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

method  of  c o a t i n g   a  m e t a l   s u b s t r a t e   and  is  p a r t i c u l a r l y  

conce rned   w i t h   s t e e l   s u b s t r a t e s   and  to   a  c o r r o s i o n  

r e s i s t a n t   c o a t i n g   p r o v i d e d   t h e r e o n .  

I t   is   w e l l   known  t h a t   most   s t e e l s   a r e   p r o n e   t o  

e n v i r o n m e n t a l   a t t a c k   and  b e c o m e   b a d l y  c o r r o d e d   in  a  

r e l a t i v e l y   s h o r t   p e r i o d   of  t i m e ,   p a r t i c u l a r l y   when  e x p o s e d  

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

t h e   c o r r o s i o n   of  s t e e l ,   i t   i s   a l s o   w e l l   known  to  c o a t   t h e  

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

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

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

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

c o m p o s i t i o n   and  t h e   s t e e l   i s   n o t   u s u a l l y   o b t a i n e d .   I n  

p a r t i c u l a r ,   e v e n   when  t h e   s t e e l   s u b s t r a t e   h a s   b e e n  

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

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

of   t h e   s u b s t r a t e   r e l a t i v e l y   e a s i l y ,   p a r t i c u l a r l y   w h e n  

s u b j e c t e d   to  c h a n g e s   in  a m b i e n t   t e m p e r a t u r e   and  h u m i d i t y .  

Once  t h e   p a i n t   c o m p o s i t i o n   p e e l s   away  f rom  t h e   s t e e l  

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

t h r o u g h   o x i d a t i o n .  

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

s u b s t r a t e   and  t h e   p a i n t   c o m p o s i t i o n ,   i t   is   known  to  e f f e c t  

p r e t r e a t m e n t   of  t h e   s t e e l   s u b s t r a t e   by  a  p r o c e s s   known  a s  

p h o s p h a t i n g .   In   a  t y p i c a l   p h o s p h a t i n g   t r e a t m e n t ,   t h e   s t e e l  

s u b s t r a t e   is  f i r s t   c l e a n e d   f o r   2  t o   5  m i n u t e s   u s i n g   a n  

a l k a l i n e   c l e a n e r   m a i n t a i n e d   a t   50  t o   70  d e g r e e s   C,  t h e n   t h e  

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

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

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

one  m i n u t e .   Then ,   t h e   c l e a n e d   and  r i n s e d   s t e e l   s u b s t r a t e   i s  

s p r a y e d   w i t h   a  z i n c   p h o s p h a t e   s o l u t i o n   m a i n t a i n e d   at   40  t o  

70  d e g r e e s   C,  t he   s p r a y i n g   o p e r a t i o n   t a k i n g   a b o u t   one  and  a  



h a l f   m i n u t e s .   A l t e r n a t i v e l y ,   t h e   s t e e l   s u b s t r a t e   can   b e  

i m m e r s e d   i n   a  z i n c   p h o s p h a t e   s o l u t i o n   f o r  a b o u t  5   m i n u t e s .  

F o l l o w i n g   t h i s ,   t h e   s u b s t r a t e   is   r i n s e d   w i t h   w a t e r   a t  

a m b i e n t   t e m p e r a t u r e   and  a g a i n   r i n s e d   w i t h   w a t e r   at   a m b i e n t  

t e m p e r a t u r e   w h i c h   i s   o f t e n   d e - i o n i z e d .   As  an  a l t e r n a t i v e  

t o   t h i s   s e c o n d   r i n s e ,   t h e   s u b s t r a t e   may  be  s u b j e c t e d   to  a  

c h r o m a t e   r i n s e .   A  f u r t h e r   r i n s e   w i t h   d e i o n i s e d   w a t e r   a t  

a m b i e n t   t e m p e r a t u r e   may  be  e f f e c t e d   and  w i l l   be  e f f e c t e d  

i f   t h e   a b o v e   m e n t i o n e d   c h r o m a t e   r i n s e   has   b e e n   p e r f o r m e d .  

F i n a l l y ,   t h e   c o m p o n e n t   i s   d r i e d   in  an  oven   and  i s   t h e n  

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

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

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

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

p l a n t  i s   e s s e n t i a l   s i n c e   e x c e s s i v e   p o l l u t i o n   of   t h e   s i t e  

d r a i n a g e   s y s t e m   w i t h   z i n c   i o n s   i s   no t   p e r m i t t e d .  

