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BACKGROUND  OF  THE  INVENTION 

T h i s   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 v i d i n g  

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

in  w o r k i n g ,   s u c h   as  p r e s s i n g ,   s t a m p i n g   e t c .  

I t   i s   t he   r e c e n t   t r e n d   t h a t   m e t a l l i c   m a t e r i a l ,   p a r t i c -  

u l a r l y   s t e e l   s h e e t   to  be  w o r k e d   t h r o u g h   p r e s s i n g ,   s t a m p i n g  

and  so  on  is   c o a t e d   w i t h   a  l u b r i c a t i v e   c o a t i n g   by  means   o f  

d i p   c o a t i n g ,   e t c . ,   p r i o r   to  b e i n g   s u b j e c t e d   to   w o r k i n g .  

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

i t   is   s u b j e c t e d   to  f o r m i n g .   Such  c o a t i n g   i s   a l s o   e f f e c -  

t i v e   to  keep   m e t a l l i c   m a t e r i a l ,   p a r t i c u l a r l y   m e t a l   s h e e t s  

in  a  s t a c k   f rom  s l i p p i n g   and  f a l l i n g   down.   Many  p r o c e s s e s  

fo r   p r e p a r i n g   s u c h   c o a t i n g ,   t h e r e f o r e ,   h ave   been   p r o p o s e d  

and  a r e   in  d e v e l o p m e n t .  

For  use   in  w o r k i n g   m e t a l l i c   m a t e r i a l s ,   l u b r i c a n t s  

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

s y n t h e t i c   l u b r i c a n t s   ( e . g . ,   s y n t h e t i c   e s t e r s )   w i t h   or  w i t h -  

ou t   an  o i l i n e s s   i m p r o v e r ,   an  e x t r e m e   p r e s s u r e   a d d i t i v e ,  

e t c .   have   been   known  in  the   a r t .   H o w e v e r ,   t h e y   a l l   have   a  

d i s a d v a n t a g e   in   t h a t   g a l l i n g   or  s c o r i n g   of  t he   p r e s s e d  

a r t i c l e s   is   i n e v i t a b l e   d u r i n g   w o r k i n g .  

Soda  s o a p   and  w a t e r   s o l u b l e   s o a p   w h i c h   c o m p r i s e s  

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



u s e d   as  a  l u b r i c a n t .   H o w e v e r ,   i t   is   s o m e t i m e s   d i f f i c u l t  

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

them  d u r i n g   w o r k i n g ,   and  i n c o m p l e t e   c o v e r i n g   l e a d s   t o  

p r e s s i n g   f l a w s .   T h u s ,   a  m e t a l   b l a n k   w i t h   s u c h   l u b r i c a n t  

has   l e s s   f o r m a b i l i t y .  

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 2 9 4 8 / l 9 7 7   d i s c l o s e s  

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

w i t h   wax  or  f a t t y   e s t e r s , e t c .   I t   i s   r a t h e r   d i f f i c u l t   t o  

a p p l y   t h i s   t y p e   of   l u b r i c a n t   in  a  t h i n   and  u n i f o r m   l a y e r .  

H o w e v e r ,   i f   a p p l i e d   in  a  t h i c k   l a y e r ,   t h e   l u b r i c a n t   e a s i l y  

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

d e p o s i t s   t h e r e o n .  

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 9 8 1 9 / 1 9 8 0   d i s c l o s e s  

a  d u a l - l a y e r   l u b r i c a t i v e   c o a t i n g   in  w h i c h   a  l i q u i d   l u b r i -  

c a n t   ( f a t s   and  o i l s ,   f o r   e x a m p l e )   or  a  s o l i d   l u b r i c a n t  

( g r a p h i t e ,   f o r   e x a m p l e )   i s   a p p l i e d   o v e r   an  o r g a n i c   r e s i n  

f i l m   w h i c h   h a s   b e e n   p r e v i o u s l y   p l a c e d   on  t h e   m e t a l   s u b -  

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

is   e x p e n s i v e ,   s i n c e   i t   i s   n e c e s s a r y   to   c a r r y   o u t   h o t - a i r  

d r y i n g   and  t h e n   b a k e - h a r d e n i n g   a t   a  t e m p e r a t u r e   of  1 0 0 ° C  

or  h i g h e r   a f t e r   t h e   a p p l i c a t i o n   t h e r e o f .   In  a d d i t i o n ,   a  

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

t he   c o a t e d   s u r f a c e   b e c o m e s   s t i c k y   and  r o u g h .  

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

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

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

A l l   t h e s e   p r i o r   a r t   p r o c e s s e s ,   h o w e v e r ,   have   a  common  



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

a p p l i c a t i o n   of  t he   l u b r i c a n t   p r e c i s e l y   so  as  to  make  t h e  

c o a t i n g   t h i n   and  u n i f o r m .  

U s u a l l y ,   t h e r e f o r e ,   i t   i s   p r e f e r a b l e   to  e m p l o y   a n  

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

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

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

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

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

In  a d d i t i o n ,   when  t h e   c o m p o s i t i o n   of  t h e   c o a t i n g  i s   c o m -  

p r i s e d   of  a  m i x t u r e   of  two  or  more  c o m p o n e n t s   such   as  a  

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

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

h a v i n g   the   i n t e n d e d   p r o p e r t i e s ,   b e c a u s e   t he   c o m p o s i t i o n  

( i . e . ,   r e s i n - t o - l u b r i c a n t   r a t i o )   of  t he   r e s u l t i n g   c o a t i n g  

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

T h i s   d i f f e r e n c e   in  c o m p o s i t i o n   b e t w e e n   t h e   e l e c t r o d e p o s i -  

t i o n   b a t h   and  the   c o a t i n g   b e c o m e s   g r e a t e r   when  s u c h   s t r o n g  

s h e a r i n g   s t r e s s   as  m e n t i o n e d   a b o v e   is   a p p l i e d   to   t h e   s u r -  

f a c e   of  t he   m e t a l .  

OBJECT  OF  THE  INVENTION 

An  o b j e c t   of  t h i s   i n v e n t i o n   is  to  p r o v i d e   a  m e t h o d   o f  

p r o v i d i n g   a  m e t a l l i c   m a t e r i a l   w i t h   an  e l e c t r o d e p o s i t i o n  

c o a t i n g   f r e e   f rom  s c o r i n g   and  p r e s s i n g   f l a w s   d u r i n g   w o r k -  

i n g .  

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



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

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

h a n d l e d  q u i t e   e a s i l y .  

