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©  Heat-resistant  spheroidal  graphite  cast  iron. 

A  heat-resistant  spheroidal  graphite  cast  iron  consists 
essentially  of  not  more  than  3.4  wt%  of  C,  3.5  to  5.5  wt%  of  Si, 
not  more  than  0.6  wt%  of  Mn,  0.1  to  0.7  wt%  of  Cr,  0.3  to  0.9 
wt%  of  Mo,  not  more  than  0.1  wt%  of  a  spheroidizing  agent 
and  the  balance  of  Fe.  Compared  to  conventional  high  silicon 
spheroidal  graphite  cast  irons,  this  cast  iron  distinctly  higher 
in  the  resistance  to  oxidation  at  high  temperatures  and  is 
higher  in  strength  too.  This  cast  iron  is  far  lower  in 
production  cost  than  conventional  high  nickel  spheroidal 
graphite  cast  irons  which  are  high  in  the  resistance  to 
oxidation  at  high  temperatures. 

Preferably  the  cast  iron  contains  at  least  1.7  wt%  of  C  and 
from  0.25  to  0.7 wt%  of  Cr.  Suitable  spherodizing  agents  are 
Mg,  Ca  and  Ce. 

The  cast  iron  may  be  made  by  a  conventional  process  by 
allowing  a  molten  metal  of  an  appropriate  composition  and 
containing  a  spheroidizing  agent  to  solidify  in  a  mould  and 
then  subjecting  the  solidified  casts  to  a  spheroidizing- 
ferritiiing  heat  treatment. 



This  i n v e n t i o n   r e l a t e s   to  a  sphe ro ida l   g r a p h i t e   c a s t  

i ron  which  has  a  high  r e s i s t a n c e   to  o x i d a t i o n   at  high  t e m p e r a -  

t u r e s .  

In  many  f i e l d s   i t   is  often  d e s i r e d   to  use  a  s p h e r o i d a l  

g r a p h i t e   cas t   iron  as  a  s t r u c t u r a l   ma te r i a l   in  an  appara tus   o r  

device   which  is  ope ra t ed   at  high  t e m p e r a t u r e s .   In  the  a u t o m o b i l e  

i n d u s t r y ,   for  example,  the  t u r b i n e   housing  of  an  exhaus t   g a s  

t u r b o c h a r g e r   is  u s u a l l y   made  of  a  sphero ida l   g r a p h i t e   cast   i r o n .  

Sometimes  a  high  s i l i c o n   sphe ro ida l   g r a p h i t e   ca s t   iron  having  a 

f e r r i t e   matr ix   is  employed  as  the  mate r ia l   of  the  t u r b i n e   h o u s i n g .  

For  example,  such  a  s p h e r o i d a l   g r a p h i t e   cas t   i ron  con ta in s   3 . 0  

to  3.4  wt%  of  C,  3.65  to  4.10  wt%  of  Si,  up  to  0.6  wt%  of  Mn,  up 

to  0.5  wt%  of  Ni,  0.5  to  0.7  wt%  of  Mo  and  up  to  0.07  wt%  of  Cr .  

Sphero ida l   g r a p h i t e   c a s t   i rons   of  t h i s   c lass   are  r e l a t i v e l y   low 

in  p r i ce   and  are  g e n e r a l l y   s a t i s f a c t o r y   in  mechanical   p r o p e r t i e s ,  

but  have  an  u n s a t i s f a c t o r i l y   low  r e s i s t a n c e   to  o x i d a t i o n   at  h i g h  

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

To  meet  the  high  t e m p e r a t u r e   o x i d a t i o n   r e s i s t a n c e  

r e q u i r e m e n t ,   i t   becomes  n e c e s s a r y   to  employ  a  high  n i c k e l -  

chromium  sphero ida l   g r a p h i t e   cas t   iron  commonly  c a l l ed   n i r e s i s t .  