A d d i t i o n a l l y ,   i t   i s   l i k e l y   t h a t   l e g i s l a t i o n   w i l l   be  e n a c t e d  

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

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

p l a n t   m a i n t e n a n c e   a r e   a l s o   r e q u i r e d   to   m a i n t a i n   c o n s i s t e n t  

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

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

c o s t s .   The  p r o c e s s   r e q u i r e s   a  h i g h   c a p i t a l   i n v e s t m e n t .   T h e  

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

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

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

t h r o u g h p u t .   L a s t l y ,   t h e   p h o s p h a t i n g   p r o c e s s   is  s e n s i t i v e   t o  

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

r e q u i r e s   c l o s e   c o n t r o l   at  t h e   c l e a n i n g   s t a g e .  

An  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  to  p r o v i d e   a  c o a t e d  

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

in  w h i c h   t h e   a b o v e   d i s a d v a n t a g e s   can  be  o b v i a t e d   o r  

m i t i g a t e d   and  in  w h i c h   t h e   c o r r o s i o n   r e s i s t a n c e   of  t h e  



c o a t e d   s u b s t r a t e   c an   be  m a t e r i a l l y   i m p r o v e d .  

A c c o r d i n g   to   one  a s p e c t   of  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  c o a t e d   s t e e l   s u b s t r a t e   c o m p r i s i n g   a  n o n - a l l o y  

s t e e l   w h i c h   has   b e e n   t r e a t e d   so  as  to  have   an  e p s i l o n   i r o n  

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

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

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

s u r f a c e   on  a  s t e e l   s u b s t r a t e   p r o v i d e s   an  i d e a l   k e y i n g  

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

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

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

o p e r a t i o n   on  a  n o n - a l l o y   s t e e l   s u b s t r a t e   so  as  to  p r o d u c e  

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

a  c o a t i n g   l a y e r   to   s a i d   s u r f a c e   l a y e r   so  as  to   p r o v i d e   a  

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

The  n o n - a l l o y   s t e e l   is  p r e f e r a b l y   one  w h i c h   c o n t a i n s   up  t o  

0 . 5   wt96  c a r b o n .  

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

o r g a n i c   p o l y m e r   c o a t i n g   c o m p o s i t i o n .   H o w e v e r ,   i t   is  w i t h i n  

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

c o a t i n g   in  t h e   f o r m   of  a  s o l i d   wax  f i l m   w h i c h   may  b e  

a p p l i e d   in  s o l u t i o n   by  t h e   u s e   of  a  s u i t a b l e   s o l v e n t .  

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

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

t e m p e r a t u r e   of   550  to   720  d e g r e e s   C  f o r   up  to   4  h o u r s   i n  

an  a t m o s p h e r e   of  a m m o n i a ,   a m m o n i a   and  e n d o t h e r m i c   g a s ,  
a m m o n i a  a n d   e x o t h e r m i c   gas   or  ammon ia   and  n i t r o g e n ,   w i t h  

t h e   o p t i o n a l   i n c l u s i o n   of  at   l e a s t   one  of  c a r b o n   d i o x i d e ,  

c a r b o n   m o n o x i d e ,   a i r   and  m e t h a n e ,   f o l l o w e d   by  c o o l i n g .   T h e  

t e r m s   " e x o t h e r m i c   g a s "   and  " e n d o t h e r m i c   ga s "   a r e   w e l l  



u n d e r s t o o d   in   t h e   a r t .   C a r b o n   d i o x i d e ,   c a r b o n  m o n o x i d e ,   a i r  

and  e x o t h e r m i c   gas   a r e   o x i d i z i n g   g a s e s .   C a r b o n   d i o x i d e ,  

m e t h a n e   and  e n d o t h e r m i c   gas   a r e   c a r b u r i z i n g   g a s e s .   M o s t  

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

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

n o n - o x i d i z i n g )   a t m o s p h e r e .   H o w e v e r ,   i t   is  w i t h i n   t h e   s c o p e  

of  t h e   p r e s e n t   i n v e n t i o n   to   e f f e c t   t h e   c o o l i n g   s t e p   b y  

q u e n c h i n g   in   o i l .   I f   an  o i l   q u e n c h   c o o l i n g   is   e m p l o y e d ,  

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

r e m o v e   t h e   o i l   and  p r e h e a t   to   a  t e m p e r a t u r e   o f , e g   200  d e g  

C , t o   r e m o v e   m o i s t u r e   f r o m   t h e   m i c r o p o r e s   in   t h e   s u b s t r a t e ,  

b e f o r e   a p p l y i n g   t h e   o r g a n i c   c o a t i n g .  

