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©  A  method  for  manufacturing  austempered  spheroidal  graphite  iron. 
  A  method  for  producing  austempered  spheroidal 
graphite  iron  having  a  microstructure  comprising  bainite,  fer- 
rite  and  austenite.  A  nodular-iron  casting  containing  2-3.5% 
Si,  0-2%  Mn,  0-5%  Ni  0-0.3%  Sn,  0-03%  Cr,  0-3%  Mo,  0-1.5% 
Cu,  and  3.3-3.8%  C  and  at  most  0.08%  P  and  0-015%  S  is 
partially  austenitized  by  heat  treatment  at  a  temperature  be- 
neath the  temperature  at  which  austenite  and  graphite  or 
austenite  are  in  equilibrium,  but within  the temperature  range 
in  which  ferrite,  austenite  and  graphite  are  in  equilibrium.  The 
temperature  of  the  casting  is  then  rapidly  lowered  by  at  least 
100  K  min-1,  and  is  held  at  a  constant  temperature  within  a 

range  of  235  and  425°C,  wherewith  part  of  the  austenite 
formed  is  converted  to  bainite  to  provide  a  casting  that  in- 
eludes  a  bainite  structure  with  a  residual  austenite  content  of 
5-40%,  preferably  15-20%,  and  a  ferrite  content  of  10-15%, 
preferably  20-40%. 



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  m e t h o d   f o r   m a n u f a c t u r -  

i ng   a  n o v e l   m a t e r i a l   of  t h e   s p h e r o i d a l   g r a p h i t e   i r o n   k i n d  

p o s s e s s i n g   good  m e c h a n i c a l   s t r e n g t h   and  w o r k i n g   p r o p e r t i e s .  

O b v i o u s l y ,   i t   i s   h i g h l y   b e n e f i c i a l   to   be  a b l e   to  c a s t   p r o -  
d u c t s   w h i c h   e x h i b i t   good  p r o p e r t i e s ,   s i n c e   c a s t   p r o d u c t s  

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

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

o p e r a t i o n s .   C o n s e q u e n t l y ,   t h e r e   has   b e e n   d e v e l o p e d   a  c a s t  

i r o n   in  w h i c h   t h e   c a r b o n   p r e s e n t   i s   p r e c i p i t a t e d   ou t   a s  

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

of   n o d u l i z i n g   a d d i t i v e s ,   s u c h   as  m a g n e s i u m .   T h i s   m a t e r i a l  

i s   known  as  s p h e r o i d a l   g r a p h i t e   i r o n   or  n o d u l a r   i r o n   a n d  

has   f a r   b e t t e r   s t r e n g t h   p r o p e r t i e s   t h a n   p r o d u c t s   made  o f  

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

i r o n   can   a l s o   be  p r o d u c e d   w i t h   t h e   c a r b o n   bound   as  c e m e n -  

t i t e ,   w h i c h   p r o v i d e s   a  h a r d ,   b r i t t l e   and  e x t r e m e l y   d i f f i -  

c u l t l y   w o r k e d   p r o d u c t .  

S p h e r o i d a l   g r a p h i t e   i r o n   t h u s   p o s s e s s e s   good  q u a l i t i e s ,  

w h i c h   can   be  f u r t h e r   i m p r o v e d   by  h a r d e n i n g .   C o n s e q u e n t l y ,  

a t t e n t i o n   has   been   d i r e c t e d   t o w a r d s   t h e   p o s s i b i l i t y   o f  

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

p h a s e   h a v i n g   a  b a i n i t e   s t r u c t u r e .   B a i n i t e   c o m p r i s e s   a  m i x -  

t u r e   of   f e r r i t e   and  c e m e n t i t e .   A u s t e m p e r i n g   to  a  b a i n i t e  

s t r u c t u r e   i s   e f f e c t e d   by  s u b j e c t i n g   a  c a s t i n g   h a v i n g   a  
f e r r i t i c   and  p e r l i t i c   b a s i c   s t r u c t u r e   to   an  a u s t e n i t i c  

p r o c e s s   ( a u s t e n i t i z a t i o n ) .   The  m a t e r i a l   i s   t h e n   c o o l e d  

r a p i d l y   to   a  p o i n t   a b o v e   t h e   m a r t e n s i t e   p o i n t   (M S),  
w h e r e a f t e r   t h e   a u s t e n i t e   i s   c o n v e r t e d   i s o t h e r m a l l y   to   b a i -  

n i t e .   T h e r e   is   n o r m a l l y   o b t a i n e d   an  a u s t e n i t e   r e s i d u e   o f  

f r o m   1 0 - 5 0 % ,   w h i c h   i s   c o n s i d e r e d   to  h a v e   a  f a v o u r a b l e   e f -  

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



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

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

made   w i t h   t h e   u se   of   a u s t e m p e r e d   s p h e r o i d a l   g r a p h i t e   i r o n  

in   t h e   c r a n k   s h a f t s   of   p e t r o l   d r i v e n   e n g i n e s ,   w h e r e   i t   h a s  

p r e v i o u s l y   b e e n   n e c e s s a r y   to  f o r g e   t h e   c r a n k   s h a f t s .   A 

b a i n i t e   s t r u c t u r e   can   a l s o   be  o b t a i n e d ,   o f   c o u r s e ,   b y  

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

in   a  m a n n e r   w h i c h   e n a b l e s   a  b a i n i t e   s t r u c t u r e   to   be  o b t a i -  

n e d .  

