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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  n o n - c y a n i d e  

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

b u r i z a t i o n   of  o b j e c t s   made  of  f e r r o u s   m e t a l s   or  a l l o y s  

u t i l i z i n g   s a i d   c o m p o s i t i o n .  

C a r b u r i z a t i o n   of  f e r r o u s   m e t a l   p a r t s   in  m o l t e n   s a l t  

b a t h s   has   b e e n   known  f o r   many  y e a r s .   The  c o n v e n t i o n a l  

me thod   i n v o l v e s   u s i n g   a  s u b s t a n t i a l   a m o u n t   of  a  c y a n i d e  

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

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

s u r f a c e   h a r d n e s s   when  q u e n c h e d ,   t he   d i f f i c u l t y   of  s a f e  

h a n d l i n g   and  w a s t e   d i s p o s a l   have   p r e s e n t e d   s e v e r e  

p r o b l e m s .  

Many  a t t e m p t s   have   been   made  to   d e v e l o p   n o n - c y a n i d e  

c a r b u r i z i n g   p r o c e s s e s .   For  e x a m p l e ,   F r e u d e n b e r g ,   US 

P a t e n t   1 , 7 9 6 , 2 4 8 ,   d e s c r i b e s   a  p r o c e s s   u s i n g   a  m e c h a n i c a l l y  

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

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

p a r t s   i m m e r s e d   t h e r e i n .   L e i n i n g e r   e t   a l . ,   US  P a t e n t  

2 , 5 6 8 , 8 6 0   d e s c r i b e s   a  s i m i l a r   b a t h   u s i n g   f u s e d   c h l o r i d e  

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

b u b b l e d   t h r o u g h   the   b a t h .   F u r t h e r ,   N e w e l l ,   US  P a t e n t  

3 , 4 8 8 , 2 3 3 ,   d e s c r i b e s   t he   use   of  m o l t e n   l i t h i u m   c a r b o n a t e  

as  t he   a c t i v e   c a r b u r i z i n g   i n g r e d i e n t .   H o w e v e r ,   t h e s e  

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

i n i t i a l l y   and  r e q u i r e   a  l ong   i n t e r v a l   of  i n d u c t i o n ,   o r  

h e a t i n g   a t   h i g h   t e m p e r a t u r e s .  
O t h e r   t y p e s   of  n o n - c y a n i d e   c a r b u r i z i n g   p r o c e s s e s   a r e  

d e s c r i b e d   in  H o l t   US  P a t e n t   2 , 0 4 9 , 8 0 6 ;   M u l l e r ,   US  P a t e n t  

3 , 1 9 4 , 6 9 6   and  J a k u b o w s k i   e t   a l   US  P a t e n t   4 , 2 6 8 , 3 2 3 .  

These   p r o c e s s e s   i n v o l v e   the   a d d i t i o n   of  o r g a n i c   n i t r o g e n  

c o m p o u n d s   such   as  u r e a ,   c y a n a t e s   and  d i c y a n o d i a m i d e .  

Such  b a t h s   i n t r o d u c e   b o t h   c a r b o n   and  n i t r o q e n   i n t o   t h e  



t r e a t e d   p a r t s ,   and  in  many  a p p l i c a t i o n s ,   n i t r i d i n g  

is  n o t   d e s i r e d .  

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

c a r b i d e s   in  m o l t e n   s a l t   a r e   d e s c r i b e d   in  A l b r e c t ,  U S  

P a t e n t   1 , 9 9 2 , 9 3 1 ;   S o l a k i a n ,   U S  P a t e n t   2 , 2 4 9 , 5 8 1 ;  

S t e i g e r w a l d ,   US  P a t e n t   2 , 2 5 4 , 3 2 8   and  B r i t i s h   P a t e n t  

1 , 2 2 3 , 9 5 2 .   Among  t h e   m e t a l   c a r b i d e s   d e s c r i b e d ,  

s i l i c o n   c a r b i d e   is  p r e f e r r e d   f o r   good  c a r b u r i z a t i o n .  

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

f o r m   a  s i l i c a t e   w h i c h   is   c o r r o s i v e   to   s t e e l   and  f u r t h e r  

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

s c u m .  