For  example,  a  s p h e r o i d a l   g r a p h i t e   cast   iron  of  t h i s   c lass   c o n t a i n s  

up  to  3.0  wt%  of  C,  1.5  to  3.0  wt%  of  S i , 0 . 7 0   to  1.25  of  Mn, 



18.0  to  22.0  wt%  of  Ni  and  1.75  to  2.75  wt%  of  Cr,  and  a n o t h e r  

c a s t   i ron  of  the  same  c l a s s   c o n t a i n s   up  to  2.4  wt%  of  C,  1.0  t o  

2.8  wt%  of  Si,  up  to  1.0  wt%  of  Mn,  34.0  to  36.0  wt%  of  Ni  and 

2.0  to  3.0  wt%  of  Cr.  However,  ca s t   i rons   of  th i s   c l a s s   are  v e r y  

c o s t l y   due  to  t he i r   Ni  c o n t e n t ,   and,  f u r t h e r   such  cas t   i rons   a r e  

r e l a t i v e l y   low  in  s t r e n g t h   ( e . g .   about   40  kgf/mm2  in  t e n s i l e   s t r e n g t h  

and  about  20  kgf/mm2  in  0.2%  proof   s t r e s s )   and  also  in  t o u g h n e s s  

( e . g .   below  10%  in  e l o n g a t i o n ) .  

It  is  an  o b j e c t   of  the  p r e s e n t   i nven t ion   to  p rov ide   a 

s p h e r o i d a l   g r a p h i t e   cas t   i ron  which  is  s a t i s f a c t o r y   in  both  m e c h a n i c a l  

p r o p e r t i e s   and  r e s i s t a n c e   to  o x i d a t i o n   at  high  t e m p e r a t u r e s   and 

is  lower  in  p roduc t ion   cos t s   than  the  convent iona l   high  n i c k e l  

s p h e r o i d a l   g r a p h i t e   cas t   i r o n s .  

The  p r e sen t   i n v e n t i o n   p rov ides   a  h e a t - r e s i s t a n t   s p h e r o i d a l  

g r a p h i t e   cas t   iron  which  c o n s i s t s   e s s e n t i a l l y   of  not  more  t han  

3.4  wt%  of  C,  3.5  to  5.5  wt%  of  Si,  not  more  than  0.6  wt%  of  Mn, 

0.1  to  0.7  wt%  of  Cr,  0.3  to  0.9  wt%  of  Mo,  not  more  than  0.1  wt% 

of  a  s p h e r o i d i z i n g   agent   and  the  ba lance   of  Fe.  The  matr ix   o f  

t h i s   cas t   iron  is  p r i n c i p a l l y   f e r r i t e .  

P r e f e r a b l y   the  C  c o n t e n t   of  the  cas t   iron  of  t h e  

i n v e n t i o n   is  not  l e s s   than  1.7  wt%,  and  the  Cr  c o n t e n t  i s   n o t  

l e s s   than  0.25  wt%. 

A  sphero ida l   g r a p h i t e   ca s t   iron  according  to  t h e  

i n v e n t i o n   is  comparable  to,   and  sometimes  b e t t e r   than,  c o n v e n t i o n a l  

high  s i l i c o n   sphero ida l   g r a p h i t e   cas t   i rons   in  m e c h a n i c a l  



p r o p e r t i e s   and  d i s t i n c t l y   s u p e r i o r   in  r e s i s t a n c e   to  o x i d a t i o n   a t  

high  t e m p e r a t u r e s   such  as  700-1000°C.  The  f avourab ly   b a l a n c e d  

p r o p e r t i e s   of  the  cas t   i ron  of  the  i n v e n t i o n   are  r e a l i z e d   by 

c o r r e l a t i v e l y   s p e c i f y i n g   the  con t en t s   of  Si   and  Cr  within  t h e  

above  i n d i c a t e d   ranges .   Compared  to  conven t iona l   high  n i c k e l  

sphero ida l   g r a p h i t e   ca s t   i r o n s ,   a  sphero ida l   g r a p h i t e   cas t   i r o n  

of  the  i n v e n t i o n   is  h ighe r   in  s t r e n g t h   and  near ly   e q u i v a l e n t   i n  

the  r e s i s t a n c e   to  o x i d a t i o n   at  r e l a t i v e l y   low  t e m p e r a t u r e s   and ,  

as  an  i n d u s t r i a l l y   i m p o r t a n t   f a c t o r ,   can  be  p repared   at  a  far  l o w e r  

c o s t .  

