r k i n g   a t   w o r k i n g   r a t i o   of  30  t o  

40%  a f t e r   h a v i n g   been   s u b j e c t e d   to  a  s o l u t i o n   h e a t  

t r e a t m e n t ,   and  t h e n   s u b j e c t e d   to  a  d i r e c t   a g i n g   t r e a t -  

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

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

s p r i n g .   On  t he   o t h e r   h a n d ,   t h e   a g i n g   t r e a t m e n t   f o l l o w i n g  

t h e   c o l d   w o r k i n g   c o n t r i b u t e s   to  t he   i m p r o v e m e n t   in  t h e  

s p r i n g   p r o p e r t y   and  s t r e n g t h   a t   h i g h   t e m p e r a t u r e   e s s e n -  

t i a l   f o r   t h e   s p r i n g s   u s e d   in  n u c l e a r   r e a c t o r s .   H o w e v e r ,  

a l t h o u g h   t he   c o l d   w o r k i n g   a t   w o r k i n g   r a t i o   of  30  to  40% 

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

a g i n g   t r e a t m e n t ,   no  e n o u g h   d i s c u s s i o n   h a s   b e e n   made  a s  

to   w h e t h e r   t h i s   c o l d   w o r k i n g   a t   w o r k i n g   r a t i o   of  30  t o  

40%  is   e f f e c t i v e   f o r   t he   i m p r o v e m e n t   in  t h e   r e s i s t a n c e  

to   c r e v i c e   SCC  w h i c h   i m p o s e s   a  s e r i o u s   p r o b l e m   when  t h e  



s p r i n g s   a r e   p u t   i n t o   p r a c t i c a l   u s e .  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   L a i d - O p e n   N o .  

6 9 5 1 7 / 7 9   m e n t i o n s   a b o u t   t he   i n t e r g r a n u l a r   c o r r o s i o n   i n  

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

a l l   a b o u t   t h e   SCC  r e s i s t a n c e   of  p r e c i p i t a t i o n   h a r d e n i n g  

a l l o y .   U n l i k e   t h e   s o l i d   s o l u t i o n   h a r d e n i n g   a l l o y ,   t h e -  

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

c i f i c   r e l a t i o n s h i p   b e t w e e n   t he   c r e v i c e   SCC  s u s c e p -  .  

t i b i l i t y   and  t h e   i n t e r g r a n u l a r   c o r r o s i o n   s u s c e p t i b i l i t y .  

SUMMARY  OF  THE  INVENTION 

OBJECT  OF  THE  INVENTION 

A c c o r d i n g l y ,   an  o b j e c t   of   t h e   i n v e n t i o n   is   t o  

p r o v i d e   an  N i - b a s e   a l l o y   member   h a v i n g   a  s u p e r i o r   SCC 

r e s i s t a n c e ,   as  w e l l   as  a  m e t h o d   of   p r o d u c i n g   t he   s a m e ,  

t h e r e b y   to  o v e r c o m e   t he   a b o v e - d e s c r i b e d   p r o b l e m s   of  t h e  

p r i o r   a r t .  

STATEMENT  OF  THE  INVENTION 

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

have   c o n d u c t e d   e x t e n s i v e   e x p e r i m e n t s   in  w h i c h   t h e  

w o r k i n g   r a t i o   of  t h e   c o l d   w o r k i n g   e x e c u t e d   b e t w e e n   t h e  

s o l u t i o n   h e a t   t r e a t m e n t   and  t he   a g i n g   t r e a t m e n t   w a s  

v a r i e d   to  i n v e s t i g a t e   how  the   c r e v i c e   SCC  r e s i s t a n c e   i s  

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

two  a s p e c t s :   n a m e l y ,   a  c o n s t a n t   s t r a i n   t e s t   w i t h   c r e -  

v i c e   in  p u r e   w a t e r   of  h i g h   t e m p e r a t u r e   and  p r e s s u r e   a n d  

m e t a l l o g r a p h i c   o b s e r v a t i o n   of  s t r u c t u r e .   At  t he   s a m e  



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

d i t i o n   of  a g i n g   t r e a t m e n t   ( d i r e c t   a g i n g   and  t w o - s t e p p e d  

a g i n g ) .   As  a  r e s u l t ,   t h e   f o l l o w i n g   f a c t s   were   n e w l y  

f o u n d   by  t he   i n v e n t o r s   t h r o u g h   t h e   e x p e r i m e n t s .  

(1)  A  c o l d   p l a s t i c   w o r k i n g   a t   w o r k i n g   r a t i o   of  10  t o  

30%,  e x e c u t e d   b e t w e e n   t h e   s o l u t i o n   h e a t   t r e a t m e n t   a n d  

t h e   d i r e c t   a g i n g   t r e a t m e n t ,   e x h i b i t s   a  l a r g e   c r e v i c e   SCC 

s u s c e p t i b i l i t y .   H o w e v e r ,   t h e   c r e v i c e   SCC  r e s i s t a n c e   i s  

i n c r e a s e d   when  t h e   c o l d   p l a s t i c   w o r k i n g   i s   c o n d u c t e d   a t  

a  w o r k i n g   r a t i o   of  40%.  I t   p r o v e d   a l s o   t h a t   t h i s   a l l o y  

has   p r e c i p i t a t e   of  d i s c o n t i n u o u s   and  g r a n u l a r   Cr  c a r b i d e  

in  t h e   g r a i n   b o u n d a r y .   In  c o n t r a s t ,   t he   c o n v e n t i o n a l  

p r o c e s s   i n c r e a s e s   t h e   SCC  s u s c e p t i b i l i t y   due  to  c o n -  

t i n u o u s   p r e c i p i t a t e   of  Cr  c a r b i d e   in  t h e   g r a i n   b o u n d a r y .  

T h e r e f o r e ,   t he   c o l d   w o r k i n g   r a t i o   s h o u l d   be  n o t   s m a l l e r  

t h a n   40%  in  t e r m s   of  r e d u c t i o n   of  c r o s s - s e c t i o n a l   a r e a .  

(2)  A  c o l d   p l a s t i c   w o r k i n g   e x e c u t e d   a t   a  w o r k i n g   r a t i o  

of  10  to  20%  b e t w e e n   t h e   s o l u t i o n   h e a t   t r e a t m e n t   a n d  

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

v i c e   SCC  s u s c e p t i b i l i t y .   The  c r e v i c e   SCC  s u s c e p t i b i l i t y ,  

h o w e v e r ,   is   d r a s t i c a l l y   d e c r e a s e d   when  t h e   w o r k i n g   r a t i o  

of  t h e   c o l d   p l a s t i c   w o r k i n g   i s   i n c r e a s e d   b e y o n d   2 5 % .  