I t   i s   n o r m a l l y   d i f f i c u l t   t o  m a c h i n e   or   o t h e r w i s e   w o r k  

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

b a i n i t e   s t r u c t u r e .   Such   m a c h i n i n g   i s   n e c e s s a r y   when  m a n u -  

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

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

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

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

be  m o r e   r e a d i l y   w o r k e d   s u b s e q u e n t   to   b e i n g   a u s t e m p e r e d  

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

w h i c h   c an   be  u s e d   as   a  s u b s t i t u t e   m a t e r i a l   f o r   f o r g e d   e n -  

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

T h u s ,   a u s t e m p e r i n g   i s   e f f e c t e d   by  a u s t e n i t i z a t i o n ,   to   o b -  

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

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

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

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

t o   a  t e m p e r a t u r e   a b o v e   t h e   m a r t e n s i t e   c o n v e r s i o n   M .  T h e  

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

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

t h e r m i c   c o n v e r s i o n   o f   t h e   b a s i c   mass   to   b a i n i t e   in  a  s u i t -  

a b l e   m e d i u m .   The  f o r m a t i o n   of  b a i n i t e   can   be  c o n t r o l l e d   b y  
s u i t a b l e   d e t e r m i n a t i o n   of   t h e   c a r b o n   c o n t e n t   and  t h e   s o a k -  

i n g   t e m p e r a t u r e .   S u b s e q u e n t   to  c o m p l e t i n g   i s o t h e r m i c   b a i n -  

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

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



r e s i d u a l   a u s t e n i t e   w i l l   c o n v e r t   to   m a r t e n s i t e .   The  b a s i c  

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

w i t h   s h o r t   s o a k i n g   t i m e s   m a r t e n s i t e .   A u s t e n i t i z a t i o n   i s  

p r e f e r a b l y   e f f e c t e d   in  a  s a l t   b a t h   or  f u r n a c e s ,   and  t h e  

i s o t h e r m i c   c o n v e r s i o n   n o r m a l l y   in  a  s a l t   b a t h ,   and  a t  

l o w e r   t e m p e r a t u r e s   in  an  o i l   b a t h .  

The  c o n v e r s i o n   to   b a i n i t e   i s   e f f e c t e d   in  two  s t a g e s ,   i n  

w h i c h   t h e r e   is   f i r s t   p r e c i p i t a t e d   f e r r i t e   as  W i d m a n s t a t t e n  

f e r r i t e   a t   no t   t oo   low  t e m p e r a t u r e s ,   w h e r e a f t e r   c e m e n t i t e  

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

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

t e   to  i n c r e a s e .   S i l i c o n   has   a  d e l a y i n g   e f f e c t   on  t h e   b a i -  

n i t e   c o n v e r s i o n ,   w h i c h   f i r s t   r e s u l t s   in  a  c o n s t a n t   r e s i -  

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

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

o b t a i n   a  b a i n i t e   s t r u c t u r e   can  be  r e d u c e d   by  l o w e r i n g   t h e  

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

r e q u i r e d   to   o b t a i n   s o l i d i f i c a t i o n   to  g r e y   i r o n .  

A c c o r d i n g   to   GB-A-2  133  805  a  f e r r i t e - b a i n i t e   c a s t   i r o n  

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

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

f e r r i t e   and  a u s t e n i t e   a f t e r   t h e   a u s t e n i t i z a t i o n   p r o c e s s .  
A c c o r d i n g   to  t h i s   p a t e n t   a  s p h e r o i d a l   g r a p h i t e   i r o n   i s  

p r o d u c e d   by  s m e l t i n g   an  i r o n   a l l o y   c o n t a i n i n g   3 . 0 - 3 . 6 %  

c a r b o n ,   3 . 5 - 5 . 0  %   s i l i c o n ,   0 . 7 - 5 . 0 %   n i c k e l ,   0 - 0 . 3 %   m o l y b -  

d e n u m ,   0 . 2 - 0 . 4 %   m a n g a n e s e ,   l e s s   t h a n   0 .015%  s u l p h u r   a n d  

