
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 
©  Publication  number: 0  0 5 9   8 0 3  

A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81300922.2 

@  Date  of  filing:  05.03.81 

©  lnt.CI.3:  C  23  C  9 /10  

©  Date  of  publication  of  application:  ©Applicant:  Kolene  Corporation 
15.09.82  Bulletin  82/37  12890  Westwood  Avenue 

Detroit  Michigan  48223IUS) 
©  Designated  Contracting  States: 

DE  FR  GB  IT  SE  ©  Inventor:  Jakubowski,  Thomas  Michael 
557  Richmond  S.E. 
Salem  Oregon  97301  |US) 

©  Inventor:  Wood,  William  George 
Grosse  Pointe  Farms 
274  Kercheval  Avenue  Michigan  48236IUS) 

©  Representative:  Eurolink 
Regent  House  Heaton  Lane 
Stockport,  Cheshire,  SK4  IBS(GB) 

o  
00 

9) 
in  
o  

©  A  process  for  case  hardening  steel. 

@  A  process  for  case  hardening  steel is  described.  A  fused 
bath  of  inert  salt  is  provided  which  is  comprised  of  alkali 
halides,  alkali  earth  halides,  or  mixtures  thereof,  and  alkali 
oxides,  alkaline  earth  oxides,  alkali  carbonates,  alkaline  earth 
carbonates,  or  mixtures  thereof.  There  is  added  to  this  fused 
bath,  after  suspending  the  steel  therein,  urea,  dicyano- 
diamide,  pyrolysis/condensation  products  of  urea  or 
dicyanodiamide,  or  combinations  thereof.  This  will  form 
active  ions  containing  carbon  and/or  nitrogen,  and  either the 
nitrogen  and/or  carbon  will  diffuse  into  the  surface  of  a  steel 
piece  suspended  in  the  bath  to  form  either  a  nitrided, 
carbonitrided  or  carburized  case  depending  upon  the 
temperature  of  the  bath,  which  is  selectively  maintained 
between  above  540°C.  and  about  950°C. 





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

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

i n g ,   and   c a r b u r i z i n g   of  s t e e l   p a r t s .  

The re   h a v e   been   many   p r i o r   a r t   p r o p o s a l s   for  t h e  

n i t r i d i n g ,   c a r b o n i t r i d i n g ,   and   c a r b u r i z i n g   of  s t ee l   p a r t s .   T h e s e  

h a v e   t a k e n   the  form  of  c y a n i d e   s a l t   b a t h s ,   c y a n i d e / c y a n a t e   s a l t  

b a t h s ,   gas '   c a r b u r i z i n g ,   and   so  f o r t h .   Up  u n t i l   now,   each   o f  

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

the  o t h e r s .   For  e x a m p l e ,   the  n i t r i d i n g   p r o c e s s   h a s   o p e r a t i n g  

c o n d i t i o n s   and   p a r a m e t e r s   so  d i f f e r e n t   from  t h o s e   n e e d e d   f o r  

c a r b u r i z i n g   t h a t   s e p a r a t e   p r o c e s s i n g   e q u i p m e n t '   a n d   c h e m i c a l s  

h a v e   to  be  m a i n t a i n e d   for  each   p r o c e s s .   As  a  r e s u l t ,   t h e  

o p e r a t i n g   c o n d i t i o n s   for  each   c o n v e n t i o n a l   p r o c e s s   are   r a t h e r  

i n f l e x i b l e ;   and   can  p r o d u c e   only   a  n a r r o w l y   d e f i n e d   t y p e   of  c a s e .  



A d d i t i o n a l l y ,   each   of  t h e s e   t y p e s   of  p r o c e s s e s   h a s  

c e r t a i n   s e r i o u s   l i m i t a t i o n s .   The  c y a n i d e   or  c y a n i d e / c y a n a t e   p r o -  

c e s s e s   r e q u i r e   b a t h s   to  be  m a i n t a i n e d   wi th   a  r e l a t i v e l y   h i g h  

c o n c e n t r a t i o n   of  a c t i v e   i n g r e d i e n t s ,   w h i c h   is  bo th   e x p e n s i v e   a n d  

p r e s e n t s   a  t o x i c   m a t e r i a l   w a s t e   p r o b l e m .   Gas  c a r b u r i z i n g   a n d  

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

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

P a c k   c a r b u r i z i n g   is  v e r y   d i r t y ,   t ime  c o n s u m i n g ,   a n d   l i m i t e d   i n  

s c o p e .  