In  the  fo l lowing   d e s c r i p t i o n   r e f e r e n c e   will  be  made  t o  

the  accompanying  drawings  in  wh ich :  

Figs.   1  and  2  are  graphs  showing  the  r e s u l t s   of  e x p e r i m e n t s  

to  de termine   the  dependence  of  the  o x i d a t i o n   r e s i s t a n c e   of  a  s p h e r o i d a l  

g r a p h i t e   cas t   iron  at  high  t e m p e r a t u r e s   with  r e l a t i o n   to  the  Si 

con t en t   of  the  cas t   i r o n ;  

Fig.  3  is  a  c h a r t   showing  the  f e r r i t i z i n g   heat  t r e a t m e n t  

c o n d i t i o n s   employed  in  the  p r e p a r a t i o n   of  a  ca s t   iron  as  an 

example  of  the  i n v e n t i o n ;  

Fig.  4  is  a  graph  showing  the  r e s u l t   of  exper iments   t o  

de termine   the  o x i d a t i o n   r e s i s t a n c e   of  sphe ro ida l   g r a p h i t e   c a s t  

i rons   prepared  as  examples  of  the  i nven t ion   at  high  t e m p e r a t u r e s  

in  comparison  with  examples  of  conven t iona l   sphe ro ida l   g r a p h i t e  

cas t   i rons ;   and 

Fig.  5  is  a  pho tomic rograph   showing  the  s t r u c t u r e   o f  

a  spheroidal   g r a p h i t e   cas t   iron  prepared  as  an  example  of  t h e  

i n v e n t i o n .  



A  h e a t - r e s i s t a n t   sphe ro ida l   g r a p h i t e   cas t   iron  a c c o r d i n g  

to  the  i n v e n t i o n   has  the  compos i t ion   s p e c i f i e d   above.  The  e f f e c t s o  

of  the  r e s p e c t i v e   a l l o y i n g   e lements   and  the  r easons   for  t h e  

l i m i t a t i o n s   on  the  amounts  of  the  r e s p e c t i v e   e lements   are  a s  

f o l l o w s .   Throughout   the  fo l lowing   d e s c r i p t i o n ,   the  amounts  o f  

the  e lements   in  the  cas t   i ron  are  given  in  p e r c e n t a g e s   by  w e i g h t .  

(1)  Carbon 

C  is  an  a l l o y i n g   e lement   i n d i s p e n s a b l e   to  cas t   i r o n .  

In  the  cas t   i rons   of  the  p r e s e n t   i n v e n t i o n   the  C  c o n t e n t   i s  

l i m i t e d   to  a  maximum  of  3.4  because  the  p resence   of  more  t h a n  

3.4%  of  C  tends  to  cause  c r y s t a l l i z a t i o n   of  an  e x c e s s i v e l y   l a r g e  

q u a n t i t y   of  g r a p h i t e   and  a  r e d u c t i o n   in  the  s t r e n g t h   and  t o u g h n e s s  

of  the  cas t   i ron .   If   the  C  c o n t e n t   is  too  low,  the  cas t   i r o n  

becomes  i n f e r i o r   in  i t s   p r o p e r t i e s   mainly  because   of  i n s u f f i c i e n c y  

in  the  c r y s t a l l i z a t i o n   of  g r a p h i t e   and  a  r e d u c t i o n   in  the  f l u i d i t y  

of  the  molten  meta l .   In  most  cases  t h i s   tendency  becomes  s i g n i f i -  

cant   if   the  C  c o n t e n t   is  l e s s   than  about  1.7%.  T h e r e f o r e ,   i t   i s  

p r e f e r r e d   tha t   a  sphe ro ida l   g r a p h i t e   cas t   iron  accord ing   to  t h e  

i n v e n t i o n   con ta ins   at  l e a s t   1.7%  of  C. 