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

w o r k i n g   r a t i o   and  t h e   c r e v i c e   SCC  s u s c e p t i b i l i t y   c a n  

e a s i l y   be  j u d g e d   t h r o u g h   m e t a l l o g r a p h y .   N a m e l y ,   w h i l e  

an  a p p a r e n t   p r i m a r y   r e c r y s t a l l i z a t i o n   is   o b s e r v e d   in  t h e  

c a s e   of  t he   c o l d   p l a s t i c   w o r k i n g   a t   h i g h   w o r k i n g   r a t i o  



(25%  or  h i g h e r )   in  w h i c h   t h e   c r e v i c e   SCC  s u s c e p t i b i l i t y  

is  e x t r e m e l y   s m a l l ,   no  p r i m a r y   r e c r y s t a l l i z a t i o n   is   f o u n d  

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

w o r k i n g   r a t i o   (10  to  20%)  in  w h i c h   t h e   c r e v i c e   SCC 

s u s c e p t i b i l i t y   is   l a r g e .   From  t h i s   f a c t ,   i t   is   a s s u m e d  

t h a t   t h e   m e c h a n i s m   of  c r e v i c e   SCC  in  h i g h   t e m p e r a t u r e  

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

a g i n g   t r e a t m e n t   is   d i f f e r e n t   f r o m   t h a t   of  c r e v i c e   SCC 

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

t r e a t m e n t .   More  s p e c i f i c a l l y ,   i t   is   u n d e r s t o o d   t h a t   t h e  

c r e v i c e   SCC  in  h i g h   t e m p e r a t u r e   w a t e r   o c c u r r i n g   i n  

m a t e r i a l   t r e a t e d   by  t w o - s t e p p e d   a g i n g   i s   c l o s e l y   r e l a t e d  

to  t h e   b e h a v i o u r   of  t h e   a p p a r e n t   p r i m a r y   r e c r y s t a l l i z a -  

t i o n ,   r a t h e r   t h a n   to   t h e   d e p l e t i o n   of  Cr  due  to  t h e   p r e -  

c i p i t a t i o n   of  Cr  c a r b i d e .   The  a p p a r e n t   p r i m a r y  

r e c r y s t a l l i z a t i o n   is   a c t u a l l y   a  d e c o m p o s i t i o n   of  t h e  

m a t r i x   i n t o   a  W i d m a n s t a t t e n   t y p e   or  a  d e n d r i t i c   t y p e  

s t r u c t u r e   c o n t a i n i n g   E ta   p h a s e   ( N i 3 T i ) .   Such  a  s t r u c -  

t u r e   e x h i b i t s   a  h i g h   SCC  r e s i s t a n c e .   In  t he   s t r u c t u r e  

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

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

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

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

p i t a t e   f r e e   zone   due  to  d e p l e t i o n   of  t he   e l e m e n t s   c o n -  

sumed  f o r   f o r m a t i o n   of  E ta   p h a s e .   The  s t r u c t u r e  

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

e x h i b i t s   a  low  SCC  r e s i s t a n c e .  



The  p r e s e n t   i n v e n t i o n   has   been   a c c o m p l i s h e d   o n  

t h e   b a s i s   of  t he   n e w l y   f o u n d   f a c t s   as  e x p l a i n e d  

h e r e i n a b o v e .  

A c c o r d i n g   to  one  a s p e c t   of  t he   i n v e n t i o n ,  

t h e r e   is   p r o v i d e d   an  N i - b a s e   a l l o y   member   s u p e r i o r   i n  

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   made  of   an  a l l o y  

c o n s i s t i n g   e s s e n t i a l l y   o f ,   by  w e i g h t ,   14  to   25%  of  C r ,  

n o t   g r e a t e r   t h a n   30%  of  Fe ,   0 . 2   to  2%  of  A l ,   0 . 5   to  3% 

of  T i ,   0 . 7   to   4.5%  of  Nb  and  t h e   b a l a n c e   s u b s t a n t i a l l y  

Ni ,   c h a r a c t e r i z e d   in  t h a t   t h e   a l l o y   e x h i b i t s   s t r e s s  

c o r r o s i o n   c r a c k i n g   d e p t h   of  n o t   g r e a t e r   t h a n   200pm  w h e n  

s u b j e c t e d   to   p u r e   w a t e r   of  288°C  u n d e r   a  p r e s s u r e   of  86  

Kg/cm2  and  h a v i n g   a  d i s s o l v e d   o x y g e n   c o n t e n t   of  8  p p m ,  

f o r   500  h o u r s   a t   a  s t r a i n   of  1%. 

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

an  N i - b a s e   a l l o y   member  made  of   an  a l l o y   c o n s i s t i n g  

e s s e n t i a l l y   o f ,   by  w e i g h t ,   14  to  25%  of  Cr ,   n o t   g r e a t e r  

t h a n   30%  of   Fe,   0 .2   to  2%  of  A l ,   0 . 5   to  3%  of   T i ,   0 .7   t o  

4.5%  of  Nb  and  t he   b a l a n c e   s u b s t a n t i a l l y   N i ,   w h e r e i n  

s a i d   a l l o y   has   a  s t r u c t u r e   c o n t a i n i n g   d i s c o n t i n u o u s   g r a -  

n u l a r   p r e c i p i t a t e   of  Cr  c a r b i d e   a l o n g   t h e   g r a i n   b o u n d a r y  

or   an  a p p a r e n t   p r i m a r y   r e c r y s t a l l i z a t i o n   s t r u c t u r e   w h i c h  

p r e c i p i t a t e s   in  Eta  p h a s e   W i d m a n s t ä t t e n   f o r m   or   i n  

d e n d r i t i c   f o r m .  

P r e f e r a b l y ,   t h e   N i - b a s e   a l l o y   member   of  t h e  

i n v e n t i o n   i s   made  of  an  a l l o y   c o n s i s t i n g   s e e n t i a l l y   o f ,  

by  w e i g h t ,   14  to  20%  of  Cr ,   n o t   g r e a t e r   t h a n   10%  of  F e ,  



0 .4   to  1.0%  of  A l ,   2  to  3%  of  T i ,   0 .7   to   1.5%  of  Nb  a n d  

t h e   b a l a n c e   s u b s t a n t i a l l y   Ni ,   and  h a v i n g   a  s t r u c t u r e  

c o n t a i n i n g   d i s c o n t i n u o u s   g r a n u l a r   p r e c i p i t a t e   of  Cr  c a r -  

b i d e   a l o n g   t h e   g r a i n   b o u n d a r y   or  an  a p p a r e n t   p r i m a r y  

r e c r y s t a l l i z a t i o n   s t r u c t u r e   w h i c h   p r e c i p i t a t e s   in  E t a  

p h a s e   W i d m a n s t a t t e n   fo rm  or  in  d e n d r i t i c   f o r m .  