The  i n v e n t i o n   is   a p p l i c a b l e   to   any  s t e e l   s u b s t r a t e s   w h i c h  

a r e   r e q u i r e d   to   be  r e n d e r e d   c o r r o s i o n   r e s i s t a n t ,   f o r  

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

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

f o r g i n g   or  e x t r u d i n g .  

The  o r g a n i c   c o a t i n g   may  be  a p p l i e d   be  means   o f   a  w e t  

p r o c e s s ,   f o r   e x a m p l e   one  e m p l o y i n g   a  s o l v e n t   to  d i s p e r s e  f  

t h e   o r g a n i c   c o a t i n g ,   b u t   may  a l t e r n a t i v e l y   be  e f f e c t e d   b y  

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

be  d ry   so  t h a t   t h e r e   i s   no  p r o b l e m   of   s o l v e n t   or  o t h e r  

l i q u i d   r e m o v a l   and  d i s p o s a l .  

In   a d d i t i o n   to   i n c r e a s i n g   t h e   a d h e s i o n   b e t w e e n   t h e   s t e e l  

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

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

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

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

t h i n   s t r i p   or  s h e e t   can  be  o b t a i n e d .   The  e p s i l o n   i r o n  

n i t r i d e   l a y e r   is   v e r y   h a r d   ( a p p r o x i m a t e l y   1100HB)  and  h a s  

a n t i - s e i z u r e   p r o p e r t i e s   w h i c h   can  be  e x p l o i t e d   in  c e r t a i n  

a p p l i c a t i o n s   m e r e l y   by  m a s k i n g   t h e   r e q u i r e d   a r e a s   d u r i n g  

t h e   a p p l i c a t i o n   of  t h e   o r g a n i c   c o a t i n g .   The  p r o c e s s i n g  



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

e d u c t i o n   may  be  o b t a i n e d   when  o n l y   c o r r o s i o n   r e s i s t a n c e  

r e q u i r e d   by  the   use   of  h i g h e r   t e m p e r a t u r e s   and  s h o r t e r  

aes  w i t h i n   t h e   a b o v e   r a n g e s .  

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

t h a t   t h e   e p s i l o n   i r o n   n i t r i d e   s u r f a c e   l a y e r   has   a  t h i c k n e s s  

of  a b o u t   25  m i c r o n s .   T h i c k n e s s e s   g r e a t e r   t h a n   a b o u t   25 

m i c r o n s   can   l e a d   to   s p a l l i n g   or  c r a c k i n g   of  t he   s u r f a c e  

l a y e r .   T y p i c a l l y ,   s u c h   a  l a y e r   t h i c k n e s s   of  a b o u t   25  

m i c r o n s   can   be  o b t a i n e d   by  h e a t   t r e a t m e n t   at  660  deg  C  f o r  

45  m i n u t e s .   Such   a  l a y e r   t h i c k n e s s   may  a l s o   be  p r o d u c e d   b y  

h e a t   t r e a t m e n t   at   570  d e g   C  f o r   3  h o u r s  o r   a t   610  deg   C  f o r  

90  m i n u t e s .   H o w e v e r ,   h e a t   t r e a t m e n t   t e m p e r a t u r e s   and  t i m e s  

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

25  m i c r o n s ,   eg  down  to   15  m i c r o n s .   For   e x a m p l e ,   h e a t  

t r e a t m e n t   a t   570  deg   C  f o r   2  h o u r s   can  be  e m p l o y e d   t o  

p r o d u c e   a  l a y e r   t h i c k n e s s   of   1 6 - 2 0   m i c r o n s .  

The  a d v a n t a g e o u s   e f f e c t s   of  t h e   i n v e n t i o n   w i l l   b e c o m e  

a p p a r e n t   f r o m   t h e   f o l l o w i n g   t e s t : -  

A  n u m b e r   of  t e s t   p l a t e s   of  n o n - a l l o y   s t e e l   h a v i n g   a  c a r b o n  

c o n t e n t   of  0 . 1 0 %   were   s u b j e c t e d   to   a  p h o s p h a t e   p r e t r e a t m e n t  

or  a  p r e t r e a t m e n t   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   a n d  

were   t h e n   c o a t e d   w i t h   one  of  t h r e e   o r g a n i c   c o a t i n g   s y s t e m s .  