S t i l l   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is   to  p r o v i d e  

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

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

SUMMARY OF  THE  INVENTION 

The  i n v e n t o r s   of  t h i s   i n v e n t i o n   f o u n d   t h a t   in  t h e  

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

a p p l i e d   o n t o   m e t a l l i c   m a t e r i a l   in  an  e l e c t r o d e p o s i t i o n  

b a t h   c o m p r i s i n g   an  a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n ,   a  

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

p r o p e r t i e s ,   t h e r e   is   a  c l o s e   r e l a t i o n s h i p   among  t he   c o n -  

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

b a t h ,   t he   e l e c t r o d e p o s i t i o n   t r e a t i n g   t i m e   and  t h e   t r a v e l -  

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

The  i n v e n t o r s   of  t h i s   i n v e n t i o n   a l s o   f o u n d   t h a t   i n  

o r d e r   to   p r e v e n t   s c o r i n g   or  t he   f o r m a t i o n   of  p r e s s i n g  

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

e m p l o y   an  e l e c t r o d e p o s i t i o n   b a t h   c o n t a i n i n g   two  s p e c i f i c  

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

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

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

m e t a l l i c   m a t e r i a l   by  c o n t i n u o u s l y   p a s s i n g   the   m e t a l l i c  

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

a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n ,   a  s o l i d   l u b r i c a n t   a n d  



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

l o w e r   t h a n   35°C,   t he   b a t h   v o l t a g e   a p p l i e d   i s   not   l o w e r  

t h a n   60  V  and  the   e l e c t r o d e p o s i t i o n   is   c a r r i e d   o u t   u n d e r  

the   c o n d i t i o n s   d e f i n e d   by  the   f o l l o w i n g   e q u a t i o n :  

aB  +  b T  -   cS  >   3  . . . . .   (1) 

(a  =  0 . 4 0  -   0 . 7 0 ,   b  =  0 . 5 0  -   1 . 0 0   and  c  =  0 . 0 1 0  -   0 . 0 2 0 )  

w h e r e i n ,   "B"  s t a n d s   f o r   t h e   w e i g h t   p e r c e n t   of  t he   s o l i d  

l u b r i c a n t   b a s e d   on  t h e   s o l i d s   c o n t e n t   of  s a i d   e l e c t r o -  

d e p o s i t i o n   b a t h ;  

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

in  s e c o n d s ;   a n d  

"S"  s t a n d s   f o r   t he   t r a v e l l i n g   s p e e d   in  m e t e r s   p e r  

m i n u t e   (m/min)   of  t he   m e t a l l i c   m a t e r i a l   t h r o u g h   t h e  

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

The  t e r m   " s p e e d "   u s e d   h e r e i n   means   the   t r a v e l l i n g   s p e e d  

of  t he   m e t a l l i c   m a t e r i a l   r e l a t i v e   to  t he   e l e c t r o d e p o s i -  

t i o n   b a t h   w h i c h   may  f l o w   c o u n t e r c u r r e n t l y .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   the   s o l i d s   of  the   e l e c t r o -  

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

e s s e n t i a l l y   of  t he   f o l l o w i n g   a l k a l i n e - s o l u t i o n   s o l u b l e  

r e s i n   and  s o l i d   l u b r i c a n t :  

(A)  A l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n :  

The  a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n   is  a  s a l t ,  

p r e f e r a b l y   amine   s a l t   or  ammonium  s a l t ,   of  a  c o p o l y m e r  

h a v i n g   a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  f rom  - 1 0 ° C   t o  

35°C  and  a  n u m b e r - a v e r a g e   m o l e c u l a r   w e i g h t   of  5 , 0 0 0   t o  

5 0 , 0 0 0 ,   the   c o p o l y m e r   c o m p r i s i n g   5  -   30%  by  w e i g h t   o f  



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

7 0  -   95%  by  w e i g h t   of  an  a c r y l a t e   or  m e t h a c r y l a t e   e s t e r  

of  a  m o n o v a l e n t   a l i p h a t h i c   a l c o h o l   ( C 1 - C 8 )   or  a  m i x t u r e  

t h e r e o f .   The  a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n   c o m p r i s e s  

4 0  -   95%  by  w e i g h t   of  t he   s o l i d s   c o n t e n t   of  t h e   b a t h .  

(B)  S o l i d   l u b r i c a n t :  

The  s o l i d   l u b r i c a n t   c o m p r i s e s   5  -   60%  by  w e i g h t   o f  

t he   s o l i d s   c o n t e n t   and  i s   w a t e r - d i s p e r s i b l e   o r g a n i c   m e t a l  

s o a p   h a v i n g   a  p a r t i c l e   s i z e   of  0 . 1   to   l 0 µ .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  shows   a  g r a p h   o b t a i n e d   by  p l o t t i n g   e x p e r i -  

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

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

t he   m e t a l l i c   s h e e t ;   a n d  

F i g u r e  2   i s   a  g r a p h   s h o w i n g   t he   r e l a t i o n s h i p   b e t w e e n  

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

c o n t e n t   of   t h e   c o a t i n g .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

I m p o r t a n t   p r o p e r t i e s   to   be  c o n s i d e r e d   on  t he   c o a t e d  

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

t i o n   i n c l u d e   t he   r e s i s t a n c e   to   s c o r i n g   or  g a l l i n g   a n d  

d r a w a b i l i t y .   The  s c o r i n g   or  g a l l i n g   of  t he   m e t a l   s u r f a c e  

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

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

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



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

of  t he   r e s i n   is  low,   t he   r e s i n   l a y e r   e a s i l y   t e a r s   down  

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

c a u s e s   the   s c o r i n g   or  g a l l i n g .   F u r t h e r m o r e ,   when  t h e  

m e t a l   s h e e t s   a r e   s t a c k e d ,   the   m e t a l   s u r f a c e s   e a s i l y   a d h e r e  

to  e a c h   o t h e r .   I f   t he   a d h e s i o n   b e t w e e n   the   c o a t i n g   a n d  

the   m e t a l   s u r f a c e   i s   no t   g o o d ,   t he   c o a t i n g   s o m e t i m e s   p e e l s  

o f f   upon  w o r k i n g .   The  f r a g m e n t s   of  t he   t h u s   p e e l e d - o f f  

c o a t i n g   d e p o s i t   on  t he   s u r f a c e   of  d i e ,   p u n c h   and  the   l i k e ,  

c a u s i n g   the   f o r m a t i o n   of  p r e s s i n g   f l a w s   d u r i n g   w o r k i n g .  

In  o r d e r   to  i m p r o v e   d r a w a b i l i t y ,   i t   is  p r e f e r a b l e   t o  

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

on  the   o t h e r   h a n d ,   as  m e n t i o n e d   a b o v e ,   a  r e s i n   h a v i n g   a  

low  s o f t e n i n g   p o i n t   has   many  d i s a d v a n t a g e s   f o r   t he   p u r p o s e s  

of  t h i s   i n v e n t i o n .   I t   is  t h e r e f o r e ,   i m p r a c t i c a l   to  s e l e c t  

a  r e s i n   h a v i n g   a  s o f t e n i n g   p o i n t   w h i c h   is  low  e n o u g h   t o  

i m p r o v e   d r a w a b i l i t y   of  a  m e t a l   s h e e t   to   be  e l e c t r o d e p o s -  

i t e d   in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n .   T h u s ,   a c c o r d i n g  

to  t h i s   i n v e n t i o n ,   m e t a l   s o a p   is   i n c o r p o r a t e d   in  t he   c o a t -  

ing  a p p l i e d   to  t he   m e t a l   s u r f a c e   to  i m p r o v e   d r a w a b i l i t y .  