F u r t h e r m o r e ,   none  of  t h e s e   p r o c e s s e s   a r e   d e s i g n e d   t o  

o p e r a t e   in  the  600 -760°C .   ( 1 1 0 0 - 1 4 0 0 ° F . )   t e m p e r a t u r e   r a n g e .   T h i s  

r a n g e   c o u l d   hold  g r e a t   b e n e f i t s   for  c a s e   h a r d e n i n g .  o f   s t e e l   p a r t s  

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

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

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

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

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

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

m i x t u r e s   t h e r e o f ,   and   a  s e c o n d   m a t e r i a l   s e l e c t e d   from  the  g r o u p  

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

b o n a t e s ,   a l k a l i n e   e a r t h   c a r b o n a t e s ,   or  m i x t u r e s   t h e r e o f ;  

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



a b o u t   540°C.  to  abou t   950°C. ;   m a i n t a i n i n g   s a i d   b a t h   free  o f  

c y a n i d e   and  c y a n a t e   s a l t s ;   s u s p e n d i n g   the  me ta l   w o r k p i e c e   i n  

the  b a t h ;   t h e r e a f t e r   a d d i n g   to  s a id   b a t h   a  t h i r d   m a t e r i a l   o r  

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

u r e a ,   d i c y a n o d i a m i d e ,   any   of  the  p y r o l y s i s / c o n d e n s a t i o n   p r o d u c t s  

of  u r e a   or  d i c y a n o d i a m i d e ,   or  c o m b i n a t i o n s   t h e r e o f ;   at  a  r a t e  

w h i c h   wil l   not  p r o d u c e   c y a n i d e   or  c y a n a t e   s a l t s ,   w h e r e b y   to  

form  in  s i t u   a c t i v e   c a s e - p r o d u c i n g   i n g r e d i e n t s   to  t h e r e b y   p r o d u c e  

a  ca se   on  sa id   w o r k p i e c e ;   r e m o v i n g   sa id   w o r k p i e c e ;   and   t h e r e -  

a f t e r   m a i n t a i n i n g   sa id   b a t h   free  of  c y a n i d e   and   c y a n a t e   s a l t s  

such  t h a t   only  the  f i r s t   and  second   m a t e r i a l s   r e m a i n .  

DESCRIPTION  OF  THE  DRAWING 

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

op t imum  r a t e s   of  a d d i t i o n   of  u rea   to  the  f u s e d   b a t h   as  a  

f u n c t i o n   of  t e m p e r a t u r e   and   size  of  the  load  b e i n g   t r e a t e d .   T h e  

g r a p h   is  i n t e n d e d   as  a  r o u g h   g u i d e l i n e   for  most  low  c a r b o n ,   low 

a l l o y   s tee l   t r e a t m e n t .  

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

c o m p o s i t i o n   are  p r o v i d e d   wh ich   al low  one  to  s e l e c t i v e l y   n i t r i d e ,  

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

d e s i r e d   case  t h e r e o n .   The  method  employs   a  f u s e d ,   n o n a c t i v e  

c h e m i c a l   sa l t   b a th   to  wh ich   is  a d d e d   an  o r g a n i c   m a t e r i a l   w h i c h  

wil l   form  c e r t a i n   c a r b o n   and   n i t r o g e n   c o m p o u n d s ,   s a i d   c o m p o u n d s  

h a v i n g   the  a b i l i t y   to  add  c a r b o n ,   n i t r o g e n ,   or  both   to  a  s t e e l  

s u r f a c e   immersed   in  the  b a t h .  