0 .06%  p h o s p h o r u s ,   t he   r e s u l t a n t   m o l t e n   b a t h   b e i n g   a l l o w e d  

to  c o o l   in  t h e   p r e s e n c e   of   a  n o d u l i z i n g   a g e n t .   The  s o l i d i -  

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

8 5 5 - 9 0 0 ° C   f o r   1-3   h o u r s ,   w h e r e a f t e r   t h e   b a t h   i s   c o o l e d  

w i t h   an  e f f e c t   of  a t   l e a s t   152°C  m i n - 1   to   2 0 5 - 4 0 0 ° C  

and   i s   h e l d   a t   t h i s - t e m p e r a t u r e   f o r   0 . 5 - 4   h o u r s ,   w h e r e -  

a f t e r   i t   i s   c o o l e d   to  room  t e m p e r a t u r e .   I t   i s   e v i d e n t   f r o m  

t h e   p a t e n t   s p e c i f i c a t i o n   t h a t   a  f e r r i t e - b a i n i t e   s t r u c t u r e  



was  n o t   o b t a i n e d   when  t h e   s i l i c o n   c o n t e n t   was  b e l o w   4%  o r  

t h e   n i c k e l   c o n t e n t   b e l o w   0 . 7 % ,   or  when  t h e   i s o t h e r m i c  

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

i n t e r v a l .  

I t   has   now  b e e n   f o u n d   p o s s i b l e ,   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 ,   to   o b t a i n   an  a u s t e m p e r e d   s p h e r o i d a l   g r a p h i t e  

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

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

c o n t e n t ,   and  p o s s e s s i n g   e x t r e m e l y   good  w o r k i n g   p r o p e r t i e s  

and   e x t r e m e l y   good   s t r e n g t h   p r o p e r t i e s ,   w h i c h   e n a b l e   a u s -  

t e m p e r e d   s p h e r o i d a l   g r a p h i t e   i r o n   to  be  u t i l i z e d   e c o n o m i -  

c a l l y   as  a  m a t e r i a l   f o r   t h e   m a n u f a c t u r e   of   m a c h i n e   a n d  

e n g i n e   c o m p o n e n t s ,   s u c h   as   g e a r s   and  c r a n k   s h a f t s ,   w i t h  

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

t u r a b i l i t y .   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   t h e r e   i s   a u s -  

t e n i t i z e d   a  c a s t   p r o d u c t   m a n u f a c t u r e d   f r o m   an  i r o n   a l l o y  

c o n t a i n i n g   2 - 3 . 5 %   s i l i c o n ,   0.2%  m a n g a n e s e ,   0-5%  n i c k e l ,  

0 - 0 . 3 %   t i n ,   0 - 0 . 3 %   c h r o m i u m ,   0-3%  m o l y b d e n u m ,   0 - 1 . 5 %   c o p -  

p e r ,   3 . 3 - 3 . 8 §   c a r b o n ,   and   a t   m o s t   0 .08%  p h o s p h o r u s   a n d  

0 . 0 1 5 %   s u l p h u r ,   p a r t l y   by  h e a t   t r e a t i n g   t h e   c a s t i n g   a t   a  

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

g r a p h i t e ,   or  j u s t   a u s t e n i t e   a r e   in  e q u i l i b r i u m ,   b u t  w i t h i n  

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

g r a p h i t e   a r e   in   e q u i l i b r i u m ,   and  t h e n   r a p i d l y   l o w e r i n g   t h e  

t e m p e r a t u r e   of  t h e   c a s t i n g   by  a t   l e a s t   100  K m i n - 1 ,   a n d  

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

f o r   0 .5   t o  4   h o u r s ,   t h i s   t e m p p e r a t u r e   b e i n g   b e t w e e n   2 3 5  

and   4 2 5 0 C ,   w h e r e w i t h   p a r t   o f   t h e   a u s t e n i t e   f o r m e d   i s  

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

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

5-40%  and  a  f e r r i t e   c o n t e n t   o f   1 0 - 5 0 % .  

F i g u r e   1  i s   an  i r o n - c a r b o n   d i a g r a m   of   an  a l l o y   c o n t a i n i n g  
2.7%  s i l i c o n   and  0 .2%  m a n g a n e s e .   As  i s   n o r m a l   p r a c t i c e ,  

t h e   s i g n  @   r e p r e s e n t s   f e r r i t e   and  t h e   s i g n  a u s t e n i t e .   I t  



w i l l   be  s e e n   f r o m   t h e   d i a g r a m   t h a t   an  a r e a   i s   f o r m e d   i n  

w h i c h   f e r r i t e ,   a u s t e n i t e   and  g r a p h i t e   a r e   in   e q u i l i b r i u m  

w i t h i n   an  a r e a   c o r r e s p o n d i n g   to   t h e   l i n e   A,  in  t h e   i r o n -  

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

t h r e e - p h a s e   a r e a   v a r i e s   w i t h   t h e   c o m p o s i t i o n   of   t h e   i r o n ,  

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

p a r t i c u l a r   s i g n i f i c a n c e .   The  e x i s t e n c e   of   t h i s   a r e a   i s  

w e l l   known  to  t h o s e   s k i l l e d   in  t h i s   a r t ,   a l t h o u g h   t h e   r e a -  

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

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

t a n t   c o n t r i b u t i o n   to   t h e  a r t .  I t   i s  p o s s i b l e   w i t h   k n o w -  

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

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

c o m p o s i t i o n .  