In  g e n e r a l ,   i t   is   n e c e s s a r y   to   i n c o r p o r a t e   t he   m e t a l   s o a p  

in  t he   e l e c t r o d e p o s i t e d   c o a t i n g   in  an  a m o u n t   of  a t   l e a s t  

2%  by  w e i g h t ,   p r e f e r a b l y   f rom  3%  to  5%  by  w e i g h t .  

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

is   t he   most   s u i t a b l e   m e t h o d   to  a c h i e v e   c o n t i n u o u s   a p p l i -  

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

a  m e t a l   s u b s t r a t e   a t   a  h i g h   s p e e d .   H o w e v e r ,   when  t h e  



c o a t i n g   i s   c o m p r i s e d   of  two  c o m p o n e n t s ,   i . e . , a   r e s i n   a n d  

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

r e s i n   to   m e t a l   s o a p   of  t he   c o a t i n g   s i g n i f i c a n t l y   d i f f e r s  

f rom  t h a t   of  t h e   e l e c t r o d e p o s i t i o n   b a t h .   For   e x a m p l e ,   i f  

t h e   r a t i o   of  r e s i n   to   s o a p   i s   a d j u s t e d   to   9 7 / 3   in  t h e  

b a t h ,   the   r e s u l t i n g   c o a t i n g   c o n t a i n s   m e t a l   soap   in  a n  

a m o u n t   of  f a r   l e s s   t h a n   3%  by  w e i g h t ,   p a r t i c u l a r l y   in  t h e  

c a s e   of   h i g h   s p e e d   e l e c t r o d e p o s i t i o n .   T h e r e f o r e ,   t o  

e n s u r e   g e t t i n g   t he   p r e d e t e r m i n e d   a m o u n t   of  m e t a l   soap   i n  

t he   r e s u l t i n g   c o a t i n g ,   i t   i s   n e c e s s a r y   to   add  the   m e t a l  

s o a p   t o   t h e   b a t h   in  an  a m o u n t   much  l a r g e r   t h a n   t he   d e s i r e d  

a m o u n t   s e t   fo r   t h e   c o a t i n g .  

The  e l e c t r o d e p o s i t i o n   b a t h   of  t h i s   i n v e n t i o n   c o m -  

p r i s e s   an  a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n ,   a  s o l i d   l u b r i -  

c a n t . a n d   w a t e r .   The  b a t h   t e m p e r a t u r e   i s   35°C  or  h i g h e r .  

When  i t   i s   l o w e r   t h a n   35°C ,   m e t a l   s o a p   as  s o l i d   l u b r i c a n t  

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

r e s u l t i n g   in  i n d e n t a t i o n   f l a w s   d u r i n g   w o r k i n g .  

The  b a t h   v o l t a g e ,   i . e .   t he   v o l t a g e   a p p l i e d   d u r i n g  

o p e r a t i o n   i s   d e s i r a b l y   60  V  or  h i g h e r ,   p r e f e r a b l y   80  V  o r  

h i g h e r .   When  t h e   v o l t a g e   i s   l o w e r   t h a n   60  V,  t h e   e l e c t r o -  

d e p o s i t i o n   e f f i c i e n c y   i s   l o w e r e d   and  i t   i s   i m p o s s i b l e   t o  

o b t a i n   a  c o a t i n g   of  t h e   n e c e s s a r y   w e i g h t   t h r o u g h   a  s h o r t  

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

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

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

f o l l o w i n g   e q u a t i o n :  



aB  +  b T  -   cS  3 

(a  =  0 . 4 0  -   0 . 7 0 ,   b  =  0 . 5 0  -   1 .00   and  c  =  0 . 0 1 0  -   0 . 0 2 0 )  

w h e r e i n ,   "B"  s t a n d s   fo r   the  w e i g h t   p e r c e n t   of  the   s o l i d  

l u b r i c a n t   b a s e d   on  the   s o l i d s   c o n t e n t   of  the   e l e c t r o d e p o s i -  

t i o n   b a t h ,   "T"  s t a n d s   f o r   the   e l e c t r o d e p o s i t i o n   t r e a t i n g  

t i m e   in  s e c o n d s ,   and  "S"  s t a n d s   for   t he   t r a v e l l i n g   s p e e d  i n  

m e t e r s   pe r   m i n u t e   (m/min)   of  the   m e t a l l i c   m a t e r i a l   t h r o u g h  

the   e l e c t r o d e p o s i t i o n   b a t h .   The  f a c t o r s ,   a,  b,  c ,  a r e   d e t e r -  

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

v o l t a g e   and  so  on  a t   w h i c h   the   e l e c t r o d e p o s i t i o n   of  t h i s  

i n v e n t i o n   is   c a r r i e d   o u t .   The  a b o v e   e q u a t i o n   has   been   d e -  

r i v e d   on  t h e  b a s i s   of   the   r e c o g n i t i o n   t h a t   t he   c o n c e n t r a -  

t i o n   of  l u b r i c a n t   has   i n f l u e n c e ,   as  m e n t i o n e d   a b o v e ,   o n  

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

t r e a t i n g   t i m e   as  w e l l   as  t he   t r a v e l l i n g   s p e e d   of  m e t a l l i c  

m a t e r i a l   s h o u l d   a l s o   be  t a k e n   i n t o   c o n s i d e r a t i o n   in  o r d e r  

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

of  l u b r i c a n t   may  be  i n c o r p o r a t e d   in  t he   r e s u l t i n g   e l e c t r o -  

d e p o s i t i o n   c o a t i n g .   F u r t h e r   e x p l a n a t i o n   in  t h i s   r e s p e c t  

w i l l   be  f o u n d   h e r e i n a f t e r .  

The  a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n   to  b e  e m p l o y e d   i n  

in  t h i s   i n v e n t i o n   i s   p r e f e r a b l y   d e r i v e d   f rom  (I)  5  -   30% 

by  w e i g h t   of  a c r y l i c   a c i d   or  m e t h a c r y l i c   a c i d   or  a  m i x t u r e  

t h e r e o f   and  ( I I )   7 0  -   95%  by  w e i g h t   of  an  a c r y l a t e   o r m e t h -  

a c r y l a t e   e s t e r   of  a  m o n o v a l e n t   C1 -  C8  a l i p h a t i c   a l c o h o l   o r  

a  m i x t u r e   t h e r e o f .   E x a m p l e s   of  the   e s t e r   i n c l u d e   m e t h y l  

a c r y l a t e   (MA),  e t h y l   a c r y l a t e   (EA),  n - b u t y l   a c r y l a t e   (BA), 

i s o b u t y l   a c r y l a t e   ( I B A ) , 2 - e t h y l h e x y l   a c r y l a t e   (EHA),  m e t h y l  

m e t h a c r y l a t e  ( M M A ) ,  e t h y l   m e t h a c r y l a t e   (EMA),  n -bu ty l   m e t h a c r y l a t e  



(BMA) ,  i s o b u t y l   m e t h a c r y l a t e  ( I B M A ) ,   2 - e t h y l h e x i l   m e t h a c r y l a t e  

(EHMA),  and  t h e . l i k e .   O t h e r   m o n o m e r s   s u c h   as  a c r y l a t e   o r  

m e t h a c r y l a t e   e s t e r s   of   h i g h e r   a l c o h o l s   ( e . g . ,   s t e a r y l  

a c r y l a t e   and  m e t h a c r y l a t e )   and  h y d r o x y a l k y l   a c r y l a t e   o r  

m e t h a c r y l a t e   ( e . g . ,   h y d r o x y e t h y l   or  h y d r o x y p r o p y l   m e t h a c -  

r y l a t e )   may  be  i n c o r p o r a t e d   in  t he   r e s i n   in  m i n o r   a m o u n t s  

in  o r d e r   to   m o d i f y   t h e   p r o p e r t i e s   of  t h e   r e s i n .  