(2)  S i l i c o n  

In  general   Si  is  added  to  cas t   iron  for  the  purpose  o f  

ach iev ing   g r a p h i t i z a t i o n .   In  the  cas t   i rons   of  the  p r e s e n t  

i n v e n t i o n ,   the  Si  c o n t e n t   is  s p e c i f i e d   to  be  h igher   than  i n  

o rd ina ry   sphero ida l   cas t   i r ons   with  the  a d d i t i o n a l   purpose  o f  

enhancing  the  o x i d a t i o n   r e s i s t a n c e   of  the  cas t   i r o n .  



To  e x a m i n e  t h e   general   r e l a t i o n s h i p   between  the  c o n t e n t  

of  Si  in  s p h e r o i d a l   g r a p h i t e   case  iorn  and  the  o x i d a t i o n   r e s i s t a n c e  

of  the  cas t   i ron  at  high  t e m p e r a t u r e s ,   an  exper iment   was  c a r r i e d  

out  using  a  c o n v e n t i o n a l   sphe ro ida l   g r a p h i t e   cas t   iron  FCD  40 

( acco rd ing   to  JIS  G  5502)  con t a in ing   2.90%  of  Si  ( t o g e t h e r   w i t h  

about   3.4%  of  C,  about   0.4%  of  Mn,  about  0.05%  of  Mg,  about   0.02% 

of  P  and  about  0.01%  of  S)  and  by  p r epa r ing   modif ied   samples  i n  

which  the  c o n t e n t   of  Si  was  i n c r e a s e d   to  3.28%,  4.86%  and  5 .56%, 

r e s p e c t i v e l y .   Test   p ieces   of  the  four  cast   iron  samples  were  k e p t  

heated  in  a i r   at  e i t h e r   600°C  or  700°C  for  a  to ta l   per iod   of  500 

hr,  and  the  t h i c k n e s s   of  an  ox id ized   sca le   l a y e r   on  each  t e s t   p i e c e  

was measured  at  s u i t a b l e   time  i n t e r v a l s   to  e s t i m a t e   the  o x i d a t i o n  

r e s i s t a n c e   of  each  c a s t   iron  sample  on  the  bas i s   of  the  maximum 

t h i c k n e s s   of  the  s ca l e   l a y e r   in  each  sample.  The  r e s u l t s   of  t h e s e  

exper iments   at  600°C  and  at  700°C  are  shown  in  Figs .   1  and  2  o f  

the  drawings,   r e s p e c t i v e l y .   From  the  curves  in  F igs .   1  and  2  i t  

is  apparen t   t ha t   the  o x i d a t i o n   r e s i s t a n c e   of  the  cas t   iron  can 

be  enhanced  by  i n c r e a s i n g   the  con ten t   of  S i .  

However,  i f   the  con ten t   of  Si  is  i n c r e a s e d   too  much  t h e  

r e s u l t a n t   sphe ro ida l   g r a p h i t e   cas t   iron  s u f f e r s   from  i n s u f f i c i e n t  

e l o n g a t i o n   and  u n f a v o u r a b l e   b r i t t l e n e s s   at  ambient  t e m p e r a t u r e .  

Cons ide r ing   such  t e n d e n c i e s ,   the  con ten t   of  Si  in  the  cas t   i r o n s  

of  the  p r e s e n t   i n v e n t i o n   is  l i m i t e d   within  the  range  from  3.5% 

to  5.5%. 