A  f u r t h e r   m e t h o d   is   d e s c r i b e d   in  L e i n i n g e r   US 

2 , 4 9 2 , 8 0 3   w h i c h   u s e s   b o r o n   or  s i l i c o n   o x i d e   in  c o m -  

b i n a t i o n   w i t h   c a r b o n a t e s   and  c a r b o n   t o   a c h i e v e   c a r -  

b u r i z i n g .   H o w e v e r ,   t h i s   m e t h o d   s u f f e r s   f r o m   t h e   s a m e  

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

More  r e c e n t   a t t e m p t s   t o   c a r b u r i z e   by  a  n o n - c y a n i d e  

l i q u i d   p r o c e s s   a r e   d e s c r i b e d   in  F o r e m a n   e t   a l . ,   US  P a t e n t  

4 , 1 5 3 , 4 8 1   and  Fox  e t   a l .  ,   C a n a d i a n   P a t e n t   9 4 4 , 6 6 5 .  

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

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

H o w e v e r ,   as  in  p r i o r   a t t e m p t s   u s i n g   c a r b o n   in  t h e   f o r m  

of  f i n e l y   d i v i d e d   g r a p h i t e ,   m e c h a n i c a l   a g i t a t i o n   is   n e e d e d  

to  d i s p e r s e   t h e   g r a p h i t e   i n t o   t he   m o l t e n   s a l t .   T h i s  

r e q u i r e s   t he   m o d i f i c a t i o n   of  e x i s t i n g   e q u i p m e n t   u s e d   i n  

c y a n i d e   b a t h s ,   and  r e q u i r e s   l a r g e   c a p i t a l   e x p e n d i t u r e s .  

F u r t h e r ,   as  s t a t e d   p r e v i o u s l y   f o r   c a r b o n a t e   b a t h s ,   a  

l o n g   i n t e r v a l   of  i n d u c t i o n   is  r e q u i r e d   b e f o r e   c a r b u r -  

i z a t i o n   can   be  e f f e c t e d .   For  e x a m p l e ,   F o r e m a n   e t   a l .  

U .S .   P a t e n t   4 , 1 5 3 , 4 8 1   d i s c l o s e d   in  E x a m p l e   1  t h a t   a b o u t  

5  h o u r s   of  i n d u c t i o n   is  n e e d e d .   For  t h e   a b o v e   r e a s o n s ,  
c y a n i d e   p r o c e s s i n g   i s  s t i l l   t h e   g e n e r a l l y   u s e d   m o l t e n  

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

d i s a d v a n t a g e s .  



T h e r e f o r e ,   i t   is  t he   o b j e c t   of  t he   p r e s e n t   i n -  

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

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

A n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  t o  

p r o v i d e   a  n o n - c y a n i d e   c a r b u r i z i n g   p r o c e s s   c a p a b l e   o f  

c a r b u r i z i n g   a t   a  r a t e   e q u a l   t o   or  f a s t e r   t h a n   t h e  

c o n v e n t i o n a l   c y a n i d e   p r o c e s s .  
A  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   is  t o   p r o v i d e   a  

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

i a l s   w h i c h   a re   e c o n o m i c a l ,   r e q u i r e   no  s p e c i a l   h a n d l i n g  

and  c r e a t e   no  w a s t e   d i s p o s a l   p r o b l e m s .  

Yet   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   t o  

p r o v i d e   a  c a r b u r i z i n g   p r o c e s s   w h i c h   can  u t i l i z e   e q u i p -  

men t   c u r r e n t l y   e m p l o y e d   in  c y a n i d e   p r o c e s s i n g .  

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

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

p r o v i d e d .   The  m o l t e n   s a l t   b a t h ,   m a i n t a i n e d   a t   a  

t e m p e r a t u r e   of  900°C  to   1 0 5 0 ° C ,   c o m p r i s e s ,   b a s e d   on  

t he   w e i g h t   of  t he   b a t h :  

(a)  85-99%  by  w e i g h t   of  an  a l k a l i   m e t a l   c h l o r i d e  

or  a  m i x t u r e   of  a l k a l i   m e t a l   c h l o r i d e s ;  

(b)  0 . 2 5 - 8 %   by  w e i g h t   of  an  a c t i v a t o r ,  

c o n s i s t i n g   of  an  o x y g e n   c o n t a i n i n g   c o m p o u n d   o f  

s t r o n t i u m   or  b a r i u m ;   a n d  

(c)  s u f f i c i e n t   a m o u n t   of  f i n e l y   d i v i d e d   g r a p h i t e  

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

m o l t e n   s a l t   m i x t u r e .  