When  t h e   a c i d   monomer  (I)  is   l e s s   t h a n   5%  by  w e i g h t ,  

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

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

s e q u e n t   a l k a l i   d e g r e a s i n g   and  c l e a n i n g .   F u r t h e r m o r e ,   t h e  

c o a t i n g   c a n n o t   be  a p p l i e d   u n i f o r m l y   o n t o   t he   m e t a l   s u r -  

f a c e .   On  t he   o t h e r   h a n d ,   when  t he   a c i d   monomer  (I)  i s  

p r e s e n t   in  an  a m o u n t   of  more  t h a n   30%  by  w e i g h t ,   t h e  

number   of  c a r b o x y l   g r o u p s   in  t he   r e s i n   i n c r e a s e s   so  m u c h  

t h a t   i t   t a k e s   a  l o n g   t i m e   to   f i n i s h   f i l m   f o r m a t i o n .   T h i s  

i s   n o t   d e s i r a b l e   f rom  a  p r a c t i c a l   v i e w p o i n t .  

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

r e s i n   w h i c h   i s   a  c o p o l y m e r   of  m o n o m e r s   (I)  and  ( I I )   i s  

p r e f e r a b l y   f rom  - 1 0 ° C   to  35°C ,   more  p r e f e r a b l y   f rom  1 0 ° C  

to   35°C.   When  t h e   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   i s   l o w e r  

t h a n   - 1 0 ° C ,   m e t a l - t o - m e t a l   c o n t a c t   e a s i l y   o c c u r s   d u r i n g  

w o r k i n g ,   r e s u l t i n g   in  g a l l i n g .   On  t h e   o t h e r   h a n d ,   w h e n  

the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   i s   h i g h e r   t h a n   3 5 ° C ,  

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

g r e a t ,   f r e q u e n t l y   r e s u l t i n g   in  p e e l i n g   of  t he   c o a t i n g .  

The  number   a v e r a g e   m o l e c u l a r   w e i g h t   of  the   r e s i n   i s  

p r e f e r a b l y   in  t h e   r a n g e   of  f rom  5 , 0 0 0   to  5 0 , 0 0 0 .   When 



t he   m o l e c u l a r   w e i g h t   is   l e s s   t h a n   5 , 0 0 0 ,   t h e   c o a t i n g   h a s  

a  s t r o n g   t e n d e n c y   to  a d h e r e   to  the   d i e   s u r f a c e .   T h i s   h a s  

been   c o n f i r m e d   by  the   r e s u l t s   of  d i e - s c o r i n g  t e s t .   When 

t he   m o l e c u l a r   w e i g h t   is  more  t h a n   5 0 , 0 0 0 ,   the   r e s u l t i n g  

r e s i n   has  p o o r   s o l u b i l i t y   in  w a t e r   w h i c h   is  n o t   e n o u g h   t o  

e n s u r e   t h a t   u n i f o r m   c o a t i n g   is   f o r m e d .   In  a d d i t i o n ,   s u c h  

r e s i n   may  no t   be  t h o r o u g h l y   r e m o v e d   by  d e g r e a s i n g   a n d  

c l e a n i n g   a f t e r   p r e s s i n g .  

The  r e s i n   to  be  u s e d   in  t h i s   i n v e n t i o n   w h i c h   i s  

s o l u b l e   in  an  a l k a l i n e   s o l u t i o n   and  w h i c h   may  be  e i t h e r  

w a t e r   s o l u b l e   or  w a t e r   d i s p e r s i b l e ,   may  be  p r e p a r e d   b y  

a n y  o n e   of   t he   u s u a l   p o l y m e r i z a t i o n   m e t h o d s ,   s u c h   a s  

s o l u t i o n   p o l y m e r i z a t i o n ,   e m u l s i o n   p o l y m e r i z a t i o n , e t c .  

When  t he   s o l u t i o n   p o l y m e r i z a t i o n   is  e m p l o y e d   to  p r e p a r e  

the   r e s i n ,   s a i d   m o n o m e r s   (I)  and  ( I I )   in  a  h y d r o p h i l i c  

s o l v e n t   a r e   k e p t   a t   a  t e m p e r a t u r e   of  5 0  -   150°C  f o r   2  -   8 

h o u r s   in  t he   p r e s e n c e   of  an  i n i t i a t o r .   The  a q u e o u s   s o l u -  

t i o n   or  d i s p e r s i o n   of  t he   r e s i n   t h u s   f o r m e d   is   t h e n   n e u -  

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

a q u e o u s   ammonia   to  pH  6  -   9  in  a  c o n v e n t i o n a l   m a n n e r   t o  

form  a  s a l t   of  t he   r e s i n   p r i o r   to  u s e .   In  g e n e r a l   t h e  

s o l u t i o n   or  d i s p e r s i o n   fo r   use  in  p r e p a r i n g  a n   e l e c t r o -  

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

f rom  20%  to  50%  by  w e i g h t .  

The  h y d r o p h i l i c   s o l v e n t   u s e f u l   as  a  p o l y m e r i z a t i o n  

medium  i n c l u d e s   C 1 -  C 4   a l c o h o l s ,   p r e f e r a b l y   i s o p r o p y l  

a l c o h o l .   The  i n i t i a t o r   may  be  c o n v e n t i o n a l   one  s u c h   a s  



b e n z o y l   p e r o x i d e   or  2 , 2 ' - a z o b i s i s o b u t y r o n i t r i l e .   E x a m p l e s  

of  t he   a m i n e   u s e d   in  n e u t r a l i z a t i o n   i n c l u d e   m o n o e t h y l -  

a m i n e ,   d i e t h y l a m i n e ,   t r i e t h y l a m i n e ,   t r i b u t y l a m i n e ,   m o n o -  

e t h a n o l a m i n e ,   d i e t h a n o l a m i n e ,   t r i e t h a n o l a m i n e   and  t h e  

l i k e .  

