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©  A  method  of  heat  treating  high  chromium  cast  ferrous-based  alloys  and  a  wearing  element  formed  of  a  high  chromium 
cast  ferrous  based  alloy. 

  A  method  of  heat  treating  a  component  formed  of  a 
high-chromium  cast  ferrous-based  alloy  consisting  of  11-28 
wt%  chromium,  1 -  3.6  wt%  carbon  and  at  least  0.2  wt% 
molybden  um  and/or  at  least  0.6  wt%  tungsten,  the  remain- 
der  (apart  from  any  incidental  ingredients  and  impurities) 
being  iron,  said  method  comprising  the  steps  of:- 
a)  holding  said  component  at  a  temperature  between  the 
solidus  temperature  of  the  alloy  and  1050°C  for  a  period  of 
time  not  exceeding  3  days  in  a  non-oxidising  atmosphere  or 
vacuum  so  as  to  produce  a  partially  spheroidised  hard 

carbide  phase  in  an  austenitic  matrix  throughout the  compo- 
nent,  and 
b)  quenching  the  component  at  a  mean  rate  of from  40'C/min 
to  3'C/min  in  the  critical temperature  range  in  order to  retain 
the  austenitic  matrix. 
Before  heat  treatment,  carbon  and  chromium  form  a  hard 
sharp,  angular  carbide  phase  and  the  molybdenum  and/or 
tungsten  serves  to  increase  the  rate  of  change  in  the 
morphology  of the  carbide  phase  during  heat  treatment  from 
sharp  angularity  to  a  partly  spheroidised  morphology. 



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   of  p r o d u c i n g  

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

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

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

w h i c h   i s   f o r   a  b r e a k i n g ,   g r i n d i n g   or   c r u s h i n g   m a c h i n e .  

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

w h i c h   r e q u i r e   t h e   use   of  a  t o u g h ,   wea r   r e s i s t a n t  

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

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

c e m e n t ,   c l i n k e r   and  l i m e s t o n e ,   w h e r e i n   t h e   h a m m e r  

m a t e r i a l   must   be  c a p a b l e   of  w i t h s t a n d i n g   t h e   w e a r  

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

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

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

H o w e v e r ,   t r a d i t i o n a l l y   a l l o y e d   and  p r o c e s s e d   h i g h  

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

t o u g h n e s s   to  w i t h s t a n d   h i g h   i m p a c t   c o n d i t i o n s .  

A  number   of  a t t e m p t s   h a v e   b e e n   made  to   p r o d u c e   a  

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

wear   r e s i s t a n c e .   T h e s e   m a t e r i a l s   h a v e   f r e q u e n t l y   b e e n  

in  t h e   form  of  c o m p o s i t e s ,   in  w h i c h   an  i n i t i a l l y   t o u g h  

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

r e s i s t a n t   work  f a c e .   T y p i c a l   e x a m p l e s   of  t h i s  

t e c h n i q u e   i n c l u d e   the   h a r d   f a c i n g   of  s t e e l s   and  t h e  

f a b r i c a t i o n   of  wea r   r e s i s t a n t   c a s t   i r o n   o n t o   t o u g h  

s t e e l   s h a n k s .  



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

c a s t   i r o n s   h a s   b e e n   p r e v i o u s l y   p r o p o s e d   ( S u l e y m a n  

B u l e n t   B i n e r   "The  E f f e c t s   of  M e t a l l u r g i c a l   V a r i a b l e s   o n  

t h e   M e c h a n i c a l   P r o p e r t i e s   of  H i g h - C h r o m i u m   C a s t   I r o n s "  

PhD  t h e s i s ,   The  U n i v e r s i t y   of  A s t o n   in   B i r m i n g h a m  

S e p t .   1 9 8 1 )   in   w h i c h   t h e   h i g h - c h r o m i u m   c a s t   i r o n  

i n c l u d e s   an  a d d i t i o n   of  m o l y b d e n u m   or   t u n g s t e n   as  a  