As  used  h e r e i n ,   n o n a c t i v e   b a t h   means   a  ba th   w h i c h  

i t s e l f   n e i t h e r   g e n e r a t e s   nor  c o n t a i n s   " a c t i v e "   c o m p o u n d s .   " A c t i v e "  

c o m p o u n d s   are  those  w h i c h ,   upon  g i v i n g   up  c a r b o n   a n d / o r  

n i t r o g e n   to  t h e   s teel   to  form  a  case  t h e r e o n ,   are  t r a n s f o r m e d  

into  n o n a c t i v e   c o m p o u n d s .  



The  c h a r a c t e r i s t i c s   of  the  case   on  the  s t ee l   w i l l  

d e p e n d   p r i m a r i l y   on  the  t e m p e r a t u r e   of  the  b a t h   and   the  r a t e   a t  

w h i c h   o r g a n i c   m a t e r i a l   is  p r e s e n t e d   to  the  b a t h ,   so  t h a t   e i t h e r  

a  n i t r i d e d ,   c a r b o n i t r i d e d ,   or  c a r b u r i z e d   c a se   may  s e l e c t i v e l y   b e  

o b t a i n e d .   A  n i t r i d e d   case   is  d e f i n e d   h e r e i n   to  mean  a  c a s e  

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

of  i ron  n i t r i d e s .   A  c a r b u r i z e d   case   is  d e f i n e d   to  mean  a  c a s e  

c o m p r i s e d   e s s e n t i a l l y   of  i ron  and  c a r b o n ,   and   a   c a r b o n i t r i d e d  

c a s e   is  d e f i n e d   as  one  which   c o n t a i n s   i ron   wi th   s i g n i f i c a n t  

a m o u n t s   of  both   c a r b o n   and  n i t r o g e n .  

The  o r g a n i c   m a t e r i a l   u s u a l l y   is  a d d e d   only   so  l o n g  

as  t h e r e   is  work  in  the  b a t h   to  be  t r e a t e d .   After   t he   t r e a t m e n t  

is  f i n i s h e d ,   the  a d d i t i o n   of  m a t e r i a l   may  be  c e a s e d .   The.  r e s u l t  

is  t h a t   c a r b o n   and   n i t r o g e n - c o n t a i n i n g   c o m p o u n d s   a re   no  l o n g e r  

g e n e r a t e d ,   and   r e s i d u a l   a c t i v e   c o m p o u n d s   a re   s lowly   d e s t r o y e d  

by  t h e r m a l   d e c o m p o s i t i o n ,   or  by  r e a c t i o n   wi th   the  w a l l s   of  a  

m e t a l l i c   s a l t   pot  if  such   type   of  pot  is  u s e d .   Hence,   the  b a t h  

when  not  in  use  becomes   n o n a c t i v e .   T h u s ,   t h e r e   is  no  need  t o  

m a i n t a i n   a  h i g h   c o n c e n t r a t i o n   of  t ox ic   m a t e r i a l s   such  a s  

c y a n i d e s   and  c y a n a t e s .  

T u r n i n g   now  more  s p e c i f i c a l l y   to  c o m p o s i t i o n s   of  t h e  

m a t e r i a l s   i n v o l v e d   in  th i s   i n v e n t i o n ,   the  n o n a c t i v e   c h e m i c a l   s a l t  

b a t h   may  be  any   f u s e d   a l k a l i   h a l i d e   or  a l k a l i n e   e a r t h   h a l i d e ,  

or  c o m b i n a t i o n   of  such   h a l i d e s ,   wi th   from  a b o u t   1  to  a b o u t   20 

w e i g h t   p e r c e n t   a d d e d   t h e r e t o   of  an  a l k a l i   ox ide   or  a l k a l i n e  

e a r t h   ox ide   or  c a r b o n a t e ,   or  m i x t u r e s   of  such   c a r b o n a t e s   a n d  

o x i d e s .   A  p r e f e r a b l e   c o m p o s i t i o n   is  from  64-68  w e i g h t   p e r c e n t  

c a l c i u m   c h l o r i d e ,   CaC12;  30-32  w e i g h t   p e r c e n t   sod ium  c h l o r i d e ,  