When  e m u l s i o n   p o l y m e r i z a t i o n   is   e m p l o y e d ,   a  s m a l l  

a m o u n t   of  a  s u r f a c t a n t   may  be  a d d e d .   H o w e v e r ,   when  t h e  

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

e r t i e s   of  t h e   r e s i n   and  a d h e s i o n   of  t he   e l e c t r o d e p o s i t e d  

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

c a r e   s h o u l d   be  t a k e n   to  e n s u r e   t h a t   t he   s u r f a c t a n t   i s   n o t  

a d d e d   in  e x c e s s .  

The  m e t a l   s o a p s   w h i c h   can  be  u s e d   in  t h i s   i n v e n t i o n  

i n c l u d e   a l k a l i n e   e a r t h   m e t a l   s a l t s   s u c h   as  c a l c i u m ,  b a r i u m  

and  m a g n e s i u m   s a l t s   of   a  C 1 2  -   C22  h i g h e r   f a t t y   a c i d   s u c h  

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

or  t he   l i k e .   The  a p p r o p r i a t e   p a r t i c l e   s i z e   of  t he   m e t a l  

s o a p   m a i n l y   d e p e n d s   on  t h e   t h i c k n e s s   of  c o a t i n g   d e s i r e d  

and  i t   i s   u s u a l l y   in  t he   r a n g e   of  f rom  0 .1   to   1 0 µ ,  

p r e f e r a b l y   f rom  3  to  7p.   When  t he   p a r t i c l e   s i z e   i s   l e s s  

t h a n   0 . 1 µ ,   a  s t a b l e   d i s p e r s i o n   may  n o t   be  o b t a i n e d .   On 

t h e   o t h e r   h a n d ,   when  t h e   p a r t i c l e   s i z e   is   more  t h a n   1 0 p ,  

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

i n g .   F u r t h e r m o r e ,   a  p a r t i c l e   s i z e   of  more  t h a n   10µ  a d -  

v e r s e l y   a f f e c t s   t he   s u b s e q u e n t   a l k a l i   c l e a n i n g   s t e p   c o n -  

d u c t e d   a f t e r   w o r k i n g ,   r e s u l t i n g   in  i n c o m p l e t e   r e m o v a l   o f  

the   c o a t i n g .   The  m e t a l   soap   i s   a d d e d   in  an  amoun t   of  5  -  

60%  by  w e i g h t   b a s e d   on  the   t o t a l   s o l i d s   c o n t e n t   of  t h e  

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



Of  c o u r s e ,   t he   a m o u n t   of  the   m e t a l   soap   s h o u l d   be  s e l e c t e d  

so  as  to  s a t i s f y   t he   f o r e g o i n g   e q u a t i o n   (1)  as  p r e v i o u s l y  

d e s c r i b e d .  

A f t e r   e l e c t r o d e p o s i t i o n ,   i f   n e c e s s a r y ,   t he   m e t a l l i c  

m a t e r i a l   is   w a s h e d   w i t h   w a t e r   and  d r i e d .  

The  m e t a l l i c   m a t e r i a l   to  be  t r e a t e d   in  a c c o r d a n c e  

w i t h   t h i s   i n v e n t i o n   i n c l u d e s   no t   o n l y   s h e e t s ,   s t r i p s   a n d  

p l a t e s ,   b u t   a l s o   w i r e s   and  t he   l i k e .  

As  i s   a p p a r e n t   f rom  the   f o r e g o i n g ,   t h i s   i n v e n t i o n   i s  

b a s e d   on  a  c l o s e   r e l a t i o n   f o u n d   among  such   p a r a m e t e r s   a s  

t r e a t i n g   t i m e ,   t r a v e l l i n g   s p e e d   of  the   m e t a l l i c   m a t e r i a l  

and  c o n c e n t r a t i o n   of  the   s o l i d   l u b r i c a n t   ( m e t a l   s o a p ) .  

More  p a r t i c u l a r l y   t h i s   i n v e n t i o n   is  c h a r a c t e r i z e d  b y  

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

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

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

as  to  s a t i s f y   t he   e q u a t i o n   (1)  m e n t i o n e d   h e r e i n b e f o r e .  

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

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

i t e d   c o a t i n g .  

T h i s   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  c o n j u n c t i o n   w i t h  

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

i l l u s t r a t i o n   and  a r e   no t   as  r e s t r i c t i v e   of  t h i s   i n v e n t i o n  

at   a l l .   In  t he   e x a m p l e s   a l l   t he   p a r t s   and  p e r c e n t a g e s  

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

E x a m p l e   1 

A q u e o u s   s o l u t i o n s   of  v a r i o u s   w a t e r - s o l u b l e   r e s i n s  



were  p r e p a r e d   in  t h e   f o l l o w i n g   m a n n e r .  

The  m o n o m e r s   u s e d   were   a c r y l i c   a c i d   (AA),  m e t h y l  

a c r y l a t e   (MA) ,  s t e a r y l   a c r y l a t e   (SA) ,  2 - e t h y l h e x y l   a c r y l a t e  

(EHA),  b u t y l   m e t h a c r y l a t e   (BMA),  i s o b u t y l   m e t h a c r y l a t e  

(IBMA),  2 - e t h y l h e x y l   m e t h a c r y l a t e   (EHMA),  s t e a r y l   m e t h a c -  

r y l a t e   (SMA),  h y d r o x y e t h y l   m e t h a c r y l a t e   (HEMA),  h y d r o x y -  

p r o p y l   m e t h a c r y l a t e   (HPMA)  a n d  m e t h y l   m e t h a c r y l a t e   (MMA) 

and  t h e y   were   u s e d   in  t h e  p r o p o r t i o n s   i n d i c a t e d   in  Table  1  below.  

The  a q u e o u s   s o l u t i o n   of  R e s i n   N o .  1 ,   fo r   e x a m p l e ,   w a s  

p r e p a r e d   by  r e a c t i n g   a  m i x t u r e   of  210  p a r t s   of  m e t h y l  

a c r y l a t e ,   60  p a r t s   of   m e t h y l   m e t h a c r y l a t e   and  30  p a r t s   o f  

a c r y l i c   a c i d   in  75  p a r t s   of  i s o p r o p y l   a l c o h o l   f o r   a b o u t   4 

h o u r s   u n d e r   r e f l u x   of  t he   a l c o h o l   s o l v e n t   in  t he   p r e s e n c e  

of   2 .7   p a r t s   of   2 , 2 ' - a z o b i s i s o b u t y r o n i t r i l e   as  a  c a t a l y s t .  

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

t he   r e s i d u e   was  n e u t r a l i z e d   w i t h   21  p a r t s   of  d i e t h y l a m i n e  

and  661  p a r t s   of   w a t e r   to  g i v e   an  a q u e o u s   r e s i n   s o l u t i o n  

of  a b o u t   30%  s o l i d s   c o n t e n t .  

The  a q u e o u s   s o l u t i o n s   of  R e s i n   Nos.   2  t h r o u g h   16  

were   l i k e w i s e   p r e p a r e d .   The  a m o u n t   of  d i e t h y l a m i n e   u s e d  

f o r   n e u t r a l i z a t i o n ,   h o w e v e r ,   was  v a r i e d   d e p e n d i n g   on  t h e  

a c r y l i c   a c i d   c o n t e n t   of  t he   s o l u t i o n .  