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

c a r b i d e s   upon   h e a t   t r e a t m e n t .   H o w e v e r ,   w h i l s t   s u c h   a  

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

l a b o r a t o r y   s a m p l e s ,   i t   was  f o u n d   to   be  i n a p p r o p r i a t e  

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

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

c r u s h i n g   and  g r i n d i n g   m a c h i n e s   ( e . g .   s w i n g   h a m m e r s . )  

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

s p h e r o i d i s e d   h a r d   c a r b i d e   p h a s e   s u p p o r t e d   by  a n  

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

h a v e   f o u n d   t h a t ,   a f t e r   t he   c h e m i c a l   a d d i t i o n   o f  

m o l y b d e n u m   or   t u n g s t e n   and  h o l d i n g   a t   an  e l e v a t e d  

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   c o n t r o l   t h e   c o o l i n g  

r a t e   of  t h e   c o m p o n e n t   so  t h a t   t h e   a u s t e n i t i c   m a t r i x   i s  

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

t h e   c o m p o n e n t .  

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

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

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

c o n s i s t i n g   of  1 1  -   28  wt%  c h r o m i u m ,   1 - 3 . 6   w t %  c a r b o n  

and  a t   l e a s t   0 . 2   wt  %  ( p r e f e r a b l y   0 . 2   to   a b o u t   4  w t%)  

m o l y b d e n u m   a n d / o r   a t   l e a s t   0 . 6   wt%  ( p r e f e r a b l y   0 .6   t o  

a b o u t   6  wt%)  t u n g s t e n   t he   r e m a i n d e r   ( a p a r t   f rom  a n y  
i n c i d e n t a l   i n g r e d i e n t s   and  i m p u r i t i e s )   b e i n g   i r o n ,   s a i d  

m e t h o d   c o m p r i s i n g   t h e   s t e p s   o f : -  

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

s o l i d u s   t e m p e r a t u r e   of  t he   a l l o y   and  1 0 5 0 ° C   f o r   a  

p e r i o d   of  t i m e   n o t   e x c e e d i n g   a b o u t   3  d a y s   in  a  



n o n - o x i d i s i n g   a t m o s p h e r e   or  vacuum  so  as  to  p r o d u c e   a  

p a r t i a l l y   s p h e r o i d i s e d   h a r d   c a r b i d e   p h a s e   in  a n  

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

b)  q u e n c h i n g   t h e   c o m p o n e n t   a t   a  mean  r a t e   of  f r o m  

4 0 ° C / m i n   to   3 ° C / m i n   in   t h e   c r i t i c a l   t e m p e r a t u r e   r a n g e  

(as   d e f i n e d   h e r e i n a f t e r )   in   o r d e r   to   r e t a i n   t h e  

a u s t e n i t i c   m a t r i x .  

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

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

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

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

1 1 - 2 8   wt%  c h r o m i u m ,   1 - 3 . 6   wt %  c a r b o n   and  a t   l e a s t   0 . 2  

wt%  ( p r e f e r a b l y   0 . 2   to   a b o u t   4  wt%)  m o l y b d e n u m   a n d / o r  

a t   l e a s t   0 . 6   wt%  ( p r e f e r a b l y   0 . 6   to   a b o u t   6  wt%)  

t u n g s t e n ,   t he   r e m a i n d e r   ( a p a r t   f rom  any  i n c i d e n t a l  

i n g r e d i e n t s   and  i m p u r i t i e s )   b e i n g   i r o n ,   and  (b)  h a v i n g  

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

p a r t i a l l y   s p h e r o i d i s e d   h a r d   c a r b i d e   p h a s e .  