The  N i - b a s e   a l l o y   member   of  t h e   i n v e n t i o n   i s  

p r o d u c e d   by  a  p r o c e s s   h a v i n g   t h e   s t e p s   of  s u b j e c t i n g   t h e  

a l l o y   of  a b o v e - m e n t i o n e d   c o m p o s i t i o n   to   a  s o l u t i o n   h e a t  

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

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

t h a n   40%  and  e f f e c t i n g   a  d i r e c t   a g i n g   t r e a t m e n t   on  t h e  

a l l o y   a t   a  t e m p e r a t u r e   of  b e t w e e n   650  and  7 5 0 ° C .  

P r e f e r a b l y ,   t h e   c o l d   p l a s t i c   w o r k i n g   r a t i o   r a n g e s   b e -  

t w e e n   60  and  70%  in  t e r m s   of  r e d u c t i o n   of  c r o s s -  

s e c t i o n a l   a r e a .  

The  N i - b a s e   a l l o y   member   of  t h e   i n v e n t i o n   c a n  

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

s u b j e c t i n g   t h e   a l l o y   of  t he   a b o v e - m e n t i o n e d   c o m p o s i t i o n  

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

w o r k i n g   on  t h e   a l l o y   a t   a  r e d u c t i o n   of  c r o s s - s e c t i o n a l  

a r e a   of  n o t   s m a l l e r   t h a n   25%  and  s u b j e c t i n g   t h e   a l l o y   t o  
« 

a  t w o - s t e p p e d   a g i n g   t r e a t m e n t   c o n s i s t i n g   of  an  a g i n g   a t  

800  to  950°C  and  a n o t h e r   a g i n g   a t   600  to   7 5 0 ° C .   T h e  

c o l d   p l a s t i c   w o r k i n g   r a t i o   p r e f e r a b l y   r a n g e s   b e t w e e n   40 

and  70%  in  t e r m s   of  r e d u c t i o n   of  c r o s s - s e c t i o n a l   a r e a .  

T h i s   p r o c e s s   a f f o r d s   an  a d v a n t a g e   in  t h a t   t h e   w o r k i n g  



r a t i o   can   be  made  s m a l l e r   t h a n   t h a t   in  t h e   f i r s t -  

m e n t i o n e d   p r o c e s s .  

H e r e i n u n d e r ,   an  e x p l a n a t i o n   w i l l   be  made  as  t o  

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

c o n t e n t s   of  t he   c o m p o n e n t s .  

For   a t t a i n i n g   a  s u f f i c i e n t l y   h i g h   SCC 

r e s i s t a n c e ,   t h e   Cr  c o n t e n t   s h o u l d   be  14%  a t   t h e  

s m a l l e s t ,   b u t   any  Cr  c o n t e n t   e x c e e d i n g   25%  d e g r a d e s   t h e  

h o t   w o r k a b i l i t y   a n d ,   in  a d d i t i o n ,   a  n o x i o u s   p h a s e   k n o w n  

as  TCP  p h a s e   is  f o r m e d   to  d e t e r i o r a t e   t h e   c o l d   w o r k a b i -  

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

From  t h e s e   p o i n t s   of  v i e w ,   t h e   Cr  c o n t e n t   p r e f e r a b l y  

r a n g e s   b e t w e e n   14  and  25%,  more  p r e f e r a b l y   14  and  20% 

and  m o s t   p r e f e r a b l y   14  and  1 7 % .  

Fe  is  an  e l e m e n t   w h i c h   is   e f f e c t i v e   in  s t a b i -  

l i z i n g   t h e   s t r u c t u r e   of  t h e   m a t r i x   and  i m p r o v i n g   t h e  

c o r r o s i o n   r e s i s t a n c e .   A  t o o   l a r g e   Fe  c o n t e n t ,   h o w e v e r ,  

p e r m i t s   t h e   p r o d u c t i o n   of  n o x i o u s   p h a s e   s u c h   as  L a v e s  

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

g r e a t e r   t h a n   30%,  more  p r e f e r a b l y   n o t   g r e a t e r   t h a n   10% 

and  m o s t   p r e f e r a b l y   5  to  9%. 

A l ,   Ti  and  Nb  c o n t r i b u t e   to   t h e   p r e c i p i t a t i o n  

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

t h r o u g h   r e a c t i o n   w i t h   Ni .   In  o r d e r   to  o b t a i n   an  a g e  

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

s m a l l e r   t h a n   0.2%  of  Al  and  n o t   s m a l l e r   t h a n   0.5%  o f  

Ti  is   e s s e n t i a l .   I t   is  p o s s i b l e   to  o b t a i n   a l l o y s   o f  



d e s i r e d   h i g h   s t r e n g t h   by  i n c r e a s i n g   t he   Al  and  T i  

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

d e g r a d e d   i f   t h e   Al ,   Ti  and  Nb  c o n t e n t s   a r e   i n c r e a s e d  

e x c e s s i v e l y .   T h e r e f o r e ,   Al ,   Ti  and  Nb  c o n t e n t s   a r e   p r e -  

f e r a b l y   0 .2   to   2%,  0 .5   to  3%  and  0 .7  to  4 . 5 % ,   r e s p e c -  

t i v e l y .   More  p r e f e r a b l y ,   t h e   Al ,   Ti  and  Nb  c o n t e n t s   a r e  

0 .4   to   1 . 0 % ,   2  to   3%  and  0 .7   to  1 .5%,   r e s p e c t i v e l y .  

Nb  has   g r e a t e r   e f f e c t   on  t h e   p r e c i p i t a t i o n  

h a r d e n i n g   t h a n   Al  and  Ti  a n d ,   t h e r e f o r e ,   t h e   a d d i t i o n   o f  

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

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

s p r i n g s   and  b o l t s   u s e d   in  n u c l e a r   r e a c t o r s .   H o w e v e r ,  

a  t o o   l a r g e   Nb  c o n t e n t   w i l l   u n d e s i r a b l y   d e t e r i o r a t e   t h e  

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

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

T h e r e f o r e ,   t h e   Nb  c o n t e n t   p r e f e r a b l y   r a n g e s   b e t w e e n   0 . 5  

and  1 . 5 % .  

In  o r d e r   to   i n c r e a s e   t he   s t r e n g t h   a t   room  t e m -  

p e r a t u r e   i t   i s   n e c e s s a r y   to  add  C,  b u t   t h e   C  c o n t e n t  

s h o u l d   n o t   e x c e e d   0 .15%  b e c a u s e   C  c o n t e n t   e x c e e d i n g  

0 .15%  i n c o n v e n i e n t l y   l o w e r s   t h e   c o l d   p l a s t i c   w o r k a b i -  

l i t y .   The  C  c o n t e n t   p r e f e r a b l y   r a n g e s   b e t w e e n   0 . 0 2   a n d  

0 . 0 8 % .  