NaCl ;   and   1-5  w e i g h t   p e r c e n t   c a l c i u m   c a r b o n a t e ,   CaC03.   T h e  

m e l t i n g   po in t   of  th i s   c o m p o s i t i o n   is  a b o u t   510°C.  ( 9 5 0 ° F . ) .   T h e  

o r g a n i c   m a t e r i a l   for  a d d i t i o n   to  the  b a t h   may  be  u r e a   o r  

d i c y a n o d i a m i d e .   It  may  a lso   be  any  of  the  p y r o l y s i s / c o n d e n s a t i o n  

p r o d u c t s   of  u r e a   or  d i c y a n o d i a m i d e ,   such  as  m e l a m i n e ,   m e l e m ,  

me lam,   and   melon.   It  may  a lso   b e   any   c o m b i n a t i o n   of  t h e  

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



In  o p e r a t i o n ,   the  n o n a c t i v e   b a t h   is  f i r s t   b r o u g h t   t o  

the  d e s i r e d   o p e r a t i n g   t e m p e r a t u r e ,   chosen   from  w i t h i n   the  r a n g e  

of  a b o u t   540°C.  ( 1 0 0 0 ° F . )   to  abou t   950°C.  ( 1 7 5 0 ° F . ) .   T h e  

s e l e c t i o n   of  the  t e m p e r a t u r e   will   be  d i s c u s s e d   p r e s e n t l y .   T h e  

o r g a n i c   m a t e r i a l   is  then  a d d e d   to  the  b a t h ,   p r e f e r a b l y   s l o w l y ,  

c o n t i n u o u s l y ,   and  at  a  c o n s t a n t   r a t e .   Somewhat   c o m p l i c a t e d  

r e a c t i o n s   now  occur ,   wh ich   may  be  s u m m a r i z e d   as  f o l l o w s :  

O r g a n i c   m a t e r i a l   +  O x i d e   ( 0  )   a n d / o r   c a r b o n a t e  

C y a n a m i d e   (CN2-2)  +  n o n a c t i v e   c o m p o u n d s  

The  amoun t   of  c y a n a m i d e   formed  is  l i m i t e d   by  t h e  

i n i t i a l   c o n c e n t r a t i o n   of  o x i d e / c a r b o n a t e .   Thus ,   if  the  i n i t i a l  

o x i d e / c a r b o n a t e   amoun t   was  3  w e i g h t   p e r c e n t ,   t h e   m a x i m u m  

a m o u n t   of  c y a n a m i d e   t h a t   can  form  in  the  ba th   is  a l so   3  w e i g h t  

p e r c e n t .   Excess   o r g a n i c   m a t e r i a l   is  t h e r m a l l y   d e c o m p o s e d   and  i s  

l o s t .  

The  w o r k p i e c e s   to  be  t r e a t e d   may  be  i m m e r s e d   in  t h e  

s a l t   ba th   e i t h e r   be fo re   or  a f t e r   a d d i t i o n   of  o r g a n i c   m a t e r i a l   h a s  

b e g u n .   The  p i eces   s h o u l d   be  c l ean   and  d ry .   The  p ieces   a r e  

m a i n t a i n e d   in  the  b a t h   for  v i r t u a l l y   any  amoun t   of  t i m e ,  

d e p e n d i n g   upon  the  case   t h i c k n e s s   r e q u i r e d .   The  g e n e r a l  

r e a c t i o n   at  a  s teel   s u r f a c e   in  the  ba th   i s   as  f o l l o w s :  

ox ide   (O-2)  a n d / o r   c a r b o n a t e   (CO3-2)  ions  +  c a r b o n   (C)  a n d / o r  

n i t r o g e n   (N)  for  d i f f u s i o n   into  s t e e l .  

Thus ,   it  can  be  seen  t ha t   the  n o n a c t i v e   ox ides   a n d  

c a r b o n a t e s ,   consumed   in  the  g e n e r a t i o n   of  a c t i v e   c y a n a m i d e  

ions ,   are  r e g e n e r a t e d   when  the  c y a n a m i d e   d e c o m p o s e s   at  t h e  

s tee l   s u r f a c e ,   and  hence  no  was te   p r o d u c t   s a l t s   b u i l d   up  in  t h e  

b a t h   to  i n t e r f e r e   in  the  p r o c e s s .  