B e f o r e   h e a t   t r e a t m e n t ,   c a r b o n   and  c h r o m i u m  f o r m   a  h a r d  

s h a r p ,   a n g u l a r   c a r b i d e   p h a s e   ( s e e   F i g .   1)  and  t h e  

m o l y b d e n u m   a n d / o r   t u n g s t e n   s e r v e s   to   i n c r e a s e   t he   r a t e  

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

h e a t   t r e a t m e n t   f rom  s h a r p   a n g u l a r i t y   (as   shown  in  F ig   1 )  

to   a  p a r t l y   s p h e r o i d i s e d   m o r p h o l o g y   ( s e e   F ig   2 ) .  

A p p r o x i m a t e l y  2 . 5   t i m e s   more  t u n g s t e n   t h a n   m o l y b d e n u m  

is   r e q u i r e d   to  a c h i e v e   s i m i l a r   t o u g h n e s s   r e s u l t s .  

As  i n c i d e n t a l   i n g r e d i e n t s ,   t he   f o l l o w i n g   may  be  p r e s e n t  
( i n   w t % ) : -  



Of  t h e   i n c i d e n t a l   i n g r e d i e n t s ,   S i ,   Mn,  Ni ,   and  Cu  a l l  

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

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

m a t r i x   i s   r e t a r d e d .   The  r e m a i n i n g   two  e l e m e n t s ,   S  a n d  

P  h a v e   a  d e l e t e r i o u s   e f f e c t   on  t h e   t o u g h n e s s   and  a r e  

t h e r e f o r e   m a i n t a i n e d   a t   low  l e v e l s .   They   a r e   n o t  

d e l i b e r a t e   a l l o y i n g   a d d i t i o n s .  

P r e f e r a b l y ,   t h e   c h r o m i u m   c o n t e n t   of  t h e   a l l o y   is   1 4 - 2 0  

w t % .  

I t   i s   a l s o   p r e f e r r e d   t h a t   t he   c a r b o n   c o n t e n t   of  t h e  

a l l o y   i s   1 . 5  -   3  wt%,  more  p r e f e r a b l y   2-3  w t % .  

Some  of  t he   c a r b o n   and  c h r o m i u m   fo rm  a  s o l i d   s o l u t i o n  

in   a u s t e n i t e   and  t h e r e b y   i n f l u e n c e   t h e   m a t r i x   t r a n s f o r m -  

a t i o n   c h a r a c t e r i s t i c s .   In  a d d i t i o n ,   t h e s e   two  e l e m e n t s  

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

f r a c t i o n   of  h a r d   c a r b i d e s ,   (%K),  w i t h i n   t h e   m i c r o -  

s t r u c t u r e   of  t h e   m a t e r i a l .  

The  vo lume   f r a c t i o n   of  h a r d   c a r b i d e s   i s   g i v e n   by  t h e  

f o l l o w i n g   r e l a t i o n s h i p   ( R e f .   F.  M a r a t r a y ,   1971 ,   A . F . S .  

T r a n s a c t i o n s ) . -  

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

1  -   4  wt%  and  t h e   t u n g s t e n   c o n t e n t ,   when  p r e s e n t ,   i s  

2-  5 .5   wt%.  



When  h e a t i n g   t h e   c o m p o n e n t   f rom  a m b i e n t   t e m p e r a t u r e   t o  

t h e   t e m p e r a t u r e   of  h e a t   t r e a t m e n t ,   t he   h e a t i n g   r a t e  

s h o u l d   be  s u f f i c i e n t l y   s l o w   to  a v o i d   c r a c k i n g   of  t h e  

c a s t i n g s .  

T y p i c a l l y ,   t he   c o m p o n e n t   i s   h e a t e d   to   a  t r e a t m e n t  

t e m p e r a t u r e   of  1 1 8 0 ° C   and  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   up  to   72  h o u r s ,   p r e f e r a b l y   up  to   2 4  

h o u r s ,   more  p r e f e r a b l y   4  to   24  h o u r s ,   mos t   p r e f e r a b l y   4  

to  10  h o u r s .   H o w e v e r ,   f o r   r e a s o n s   of  c o s t   i t   i s  

d e s i r a b l e   to   m i n i m i s e   t h e   h e a t   t r e a t m e n t   t i m e .  