Not  g r e a t e r   t h a n   1%  of  Si  and  n o t   g r e a t e r   t h a n  

1.5%  of  Mn  a r e   a d d e d   as  d e o x i d i z e r s   in  t he   c o u r s e   o f  

p r o d u c t i o n   of  t h e   a l l o y .   A d d i t i o n   of  more  t h a n   1%  of  S i  

and  more  t h a n   1.5%  of  Mn  u n d e s i r a b l y   l o w e r s   t h e   c o l d  



p l a s t i c   w o r k a b i l i t y   of  t h e   a l l o y .   P r e f e r a b l y ,   t h e   S i  

c o n t e n t   and  Mn  c o n t e n t   a r e   s e l e c t e d   to   r a n g e   b e t w e e n  

0 . 0 2   and  0.5%  and  0 . 1   and  1%,  r e s p e c t i v e l y .  

In  t he   N i - b a s e   a l l o y   member  of  t h e   i n v e n t i o n ,  

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

Ni .   The  Ni  c o n t e n t   i s   p r e f e r a b l y   n o t   s m a l l e r   t h a n   6 5 % ,  

and  more  p r e f e r a b l y   n o t   s m a l l e r   t h a n   7 0 % .  

The  d i r e c t   a g i n g   t r e a t m e n t   i s   p r e f e r a b l y   c o n -  

d u c t e d   a t   a  t e m p e r a t u r e   r a n g i n g   b e t w e e n   650  and  7 5 0 ° C .  

The  t w o - s t e p p e d   a g i n g   t r e a t m e n t   is  c o n d u c t e d   p r e f e r a b l y  

by  h e a t i n g   t he   m a t e r i a l   to   and  m a i n t a i n i n g   t h e   same  a t  

800  to   900°C  f o r   1  to   30  h o u r s ,   c o o l i n g   t h e   m a t e r i a l   a n d  

t h e n   h e a t i n g   to  and  m a i n t a i n i n g   a t   600  to   750°C  f o r   1  t o  

30  h o u r s .   I t   is   a l s o   p r e f e r r e d   t h a t   t h e   s o l u t i o n   h e a t  

t r e a t m e n t   is   c o n d u c t e d   a t   a  t e m p e r a t u r e   r a n g i n g   b e t w e e n  

950  and  1 1 5 0 ° C .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g s .   l a   to   l f   a r e   i l l u s t r a t i o n s   of   v a r i o u s  

s p r i n g s   u s e d   in  a  n u c l e a r   r e a c t o r ,   as  e m b o d i m e n t s   of  t h e  

N i - b a s e   a l l o y   member   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ;  

F i g s .   2  (a )   to   (d)  a re   m i c r o s c o p i c   p h o t o s   o f  

t h e   s t r u c t u r e s   of  N i - b a s e   a l l o y   member   of  t h e   i n v e n t i o n  

o b t a i n e d   t h r o u g h   a  d i r e c t   a g i n g   t r e a t m e n t   ( m a g n i f i c a t i o n  

4 0 0 ) ;  

F i g s .   3  (a)   to  (d)  a re   m i c r o s c o p i c   p h o t o s   o f  

s t r u c t u r e s   of  N i - b a s e   a l l o y   member  of  t h e   i n v e n t i o n  



o b t a i n e d   t h r o u g h   t w o - s t e p p e d   a g i n g   t r e a t m e n t  

( m a g n i f i c a t i o n   4 0 0 ) ;   a n d  

F i g .   4  shows   m i c r o s c o p i c   p h o t o s   a t   a  l a r g e  

m a g n i f i c a t i o n   of  s t r u c t u r e s   w h i c h   a r e   o b t a i n e d   t h r o u g h  

d i r e c t   a g i n g   t r e a t m e n t   and  t w o - s t e p p e d   a g i n g   t r e a t m e n t ,  

r e s p e c t i v e l y .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  N i - b a s e   a l l o y   member   of  t he   i n v e n t i o n   i s  

s u i t a b l e   f o r   use   p a r t i c u l a r l y   as  s p r i n g s   and  b o l t s   w h i c h  

a r e   s u b j e c t e d   to   p u r e   w a t e r   of  h i g h   p r e s s u r e   and  t m p e r a -  

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

F i g s .   la   to   l f   i l l u s t r a t e   s h a p e s   of  v a r i o u s  

s p r i n g s   and  b o l t s   u s e d   in  n u c l e a r   r e a c t o r s .   A  d e s c r i p -  

t i o n   w i l l   be  made  h e r e i n u n d e r   as  to   t he   n a t u r e s   of  t h e s e  

s p r i n g s   and  b o l t s ,   as  w e l l   as  t h e   m e t h o d   of  p r o d u c i n g  

t h e s e   s p r i n g s   and  b o l t s .  

F i g s .   la   and  lb   i l l u s t r a t e   an  e x p a n s i o n   s p r i n g  

12  w h i c h   is   u s e d   f o r   s e c u r i n g   g r a p h i t e   s e a l   s e g m e n t s   11  

to   t h e   i n n e r   s u r f a c e   of  an  i n d e x   t u b e   10.   The  e x p a n s i o n  

s p r i n g   12  has   t he   f o rm  of  a  w e b - l i k e   r i n g   c u t   a t   a  p o r -  

t i o n   t h e r e o f   as  a t   13.  The  b r e a d t h   or  a x i a l   h e i g h t   i s  

10  mm  w h i l e   t h e   d i a m e t e r   i s   60  mm.  T h i s   e x p a n s i o n   r i n g  

12  is  made  by  a  p r o c e s s   h a v i n g   t he   s t e p s   of  p r e p a r a t i o n  

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

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

25%  or  h i g h e r ,   f o r i m g   and  t w o - s t e p p e d   a g i n g   t r e a t m e n t .  



F i g s .   lc   and  ld  i l l u s t r a t e s   a  g r a t e r   s p r i n g   22  

f o r   s e c u r i n g   g r a p h i t e   s e a l   s e g m e n t s   21  to  a  p i s t o n   t u b e  

20.  The  g a r t e r   s p r i n g   22  is   a  c o i l e d   s p r i n g   h a v i n g   a  

c o i l   l e n g t h   of  166  mm  and  f o r m e d   f rom  a  w i r e   of  0 . 3 6   mm 

d i a .   T h i s   g a r t e r   s p r i n g   i s   p r o d u c e d   by  a  p r o c e s s   w h i c h  

has   t he   s t e p s   of  p r e p a r a t i o n   of  m o l t e n   a l l o y   m a t e r i a l ,  

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

c o i l i n g   a t   a  w o r k i n g   r a t i o   of  25%  or  h i g h e r   and  t w o -  

s t e p p e d   a g i n g   t r e a t m e n t .  