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

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

2 . 7 - 4 . 5 %   by  w e i g h t ,   p r e f e r a b l y   w i t h i n   3 . 0 - 3 . 6 % .   The  h i g h e r  

s i l i c o n   c o n t e n t s ,   h o w e v e r ,   r e n d e r   t h e   m a t e r i a l   more   d i f f i -  

c u l t   to  m a c h i n e   or  c u t ,   due  t o  s o l u t i o n   a n n e a l i n g   of  t h e  

f e r r i t e   p r e s e n t .   The  m a n g a n e s e   c o n t e n t   i n c r e a s e s   t h e  

t h r e e - p h a s e   a r e a   a n d ,   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 ,   i s  

p r e f e r a b l y   h e l d   b e t w e e n   0  and  2%.  S u b s e q u e n t   to   a u s t e n i t i -  

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

r a t e   c o r r e s p o n d i n g   to   a t   l e a s t   100  K  m i n - l ,   and  i s  

t h e r e a f t e r   h e l d   a t   a  c o n s t a n t   t e m p e r a t u r e   of   b e t w e e n   2 8 5  

and  4250C  f o r   s u f f i c i e n t   l e n g t h   of  t i m e   f o r   p a r t   of   t h e  

a u s t e n i t e   f o r m e d   to  c o n v e r t   to  b a i n i t e ,   t h e r e w i t h   p r o v i d -  

ing   a  c a s t i n g   w h i c h   i n c o r p o r a t e s   a  b a i n i t e   s t r u c t u r e   w i t h  

a  r e s i d u a l   a u s t e n i t e   c o n t e n t   of  5 -40%,   p r e f e r a b l y   1 5 - 2 0 % ,  

and  a  f e r r i t e   c o n t e n t  o f   1 0 - 5 0 % ,   p r e f e r a b l y   2 0 - 4 0 % .  



1.  A  m e t h o d   f o r   p r o d u c i n g   an  a u s t e m p e r e d   s p h e r o i d a l  

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

f e r r i t e   and   a u s t e n i t e ,   c h a r a c t e r i z e d   in  t h a t   a  s p h e r o i d a l  

g r a p h i t e   i r o n   c a s t i n g   c o n t a i n i n g   2 - 3 . 5 %   S i ,   0-2%Mn,  0 - 5 %  

Ni ,   0 - 0 . 3 %   Sn,   0 - 0 . 3 %   Cr,  0-3%  Mo,  0 - 1 . 5 %   Cu  and  3 . 3 - 3 . 8 %  

C  and  a t   m o s t   0 .08%  P  and  0 .015%  S  i s   p a r t i a l l y   a u s t e n i t i -  

zed  by  h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   b e n e a t h   t h e   t e m p e -  

r a t u r e   a t   w h i c h   a u s t e n i t e   and  g r a p h i t e   or   a u s t e n i t e   a r e   i n  

e q u i l i b r i u m ,   b u t   w i t h i n   t h e   t e m p e r a t u r e   r a n g e   in  w h i c h  

f e r r i t e ,   a u s t e n i t e   and   g r a p h i t e   a r e   in  e q u i l i b r i u m ,   w h e r e -  

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

a t   l e a s t   100  K  m i n - 1 ,   and  i s   t h e n   h e l d   a t   a  c o n s t a n t  

t e m p e r a t u r e   f o r   0 . 5   to   4 . 0   h o u r s ,   t h i s   t e m p e r a t u r e   b e i n g  

235  to   4 2 5 0 C ,   w h e r e w i t h   p a r t   of   t h e   a u s t e n i t e   f o r m e d   i s  

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

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

5-40%  and   a  f e r r i t e   c o n t e n t   of   1 0 - 5 0 % ,  

2.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

t h e   r e s i d u a l   a u s t e n i t e   c o n t e n t   i s   c a u s e d   to   l i e   b e t w e e n   1 5  

and  2 0 % .  

3.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

s u b s e q u e n t   to   a u s t e n i t i z a t i o n   t h e r e   r e m a i n s   a  f e r r i t e   c o n -  

t e n t   of   2 0 - 4 0 % .  
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