The  r e s u l t a n t   s a m p l e s   w e r e   s u b j e c t e d   to  a  s a l t - s p r a y   t e s t  

in  a c c o r d a n c e   w i t h   ASTM  S t a n d a r d   B 1 1 7 - 6 4   in  w h i c h   5  p l u s   o r  

m i n u s   1  p a r t s   by  w e i g h t   of  s o d i u m   c h l o r i d e   a re   d i s s o l v e d   i n  

95  p a r t s   by  w e i g h t   of  d i s t i l l e d   w a t e r ,   t h e   pH  of  t h e  

s o l u t i o n   b e i n g   a d j u s t e d   so  t h a t ,   when  a t o m i s e d   at  95  

d e g r e e s   F,  t h e   c o l l e c t e d   s o l u t i o n   w i l l   have   a  pH  in  t h e  

r a n g e   of  6 . 5   to   7 . 2   and  t h e   t e m p e r a t u r e   in  t h e   e x p o s u r e  

zone   of  t h e   s a l t - s p r a y   c h a m b e r   i s   m a i n t a i n e d   at   95  p l u s   2 

minus   3  d e g r e e s   F .  



A f t e r   r e m o v a l   f r o m   t h e   s a l t - s p r a y   t e s t ,   the   p e r f o r m a n c e   o f  

t h e   s a m p l e s   was  e v a l u a t e d   by  m e a s u r i n g   t h e   d e g r e e   of  c r e e p  

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

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

c h e c k e d   by  a p p l y i n g   710  t a p e   m a n u f a c t u r e d   by  t h e  3   M ' s  

Company  o v e r   t h e   d i a g o n a l   l i n e s   and  t h e n   r e m o v i n g   i t   b y  

p u l l i n g   b a c k   r a p i d l y   a t   180  d e g r e e s   to  t h e   s a m p l e   s u r f a c e .  

P a s s   or  f a i l u r e   j u d g e m e n t s   w e r e   made  u s i n g   a  p e r m i s s i b l e  

c r e e p   v a l u e   of   2  mm  on  e i t h e r   s i d e   of  t h e   d i a g o n a l   l i n e s .  

The  r e s u l t s   a r e   i l l u s t r a t e d   in   t h e   T a b l e   b e l o w : -  



In  t h e   c o l u m n   h e a d e d   " P r e t r e a t m e n t   of   I n v e n t i o n " ,   t h e   s t e e l  

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

570  deg   C  in  t h e   c a s e   of  s a m p l e s   (A)1  to   3,  (A)4  and  ( B ) 1  

and  f o r   45  m i n u t e s   at  660  deg  C  in   t h e   c a s e   of  s a m p l e   ( B ) 4 ,  

in  an  a t m o s p h e r e   of  50%  ammonia   and  50%  e n d o t h e r m i c   g a s  
f o l l o w e d   by  s l o w   c o o l i n g   u n d e r   a  p r o t e c t i v e   a t m o s p h e r e   o f  

t h e   same  c o m p o s i t i o n .   The  r e s u l t a n t   s t e e l   s a m p l e s   had  a n  

e p s i l o n   i r o n   n i t r i d e   s u r f a c e   l a y e r   of  a  t h i c k n e s s   of  1 6 - 2 0  

m i c r o n s .  

I t   w i l l   be  s e e n   f r o m   t h e   a b o v e   T a b l e   t h a t   p r e t r e a t m e n t   o f  

t h e   s t e e l   s a m p l e 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  

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

u n d e r   s a l t   s p r a y   c o n d i t i o n s .   A c c o r d i n g l y ,   t h e   p r e s e n t  

i n v e n t i o n   is   c o n s i d e r e d   to  be  p a r t i c u l a r l y   s u i t a b l e   f o r  

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

I t   w i l l   be  a p p r e c i a t e d   t h a t   s a l t i n g   of   r o a d s   d u r i n g   t h e  

w i n t e r   t i m e   makes   i t  n e c e s s a r y   f o r   e x p o s e d   p a r t s   of  t h e  

v e h i c l e   w h i c h   a r e   f o r m e d   of  s t e e l   to   be  r e n d e r e d   r e s i s t a n t  

t o   s a l t   s p r a y   c o r r o s i o n   as  e f f e c t i v e l y   as  p o s s i b l e .  