F i g .   le   shows   a  s p r i n g   32  w h i c h   is   i n t e r p o s e d  

b e t w e e n   a  t i e   p l a t e   30  and  a  c h a n n e l   box  31,   w h i l e   F i g .  

l f   shows   a  s p r i n g   41  a s s o c i a t e d   w i t h   a  cap   s c r e w   4 0 .  

T h e s e   s p r i n g s   32  and  41  a r e   p r o d u c e d   by  t h e   same  p r o c e s s  

as  t h e   e x p a n s i o n   s p r i n g   shown  in  F i g s .   l a   and  l b .   I n  

F i g .   l f ,   a  r e f e r e n c e   n u m e r a l   42  d e s i g n a t e s   a  g u a r d .   T h e  

cap  s c r e w   40  is   p r o d u c e d   by  a  p r o c e s s   h a v i n g   t h e   s t e p s  

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

t h r e a d i n g   by  t h r e a d  r o l l i n g   or   m a c h i n i n g .   The  a f o r e m e n -  

t i o n e d   t w o - s t e p p e d   a g i n g   t r e a t m e n t   i s   c o n d u c t e d  

f o l l o w i n g   t h e   t h r e a d i n g .  

E x a m p l e :  

I n c o n e l   x750  ( c o m m e r c i a l   name)   c o n s i s t i n g  

e s s e n t i a l l y   o f ,   by  w e i g h t ,   72 .92%  of  Ni ,   15 .48%  of  C r ,  

6.91%  of  Fe,   0 .57%  of  Al ,   2 .60%  of  T i ,   0 .95%  of  N b + T a ,  

0.04%  of  C,  0.20%  of  Si  and  0 .23%  of  Mn  was  u s e d   as  t h e  

b l a n k .  

T a b l e   1  shows  t h e   r e s u l t   of  a  c r e v i c e   c o n s t a n t  



s t r a i n   t e s t   c o n d u c t e d   in  p u r e   w a t e r   of  h i g h   t e m p e r a t u r e  

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

t e s t   t e m p e r a t u r e :   2 8 8 ° C  

p r e s s u r e :   86  K g / c m 2  

d i s s o l v e d   o x y g e n   c o n t e n t :   8  p p m  

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

s t r a i n :   a b o u t   1 . 0 %  

t e s t   t i m e :   500  h o u r s  



From  T a b l e   1,  i t   w i l l   be  u n d e r s t o o d   t h a t ,   w h e n  

t h e   i n c o n e l   x750  is   s u b j e c t e d   to  a  c o l d   p l a s t i c   w o r k i n g  

a t   a  r e d u c t i o n   of  c r o s s - s e c t i o n a l   a r e a   of  10  to   60% 

a f t e r   a  s o l u t i o n   h e a t   t r e a t m e n t   ( 1 0 6 6 ° C   1 - h o u r   h e a t i n g  

f o l l o w e d   by  w a t e r   c o o l i n g )   and  b e f o r e   a  d i r e c t   a g i n g  

t r e a t m e n t   (704°C  4  to  2 0 - h o u r s   h e a t i n g   f o l l o w e d   by  a i r  

c o o l i n g ) ,   t h e   c r e v i c e   SCC  s u s c e p t i b i l i t y   i s   v a r i e d  

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

s e c t i o n a l   a r e a .   N a m e l y ,   t he   c r e v i c e   SCC  s u s c e p t i b i l i t y  

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

c o n d u c t e d   r e s p e c t i v e l y   a t   r e d u c t i o n   of  c r o s s - s e c t i o n a l  

a r e a   of   10,  20  and  30%.  T h i s   m e a n s   t h a t   t he   c o l d  

p l a s t i c   w o r k i n g   a t   w o r k i n g   r a t i o   n o t   g r e a t e r   t h a n   30%  i s  

d e t r i m e n t a l   to  t he   c r e v i c e   SCC  r e s i s t a n c e .   The  c r e v i c e  



SCC  s u s c e p t i b i l i t y   is  r e m a r k a b l y   d e c r e a s e d   as  t he   c o l d  

p l a s t i c   w o r k i n g   r a t i o   is  i n c r e a s e d   to   50%  and  t h e n   t o  

60%.  Such  l a r g e   c o l d   p l a s t i c   w o r k i n g   r a t i o ,   h o w e v e r ,   i s  

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

In  t h e   c a s e   w h e r e   t he   same  c o l d   p l a s t i c  

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

( 1 0 6 6 ° C   1 - h o u r   h e a t i n g   f o l l o w e d   by  w a t e r   c o o l i n g )   a n d  

a  t w o - s t e p p e d   a g i n g   t r e a t m e n t   ( 8 4 3 ° C   2 4 - h o u r s   h e a t i n g  

f o l l o w e d   by  a i r   c o o l i n g ,   and  704°C  4  to  2 0 - h o u r s   h e a t i n g  

f o l l o w e d   by  a i r   c o o l i n g ) ,   t h e   c r e v i c e   SCC  r e s i s t a n c e   i s  

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

c o n d u c t e d   r e s p e c t i v e l y   a t   a  w o r k i n g   r a t i o   of  30  and  60%,  

a l t h o u g h   t h e   c r e v i c e   SCC  s u s c e p t i b i l i t y   i s   s t i l l   h i g h  

when  t he   w o r k i n g   r a t i o   is   10%  and  2 0 % .  

In  o r d e r   to  e x a m i n e   how  t h e   c r e v i c e   SCC 

s u s c e p t i b i l i t y   of  i n c o n e l   x750  is   a f f e c t e d   by  t h e  

m e t a l l o g r a p h y ,   t e s t   p i e c e s   of  t h i s   m a t e r i a l   w e r e  

i m m e r s e d   in  a  m i x e d   a c i d   (92  ml  Hcl  +  3  ml  HN03  +  5  m l  

H2S04)   and  w e r e   o b s e r v e d   by  a  m i c r o s c o p e   to   o b t a i n  

m i c r o s c o p i c   p h o t o s   ( m a g n i f i c a t i o n   400)   as  shown  in  F i g s .  