In  c a r r y i n g   ou t   the   i n v e n t i o n   to   c a r b u r i z e   o b j e c t s  

of  f e r r o u s   m e t a l s   t he   p r o c e s s   c o m p r i s e s :  

(a)  m e l t i n g   and  h e a t i n g   t h e   s a l t   b a t h   c o m p o s i t i o n  

to   a  t e m p e r a t u r e   in  t he   r a n g e   of  900°C  t o   1 0 5 0 ° C ;  

(b)  m a i n t a i n i n g   t h e   b a t h   a t   t h i s   t e m p e r a t u r e   f o r  

1  h o u r ;   a n d  

(c)  i m m e r s i n g   the   o b j e c t   in  the   b a t h .  



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

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

a  t e m p e r a t u r e   in  the   r a n g e   of  9 0 0 ° C  -   10500C  may  b e  

p r e p a r e d ,   b a s e d   on  t h e   t o t a l   w e i g h t   of  t h e   b a t h ,   t o  

c o m p r i s e :  

(a)  85-99%  by  w e i g h t   of  an  a l k a l i   m e t a l   c h l o r i d e  

or  a  m i x t u r e   of  a l k a l i   m e t a l   c h l o r i d e s ;  

(b)  0 . 2 5 - 8 %   by  w e i g h t   of  an  a c t i v a t o r   c o n s i s t i n g  

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

s t r o n t i u m ;   a n d  

(c)  s u f f i c i e n t   a m o u n t   of  a  f i n e l y   d i v i d e d   g r a p h i t e  

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

of  t he   m o l t e n   s a l t   m i x t u r e .  

The  a l k a l i   m e t a l   c h l o r i d e   may  be  s o d i u m ,   p o t a s s i u m  

or  l i t h i u m   c h l o r i d e   u s e d   i n d i v i d u a l l y   or  in  c o m b i n a t i o n  

w i t h   one  a n o t h e r .   P r e f e r a b l y ,   t h e   a l k a l i   m e t a l   c h l o r i d e  

is  a  m i x t u r e   of  s o d i u m   and  p o t a s s i u m   c h l o r i d e s ,   and  m o s t  

p r e f e r a b l y ,   a  5 0 : 5 0   by  w e i g h t   m i x t u r e   of  s o d i u m   a n d  

p o t a s s i u m   c h l o r i d e s .  

C o m p o u n d s   u s e f u l   as  an  a c t i v a t o r   a re   s e l e c t e d   f r o m  

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

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

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

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

a s :   t h e   o x i d e s ,   t he   h y d r a t e d   c h l o r i d e s ,   or  c a r b o x y l a t e s  

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

s u i t a b l e   as  a c t i v a t o r s  a r e   t h e   o x i d e s   or  o x a l a t e s   o f  

b a r i u m   or  s t r o n t i u m ,   e s p e c i a l l y   p r e f e r r e d   i s   s t r o n t i u m  

o x a l a t e .  

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

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

f i n e l y   d i v i d e d ,   i . e .   w i t h   a  p a r t i c l e   s i z e   b e t w e e n   80  m e s h  

and  300  m e s h .   E s p e c i a l l y   p r e f e r r e d   is  a  g r a p h i t e   k n o w n  

as  C a r b o n   1264  a v a i l a b l e   f r o m   A s b u r y   G r a p h i t e   M i l l s ,   I n c . ,  
New  J e r s e y .   The  a m o u n t  o f   g r a p h i t e   a c c o r d i n g   t o   t h e   p r e -  
s e n t   i n v e n t i o n ,   s h o u l d   be  s u f f i c i e n t   to   p r o v i d e   a  c o n t i n -  



uous   c o v e r   o v e r   the   m o l t e n   s a l t s .   G e n e r a l l y ,  

a p p r o x i m a t e l y   1%  is  s u f f i c i e n t   i n i t i a l l y .   H o w e v e r ,  

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

i n d u c t i o n   p e r i o d ,   more  g r a p h i t e   may  need   to  be  a d d e d  

to   m a i n t a i n   a  c o n t i n u o u s   c o v e r   on  t he   s u r f a c e   of  t h e  

m o l t e n   s a l t   m i x t u r e .   I t   has   been   f o u n d   t h a t   3%  t o  

8%  by  w e i g h t   of  a d d i t i o n a l   g r a p h i t e   has   been   f o u n d  

to   be  s a t i s f a c t o r y .   F u r t h e r ,   d u r i n g   c a r b u r i z i n g ,  

t he   g r a p h i t e   is  c o n s u m e d   and  more  g r a p h i t e   is   n e e d e d  

to   c o n t i n u o u s l y   c o v e r   t h e   m o l t e n   s a l t   m i x t u r e   w i t h  

a  l a y e r   of  g r a p h i t e   such   t h a t   no  m o l t e n   s a l t   s u r f a c e   i s  

e x p o s e d .   In  a  t y p i c a l   work   d a y ,   a p p r o x i m a t e l y   1-3% 

by  w e i g h t ,   b a s e d   on  t he   w e i g h t   of  t he   b a t h ,   o f  

a d d i t i o n a l   g r a p h i t e   is  r e q u i r e d .  