The  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   and  the   n u m b e r  

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

i n c l u d e d   in  T a b l e   1 .  

To  100  p a r t s   of  e a c h   a q u e o u s   r e s i n   s o l u t i o n   t h u s  

o b t a i n e d   was  a d d e d   300  p a r t s   of  w a t e r   to  p r o v i d e   a n  



e l e c t r o d e p o s i t i o n   b a t h   of  a b o u t   10%  s o l i d s   c o n t e n t ,   w h i c h  

was  s u b j e c t e d   to  an  e l e c t r o d e p o s i t i o n   t e s t .  

In  t he   e l e c t r o d e p o s i t i o n   t e s t  a   c o l d   r o l l e d   s t e e l  

s h e e t   0 .8   mm  t h i c k   was  d e g r e a s e d   and  s u b j e c t e d   to  e l e c -  

t r o d e p o s i t i o n   u s i n g   t he   s h e e t   as  an  a n o d e .   The  e l e c t r o -  

d e p o s i t i o n   was  c a r r i e d   o u t   in  a  s t r e a m   of  t he   b a t h   f l o w -  

ing  a t   h i g h   v e l o c i t y   to  s i m u l a t e   c o n t i n u o u s   e l e c t r o d e p o s i -  

t i o n   c o a t i n g .   The  f o l l o w i n g   c o n d i t i o n s   were   e m p l o y e d   i n  

the   e l e c t r o d e p o s i t i o n :   d i s t a n c e   b e t w e e n   e l e c t r o d e s ,   1 0 0  

mm;  a n o d e - t o - c a t h o d e   r a t i o ,   1 / 1 ;   t e m p e r a t u r e ,   35°C;   t r a v e l -  

l i n g   s p e e d   of  t he   s h e e t ,   1  m / m i n .   E l e c t r i c   c u r r e n t   w a s  

p a s s e d   f o r   10  s e c o n d s   w i t h   a p p l i e d   ( b a t h )   v o l t a g e   of  4 0  -  

80V.  The  t r a v e l l i n g   s p e e d   of  t he   s t e e l   s h e e t   r e l a t i v e   t o  

the   b a t h   was  10  m / m i n .   The  e l e c t r o d e p o s i t e d   s t e e l   s h e e t  

was  t h e n   r i n s e d   w i t h   w a t e r   and  d r i e d   p r i o r   to  w e i g h i n g .  

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

v o l t a g e s   a r e   s u m m a r i z e d   in  T a b l e   2  b e l o w ,   f rom  w h i c h   i t  

can  be  s e e n   t h a t   t he   h i g h e r   t he   a p p l i e d   v o l t a g e ,   t h e  

h e a v i e r   t he   c o a t i n g   w e i g h t   and  t h a t   an  a d e q u a t e   c o a t i n g  

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

60V  or  h i g h e r .  

N e x t ,   a  s i m i l a r   e l e c t r o d e p o s i t i o n   t e s t   was  c a r r i e d  

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

c u r r e n t   was  p a s s e d   f o r   1,  2  or  3  s e c o n d s   w i t h   a p p l i e d  

v o l t a g e   of  80V.  The  r e s u l t s   a r e   s u m m a r i z e d   in  T a b l e   3 

b e l o w ,   f rom  w h i c h   i t   can   be  s e e n   t h a t   in  o r d e r   to  o b t a i n  

an  i n c r e a s e d   c o a t i n g   w e i g h t   the   e l e c t r o d e p o s i t i o n   s h o u l d  



be  c o n d u c t e d   f o r   a  p r o l o n g e d   p e r i o d   of  t i m e .  









R e s i n   Nos.   1,  2,  3,  4,  5,  11  and  15  p r e p a r e d   a b o v e ,  

w h i c h   were   f o u n d   to  have   p a r t i c u l a r l y   good  i n i t i a l   f i l m  

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

c o a t i n g   t h r o u g h   e l e c t r o d e p o s i t i o n   u s i n g   an  e l e c t r o d e p o s i -  

t i o n   b a t h   c o n t a i n i n g   the   r e s i n   as  an  a l k a l i n e - s o l u t i o n  

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

The  e l e c t r o d e p o s i t i o n   b a t h   was  p r e p a r e d   as  f o l l o w s .  

In  a  g r a i n   m i l l   75  p a r t s   of  c a l c i u m   s t e a r a t e   ( p a r t i c l e  

d i a m e t e r ,   2  -   25p)  were   d i s p e r s e d  i n   500  p a r t s   of   t h e  

a q u e o u s   r e s i n   s o l u t i o n   of  a b o u t   30%  s o l i d s   c o n t e n t   o b -  

t a i n e d   a b o v e   f o r   5  h o u r s   and  77  p a r t s   of  t he   r e s u l t i n g  

c a l c i u m   s t e a r a t e - c o n t a i n i n g   d i s p e r s i o n   were   m i x e d   w i t h  

233  p a r t s   of  t he   same  a q u e o u s   r e s i n   s o l u t i o n   as  u s e d  

a b o v e   and  690  p a r t s   of   w a t e r   to  g i v e   1000  p a r t s   of  a  

d i s p e r s i o n   of  10%  s o l i d s   c o n t e n t   c o n t a i n i n g   1%  c a l c i u m  

s t e a r a t e   h a v i n g   a  p a r t i c l e   d i a m e t e r   of  0 . 1  -   10p.   F r o m  

t h e   a q u e o u s   s o l u t i o n   e a c h   of   R e s i n   Nos .   1,  2,  3,  4,  5 ,  

11  and  15,   a  d i s p e r s i o n   of  10%  s o l i d s   c o n t e n t   was  p r e -  

p a r e d   in  t he   m a n n e r   m e n t i o n e d   a b o v e   and  u s e d   as  an  e l e c -  

t r o d e p o s i t i o n   b a t h .  

The  e l e c t r o d e p o s i t i o n   was  c a r r i e d   o u t   in  t he   s a m e  

way  as  d e s c r i b e d   h e r e i n b e f o r e   u n d e r   t h e   f o l l o w i n g   c o n d i -  

t i o n s :   d i s t a n c e   b e t w e e n   e l e c t r o d e s ,   100  mm;  a n o d e - t o - c a t h -  

ode  r a t i o ,   1 / 1 ;   b a t h   v o l t a g e   of  80  V;  and  s t e e l   s h e e t  

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

10  m / m i n .   The  a c t u a l   t r a v e l l i n g   s p e e d   of  t he   s t e e l  

s h e e t   i t s e l f   was  1  m / m i n .   E l e c t r i c   c u r r e n t   was  p a s s e d  



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

c o n t i n u e d   fo r   2  s e c o n d s .   The  e l e c t r o d e p o s i t e d   t e s t  

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

t e s t s .   The  t e s t   r e s u l t s   a r e   shown  in  T a b l e   4  g i v e n  

b e l o w .  