2  (a)   to   (d)  and  F i g s .   3  (a)   to  ( d ) .   More  s p e c i f i c a l l y ,  

F i g s .   2  (a)   to   (d)  show  the   m e t a l l o g r a p h i e s   as  o b t a i n e d  

t h r o u g h   a  d i r e c t   a g i n g   t r e a t m e n t   when  t h e   c o l d   w o r k i n g  

r a t i o   is   10%,  20%,  30%  and  60%,  r e s p e c t i v e l y ,   w h i l e  

F i g s .   3  (a)  to   (d)  shows  t h o s e   o b t a i n e d   t h r o u g h   t w o -  

s t e p p e d   a g i n g   t r e a t m e n t   when  t he   c o l d   p l a s t i c   w o r k i n g   i s  

c o n d u c t e d   a t   w o r k i n g   r a t i o   of  10%,  20%,  30%  and  60%,  



r e s p e c t i v e l y .   When  t he   a g i n g   t r e a t m e n t   is   c o n d u c t e d  

t h r o g h   a  d i r e c t   a g i n g ,   t he   g r a i n s   become   d e f o r m e d   as  t h e  

c o l d   w o r k i n g   r a t i o   is   i n c r e a s e d .   H o w e v e r ,   no  s p e c i f i c  

r e l a t i o n s h i p   is   o b s e r v e d   b e t w e e n   t h e   c r e v i c e   SCC  s u s c e p -  

t i b i l i t y   and  t h e   m e t a l l o g r a p h y .   On  t h e   o t h e r   h a n d ,   w h e n  

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

t r e a t m e n t ,   t h e   m e t a l l o g r a p h i e s   e x h i b i t i n g   l a r g e   c r e v i c e  

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

w h e r e a s   t he   m e t a l l o g r a p h i e s   e x h i b i t i n g   s m a l l   c r e v i c e   SCC 

s u s c e p t i b i l i t y   show  a  c o m p a r a t i v e l y   l a r g e   number   o f  

a p p a r e n t   p r i m a r y   r e c r y s t a l l i z a t i o n   g r a i n s ,   as  w e l l   a s  

i n t e r g r a n u l a r   c o r r o s i o n .   T h i s   s u g g e s t s   t h a t   t h e r e   i s   a  

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

r e c r y s t a l l i z a t i o n   b e h a v i o r   and  t h e   c r e v i c e   SCC  s u s c e p -  

t i b i l i t y   in  h o t   w a t e r ,   when  t h e   a g i n g   i s   c o n d u c t e d  

t h r o u g h   t w o - s t e p p e d   a g i n g   t r e a t m e n t ,   and  t h a t   t h e   c r e -  

v i c e   SCC  r e s i s t a n c e   of  t he   a l l o y   of   t h e   i n v e n t i o n   can  b e  

i m p r o v e d   e f f e c t i v e l y   by  f i n a l l y   a t t a i n i n g   a  

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

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

w o r k i n g  r a t i o   and  h e a t   t r e a t m e n t .   The  a p p a r e n t   p r i m a r y  

r e c r y s t a l l i z a t i o n   is   r u l e d   by  t h e   c o l d   w o r k i n g   r a t i o   a n d  

t h e   c o n d i t i o n   of  t he   i n t e r m e d i a t e   h e a t   t r e a t m e n t .   M o r e  

s p e c i f i c a l l y ,   t h e   a p p a r e n t   p r i m a r y   r e c r y s t a l l i z a t i o n   i s  

p r o m o t e d   to  r e m a r k a b l y   i m p r o v e   t he   c r e v i c e   SCC 

r e s i s t a n c e ,   as  t he   c o l d   w o r k i n g   r a t i o   i s   i n c r e a s e d .  

F i g .   4  shows  m i c r o s c o p i c   p h o t o s   o f  



m e t a l l o g r a p h i e s   of  i n c o n e l   x750  a l l o y   s u b j e c t e d   t o  

d i r e c t   a g i n g   t r e a t m e n t   and  t w o - s t e p p e d   a g i n g   t r e a t m e n t ,  

a f t e r   c o l d   p l a s t i c   w o r k i n g   a t   w o r k i n g   r a t i o   of  0%,  30% 

and  60%,  r e s p e c t i v e l y .   In  t he   a l l o y   s u b j e c t e d   to   t h e  

d i r e c t   a g i n g   t r e a t m e n t ,   c o n t i n u o u s   p r e c i p i t a t e   of  C r  

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

c o l d   p l a s t i c   w o r k i n g   r a t i o   is   0%  and  30%.  I t   i s ,   t h e r e -  

f o r e ,   u n d e r s t o o d   t h a t   t h e   low  c r e v i c e   SCC  r e s i s t a n c e   i n  

t h e   a l l o y   c o l d - w o r k e d   a t   s u c h   low  w o r k i n g   r a t i o   i s  

a t t r i b u t a b l e   to   t he   c o n t i n u o u s   p r e c i p i t a t e   of  Cr  c a r b i d e  

in  t h e   g r a i n   b o u n d a r y .   In  c o n t r a s t ,   in  t h e   a l l o y   s u b -  

j e c t e d   to   a  p l a s t i c   w o r k i n g   a t   w o r k i n g   r a t i o   of  60%  i n  

a c c o r d a n c e   w i t h   the   i n v e n t i o n ,   no  c o n t i n u o u s   p r e c i p i t a t e  

of  Cr  c a r b i d e   is   f o u n d   a l o n g   t h e   g r a i n   b o u n d a r y ,   bu t   t h e  

Cr  c a r b i d e   i s   p r e c i p i t a t e d   in  a  g r a n u l a r   form  a l o n g   t h e  

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

On  t h e   o t h e r   h a n d ,   in  t h e   a l l o y   s u b j e c t e d   t o  

t w o - s t e p p e d   a g i n g   t r e a t m e n t   u n d e r   t he   c o l d   p l a s t i c  

w o r k i n g   r a t i o   of  0%,  c o l u m n a r   p r e c i p i t a t e   of  E ta   p h a s e  

( N i 3 T i   i n t e r m e t a l l i c   c o m p o u n d )   i s   f o r m e d   a l o n g   t h e   g r a i n  

b o u n d a r y   and  is  s u r r o u n d e d   by  P r e c i p i t a t e   F r e e   Z o n e .  

I t   i s ,   t h e r e f o r e ,   u n d e r s t o o d   t h a t   t h e   low  c r e v i c e   SCC 

r e s i s t a n c e   in  the   a l l o y   h a v i n g   c o l d   w o r k i n g   r a t i o   of  0% 

is   a t t r i b u t a b l e   to  t he   c o l u m n a r   p r e c i p i t a t e   of  t he   E t a  

p h a s e   and  t h e   p r e s e n c e   of  t h e   p r e c i p i t a t e   f r e e   z o n e  

a r o u n d   t h e   E ta   p h a s e .   U n l i k e   t h e   c a s e   of  the   c o l d  

w o r k i n g   r a t i o   of  0%,  t he   Eta   p h a s e   is  p r e c i p i t a t e d   i n  



W i d m a n s t a t t e n   or  d e n d r i t i c   f o r m   in  t he   a l l o y   s u b j e c t e d  

to  c o l d   p l a s t i c   w o r k i n g   a t   r a t i o   of  30%  and  60% 

a c c o r d i n g   to  t h e   i n v e n t i o n .   The  p h a s e   i t s e l f   a p p e a r i n g  

as  a p p a r e n t   p r i m a r y   r e c r y s t a l l i z a t i o n   s t r u c t u r e   m e n -  

t i o n e d   b e f o r e   owes  to  t h i s   d e n d r i t i c   E t a   p h a s e .  