F u r t h e r m o r e ,   h e a t   t r e a t m e n t   fo r   l o n g e r   t h a n   72  h o u r s  

p r o d u c e s   no  s i g n i f i c a n t   i m p r o v e m e n t   in  p r o p e r t i e s   o v e r  

an  e x t e n d e d   h e a t   t r e a t m e n t   on  an  a l l o y   c o n t a i n i n g   n o  

m o l y b d e n u m   or  t u n g s t e n   as  c a t a l y s t .  

Q u e n c h i n g   of  t he   c o m p o n e n t   must   be  s u f f i c i e n t l y   f a s t   t o  

r e t a i n   an  a u s t e n i t i c   m a t r i x .   The  q u e n c h i n g   r a t e   in   t h e  

c r i t i c a l   t e m p e r a t u r e   r a n g e   is  the   i m p o r t a n t   f a c t o r .  

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

a r e   d e f i n e d   by  t h e   t r e a t m e n t   t e m p e r a t u r e   e m p l o y e d   i n  

s t e p   a)  a b o v e   and  t h e   u p p e r   c r i t i c a l   t e m p e r a t u r e   ( A 3 ) .  

The  q u e n c h i n g   r a t e   i s   t h e   mean  c o o l i n g   r a t e   of  t h e  

f u r n a c e   l o a d ,   f o r   e x a m p l e   as  m e a s u r e d   by  a  t h e r m o c o u p l e  

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

The  h e a t   t r e a t m e n t   u s e d   in   t he   p r e s e n t   i n v e n t i o n   m a y  
a l s o   be  c a r r i e d   o u t   u n d e r   p r e s s u r e   e . g   by  h o t   i s o s t a t i c  

p r e s s i n g ,   t y p i c a l l y   a t   105  MPa.  

I t   is   p r e f e r r e d   t h a t   t h e   q u e n c h i n g   r a t e   in  t he   c r i t i c a l  

t e m p e r a t u r e   r a n g e   i s   3 7 ° C / m i n   to  3 ° C / m i n .   T h e  

n o n - o x i d i s i n g   a t m o s p h e r e   may  fo r   e x a m p l e   be  a  

p r o t e c t i v e   a t m o s p h e r e   s u c h   as  n i t r o g e n .   In  t he   c a s e  



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

v a c u u m ,   i t   i s   p r e f e r r e d   to   e f f e c t   q u e n c h i n g   by  b a c k  

f i l l i n g   w i t h   an  i n e r t   gas   s u c h   as  n i t r o g e n .  

The  q u e n c h i n g   r a t e   in  t h e   c r i t i c a l   t e m p e r a t u r e   r a n g e   i s  

t y p i c a l l y   a f f e c t e d   by  t h e   f a c t o r s   s u c h   as  s i z e   o f  

f u r n a c e   l o a d ,   t y p e   of  f u r n a c e   e t c .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d   i n  

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

EXAMPLE  1 .  

C a s t i n g s   h a v i n g   a  s e c t i o n   s i z e   of  b e t w e e n   40  mm  and  1 0 0  

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

(wt  % ) : -  

C  Si  S  P  Mn  Ni  Cr  Cu  Mo  F e  

2 . 3 5   0 . 3 6   0 . 0 3 0   0 . 0 3 7   0 . 3 2   0 . 1 9   1 4 . 0 5   0 . 1 6   1 . 9 2   B a l a n c e  

The  h e a t   t r e a t m e n t   i s   c a r r i e d   o u t   in  an  I p s e n   9 2 4  

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

h e a t   from  a m b i e n t   to   750°C   a t   1 5 0 ° C / h o u r  

h e a t   f rom  750°C  to  1 1 8 0 ° C   a t   2 5 0 ° C / h o u r  

h e l d   a t   1180°C   f o r   8  h o u r s  

q u e n c h   t h r o u g h   t h e   c r i t i c a l   t e m p e r a t u r e   r a n g e   a t   a n  

a v e r a g e   r a t e   of   3 . 0 3 ° C / m i n u t e   u s i n g   a  f an   a s s i s t e d  

n i t r o g e n   b a c k f i l l .  