A g i t a t i o n   of  the  b a t h   d u r i n g   o p e r a t i o n   is  d e s i r a b l e ,  

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

en t i r e   l o a d .   A g i t a t i o n   is  u s u a l l y   a c c o m p l i s h e d   by  m e a n s   of  e i t h e r  

a  s t i r r i n g   m e c h a n i s m ,   or  by  b u b b l i n g   a  gas   s u c h   as  a i r   o r  

n i t r o g e n   t h r o u g h   the  b a t h .  

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

this   i n v e n t i o n   whi le   the  o r g a n i c   m a t e r i a l   is  b e i n g   a d d e d   h a s  

shown  t h a t   no  a l k a l i   a n d / o r   a l k a l i n e   e a r t h   me ta l   c y a n i d e   a n d / o r  

a l k a l i   a n d / o r   a l k a l i n e   e a r t h   me ta l   c y a n a t e   s a l t s   a r e   p r o d u c t s  

p r o d u c e d ,   and   in  fact   no  c y a n i d e s   or  c y a n a t e s   a r e   p r o d u c e d .  

Thus ,   the  b a t h   is  free  of  a l k a l i   a n d / o r   a l k a l i n e   e a r t h   m e t a l  

c y a n i d e   or  a l k a l i   a n d / o r   a l k a l i n e   e a r t h   metal   c y a n a t e   s a l t s ,   a n d  

in  fact   al l   c y a n i d e s   and  c y a n a t e s   be fo re   the  p r o c e s s ,   d u r i n g   t h e  

p r o c e s s ,   and   a f t e r   the  p r o c e s s   is  c o m p l e t e d .  

.  The  opt imum  r a t e s   of  a d d i t i o n   of  u r e a   for  t e m p e r a -  

t u r e s   b e t w e e n   590°C.  (11000F.)   and   950°C.  ( 1 7 5 0 ° F . )   a r e   shown  i n  

g r a p h i c   form  in  the  f i g u r e .   As  can  be  seen  in  the  f i g u r e ,   t h e  

size  of  the  l oad   be ing   t r e a t e d   has  been  d i v i d e d   s o m e w h a t  

a r b i t r a r i l y   in to   t h r e e   c a t e g o r i e s ;   l i g h t   loads   (2  s q u a r e   i n c h e s   o f  

load   s u r f a c e   a r e a   per  lb.  of  s a l t ) ;   medium  l o a d s   (5  sq.   i n c h e s  

of  s u r f a c e   a r e a   of  load  per  lb.  of  s a l t ) ;   and  h e a v y   l o a d s   (8  s q .  
i nches   of  s u r f a c e   a r ea   of  load  pe r   lb.  of  s a l t ) .   The  r a t e s   o f  

a d d i t i o n   for  each   type  of  load   are  g r a p h e d   as  the  a d d i t i o n   r a t e  

in  %  per   h o u r   b a s e d   on  ba th   w e i g h t   as  a  f u n c t i o n   of  t e m p e r a t u r e  

and  v a r i e s   from  abou t   0.2%  to  a b o u t   4%.  Of  c o u r s e ,   d i f f e r e n t  '  

load   s u r f a c e   a r e a s   can  be  e x t r a p o l a t e d   from  those   g r a p h e d .   As 

no ted ,   the  a d d i t i o n   r a t e s   are  b a s e d   on  u r ea   b e i n g   a d d e d ,   b u t  

s l i g h t   e x p e r i m e n t a t i o n   will  d e t e r m i n e   the  op t imum  r a t e   for  o t h e r  

m a t e r i a l s .  