(3)  Chromium 

In  a  sphe ro ida l   g r a p h i t e   cas t   iron  of  the  i n v e n t i o n ,  

Cr  is  an  a l l o y i n g   e lement   which  c o n t r i b u t e s   to  r e i n f o r c e m e n t   o f  



the  o x i d a t i o n   r e s i s t a n c e   of  the  case  iron  at  high  t e m p e r a t u r e s .  

The  minimum.  Cr  con ten t   is  s e t   at   0.1%  because  the  expec ted   e f f e c t s  

are   i n s u f f i c i e n t   i f   the  Cr  c o n t e n t   is  l e s s   than  0.1%.  Since  t h e  

e f f e c t   of  r e i n f o r c i n g   the  f e r r i t e   mat r ix   augments  as  the  Cr  c o n t e n t  

is  i n c r e a s e d ,   i t   is  p r e f e r r e d   t h a t   the  Cr  con t en t   of  the  cas t   i r o n s  

of  the  p r e s e n t   i nven t ion   is  at  l e a s t   0.25%.  However,  the  c o n t e n t  

of  Cr  is  l i m i t e d   to  a  maximum  of  0.7%  because  the  a d d i t i o n   o f  m o r e  

than  0.7%  of  Cr  is  l i a b l e   to  d e t e r i o r a t e   the  w o r k a b i l i t y   and  o t h e r  

mechan ica l   p r o p e r t i e s   of  the  cas t   iron  by  reason  of  fo rmat ion   o f  

f r ee   c a r b i d e s .  

(4)  Molybdenum 

Mo  has  the  e f f e c t   of  r e i n f o r c i n g   the  f e r r i t e   mat r ix   o f  

the  c a s t   i ron  and  thereby  enhancing   the  high  t e m p e r a t u r e   s t r e n g t h  

of  the  c a s t   i ron.   The  expec ted   e f f e c t   is  i n s u f f i c i e n t   i f   the  Mo 

c o n t e n t   is  below  0 . 3 % .   However  the  Mo  conten t   is  l i m i t e d   to  a 

maximum  of  0.9%  because  the  a d d i t i o n   of  more  than  0.9%  of  Mo  i s  

l i a b l e   to  cause  format ion  of  free  ca rb ides   and  to  r e s u l t   in  a 

d e t e r i o r a t i o n   of  the  mechanical   p r o p e r t i e s   of  the  c a s t   i r o n .  

(5)  Manganese 

Mn  is  an  a l l o y i n g   e l ement   having  a  d e s u l p h u r i z i n g  

a b i l i t y .   The  con ten t   of  Mn  is  l i m i t e d   to  a  maximum  of  0.6% 

because   the  presence  of  an  u n n e c e s s a r i l y   l a rge   amount  of  Mn  i n  

the  c a s t   iron  produces  an  unwanted  e f f e c t   of  s t a b i l i z i n g   p e a r l i t e  

in  the  c a s t   i r o n .  



(6)  S p h e r o i d i z i n g   A g e n t  

In  the  cas t   i r ons   of  the  p r e sen t   i n v e n t i o n   the  s p h e r o i -  

d i z i n g   agent   may  be  f r e e l y   s e l e c t e d   from  known  s p h e r o i d i z i n g  

agen t s   such  as  Mg,  Ca  and  Ce  for  example.  It  is  u n d e s i r a b l e   t o  

use  an  u n n e c e s s a r i l y   l a r g e   amount  of  s p h e r o i d i z i n g   agent   b e c a u s e  

of  I t s  u n f a v o u r a b l e   s i d e - e f f e c t s .   For  example,  the  use  of  an 

unduly  l a r g e   amount  of  Mg,  which  is  a  typ ica l   s p h e r o i d i z i n g a g e n t ,  

has  the  unwanted  e f f e c t   of  s t a b i l i z i n g   cement i te   in  the  cas t   i r o n .  

T h e r e f o r e ,   the  amount  of  the  s p h e r o i d i z i n g   agent   is  l i m i t e d   t o  

a  maximum  of  0.1%. 