As  is   a p p a r e n t   f rom  the   t e s t   r e s u l t s   shown  i n  

T a b l e   4,  c o a t i n g s   w h i c h   were   o b t a i n e d   by  u s i n g   R e s i n   N o s .  

1,  2,  3,  4  and  5  in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   h a v e  

s a t i s f a c t o r y   p r o p e r t i e s :   d i e   r e s i s t a n c e ,   c y l i n d r i c a l  

d r a w i n g   p r o p e r t i e s ,   s t a c k i n g   p r o p e r t i e s   and  d e g r e a s i n g  

p r o p e r t i e s .  

The  t e s t i n g   and  e v e l u a t i o n   m e t h o d s   w h i c h   were   e m -  

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

b e l o w .  

i)  T e s t   f o r   r e s i s t a n c e   to  d i e   f l a w i n g :  

I r o n i n g   was  c a r r i e d   o u t   a t   a  h i g h   w o r k i n g   r a t e   w i t h  

a  c r a n k   p r e s s   in  o r d e r   to   d e t e r m i n e   g a l l i n g   of  t he   m e t a l  

s u r f a c e .   G a l l i n g   d u r i n g   i r o n i n g   was  d e t e r m i n e d   b y  

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

f rom  g a l l i n g   on  t he   t e n t h   of  t e n   t e s t   b l a n k s   w h i c h   w e r e  

w o r k e d   u n d e r   t he   same  c o n d i t i o n s .   The  s y m b o l   "O"  i n d i -  

c a t e s   t h a t   o v e r   90%  of   t he   v e r t i c a l   w a l l   a r e a   of  t h e  

t e s t   p i e c e   was  f r e e   f rom  g a l l i n g .   The  s y m b o l   "Δ"  i n d i -  

c a t e s   t h a t   8 0  -   90%  of   t he   a r e a   was  f r e e   f rom  g a l l i n g .  

The  s y m b o l   "X"  i n d i c a t e s   t h a t   l e s s   t h a n   80%  of   t he   a r e a  

was  f r e e   f rom  g a l l i n g .  

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

i r o n i n g   was  v i s u a l l y   d e t e r m i n e d   in  t h e   f o l l o w i n g   m a n n e r .  

The  v e r t i c a l   w a l l   a r e a   of  t he   t e s t   p i e c e   was  c o v e r e d  

w i t h   a  g r i d   p a t t e r n   c o m p r i s i n g   50  s q u a r e s   (5mm  x  5 m m ) .  

Then  t h e   number   of  s q u a r e s   w h e r e   t he   c o a t i n g   r e m a i n i n g  

a f t e r   i r o n i n g   o u t   of  t he   t o t a l   50  s q u a r e s   was  c o u n t e d .  



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

on  t he   m e t a l   s u r f a c e   of  t he   i n s p e c t e d   a r e a   as  f o l l o w s :  

" 0 " ,   more  t h a n   80%;  "Δ" ,   7 0  -   80%;  "X",   l e s s   t h a n   70%.  

i i )   T e s t   fo r   c y l i n d r i c a l   d r a w a b i l i t y :  

P u n c h i n g   was  c a r r i e d   o u t   a t   a  r e t a i n i n g   p r e s s u r e   o f  

1000  kg /cm2  u s i n g   a  p u n c h   3 3 . 0   mm  in  d i a m e t e r   to  d e t e r m i n e  

the   maximum  b l a n k   d i a m e t e r   w h i c h   can  be  d rawn   w i t h o u t  

b r e a k i n g   t he   b l a n k .   The  l i m i t i n g   d r a w i n g   r a t i o   can   b e  

g i v e n   by  t he   f o l l o w i n g   e q u a t i o n :  

The  l i m i t i n g   d r a w i n g   r a t i o   was  d e t e r m i n e d   fo r   a  

c o a t e d   m e t a l   b l a n k   (LDRc)  and  f o r   a  n o n c o a t e d   m e t a l   b l a n k  

( L D R n ) .   The  c y l i n d r i c a l   d r a w a b i l i t y   is   i n d i c a t e d   in  t e r m s  

of  t he   r a t i o   of  LDRc  to  LDRn  shown  by  t he   f o l l o w i n g  

s y m b o l s :   "X",   n o t   more  t h a n   1 . 0 ;   " Δ " ,  1 . 0 -   1 . 1 ;   " O " ,  

o v e r   1 . 1 .  

i i i )   T e s t   f o r   s t a c k i n g   p r o p e r t i e s :  

Two  50  x  50  mm  t e s t   p i e c e s   h a v i n g   s u r f a c e s   c o a t e d   i n  

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

the   c o a t e d   s u r f a c e s   b e i n g   k e p t   in  f a c e - t o - f a c e   c o n t a c t .  

A  p l u r a l i t y   of  s u c h   s e t s   of  two  p i e c e s   were   k e p t   a t   a  

t e m p e r a t u r e   of  50°C  u n d e r   p r e s s u r e   of  67  kg / cm2   f o r   1 

m i n u t e   and  t h e n   a t   40°C  a t   500  g/m2  f o r   16  h o u r s .   A f t e r  

t h a t   t he   t e s t   p i e c e s   were   s u b j e c t e d   to  a g i n g   a t   r o o m  

t e m p e r a t u r e   a t   500  g/m2  f o r   50  d a y s .   In  t h i s   e x a m p l e ,  



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

of  t h e   c o a t i n g .   The  d e g r e e   of  d i f f i c u l t y   r e q u i r e d   t o  

s e p a r a t e   is   i n d i c a t e d   by  t he   f o l l o w i n g   s y m b o l s :   "O",   n o  

d i f f i c u l t y ;   "Δ",   some  d i f f i c u l t y ;   "X",   g r e a t   d i f f i c u l t y  

=  s t r o n g   a d h e s i o n .  

iv)  D e g r e a s i n g   t e s t :  

C o a t e d   t e s t   p i e c e s   were   s u b j e c t e d   to  a l k a l i   c l e a n -  

i n g ,   in  w h i c h   an  a l k a l i   c l e a n i n g   medium  of  a  2%  s o l u t i o n  

of  F i n e   C l e a n e r   4336  ( t r a d e n a m e   of  N i h o n   P a r k e r i z i n g   K.K.)  

was  s p r a y e d   a g a i n s t   t h e   m e t a l   s u r f a c e   a t   a  p r e s s u r e   of  1 

kg /cm2  a t   6 0  -   70°C  f o r   5  s e c o n d s .   The  e x t e n t   to  w h i c h  

t he   c l e a n e d   s u r f a c e   r e p e l l e d   w a t e r   is   i n d i c a t e d   by  t h e  

f o l l o w i n g   s y m b o l s :   "O",   no  w a t e r   r e p e l l e n c e ;   " 0 " ,   w a t e r  

was  r e p e l l e d   to  some  e x t e n t ;   "X",   t h e   e n t i r e   m e t a l   s u r -  

f a c e   r e p e l l e d   w a t e r .  