I t   was  f o u n d   t h a t   the   b a t h   can  be  c o n t i n u o u s l y  

u s e d   f o r   9 -10   w o r k i n g   d a y s   as  l o n g   as  more  g r a p h i t e ,   1% 

to   3%  by  w e i g h t ,   is  a d d e d   e v e r y   d a y .   The  b a t h   can  t h e n  

be  r e a c t i v a t e d   by  a d d i n g   a n o t h e r   a l l o t m e n t   of  t h e  

a c t i v a t o r .  

The  b a t h   s h o u l d   be  o p e r a t e d   a t   a  t e m p e r a t u r e   in  t h e  

r a n g e   of  9 0 0 ° C  -   1 0 5 0 ° C .   I t   has   been   f o u n d   t h a t   f o r  

e f f i c i e n t   and  e f f e c t i v e ,   i . e .   o p t i m u m ,   c a r b u r i z a t i o n ,  

t h e   t e m p e r a t u r e   of  t he   b a t h   is  c r i t i c a l ,   and  is  d e -  

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

in  t h e   b a t h .   I f   p o t a s s i u m   c h l o r i d e   is   u s e d   t o g e t h e r  

w i t h   2%  s t r o n t i u m   o x a l a t e ,   t h e   t e m p e r a t u r e   of  t h e   b a t h  

may  be  l o w e r .   At  a p p r o x i m a t e l y   9 0 0 ° C ,   i t   t a k e s   a p p r o x -  

i m a t e l y   6  h o u r s   of  i m m e r s i o n   t o   a c h i e v e   a  R o c k w e l l  

h a r d n e s s   of  Rc  6 0 - 6 7 ;   a t   9 2 5 ° C ,   i t   t a k e s   a p p r o x i m a t e l y  

4  h o u r s   of  i m m e r s i o n   to   a c h i e v e   a  R o c k w e l l   h a r d n e s s   o f  

Rc  6 4 - 6 7 ;   and  a t   9 5 0 ° C ,   i t   t a k e s   a p p r o x i m a t e l y  2   h o u r s  

of  i m m e r s i o n   to   a c h i e v e   a  R o c k w e l l   h a r d n e s s   of  Rc  6 3 - 6 7 .  

H o w e v e r ,   i f   t h e   m o l t e n   s a l t   is   a  m i x t u r e   of  s o d i u m   a n d  

p o t a s s i u m   c h l o r i d e ,   in  p a r t i c u l a r   a  5 0 - 5 0   m i x t u r e  

w i t h   a b o u t   1%  s t r o n t i u m   o x a l a t e ,   t h e n   t h e   t e m p e r a t u r e  

of  t he   b a t h   s h o u l d   be  h i g h e r ,   t he   o p t i m u m   t e m p e r a t u r e  



b e i n g   950°C .   I t   has   been   o b s e r v e d   a t   t i m e s   t h a t  

when  the   b a t h   is  o p e r a t i n g   o p t i m a l l y ,   t h e   g a s e s   on  

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

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

c y a n i d e   b a t h s .  

I t   has   been   f o u n d ,   s u r p r i s i n g l y ,   t h a t   in  a  b a t h  

a c c o r d i n g   t o   t he   p r e s e n t   i n v e n t i o n ,   t h e   n e e d   of  a g i -  

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

to   o b t a i n   s a t i s f a c t o r y   c a r b u r i z a t i o n ,   has   b e e n  

e l i m i n a t e d .  

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

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

E x a m p l e   1 

A  m i x t u r e   of  t h e   f o l l o w i n g   was  p r e p a r e d :  

The  a b o v e   m i x t u r e   was  h e a t e d   in  an  I n c o n e l   p o t   t o  

9 5 0 ° C ,   and  h e l d   a t   t h i s   t e m p e r a t u r e   f o r   an  h o u r .   S i x  

p a n e l s ,   2 " x 3 " x 3 / 6 4 "   ( 4 . 0 8   x  7 .62   x  0 . 1 1 9   cm)  of  SAE 