In  p r a c t i c e ,   i t   is  pe rmi s sab l e   tha t   a  sphe ro ida l   g r a p h i t e  

c a s t   i ron  of  the  i n v e n t i o n   c o n t a i n s   very  small  amounts  of  i m p u r i t i e s  

b e s i d e s   the  above  d e s c r i b e d   e s s e n t i a l   a l l oy ing   e lements   and  Fe .  

Typical   examples  of  such  i m p u r i t y   elements  are  phosphorus   and  s u l p h u r .  

I t   is  p r e f e r r e d   t h a t   the  P  c o n t e n t   is  below  0.1%  because  a  h i g h e r  

P  c o n t e n t   is  d e t r i m e n t a l   to  the  w o r k a b i l i t y ,   t y p i f i e d   by  d u c t i l i t y ,  

of  the  cas t   i ron.   Also  i t   is  p r e f e r r e d   that   the  S  c o n t e n t   is  be low 

0.1%  because  a  h igher   S  c o n t e n t   is  o b s t r u c t i v e   to  s p h e r o i d i z a t i o n  

of  g r a p h i t e .  

A  sphe ro ida l   g r a p h i t e   cas t   iron  of  the  i n v e n t i o n   can 

be  p repared   by  a  known  method  for  the  p r e p a r a t i o n   of  a  f e r r i t i c  

s p h e r o i d a l   g r a p h i t e   cas t   i ron .   In  b r i e f ,   a  molten  metal  of  a  s u i t -  

able  composi t ion   i n c l u d i n g   a  s p h e r o i d i z i n g   agent   is  al lowed  t o  

s o l i d i f y   in  a  mould,  and  the  s o l i d i f i e d   cas t ing   is  then  s u b j e c t e d  

to  a  s p h e r o i d i z i n g - f e r r i t i z i n g   heat  t r e a t m e n t .  



In  order   t h a t   the  i n v e n t i o n   may  be  well  unders tood   t h e  

f o l l o w i n g   Examples  are  given  by  way  of  i l l u s t r a t i o n   o n l y .  

EXAMPLE  1 

A  s p h e r o i d a l   g r a p h i t e   c a s t   i ron  has  the  c o m p o s i t i o n  

shown  in  Table   1  below  was  p repared   by  a  usual  method,  in  w h i c h  

the  s o l i d i f i e d   c a s t i ng   was  s u b j e c t e d   to  a  s p h e r o i d i z i n g - f e r r i t i z i n g  

a n n e a l i n g   t r e a t m e n t   under  the  c o n d i t i o n s   shown  in  Fig.  3  of  t h e  

d rawings .   Bes ides   the  e lements   l i s t e d   in  the  Table,  a  smal l  

q u a n t i t y   of  Mg  was  used  as  s p h e r o i d i z i n g   agent  so  tha t   the  p r o d u c t  

c o n t a i n e d   0.039%  of  Mg.  As  shown  in  Fig.   3,  the  a n n e a l i n g  

t r e a t m e n t   c o n s i s t e d   of  hea t ing   at  930°C  for  2.5  hr,  i n i t i a l   l o w -  

r a t e   coo l ing   from  930°C  to  300°C  performed  as  furnace  cool ing  and 

s u b s e q u e n t   a i r   coo l ing .   Fig.  5  is  a  pho tomicrograph   (100  x 

m a g n i f i c a t i o n )   showing  the  s t r u c t u r e   o f  t h e   cast   iron  o b t a i n e d  

in  th i s   way.  The  s t r u c t u r e   of  t h i s   c a s t   iron  may  be  e x p r e s s e d  

as  being  a  f e r r i t e   matr ix   c o n t a i n i n g   sphe ro ida l   cement i te   a n d  a  

very  small  p o r t i o n  o f   p e a r l i t e   c o n t a i n i g   c e r t a i n   ca rb ides   t h e r e i n .  