When  the  d e s i r e d   i m m e r s i o n   time  is  up,   the  w o r k p i e c e s  

are  w i t h d r a w n   from  the  ba th   and   then  e i t h e r   slow  cooled  o r  

q u e n c h e d   in  an  a p p r o p r i a t e   q u e n c h i n g   medium,   a g a i n   d e p e n d i n g  

upon  the  ca se   c h a r a c t e r i s t i c s   d e s i r e d .   The  a d d i t i o n   of  o r g a n i c  

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

p i e c e s ,   may  now  be  c e a s e d .   If  d e s i r e d ,   o r g a n i c   m a t e r i a l   a d d i t i o n  

may  be  t e r m i n a t e d   before   the  p i ece s   are  w i t h d r a w n ,   to  a l low  t h e  

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

complete   the  case   f o r m a t i o n .  



One  g r e a t   a d v a n t a g e   i n h e r e n t   in  th i s   i n v e n t i o n   is  t h e  

v a r i e t y   of  p o s s i b l e   case   t y p e s ,   a r i s i n g   from  the  f l e x i b i l i t y   o f  

o p e r a t i n g   c o n d i t i o n s .   The  type   of  case   formed  on  the  s teel   i s  

p r i m a r i l y   d e p e n d e n t   upon  the  t e m p e r a t u r e   at  which   the  b a t h   i s  

m a i n t a i n e d ,   the  type  of  q u e n c h   a p p l i e d ,   and  the  c o m p o s i t i o n   o f  

the  b a s e   s t e e l .   In  g e n e r a l ,   for  low  c a r b o n   low  a l loy   s t e e l s ,   t h e  

case   fo rmed   at  or  below  590°C.  ( 1 1 0 0 ° F . )   is  e s s e n t i a l l y   a  n i t r i d e  

c a s e ,   i . e . ,   a  case   c o n t a i n i n g   e s s e n t i a l l y   iron  and  n i t r o g e n .   T h e  

o u t e r m o s t   p o r t i o n   of  the  case   u s u a l l y   c o n s i s t s   of  i ron   n i t r i d e s  

E  FeN,  E  Fe3N,  a n d / o r   γ 1 F e 4 N .  

Below  the  n i t r i d e s ,   a  zone  of  n i t r o g e n   d i s s o l v e d   i n  

a l p h a   i ron  u s u a l l y   e x i s t s .   As  the  t r e a t m e n t   t e m p e r a t u r e   r i s e s  

a b o v e   590°C.  ( 1 1 0 0 ° F . ) ,   the  case   wi l l   c o n t a i n   p r o g r e s s i v e l y   m o r e  

c a r b o n   and  less   n i t r o g e n .   Hence,   the  t e m p e r a t u r e   r a n g e   of  a b o u t  

590°C.  (1100°F . )   to  abou t   815°C.  ( 1 5 0 0 ° F . )   i s   t e rmed   the  " c a r -  

b o n i t r i d i n g "   r a n g e .   In  g e n e r a l ,   w i t h i n   these   o p e r a t i n g   t e m p e r a -  

t u r e s   the  case   is  formed  in  c o n j u n c t i o n   with  a  fast   q u e n c h ,   s u c h  

as  with  w a t e r   or  oil.   The  case   formed  is  p r i m a r i l y   m a r t e n s i t i c   o r  

b a i n i t i c ,   b e c a u s e   a d d i t i o n   of  n i t r o g e n   to  the  i ron  at  t h e s e  

t e m p e r a t u r e s   has  s t a b i l i z e d   gamma  i r on ,   into  which  c a r b o n   m a y  

r e a d i l y   d i s s o l v e .   Because   the  core  m a t e r i a l   is  s t i l l   below  i t s  

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

m a r t e n s i t i c / b a i n i t i c   s t r u c t u r e s   only   in  the  r eg ion   of  the  c a s e ;  

the  core  m a t e r i a l   is  e s s e n t i a l l y   u n a f f e c t e d .   If  d e s i r e d ,   a  h i g h  

o r g a n i c   m a t e r i a l   feed  ra te   will   p r o d u c e   a  case  type  c o n s i s t i n g   o f  

an  ou t e r   l a y e r   of  e s s e n t i a l l y   i ron  n i t r i d e ,   u n d e r   which   e x i s t s   a n  

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

From  o p e r a t i n g   t e m p e r a t u r e s   of  abou t   8150C.  ( 1 5 0 0 ° F . )  

to  abou t   950°C.  ( 1 7 5 0 ° F . ) ,   the  case   c o n s i s t s   of  e s s e n t i a l l y   i r o n  

and  c a r b o n ;   this   is  the  " c a r b u r i z e d "   ca se .   Aga in ,   t h i s   case  i s  

u s u a l l y   fas t   q u e n c h e d   to  p r o d u c e   a  m a r t e n s i t i c   or  b a i n i t i c  

s t r u c t u r e .  