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

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

t h e   p e r c e n t a g e s   a r e   by  v o l u m e : -  

E x a m p l e   1 

A  yoke   body  f o r   a  s m a l l   e l e c t r i c   m o t o r   was  m a n u f a c t u r e d  

f r o m   n o n - a l l o y   s t e e l   a c c o r d i n g   t o   B r i t i s h   S t a n d a r d   BS  1 4 4 9  

CS3  (C  c o n t e n t = 0 . 1 0   wt%).   The  body   was  t h e n - n i t r o c a r b u r i s e d  



f o r   2  h o u r s   a t   570  d e g . C   in   an  a t m o s p h e r e   of  50%  a m m o n i a  

and  50%  e n d o t h e r m i c   gas  m i x t u r e   (40%  n i t r o g e n ,   40%  h y d r o g e n  
and  20%  c a r b o n   m o n o x i d e )   f o l l o w e d   by  s l ow   c o o l i n g   u n d e r   t h e  

p r o t e c t i o n   of  t h e   same  a t m o s p h e r e ,   to  p r o d u c e   an  e p s i l o n  

i r o n   n i t r i d e   s u r f a c e   l a y e r   h a v i n g   a  t h i c k n e s s   of  1 6 - 2 0  

m i c r o n s   on  t h e   b o d y .  

A f t e r   t h i s ,   an  e p o x y / p h e n o l i c / u r e a   p o l y m e r   c o a t i n g  
f o r m u l a t i o n   s o l d   by  I n t e r n a t i o n a l   P a i n t s   Ltd  u n d e r   t h e   c o d e  

No.  0 8 3 0 X 3 0 2 0   was  a p p l i e d   to   t h e   n i t r o c a r b u r i s e d   body   a n d  

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

1 2 - 1 5   m i c r o n s .  

The  r e s u l t a n t   y o k e   body   had  a  s a l t - s p r a y   r e s i s t a n c e   of  m o r e  

t h a n   400  h o u r s   as  m e a s u r e d   a c c o r d i n g   to   t h e   a b o v e - d e s c r i b e d  

S a l t - S p r a y   T e s t .  

E x a m p l e   2  

A  b o d y   f o r   an  e l e c t r i c a l   h o r n   was  m a n u f a c t u r e d   f r o m   n o n -  

a l l o y   s t e e l   a c c o r d i n g   t o   B r i t i s h   S t a n d a r d   BS  1449  CS2  (C 

c o n t e n t =   0 . 0 8   w t % ) .   The  body   was  t h e n   n i t r o c a r b u r i s e d   a t  

610  d e g . C   f o r   one  and  a  h a l f   h o u r s   u n d e r   t h e   a t m o s p h e r e  

e m p l o y e d   in   E x a m p l e   1,  and  was  t h e n   o i l   q u e n c h e d .   T h e  

r e s u l t a n t   b o d y   had  an  e p s i l o n   i r o n   n i t r i d e   l a y e r   of  a  

t h i c k n e s s   of  1 6 - 2 0   m i c r o n s .  

The  b o d y   was  t h e n   d e g r e a s e d   by  w a s h i n g   in   an  a l k a l i n e  

c l e a n e r   s o l d   by  t h e   D i v e r s e y   Co.  L td   u n d e r   t h e   T r a d e   M a r k  

DIVERSPRAY  6 2 .  

A  wax  c o a t i n g   was  t h e n   p r o v i d e d   on  t h e   n i t r o c a r b u r i s e d   b o d y  

at   a  c o a t i n g   w e i g h t   of  2  to   4  g  pe r   s q u a r e   m e t r e   b y  

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

p r e v e n t a t i v e   wax  s o l d   by  C a s t r o l   O i l   Co  L t d .   u n d e r   t h e   c o d e  

V425.   S u c h   a  wax  c o m p o s i t i o n   is  of  a  t y p e   w h i c h   c o m p r i s e s   a  



m i x t u r e   of  waxy  a l i p h a t i c   and  b r a n c h e d   c h a i n   h y d r o c a r b o n s ,  

a l c i u m   s o a p s   of  o x i d i z e d   p e t r o l a t u m   and  c a l c i u m   r e s i n a t e  

to  p r o d u c e   a  wax  of  t h e   r e q u i s i t e   h a r d n e s s   at  r o o m  

t e m p e r a t u r e .   The  wax  was  c o n t a i n e d   in  a  m i x t u r e   of  l i q u i d  

p e t r o l e u m   h y d r o c a r b o n s   c o n s i s t i n g   of  w h i t e   s p i r i t s   and  C9 
and  C10  a r o m a t i c s .   In  t h e   c a s e   of  V425 ,   t h e   c o m p o s i t i o n  

h a s   a  wax  c o n t e n t   of  15% by   w e i g h t .  