That  i s ,   the  cas t   i ron  was  a  f e r r i t i c   sphe ro ida l   g r a p h i t e   c a s t  

i r o n .  

EXAMPLE  2 

Another   sphe ro ida l   g r a p h i t e   c a s t   iron  having  the  c o m p o s i t i o n  

shown  in  Table   1  below  was  p repared   by  the  same  method  as  d e s c r i b e d  

in  Example  1.  Besides  the  e lements   noted  in  the  Table,   0.045% 

of  Mg  was  p r e s e n t   in  the  p roduc t   by  reason   of  the  use  of  Mg  a s  

s p h e r o i d i z i n g   agent .   The  s t r u c t u r e   of  t h i s   cas t   iron  was 



f u n d a m e n t a l l y   s i m i l a r   to  tha t   of  the  cas t   iron  of  Example  1.  As 

can  be  seen  in  the  Table,   s u b s t a n t i a l l y   the  sole  d i f f e r e n c e   o f  

the  cas t   i ron  of  Example  2  from  tha t   of  Example  1  was  about  a  45% 

dec rea se   in  the  Cr  c o n t e n t   accompanied  by  a  s l i g h t   decrease   i n  

the  Mo  c o n t e n t .  

Test   p i eces   cut  out  of  the  cas t   i rons   of  Examples  1  and 

2  were  s u b j e c t e d   to  t e n s i l e   s t r e n g t h   t e s t s   at  ambient  t e m p e r a t u r e  

and  also  to  o x i d a t i o n   r e s i s t a n c e   t e s t s   at  high  t e m p e r a t u r e s .   F o r  

compar ison ,   a  conven t iona l   high  nickel   sphe ro ida l   g r a p h i t e   c a s t  

i ron  ( R e f e r n c e   1)  and  a  conven t iona l   f e r r i c   sphero ida l   g r a p h i t e  

cas t   iron  ( R e f e r e n c e   2)  were  s u b j e c t e d   to  the  same  t e s t s .   The 

compos i t i ons   of  the  cas t   i rons   of  Refe rences   1  and  2  are  shown 

in  Table  1  below.  In  a d d i t i o n   to  the  e lements   noted  in  the  T a b l e ,  

the  cast   i rons   of  r e f e r e n c e s   1  and  2  con ta ined   0.080%  of  Mg  and 

0.070%  of  Mg,  r e s p e c t i v e l y .  

Each  t e s t   piece  for  the  t e n s i l e   s t r e n g t h   t e s t   was  50  mm 

in  gauge  l e n g t h ,   70  mm  in  the  l eng th   of  the  s t r a i g h t   p o r t i o n   and 

7  mm  in  the  d iamete r   of  the  s t r a i g h t   p o r t i o n ,   and  the  s t r a i n i n g  

speed  at  the  t e s t   was  20%  min.  The  r e s u l t   of  the  t e s t   i s  

p r e s e n t e d   in  Table  1. 

The  o x i d a t i o n   r e s i s t a n c e   t e s t   was  c a r r i e d   out  at  750°C,  

850°C  and  950°C.  At  each  t e m p e r a t u r e   the  t e s t   p ieces   were  k e p t  

heated  in  a i r   for  200  hr,  and  the  o x i d a t i o n   r e s i s t a n c e   of  e a c h  

sample  was  e s t i m a t e d   from  the  maximum  t h i c k n e s s   of  an  o x i d i s e d  

sca le   l a y e r   on  each  t e s t   p iece .   Fig.  4  shows  the  r e s u l t s   of  t h e s e  

t e s t s .  