Of  c o u r s e ,   if  t h e r e   are  d i f f e r e n t   a l l o y i n g   e l e m e n t s  

p r e s e n t ,   t h e r e   wil l   be  s o m e w h a t   more  complex   c a s e s   fo rmed ,   b u t  

t h e r e   wi l l   be  e s s e n t i a l l y   those  g e n e r a l   t y p e s   d e s c r i b e d ,   m o d i f i e d  

by  the  a l l o y i n g   e l e m e n t s   and  the  m o d i f i c a t i o n s   of  c e r t a i n   of  t h e  

c r i t i c a l   t e m p e r a t u r e s   as  is  well   known  in  the  a r t .   T h u s ,   it  w i l l  

be  seen  t h a t   all   of  t h e s e   d i f f e r e n t   case   t y p e s   can   be  fo rmed   in  a  

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

wh ich   g e n e r a t e s   a c t i v e   C  and  N  c o m p o u n d s   as  n e e d e d .   The   c a s e s  

are   v a r i e d   by  m e r e l y   c h a n g i n g   the  o p e r a t i n g   t e m p e r a t u r e ,   t h e  

q u e n c h   c o n d i t i o n s ,   a n d / o r   the  o r g a n i c   feed  r a t e .  

It  s h o u l d   be  u n d e r s t o o d   t h a t   wh i l e   t h i s   i n v e n t i o n   h a s  

been  d e s c r i b e d   wi th   r e s p e c t   to  p a r t i c u l a r   e m b o d i m e n t s   t h e r e o f ,  

n u m e r o u s   o t h e r s   wil l   become  o b v i o u s   to  those   of  o r d i n a r y   s k i l l   i n  

the  a r t   in  l i g h t   t h e r e o f .  



1.  A  p r o c e s s   for  fo rming   a  h a r d e n e d   c a se   on  a  

f e r r o u s   me ta l ,   i n c l u d i n g   the  s tep  of  d i s p o s i n g   the  f e r r o u s   m e t a l  

in  a  c h e m i c a l   s a l t   b a t h ,   c h a r a c t e r i z e d   by  the  s teps   of  p r o v i d i n g  

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

m a t e r i a l   s e l e c t e d   from  the  g r o u p   c o n s i s t i n g   of  a l k a l i   h a l i d e s ,   o r  

a l k a l i n e   e a r t h   h a l i d e s ,   or  m i x t u r e s   t h e r e o f ,   and  a  s e c o n d  

m a t e r i a l   s e l e c t e d   from  the  g roup   c o n s i s t i n g   of  a l k a l i   o x i d e s ,  

a l k a l i n e   e a r t h   o x i d e s ,   a l k a l i   c a r b o n a t e s ,   a l k a l i n e   e a r t h  

c a r b o n a t e s ,   or  m i x t u r e s   t h e r e o f ;   m a i n t a i n i n g   s a id   f u s e d   c h e m i c a l  

sa l t   b a t h   at  a  t e m p e r a t u r e   from  a b o u t   5 4 0 ° C .  t o   a b o u t   9 5 0 ° C ;  

m a i n t a i n i n g   s a i d   b a t h   free  of  c y a n i d e   and   c y a n a t e   s a l t s ;  

s u s p e n d i n g   the  me ta l   w o r k p i e c e   in  s a id   b a t h ;   t h e r e a f t e r   a d d i n g  

to  sa id   b a t h  .   a  t h i r d   m a t e r i a l   or  c o m b i n a t i o n   of  m a t e r i a l s  

s e l e c t e d   from  the  g r o u p   c o n s i s t i n g   of  u r e a ,   d i c y a n o d i a m i d e ,   a n y  
of  the  p y r o l y s i s / c o n d e n s a t i o n   p r o d u c t s   of  u r ea   or  d i c y a n o d i a m i d e ,  

or  c o m b i n a t i o n s   t h e r e o f ;   at  a  r a t e  .   which   will   not  p r o d u c e  