From  t h e   f a c t s   d e s c r i b e d   h e r e t o f o r e ,   i t   i s  

u n d e r s t o o d   t h a t   t h e   c o l d   w o r k i n g   a t   a  w o r k i n g   r a t i o   n o t  

s m a l l e r   t h a n   40%  is   e f f e c t i v e   in  t h e   p r o d u c t i o n   o f  

s p r i n g s   and  b o l t s   h a v i n g   s u p e r i o r   c r e v i c e   SCC  r e s i s t a n c e  

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

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

when  the   a g i n g   is   c o n d u c t e d   t h r o u g h   t w o - s t e p p e d   a g i n g  

t r e a t m e n t ,   t h e   c o l d   w o r k i n g   a t   a  w o r k i n g   r a t i o   n o t  

s m a l l e r   t h a n   25%  is   e f f e c t i v e .   In  t h i s   c a s e ,   i t   i s  

u n d e r s t o o d   a l s o   t h a t   t h e   c r e v i c e   SCC  r e s i s t a n c e   c a n  

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

m e t a l l o g r a p h y ,   i . e .   t h e   s t a t e   of   p r e c i p i t a t e   of  Cr  c a r -  

b i d e   and  t h e   e x i s t e n c e   of  t h e   a p p a r e n t   p r i m a r y  

r e c r y s t a l l i z a t i o n   s t r u c t u r e .  

A l t h o u g h   t h e   i n v e n t i o n   has   been   d e s c r i b e d  

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

d e s c r i b e d   e m b o d i m e n t s   a r e   n o t   e x c l u s i v e   and  v a r i o u s  

c h a n g e s   and  m o d i f i c a t i o n s   may  be  i m p a r t e d   t h e r e t o  

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

is   l i m i t e d   s o l e l y   by  t h e   a p p e n d e d   c l a i m s .  



1.  An  N i - b a s e   a l l o y   memamber  s u p e r i o r   in  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   made  of  an  a l l o y   c o n -  

s i s t i n g   e s s e n t i a l l y   o f ,   by  w e i g h t ,   no t   g r e a t e r   t h a n  

0 .15%  of   C,  n o t   g r e a t e r   t h a n   1%  of  S i ,   no t   g r e a t e r   t h a n  

1.5%  of  Mn,  14  to  25%  of   Cr ,   n o t   g r e a t e r   t h a n   30%  of  F e ,  

0 . 2 . t o   2%  of   Al ,   0 .5   to   3%  of  T i ,   0 .7   to   4.5%  of  Nb  a n d  

t h e   b a l a n c e   s u b s t a n t i a l l y   Ni ,   c h a r a c t e r i z e d   in  t h a t   s a i d  

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

g r e a t e r   t h a n   200um  when  s u b j e c t e d   to  p u r e   w a t e r   of  2 8 8 ° C  

u n d e r   a  p r e s s u r e   of  86  Kg /cm2  and  h a v i n g   a  d i s s o l v e d  

o x y g e n   c o n t e n t   of  8  ppm,  f o r   500  h o u r s   a t   a  s t r a i n   o f  

1%. 

2.  An  N i - b a s e   a l l o y   member   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   s a i d   a l l o y   has   a  s t r u c t u r e   c o n t a i n i n g   d i s c o n -  

t i n u o u s   g r a n u l a r   p r e c i p i t a t e   of  Cr  c a r b i d e   a l o n g   t h e  

g r a i n   b o u n d a r y   or  a  p r i m a r y   r e c r y s t a l l i z a t i o n   s t r u c t u r e .  

3.  An  N i - b a s e   a l l o y   member   s u p e r i o r   in  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   made  of  an  a l l o y   c o n -  

s i s t i n g   e s s e n t i a l l y   o f ,   by  w e i g h t ,   0 . 0 2   to  0.08%  of   C ,  

0 . 0 2   to   0.5%  of  S i ,   0 . 1   to   1%  of   Mn,  14  to   20%  of  C r ,  

n o t   g r e a t e r   t h a n   10%  of  Fe ,   0 .4   to   1.0%  of  Al ,   2  to   3% 

of  T i ,   0 . 7   to  1.5%  of  Nb  and  t h e   b a l a n c e   s u b s t a n t i a l l y  

Ni ,   c h a r a c t e r i z e d   in  t h a t   s a i d   a l l o y   has  a  s t r u c t u r e  

c o n t a i n i n g   d i s c o n t i n u o u s   g r a n u l a r   p r e c i p i t a t e   of  Cr  c a r -  

b i d e   a l o n g   t he   g r a i n   b o u n d a r y   or   an  a p p a r e n t   p r i m a r y  

r e c r y s t a l l i z a t i o n   s t r u c t u r e   and  e x h i b i t s   s t e s s   c o r r o s i o n  



c r a c k i n g   l e n g t h   of  no t   g r e a t e r   t h a n   200um  when  s u b j e c t e d  

to  p u r e   w a t e r   of  288°C  u n d e r   a  p r e s s u r e   of  86  Kg /cm2   a n d  

h a v i n g   a  d i s s o l v e d   o x y g e n   c o n t e n t   of  8  ppm,  f o r   5 0 0  

h o u r s   a t   a  s t r a i n   of  1%. 

4.  An  N i - b a s e   a l l o y   member   a c c o r d i n g   to   c l a i m   3 ,  

w h e r e i n   s a i d   member   is  u s e d   as  t h e   m a t e r i a l   f o r   a  s p r i n g  

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

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

5.  An  N i - b a s e   a l l o y   member   s u p e r i o r   in  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   made  of  an  a l l o y   c o n -  

s i s t i n g   e s s e n t i a l l y   o f ,   by  w e i g h t ,   0 . 0 2   to   0 .08%  of   C ,  

0 . 0 2   to   0.5%  of  S i ,   0 . 1   to   1%  of  Mn,  14  to   17%  of  Cr ,   5 

to   9%  of  Fe ,   0 , 4   to   1.0%  of  A l ,   2  to   3%  of   T i ,   0 . 7   t o  

1.5%  of  Nb  and  t h e   b a l a n c e   s u b s t a n t i a l l y   Ni ,   c h a r a c -  

t e r i z e d   in  t h a t   s a i d   a l l o y   has   a  s t r u c t u r e   c o n t a i n i n g  

d i s c o n t i n u o u s   g r a n u l a r   p r e c i p i t a t e   of  Cr  c a r b i d e   a l o n g  

t h e   g r a i n   b o u n d a r y   or  an  a p p a r e n t   p r i m a r y   r e c r y s t a l l i z a -  

t i o n   s t r u c t u r e   and  e x h i b i t s   s t r e s s   c o r r o s i o n   c r a c k i n g  

d e p t h   of  n o t   g r e a t e r   t h a n   200pm  when  s u b j e c t e d   to   p u r e  

w a t e r   of  288°C  u n d e r   a  p r e s s u r e   of  86  Kg /cm2  and  h a v i n g  

d i s s o l v e d   o x y g e n   c o n t e n t   of  8  ppm,  f o r   500  h o u r s   a t   a  

s t r a i n   of  1%. 
« 

6.  An  N i - b a s e   a l l o y   member   a c c o r d i n g   to   c l a i m   5 ,  

w h e r e i n   s a i d   member   is   u s e d   as  t h e   m a t e r i a l   f o r   a  s p r i n g  