The  r e s u l t a n t   body   had  a  s a l t - s p r a y   r e s i s t a n c e   of  more  t h a n  

150  h o u r s   as  m e a s u r e d   a c c o r d i n g   to   t h e   a b o v e - d e s c r i b e d  

S a l t - S p r a y   T e s t .  

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

n i t r i d e   l a y e r   i t s e l f   has   an  i n h e r e n t   r e s i s t a n c e   t o  

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

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

in  s e r v i c e   or  w h e r e   i t   is   d e s i r e d   to   l e a v e   p a r t   of  t h e  

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

o r g a n i c   l a y e r .  



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

w h i c h   h a s   b e e n   t r e a t e d   so  as  to   h a v e   an  e p s i l o n   i r o n  

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

c o a t i n g   on  s a i s   s u r f a c e   l a y e r .  

2.  A  c o a t e d   s t e e l   s u b s t r a t e   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   s o l i d   p r o t e c t i v e   c o a t i n g   i s   s e l e c t e d   f r o m   an  o r g a n i c  

p o l y m e r   c o a t i n g   and  a  w a x .  

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

s t e p s   of  e f f e c t i n g   a  h e a t   t r e a t m e n t   o p e r a t i o n   on  a  n o n -  

a l l o y   s t e e l   s u b s t r a t e   so  as  to   p r o d u c e   an  e p s i l o n   i r o n  

n i t r i d e   s u r f a c e   l a y e r   t h e r e o n ,   and  a p p l y i n g   a  c o a t i n g   l a y e r  
t o   s a i d   s u r f a c e   l a y e r   so  as  to   p r o v i d e   a  s o l i d   o r g a n i c  

p r o t e c t i v e   c o a t i n g   t h e r e o n .  

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   s a i d   h e a t  

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

a t   a  t e m p e r a t u r e   of  550  t o   720  d e g  C   f o r   up  to   4  h o u r s   i n  

an  a t m o s p h e r e   of  a m m o n i a ,   a m m o n i a   and  e n d o t h e r m i c   g a s ,  
a m m o n i a   and  e x o t h e r m i c   gas   or  a m m o n i a   and  n i t r o g e n ,   w i t h  

t h e   o p t i o n a l   a d d i t i o n   of  a t   l e a s t   one  of  c a r b o n   d i o x i d e ,  

c a r b o n   m o n o x i d e ,   a i r   and  m e t h a n e .  

5.  A  m e t h o d   as  c l a i m e d   in  c l a i m   4,  w h e r e i n   t he   c o o l i n g   s t e p  
i s   e f f e c t e d   by  a l l o w i n g   t h e   h e a t e d   s u b s t r a t e   to   c o o l   u n d e r  

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



6.  A  m e t h o d   as  c l a i m e d   in  c l a i m   4,  w h e r e i n   t h e   c o o l i n g   s t e p  

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

is   e m p l o y e d ,   and  t h e n   d e g r e a s i n g   b e f o r e   a p p l y i n g   t h e  

c o a t i n g   l a y e r .  

7.  A  m e t h o d   as  c l a i m e d   in  c l a i m   3,  4,  5  or  6,  w h e r e i n   t h e  

c o a t i n g   l a y e r   is   a p p l i e d   by  means   of  a  wet  p r o c e s s .  

8.  A  m e t h o d   as  c l a i m e d   in  c l a i m   3 , 4 , 5   or  6,  w h e r e i n   t h e  

c o a t i n g   l a y e r   is  a p p l i e d   by  p o w d e r   c o a t i n g .  

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

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

l a y e r   h a v i n g   a  t h i c k n e s s   of  n o t   more  t h a n   a b o u t   2 5  

m i c r o n s .  

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

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

t h i c k n e s s   of  a b o u t   15  t o   25  m i c r o n s .  

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

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

t h i c k n e s s   of  a b o u t   2 5  m i c r o n s .  
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