1010  s t e e l ,   c l e a n e d   and  w e i g h e d   w e r e   i m m e r s e d   in  t h e  

b a t h .   Two  of   t h e   p a n e l s   were   i m m e r s e d   f o r   1  h o u r ,  

r e m o v e d   and  i m m e d i a t e l y   c o l d   w a t e r   q u e n c h e d .   T h e s e  

p a n e l s   we re   r e w e i g h e d   and  showed   an  a v e r a g e   g a i n   i n  

w e i g h t   of  8 2 . 9   mg  and  an  a v e r a g e   R o c k w e l l   h a r d n e s s   o f  

Rc  40.  The  o t h e r   f o u r   p a n e l s   were   i m m e r s e d   f o r   2  h o u r s ,  

r e m o v e d   and  i m m e d i a t e l y   c o l d   w a t e r   q u e n c h e d .   These   f o u r  

p a n e l s   were   a l s o   r e w e i g h e d   and  s h o w e d   an  a v e r a g e   g a i n  

in  w e i g h t   of  2 0 0 . 5 m g   and  an  a v e r a g e   R o c k w e l l   h a r d n e s s   o f  

Rc  66.  The  a m o u n t   of  g r a p h i t e   a d d e d   t o   p r o v i d e   a  c o n -  

t i n u o u s   c o v e r   on  t he   b a t h   was  7%  o v e r   a  6  h o u r   p e r i o d .  

One  of  t h e   p a n e l s   was  e t c h e d   w i t h   10%  h y d r o c h l o r i c   a c i d  

w i t h   0.2%  d i e t h y l t h i o u r e a .   The  s o l u t i o n   was  a n a l y z e d  



by  a t o m i c   a b s o r p t i o n   and  the   p r e s e n c e   of  s t r o n t i u m   w a s  

i n d i c a t e d .  

Example 2 

A  m i x t u r e   of  t h e   f o l l o w i n g   c o m p o s i t i o n   was  p r e p a r e d  

and  h e a t e d   t o   9500C  in  an  I n c o n e l   p o t ,   and  h e l d   a t   t h i s  

t e m p e r a t u r e   f o r   a b o u t   an  h o u r .  

The  a m o u n t   of  g r a p h i t e   added   o v e r   a  p e r i o d   o f  6   h o u r s  

was  a b o u t   4%.  S i x   SAE  1010  p a n e l s   w i t h   t he   same  d i -  

m e n s i o n   as  E x a m p l e   1  were  c l e a n e d   and  w e i g h e d   a n d  

i m m e r s e d   in  t h e   b a t h .   Two  p a n e l s   were   r e m o v e d   a f t e r   1 

h o u r   and  i m m e d i a t e l y   w a t e r   q u e n c h e d .   T h e s e   two  p a n e l s  

showed  an  a v e r a g e   g a i n   in  w e i g h t   of  94  mg  and  a n  

a v e r a g e   R o c k w e l l   h a r d n e s s   of  Rc  45.  Four   p a n e l s   w e r e  

r e m o v e d   a f t e r   two  h o u r s   and  w a t e r   q u e n c h e d .   T h e s e  

f o u r   p a n e l s   s h o w e d   an  a v e r a g e   w e i g h t   g a i n   of  1 8 7 . 8   mg .  

and  an  a v e r a g e   R o c k w e l l   h a r d n e s s   of  Rc  6 5 .  

E x a m p l e   3 

A  m i x t u r e   of  t h e   f o l l o w i n g   c o m p o s i t i o n   was  p r e p a r e d :  

The  m i x t u r e   was  m o l t e n   and  h e a t e d   to   a  t e m p e r a t u r e  

of  900°C  in  an  I n c o n e l   p o t   and  h e l d   a t   t h i s   t e m p e r a t u r e  

f o r   one  h o u r .   A  t o t a l   of  4%  g r a p h i t e   was  a d d e d   o v e r   a  

p e r i o d   of  6  h o u r s .   Four   p a n e l s   of  SAE  1010  s t e e l   w i t h  

the   same  d i m e n s i o n s   were   c l e a n e d   and  w e i g h e d   a n d  



i m m e r s e d   in  t he   b a t h .   One  p a n e l   was  r e m o v e d   a f t e r   1 

h o u r ,   one  p a n e l   was  r e m o v e d   a f t e r   2  h o u r s ,   one  p a n e l  

was  r e m o v e d   a f t e r   4  h o u r s   and  t h e   l a s t   p a n e l   was  r e -  

moved  a f t e r   6  h o u r s .   A l l   of  t h e   p a n e l s   were   i m m e d i a t e l y  

q u e n c h e d   w i t h   c o l d   w a t e r .   The  r e s u l t s   o b t a i n e d   a r e   a s  

f o l l o w s :   t h e   f i r s t   p a n e l   a f t e r   one  h o u r   i m m e r s i o n  