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

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

7.  A  m e t h o d   of  p r o d u c i n g   an  N i - b a s e   a l l o y   m e m b e r  



s u p e r i o r   in  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  

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

e s s e n t i a l l y   o f ,   by  w e i g h t ,   no t   g r e a t e r   t h a n   0 .15%  of  C ,  

n o t   g r e a t e r   t h a n   1%  of  S i ,   n o t   g r e a t e r   t h a n   1.5%  of  Mn,  

14  to   25%  of   Cr ,   n o t   g r e a t e r   t h a n   30%  of  Fe,   0 . 2   to   2% 

of  Al ,   0 . 5   t o   3%  of  T i ,   0 . 7   to   4.5%  o f • N b   and  t h e  

b a l a n c e   s u b s t a n t i a l l y   Ni;   s u b j e c t i n g   s a i d   a l l o y   to  a  

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

w o r k i n g   on  s a i d   a l l o y   a t   a  r e d u c t i o n   of  c r o s s - s e c t i o n a l  

a r e a   n o t   s m a l l e r   t h a n   40%;  and  s u b j e c t i n g   s a i d   a l l o y   t o  

an  a g i n g   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  b e t w e e n   650  a n d  

7 5 0 ° C .  

8.  A  m e t h o d   a c c o r d i n g   to   c l a i m   7,  w h e r e i n   s a i d  

c o l d   p l a s t i c   w o r k i n g   is   e f f e c t e d   a t   a  r e d u c t i o n   o f  

c r o s s - s e c t i o n a l   a r e a   of  b e t w e e n   50  and  70%.  

9.  A  m e t h o d   of  p r o d u c i n g   an  N i - b a s e   a l l o y   m e m b e r  

s u p e r i o r   in  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  

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

e s s e n t i a l l y   o f ,   by  w e i g h t ,   0 . 0 2   to   0.08%  of  C,  0 . 0 2   t o  

0.5%  of   S i ,   0 . 1   t o  1 %   of  Mn,  14  to   20%  of  Cr ,   n o t  

g r e a t e r   t h a n   10%  of  Fe,  0 .4   to  1%  of  Al ,   2  to   3%  of  T i ,  

0 .7   to   1.5%  of   Nb  and  t h e   b a l a n c e   s u b s t a n t i a l l y   Ni ;   s u b -  

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

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

r e d u c t i o n   of   c r o s s - s e c t i o n a l   a r e a   no t   s m a l l e r   t h a n   40%;  

and  s u b j e c t i n g   s a i d   a l l o y   to  an  a g i n g   t r e a t m e n t   a t   a  

t e m p e r a t u r e   of   b e t w e e n   650  and  7 5 0 ° C .  



10.  A  m e t h o d   a c c o r d i n g   to  c l a i m   9,  w h e r e i n   s a i d  

c o l d   p l a s t i c   w o r k i n g   is  e f f e c t e d   a t   a  r e d u c t i o n   o f  

c r o s s - s e c t i o n a l   a r e a   of  b e t w e e n   50  and  70%.  

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

s u p e r i o r   in  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  

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

e s s e n t i a l l y   o f ,   by  w e i g h t ,   n o t   g r e a t e r   t h a n   0 .15%  of  C ,  

n o t   g r e a t e r   t h a n   1%  of  S i ,   n o t   g r e a t e r   t h a n   1.5%  of   Mn, 

14  to   25%  of   Cr ,   n o t   g r e a t e r   t h a n   30%  of  Fe ,   0 . 2   to   2% 

of  Al ,   0 . 5   to   3%  of  T i ,   0 . 7   to   4.5%  of  Nb  and  t h e  

b a l a n c e   s u b s t a n t i a l l y   Ni ;   s u b j e c t i n g   s a i d   a l l o y   t o   a  

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

w o r k i n g   on  s a i d   a l l o y   a t   a  r e d u c t i o n   of  c r o s s - s e c t i o n a l  

a r e a   n o t   s m a l l e r   t h a n   25%;  s u b j e c t i n g   s a i d   a l l o y   to   a n  

a g i n g   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  b e t w e e n   800  a n d  

9 5 0 ° C ;   and  s u b j e c t i n g   s a i d   a l l o y   to   a n o t h e r   a g i n g   t r e a t -  

men t   a t   a  t e m p e r a t u r e   of  b e t w e e n   600  and  7 5 0 ° C .  

12.   A  m e t h o d   a c c o r d i n g   to   c l a i m   11,   w h e r e i n   s a i d  

c o l d   p l a s t i c   w o r k i n g   is   e f f e c t e d   a t   a  r e d u c t i o n   o f  

c r o s s - s e c t i o n a l   a r e a   of  b e t w e e n   40  and  7 0 % .  

13.   A  m e t h o d   of  p r o d u c i n g   an  N i - b a s e   a l l o y   m e m b e r  

s u p e r i o r   in  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  

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

e s s e n t i a l l y   o f ,   by  w e i g h t ,   0 . 0 2   to   0.08%  of   C,  0 . 0 2   t o  

0 .5%  of  S i ,   0 . 1   t o l l %   of  Mn,  14  to  20%  of  Cr ,   n o t  

g r e a t e r   t h a n   10%  of  Fe,   0 .4   to   1%  of  Al ,   2  to   3%  of   T i ,  

0 . 7   to   1.5%  of   Nb  and  t h e   b a l a n c e   s u b s t a n t i a l l y   N i ;  



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

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

r e d u c t i o n   of  c r o s s - s e c t i o n a l  a r e a   n o t   s m a l l e r   t h a n   25%;  

s u j e c t i n g   s a i d   a l l o y   to  an  a g i n g   t r e a t m e n t   a t   a  t e m -  

p e r a t u r e   of  b e t w e e n   800  and  9 5 0 ° C ;   and  s u b j e c t i n g   s a i d  

a l l o y   to   a n o t h e r   a g i n g   t r e a t m e n t   a t   a  t e m p e r a t u r e   o f  

b e t w e e n   600  and  7 5 0 ° C .  

14.   A  m e t h o d   a c c o r d i n g   to   c l a i m   13,   w h e r e i n   s a i d  

c o l d   p l a s t i c   w o r k i n g   is   e f f e c t e d   a t   a  r e d u c t i o n   o f  

c r o s s - s e c t i o n a l   a r e a   of  b e t w e e n   40  and  70%.  
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