As  can  be  seen  from  Table  1,  the  sphe ro ida l   g r a p h i t e  

cas t   i rons   of  Examples  1  and  2  were  both  s u p e r i o r   in  the  t e n s i l e  

s t r e n g t h   and  p roof   s t r e s s   to  the  conven t iona l   sphe ro ida l   cas t   i r o n s  

of  Re fe rences   1  and  2.  Also  i t   can  be  seen  tha t   the  cas t   i r o n s  

of  Examples  1  and  2  were  i n f e r i o r   in  the  e l o n g a t i o n   to  the  c a s t  

i rons   of  R e f e r e n c e s   1  and  2.  However,  the  10%  and  12%  e l o n g a t i o n  

va lues   i n d i c a t e   tha t   e i t h e r   of  the  c a s t   i rons   of  Examples  1  and 

2  is  f u l l y   s a t i s f a c t o r y   as  a  m a t e r i a l   for  t u rb ine   hous ings   o f  

au tomot ive   e x h a u s t   gas  t u r b o c h a r g e r s ,   for  example .  

As  shown  in  Fig.  4,  the  sphe ro ida l   g r a p h i t e   cas t   i r o n s  

of  Examples  1  and  2  were  h igher   in  r e s i s t a n c e   to  o x i d a t i o n   t h a n  

the  c o n v e n t i o n a l   sphe ro ida l   g r a p h i t e   cas t   iron  of  Refernce   2  o v e r  

the  e n t i r e   range  of  high  t e m p e r a t u r e s   in  th is   t e s t .   At  750°C  t h e  

cas t   i rons   of  Examples  1  and  2  were  even  comparable  in  o x i d a t i o n  

r e s i s t a n c e   to  the  high  nickel  s p h e r o i d a l   g r a p h i t e   cas t   i ron  o f  

Reference   1.  At  h igher   t e m p e r a t u r e s   the  ox ida t ion   r e s i s t a n c e   o f  

the  cas t   i r ons   of  Examples  1  and  2  became  lower  than  t h a t   of  t h e  

cas t   i r ons   of  Refernce  1,  but  t h i s   f a c t   does  not  s e r i o u s l y   a f f e c t  

the  mer i t   of  the  i n v e n t i o n   f i r s t l y   because  the  high  n icke l   c a s t  

iron  of  Refe rence   1  is  far  more  c o s t l y   t h a t   the  cas t   i rons   a c c o r d i n g  

to  the  i n v e n t i o n   and  secondly  the  o x i d a t i o n   r e s i s t a n c e   va lues   o f  

the  cas t   i r ons   of  Examples  1  and  2  at  850°C  and  950°C  can  be  t a k e n  

as  very  good  v a l u e s .  



1.  A  h e a t - r e s i s t a n t   f e r r i t i c   sphe ro ida l   g r a p h i t e   cas t   i ron,   - 

c h a r a c t e r i s e d   in  t h a t   i t   c o n s i s t s   e s s e n t i a l l y   of  not   more  than  3 . 4  

wt%  of  C,  3.5  wt%  to  5.5  wt%  of  Si,  not  more  than  0.6  wt%  of  Mn, 

0.1  to  0.7  wt%  of  Cr,  0.3  to  0.9  wt%  of  Mo,  not  more  than  0.1  wt% 

of  s p h e r o i d i z i n g   agent   and  the  ba lance   of  Fe .  

2.  A  s p h e r o i d a l   g r a p h i t e   cas t   iron  according   to  Claim  1 ,  

c h a r a c t e r i z e d   in  t h a t   i t   c o n t a i n s   at   l e a s t   1.7  wt%  of  C. 

3.  A  s p h e r o i d a l   g r a p h i  t e  . c a s t   i ron  accord ing   to  claim  1  o r  

claim  2,  c h a r a c t e r i z e d   in  t h a t   i t   c o n t a i n s   from  0.25  to  0.7  wt% 

of  CR. 

4.  A  s p h e r o i d a l   g r a p h i t e   cas t   iron  according   to  anyone  of  t h e  

p r eced ing   claims  c h a r a c t e r i z e d   in  t h a t   the  p r i n c i p a l   component  o f  

the  s p h e r o i d i z i n g   agent   is  Mg,  Ca  or  Ce. 
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