showed   a  w e i g h t   g a i n   of  2 4 . 5   mg.  and   a  R o c k w e l l   h a r d n e s s  

of  Ra  4 7 - 7 5 .   The  s e c o n d   p a n e l   w i t h   two  h o u r s   i m m e r s i o n  

showed   a  w e i g h t   g a i n  o f   5 3 . 7   mg.  and  a  R o c k w e l l   h a r d n e s s  

of  R a 5 4 - 8 5 .   The  r o c k w e l l   h a r d n e s s   on  t h e   C  s c a l e   c o u l d  

n o t   be  m e a s u r e d .   The  t h i r d   p a n e l   w i t h   f o u r   h o u r s  

i m m e r s i o n   showed   a  w e i g h t   g a i n   of  1 0 7 . 6   mg  and  a  R o c k w e l l  

h a r d n e s s   of  Rc  3 5 - 6 6 .   The  f o u r t h   p a n e l   w i t h   s i x   h o u r s  

i m m e r s i o n   s h o w e d   a  w e i g h t   g a i n   of  1 7 9 . 9   mg  and  a  R o c k w e l l  

h a r d n e s s   of  Rc  6 0 - 6 7 .  

E x a m p l e   4 

A  m i x t u r e   of  t he   f o l l o w i n g   c o m p o s i t i o n   was  p r e p a r e d  

and  h e a t e d   to   950°C  in  a  m i l d   s t e e l   p o t .   The  m o l t e n   s a l t  

m i x t u r e   was  h e l d   a t   t h i s   t e m p e r a t u r e   f o r   1  h o u r .  

The  a m o u n t   of  g r a p h i t e   a d d e d   o v e r   a  p e r i o d   of  6  h o u r s  

was  2%. 

An  o b j e c t   made  of  SAE  1018  s t e e l   was  i m m e r s e d   in  t h e  

b a t h   a t   950°C  f o r   2  h o u r s   and  b r i n e   q u e n c h e d .   The  r e -  

s u l t s   s h o w e d   a  c a s e   d e p t h   of  0 . 0 2 4 "   m i c r o s c o p i c a l l y   a n d  

a  R o c k w e l l   h a r d n e s s   of  Rc  6 2 .  

E x a m p l e   5 

A  m i x t u r e   of  t h e   f o l l o w i n g   c o m p o s i t i o n   was  p r e p a r e d  

and  h e a t e d   t o   9500C  in  an  I n c o n e l   p o t   and  h e l d   a t   t h i s  

t e m p e r a t u r e   f o r   1  h o u r .  



2%  more  g r a p h i t e   was  a d d e d   o v e r   a  5  h o u r   p e r i o d .  

Two  SAE  1010  s t e e l   p a n e l s ,   2 " x 3 " x 3 / 6 4 " ,   i m m e r s e d   i n  

t he   b a t h   f o r   1  hour   and  t h e n   w a t e r   q u e n c h e d ,   showed   a n  

a v e r a g e   w e i g h t   g a i n   of  109  mg.  and  an  a v e r a g e   R o c k w e l l  

h a r d n e s s   of  Rc  53.  Two  i d e n t i c a l   p a n e l s   i m m e r s e d   i n  

t he   b a t h   f o r   2  h o u r s   showed   an  a v e r a g e   w e i g h t   g a i n   o f  

180  mg.  and  an  a v e r a g e   R o c k w e l l   h a r d n e s s   of  Rc  6 5 .  

E x a m p l e   6 

A  m i x t u r e   of  the   f o l l o w i n g   c o m p o s i t i o n   was  p r e p a r e d  

and  h e a t e d   to  950°C  in  an  I n c o n e l   p o t   and  h e l d   a t   t h i s  

t e m p e r a t u r e   f o r   1  h o u r .  

3%  of  g r a p h i t e   was  a d d e d   o v e r   a  p e r i o d   of  4  h o u r s .  

Two  SAE  1010  s t e e l   p a n e l ,   2 " x 3 " x 3 / 6 4 "  ,   i m m e r s e d   i n  

t he   b a t h   a t   950°C  f o r   1  h o u r   f o l l o w e d   by  a  c o l d   w a t e r  

q u e n c h   s h o w e d   an  a v e r a g e   g a i n   in  w e i g h t   of  1 0 4 . 8   mg.  a n d  

a n  a v e r a g e   R o c k w e l l   h a r d n e s s   of  Rc  4 9 - 5 3 .   Two  i d e n t i c a l  

p a n e l s ,   i m m e r s e d   f o r   2  h o u r s   f o l l o w e d   by  a  c o l d   w a t e r  

q u e n c h   showed   an  a v e r a g e   g a i n   in  w e i g h t   of  1 7 9 . 5   mg .  
and  an  a v e r a g e   R o c k w e l l   h a r d n e s s   of  Rc  6 5 .  