The  t e m p e r a t u r e   of  t h e   f u r n a c e   l o a d   (20  c a s t i n g s  

a r r a n g e d   as  a  s i n g l e   l a y e r )   i s   m e a s u r e d   u s i n g   a  l o a d  

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

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

h e a t   up  and  c o o l   d o w n ) .   In  t h i s   e x a m p l e ,   e a c h   c a s t i n g  

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

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

c e n t r e   of  t he   l o a d .  



The  m a t e r i a l   e x h i b i t s   t he   f o l l o w i n g   t y p i c a l   m e c h a n i c a l  

p r o p e r t i e s :  

H a r d n e s s :   420  H v 3 0  

F r a c t u r e   T o u g h n e s s :   u s i n g   a  s h o r t   b a r   s p e c i m e n  

t e s t e d   in  a c c o r d a n c e   w i t h   S . A . E .  

ARP  1 7 0 4  

* K I C S B  -   4 4 . 0   M N / m 3 / 2  

*  KICSB  is   t h e   p l a n e   s t r a i n   f r a c t u r e   t o u g h n e s s   a s  

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

EXAMPLES  2  -   7 

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

a l l o y i n g   i n g r e d i e n t s   as  s e t   o u t   in  T a b l e   1  b e l o w   a r e  

h e a t e d   to  1 1 8 0 ° C   a t   an  a v e r a g e   r a t e   of  2 9 0 ° C / h o u r   a n d  

q u e n c h e d   a t   an  a v e r a g e   r a t e   of  3 6 ° C / m i n u t e   t h r o u g h   t h e  

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





C o m p a r a t i v e   Example   1' 

A  h i g h   c h r o m i u m   c a s t   i r o n   h a v i n g   the   f o l l o w i n g   c h e m i c a l  

c o m p o s i t i o n   in  w t % : -  

C  Si  S  P  Mn  Ni  Cr  Cu  Mo  F e  

2 . 5 9   0 . 5 3   0 . 0 4 2   0 . 0 3 4   0 . 5 9   0 . 1 8   1 5 . 9   0 . 1 7   2 . 2 2   b a l a n c e  

is   h e a t e d   in  vacuum  from  a m b i e n t   to  750°C  a t   1 5 0 ° C / h o u r  

from  750°C  to  1180°C  a t   2 5 0 ° C / h o u r ,   h e l d   a t   1180°C  f o r  

8  h o u r s   and  t h e n   q u e n c h e d   a t   an  a v e r a g e   r a t e   o f  

2 . 5 ° C / m i n u t e   t h r o u g h   t he   c r i t i c a l   t e m p e r a t u r e   r a n g e .  

T h i s   f a i l s   to  p r o d u c e   the   r e q u i r e d   m a t r i x  

m i c r o s t r u c t u r e ,   see   F i g .   3,  and  c o m b i n a t i o n   o f  

m e c h a n i c a l   p r o p e r t i e s .   Due  to  the   s low  c o o l i n g   r a t e   i n  

t he   c r i t i c a l   t e m p e r a t u r e   r a n g e ,   t he   m a t r i x   i s  

d e s t a b i l i s e d   by  the   f o r m a t i o n   of  s e c o n d a r y   c a r b i d e s .  

T h i s   r e s u l t s   in  p a r t i a l   t r a n s f o r m a t i o n   of  t he   m a t r i x   t o  

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

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

H a r d n e s s :   t y p i c a l l y   H v 3 0  -   6 9 0  

F r a c t u r e   T o u g h n e s s ,   t y p i c a l l y :   K ICSB -   4 5 . 0   M N / m 3 / 2  

C o m p a r a t i v e   Example   2 .  