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

c a s e - p r o d u c i n g   i n g r e d i e n t s   to  t h e r e b y   p r o d u c e   a  ca se   on  s a i d  

w o r k p i e c e ;   r e m o v i n g   s a i d   w o r k p i e c e ;   and  t h e r e a f t e r   m a i n t a i n i n g  

sa id   b a t h   free  of  c y a n i d e   and  c y a n a t e   s a l t s ,   such  t h a t   only   t h e  

f i r s t   and  second   m a t e r i a l s   r e m a i n .  

2.  A  p r o c e s s   a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d  

in  t ha t   the  t e m p e r a t u r e   of  the  b a t h   is  m a i n t a i n e d   b e t w e e n   a b o u t  

540°C.  and  abou t   590°C.  to  form  an  e s s e n t i a l l y   n i t r i d e   c a s e .  

3.  A  p r o c e s s   a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d  

in  t h a t   the  t e m p e r a t u r e   of  the  b a t h   is  m a i n t a i n e d   b e t w e e n   a b o u t  

590°C.  and  abou t   815°C.  to  form  a  c a r b o n i t r i d e   c a s e .  

4.  A  p r o c e s s   a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d  

in  t ha t   the  t e m p e r a t u r e   of  the  b a t h   is  m a i n t a i n e d   b e t w e e n   a b o u t  

815°C.  and  abou t   950°C.  to  form  an  e s s e n t i a l l y   c a r b u r i z e d   c a s e .  



5.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  the  p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   the  f i r s t   m a t e r i a l   is  a  m i x t u r e   of. 

CaCl2   and  NaCl,   and   w h e r e i n   s a i d   s econd   m a t e r i a l   is  C a C 0 3 .  

6.  A  p r o c e s s   a c c o r d i n g   to  Cla im  5,  c h a r a c t e r i z e d  

in  t h a t   s a i d   f i r s t   m a t e r i a l   i n c l u d e s   a b o u t   64-68  p e r c e n t   b y  

w e i g h t   CaCl2 ,   a b o u t   30-32  p e r c e n t   by  w e i g h t   NaCl ,   and   w h e r e i n  

s a i d   second  m a t e r i a l   i n c l u d e s   abou t   1-5  p e r c e n t   by  w e i g h t   CaCO3.  

7.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  the  p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   the  t h i r d   m a t e r i a l   is  u r e a .  

8.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   1 - 6 ,  

c h a r a c t e r i z e d   in  t h a t   the  t h i r d   m a t e r i a l   is  d i c y a n o d i a m i d e .  

9.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   1 - 6 ,  

c h a r a c t e r i z e d   in  t h a t   the  t h i r d   m a t e r i a l   is  a  p y r o l y s i s / c o n d e n s a -  

t ion  p r o d u c t   of  d i c y a n o d i a m i d e .  

10.  A  p r o c e s s   a c c o r d i n g   to  Cla im  7,  c h a r a c t e r i z e d  

in  t h a t   the  r a t e   of  a d d i t i o n   of  u r e a   is  from  a b o u t   0.1  to  abou t   4 

p e r c e n t   by  w e i g h t   of  the  b a t h   per   hour   of  a d d i t i o n   t i m e .  

11.  A  p r o c e s s   a c c o r d i n g   to  Cla im  7,  c h a r a c t e r i z e d  

in  t h a t   the  r a t e   of  a d d i t i o n   of  u r e a   is  c o n t r o l l e d   as  a  f u n c t i o n  

of  t e m p e r a t u r e   and  l oad   size  as  d e p i c t e d   in  the  g r a p h   of  t h e  

d r a w i n g .  
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