E x a m p l e   7 

A  m i x t u r e   of  the   f o l l o w i n g   c o m p o s i t i o n   was  p r e p a r e d  

f o r   c o m p a r i s o n :  



The  b a t h  w a s   h e a t e d   to   950°C  and  h e l d   a t   t h i s  

t e m p e r a t u r e   f o r l   h o u r .   F i v e   s o f t   s t e e l   p a n e l s   w e r e  

i m m e r s e d   in  t he   b a t h   f o r   2  h o u r s   f o l l o w e d   by  a  c o l d  

w a t e r   q u e n c h .   T h e s e   s h o w e d   an  a v e r a g e   w e i g h t   g a i n   o f  

1 4 7 . 5   mg.  and  an  a v e r a g e   R o c k w e l l   h a r d n e s s   of  Rc  5 6 .  

F u r t h e r ,   t he   r e a d i n g s   we re   w i d e l y   s c a t t e r e d   in  t h e  

r a n g e   of  Rc  3 9 - 6 7 .  

E x a m p l e   8 

A  m i x t u r e   of  t h e   f o l l o w i n g   c o m p o s i t i o n   was  p r e p a r e d  

f o r   c o m p a r i s o n   p u r p o s e s .  

The  c o m p o s i t i o n   was  h e a t e d   to   925°C  and  h e l d   a t   t h i s  

t e m p e r a t u r e   f o r   1  h o u r .   Fou r   p a n e l s ,   SAE  1010  s t e e l ,  

2 " x 3 " x 3 / 6 4 " ,   we re   c l e a n e d   and  w e i g h e d   and  i m m e r s e d   i n  

t h e   b a t h   f o r  2   h o u r s .   The  p a n e l s   we re   r e m o v e d   a n d  

q u e n c h e d   in  c o l d   w a t e r .   The  t r e a t e d   p a n e l s   s h o w e d   a n  

a v e r a g e   w e i g h t   l o s s   of  4 8 . 1   mg.  w i t h   an  a v e r a g e  
R o c k w e l l   h a r d n e s s   of  Rc  26 ,   the   r e a d i n g s   b e i n g   w i d e l y  

s c a t t e r e d   in  t he   r a n g e   of  Rc  1 8 - 3 2 .  

E x a m p l e   9 

For   c o m p a r i s o n   p u r p o s e s ,   two  t e s t   b a r s ,   one  made  o f  

1117  s t e e l   and  one  made  of  1018  s t e e l ,   we re   t r e a t e d   i n  

a  c o n v e n t i o n a l   c y a n i d e   b a t h   a t   950°C.   Two  i d e n t i c a l  

t e s t   b a r s   were   t r e a t e d   by  the   p r o c e s s   u s i n g   s t r o n t i u m  

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



t e m p e r a t u r e   of  950°C.   a l l   of  t he   t e s t   b a r s   w e r e  

i m m e r s e d   f o r   2  h o u r s ,   r e m o v e d ,   c o o l e d ,   and  t h e   d e p t h  

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

was  m e a s u r e d   by  m a k i n g   s u c c e s s i v e   0 . 0 0 5 "   ( 0 . 0 1 2 7   cm) 

c u t s   of  the   s u r f a c e   of  t he   t e s t   b a r s .   Each  0 . 0 0 5 "  

l a y e r   was  a n a l y z e d   f o r   p e r c e n t   by  w e i g h t   of  c a r b o n .  

The  r e s u l t s   o b t a i n e d   a r e   as  f o l l o w s :  

The  a b o v e   d a t a   i n d i c a t e s   t h a t   t h e   m o l t e n   b a t h  

c o m p o s i t i o n   and  p r o c e s 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  

is  f a r   s u p e r i o r   to   t he   known  n o n - c y a n i d e   m o l t e n   b a t h s  

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

E x a m p l e   9  a l s o   shows  t h a t   t he   n o n - c y a n i d e   p r o c e s s  

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   is  c o m p a r a b l e   o r  

b e t t e r   t h a n   the   c o n v e n t i o n a l   c y a n i d e   p r o c e s s .  
A l l   of  t h e   p e r c e n t a g e s   in  t he   c l a i m s   a r e   in  %  b y  

w e i g h t   b a s e d   on  the   t o t a l   w e i g h t   of  t he   c o m p o s i t i o n .  