A  h i g h   c h r o m i u m   f e r r o u s - a l l o y   c o n t a i n i n g   t he   f o l l o w i n g  

a l l o y i n g   i n g r e d i e n t s   in  w t % : -  

C  Si  S  P  Mn  Ni  Cr  F e  

0 . 8 2   0 . 4 4   0 . 0 4 4   0 . 0 3 1   0 . 5 6   0 . 1 8   16 .3   b a l a n c e  

is   h e a t e d   to  1150°C  fo r   8  h o u r s   r e s u l t s   in  t h e  

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

b o u n d a r y   f i l m .   T h i s   is  due  to  the   low  c a r b o n   c o n t e n t .  



C o m p a r a t i v e   E x a m p l e   3 

A  t u n g s t e n   and  m o l y b d e n u m - f r e e ,   h i g h   c h r o m i u m   c a s t   i r o n  

c o n t a i n i n g   t he   f o l l o w i n g   i n g r e d i e n t s   in   w t % : -  

C  Si  -  S  P  Mn  Ni  Cr  Cu  F e  

2 . 7 9   0 . 6 5   0 . 0 1 7   0 . 0 2 8   0 . 2 8   0 . 1 2   1 6 . 2   0 . 1 3   b a l a n c e  

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

p r o p e r t i e s   a f t e r   b e i n g   s u b j e c t e d   to   t h e   8  h o u r  

t r e a t m e n t   d e s c r i b e d   in  E x a m p l e s   2  -   7  ( T a b l e   2 ) .  

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

of  Mo  or  W  has   r e s u l t e d   in  t h e   a b s e n c e   o f  

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

s a t i s f a c t o r y  

H a r d n e s s   t y p i c a l l y  :   H v 3 0  -   5 9 6  

F r a c t u r e   T o u g h n e s s   t y p i c a l l y  :   K I C  -   1 8 . 6   M N / m 3 / 2  

C o m p a r a t i v e   E x a m p l e   4 .  

The  m a t e r i a l s   of  E x a m p l e s   3  and  6  a r e   h e a t  t r e a t e d   a s  

s t a t e d   b u t   f o r   an  e x t e n d e d   p e r i o d   of  o v e r   a b o u t   7 2  

h o u r s .   A f t e r   t h i s   e x t e n d e d   t r e a t m e n t ,   i t   i s   f o u n d   t h a t  

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

t u n g s t e n   a d d i t i o n   i s   l o s t .  

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

c o m p o n e n t s   b u t   w i t h   a  c a r b o n   c o n t e n t   in   e x c e s s   of  3 . 6 %  

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

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

e m b r i t t l i n g   e f f e c t   w i t h i n   t he   m a t e r i a l .  

I f   t h e   c h r o m i u m   c o n t e n t   i s   l e s s   t h a n   11  wt%,  a  l o w  

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

I f   t h e   c h r o m i u m   c o n t e n t   f a l l s   to  a b o u t   8  wt%  (or   l e s s )  



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

At  h i g h e r   c h r o m i u m   l e v e l s   t h a n   28  wt%,  t h e r e   is   a  
p r o f o u n d   t e n d e n c y   to  form  a  s o f t   p r i m a r y   f e r r i t e   p h a s e .  



1.  A  m e t h o d   of  h e a t   t r e a t i n g   a  c o m p o n e n t   f o r m e d   of  a  

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

1 1 - 2 8   wt%  c h r o m i u m ,   1 - 3 . 6   wt%  c a r b o n   and  a t   l e a s t  

0 . 2   wt%  m o l y b d e n u m   a n d / o r   a t   l e a s t   0 . 6   wt%  t u n g s t e n ,  

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

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

s t e p s   o f : -  

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

s o l i d u s   t e m p e r a t u r e   of  t h e   a l l o y   and  1 0 5 0 ° C   f o r   a  

p e r i o d   of   t ime   n o t   e x c e e d i n g   3  d a y s   in   a  n o n - o x i d i s i n g  

a t m o s p h e r e   or  vacuum  so  as  to   p r o d u c e   a  p a r t i a l l y  

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

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

b)  q u e n c h i n g   t h e   c o m p o n e n t   a t   a  mean  r a t e   of  f r o m  

4 0 ° C / m i n   to   3 ° C / m i n   in   t h e   c r i t i c a l   t e m p e r a t u r e   r a n g e  
in   o r d e r   to   r e t a i n   t h e   a u s t e n i t i c   m a t r i x .  

2.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1  w h e r e i n  t h e   a l l o y  

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

( i n   w t % ) : -  

3.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1  or  2  w h e r e i n   t h e  

m o l y b d e n u m   c o n t e n t   of  t h e   a l l o y   is   0 . 2  -   4  w t % .  



4.  A  m e t h o d   as  c l a i m e d   in   c l a i m   3  w h e r e i n   t h e  

m o l y b d e n u m   c o n t e n t   of  t he   a l l o y   is   1  -   4  w t % .  

5.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   w h e r e i n  

t h e   t u n g s t e n   c o n t e n t   of  t h e   a l l o y   i s   0 . 6  -   6  w t % .  

6.  A  m e t h o d   as  c l a i m e d   in  c l a i m   5  w h e r e i n   t h e   t u n g s t e n  

c o n t e n t   of  t h e   a l l o y   i s   2  -   5 .5   w t % .  

7.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   w h e r e i n  

t h e   c h r o m i u m   c o n t e n t   of  t h e   a l l o y   i s   1 4  -   20  w t % .  

8.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   w h e r e i n  

t h e   c a r b o n   c o n t e n t   of  t h e   a l l o y   i s   1 . 5  -   3  w t % .  

9.  A  m e t h o d   as  c l a i m e d   in  c l a i m   8  w h e r e i n   t h e   c a r b o n  

c o n t e n t   of  t he   a l l o y   i s   2  -   3  w t % .  

10.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   w h e r e i n  

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

a b o u t   1 1 8 0 ° C .  

11.   A  m e t h o d   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m ,  

w h e r e i n   t h e   c o m p o n e n t   is   m a i n t a i n e d   a t   t h e   t r e a t m e n t  

t e m p e r a t u r e   f o r   up  to  24  h o u r s .  

12.   A  m e t h o d   as  c l a i m e d   in  c l a i m   11  w h e r e i n   t h e  

c o m p o n e n t   is   m a i n t a i n e d   a t   t he   t r e a t m e n t   t e m p e r a t u r e  
f o r   4  to   24  h o u r s .  

13.  A  m e t h o d   as  c l a i m e d   in   c l a i m   12  w h e r e i n   t h e  

c o m p o n e n t   is   m a i n t a i n e d   a t   t he   t r e a t m e n t   t e m p e r a t u r e  

f o r   4  to  10  h o u r s .  

14.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   w h e r e i n  

t he   q u e n c h i n g   r a t e   i s   3 7 ° C / m i n   to   3 ° C / m i n .  



15.   A  w e a r i n g   e l e m e n t   of  a  b r e a k i n g ,   c r u s h i n g   o r  

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

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

1 1 - 2 8   wt%  c h r o m i u m ,   1 - 3 . 6   wt%  c a r b o n   and  a t   l e a s t  

0 . 2   wt%  m o l y b d e n u m   a n d / o r   a t   l e a s t   0 . 6   wt%  t u n g s t e n ,  

t h e   r e m a i n d e r   ( a p a r t   f rom  any  i n c i d e n t a l   i n g r e d i e n t s  

and   i m p u r i t i e s )   b e i n g   i r o n ,   and  (b)  h a v i n g   a  s t a b l e  

a u s t e n i t i c   m a t r i x   in  w h i c h   is   d i s p e r s e d   a  p a r t i a l l y  

s p h e r o i d i s e d   h a r d   c a r b i d e   p h a s e .  
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