1.  A  m o l t e n   n o n - c y a n i d e   b a t h   c o m p o s i t i o n   f o r  

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

a t   a  t e m p e r a t u r e   in  t he   r a n g e   of  9 0 0 ° C - 1 0 5 0 ° C  

c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s :  

.(a)  85-99%  of  an  a l k a l i   m e t a l   c h l o r i d e   or  a  

m i x t u r e   of  a l k a l i   m e t a l   c h l o r i d e s ;  

(b)  0 . 2 5 - 8 %   of  an  a c t i v a t o r   w h i c h   is  an  o x y g e n  

c o n t a i n i n g   c o m p o u n d   b a r i u m   a n d / o r   s t r o n t i u m   c o m p o u n d  

a n d  

(c)  s u f f i c i e n t   a m o u n t   of  f i n e l y   d i v i d e d   g r a p h i t e  

to   p r o v i d e   a  c o n t i n u o u s   c o v e r   on  t h e   s u r f a c e   of  t h e  

m o l t e n   s a l t   m i x t u r e .  

2.  A  c o m p o s i t i o n   as  c l a i m e d   in  c l a i m   1  c h a r a c t e r i z e d  

in  t h a t   the   a l k a l i   m e t a l   c h l o r i d e   i s   s e l e c t e d   f r o m  

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

t h e r e o f .  

3.  A  c o m p o s i t i o n   as  c l a i m e d   in  c l a i m   2  c h a r a c t e r i z e d  

in  t h a t   t he   a l k a l i   m e t a l   c h l o r i d e   i s   a  5 0 : 5 0   b y  

w e i g h t   m i x t u r e   of  s o d i u m   and  p o t a s s i u m   c h l o r i d e .  

4.  A  c o m p o s i t i o n   as  c l a i m e d   in  any   of  c l a i m s   1  to   3 

c h a r a c t e r i z e d   in  t h a t   t he   a c t i v a t o r  i s   b a r i u m   o x i d e ,  

b a r i u m   o x a l a t e ,   s t r o n t i u m   o x i d e   a n d / o r   s t r o n t i u m .  

o x a l a t e .  

5.  A  c o m p o s i t i o n   as  c l a i m e d   in  any  of  c l a i m s   1  to   3 

c h a r a c t e r i z e d   in  t h a t   t he   a c t i v a t o r   is   0 . 5 - 5 %   by  w e i g h t  

s t r o n t i u m   o x a l a t e .  

6.  A  c o m p o s i t i o n   a s  c l a i m e d   in  any  of  c l a i m s   1  to   5 

o p e r a t e d   a t   a  t e m p e r a t u r e   of  9 5 0 ° C .  

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

a c c o r d i n g   to   c l a i m   1  c o m p r i s i n g :  



a)  98%  of  a  5 0 : 5 0   by  w e i g h t   m i x t u r e   of  s o d i u m  

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

b)  1%  of  s t r o n t i u m   o x a l a t e ;   a n d  

c)  1%  of  g r a p h i t e .  

8.  A  p r o c e s s   f o r   c a r b u r i z i n g   f e r r o u s   m e t a l   o b j e c t s  

c h a r a c t e r i z e d   in  t h a t   t he   m e t a l   o b j e c t s   a r e   i m m e r s e d  

in  a  b a t h   as  c l a i m e d   in  any  of  c l a i m s   1  to   7  w h i c h  

has   been   b r o u g h t   to   a  t e m p e r a t u r e   of  9 0 0  -   1050°C  a n d  

m a i n t a i n e d   a t   t h a t   t e m p e r a t u r e   f o r   a p p r o x i m a t e l y   1  h o u r .  

9.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   8  c h a r a c t e r i z e d   i n  

t h a t   t he   t e m p e r a t u r e   of  t h e   b a t h   is   9 5 0 ° C .  

10.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   8  or  c l a i m   9 

c h a r a c t e r i z e d   in  t h a t   t he   i m m e r s i o n   p e r i o d   is  2  h o u r s .  

. 1 1 .   An  a r t i c l e   of  m a n u f a c t u r e ,   a  f e r r o u s   m e t a l   a r t i c l e  

c h a r a c t e r i z e d   by  a  g r e a t e r   c o n c e n t r a t i o n   of  c a r b o n   i n  

the   s u r f a c e   of  t he   a r t i c l e   t h a n   in  t he   c o r e   and  f u r t h e r  

c h a r a c t e r i z e d   by  h a v i n g   a  s t r o n t i u m   e n r i c h e d   s u r f a c e .  
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