E x a m p l e   2 

In  t h i s   e x a m p l e ,   R e s i n   Nos .   1  and  2  w h i c h   w e r e  

d e m o n s t r a t e d   to  have   s a t i s f a c t o r y   p e r f o r m a n c e   in  a l l   t h e  

p r o p e r t i e s   t e s t e d   in  E x a m p l e   1  were   u s e d   to  p r e p a r e   d i s -  

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

in  t he   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1 .  

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

d i s p e r s i o n s   as  an  e l e c t r o d e p o s i t i o n   b a t h .   The  e l e c t r o -  

d e p o s i t i o n   was  c a r r i e d   o u t   a t   v a r i o u s   s t e e l   s h e e t   t r a v e l -  

l i n g   s p e e d   u n d e r   g e n e r a l l y   t he   same  c o n d i t i o n s   as  i n  

E x a m p l e   1.  E l e c t r i c   c u r r e n t   was  p a s s e d   f o r   2  s e c o n d s   a t  

a  b a t h   v o l t a g e   of  80  V.  In  t h i s   e x a m p l e ,   t he   t r a v e l l i n g  



s p e e d   m e a n s   t h a t   of  t he   s t e e l   s h e e t   to  be  t r e a t e d   r e l a t i v e  

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

p l a c e d   in  t he   b a t h   and  the   d i s p e r s i o n   w h i c h   s e r v e d   as  t h e  

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

t h e   i n d i c a t e d   s p e e d .  

The  c o a t i n g   w e i g h t   was  d e t e r m i n e d   and  t h e   c a l c i u m  

s t e a r a t e   c o n t e n t   of  t he   c o a t i n g   was  a l s o   d e t e r m i n e d   b y  

means   of   f l u o r e s c e n t   X - r a y   a n a l y s i s .   The  r e s u l t s   a r e  

s u m m a r i z e d   in  g r a p h s   of  F i g .   1 .  

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

s h e e t   i s   shown  in  F i g .   2.  As  is  a p p a r e n t   f rom  t h e  d a t a  

shwon  t h e r e i n ,   when  the  calc ium  s t e a r a t e   c o n t e n t   of  t h e   c o a t i n g  

e x c e e d s   3%,  t he   d r a w a b i l i t y   is   i m p r o v e d   s i g n i f i c a n t l y .  

And,  when  t h e   c a l c i u m   s t e a r a t e   c o n t e n t   e x c e e d s   5%,  t h e  

i m p r o v e m e n t   in  d r a w a b i l i t y   is   n e a r l y   s a t u r a t e d .  

E x a m p l e   3 

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

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

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

c o n t a i n s   3% or   more  of  c a l c i u m   s t e a r a t e .   T h e s e   e x p e r i -  

m e n t s   were   c a r r i e d   o u t   u n d e r   v a r i o u s   c o n d i t i o n s   u s i n g   a n  

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

c a l c i u m   s t e a r a t e .   The  r e s u l t i n g   t e s t   r e s u l t s   were   a n a l y z e d  

by  m e a n s   of  m u l t i p l e   r e g r e s s i o n   a n a l y s i s ,   and  the  f o l l o w i n g  

e q u a t i o n   was  d e r i v e d   f r o m  t h e s e   d a t a   s h o w i n g   t h a t   t h e  

d e s i r e d   c o a t i n g   can   be  o b t a i n e d   s u c c e s s f u l l y   as  l o n g   a s  

the   p r o c e s s i n g   c o n d i t i o n s   f o l l o w   the   r e l a t i o n :  



aB  +  b T  -   c S  >   3 

(a  =  0 . 4 0  -   0 . 7 0 ,   b  =  0 . 5 0  -   1 .0   and  c  =  0 . 0 1 0  -   0 . 0 2 0 )  

The  m e a n i n g s   of   "B",   "T"  and  "S"  a r e   as  d e f i n e d  

h e r e i n b e f o r e .  

The  c o n c e n t r a t i o n   of  t h e   s o l i d   l u b r i c a n t   in  t h e   e l e c -  

t r o d e p o s i t i o n   b a t h   is   in  t h e   r a n g e   of   5  -   60%  by  w e i g h t  

b a s e d   on  t he   s o l i d s   c o n t e n t   of  t h e   b a t h ,   and  t he   t r a v e l l i n g  

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

e l e c t r o d e p o s i t i o n   b a t h   is   g e n e r a l l y   in  t h e   r a n g e   of  1 0  -  

140  m / m i n .  

The  f a c t o r s ,   a,  b,  c,   in  t he   a b o v e   e q u a t i o n   may  b e  

d e t e r m i n e d   d e p e n d i n g   on  o t h e r   p r o c e s s i n g   c o n d i t i o n s   i n c l u d -  

ing  b a t h   t e m p e r a t u r e ,   b a t h   v o l t a g e   and  so  on.   U s u a l l y ,  

t h e y   t a k e :  

a  =  0 . 5 5 ,   b  =  0 . 7 5   and  c  =  0 . 0 1 5 .  

The  f o l l o w i n g   a r e   two  t y p i c a l   e x a m p l e s   of   the   e x p e r i -  

m e n t a l   d a t a   o b t a i n e d   in  t h i s   e x a m p l e :  



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

m e t a l l i c   m a t e r i a l   by  c o n t i n u o u s l y   p a s s i n g   the   m e t a l l i c  

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

a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n ,   a  s o l i d   l u b r i c a n t   a n d  

w a t e r ,   c h a r a c t e r i z e d   in  t h a t   t he   b a t h   t e m p e r a t u r e   i s   n o t  

l o w e r   t h a n   35°C ,   t h e   b a t h   v o l t a g e   a p p l i e d   i s   no t   l o w e r  

t h a n   60  V  and  t h e   e l e c t r o d e p o s i t i o n   i s   c a r r i e d   o u t   u n d e r  

the   c o n d i t i o n s   d e f i n e d   by  t he   f o l l o w i n g   e q u a t i o n :  

aB  +  b T  -   cS  >  3 

(a  =  0 . 4 0  -  0 . 7 0 ,   b  =  0 . 5 0  -   1 . 0 0   and  c  =  0 . 0 1 0  -   0 . 0 2 0 )  

w h e r e   "B"  s t a n d s   fo r   t h e   w e i g h t   p e r c e n t   of  t h e   s o l i d  

l u b r i c a n t   b a s e d   on  t h e   s o l i d s   c o n t e n t   of  s a i d   e l e c t r o -  

d e p o s i t i o n   b a t h ;  

"T"  s t a n d s   f o r   t h e   e l e c t r o d e p o s i t i o n   t r e a t i n g  

t i m e   in  s e c o n d s ;   a n d  

"S"  s t a n d s   f o r   t h e   t r a v e l l i n g   s p e e d   in  m e t e r s  

pe r   m i n u t e   (m/min)   of  t h e   m e t a l l i c   m a t e r i a l   t h r o u g h  

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

w h e r e i n   s a i d   a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n   c o m p r i s e s   4 0  

-  95%  by  w e i g h t   of   t h e   s o l i d s   c o n t e n t   of  t h e   b a t h   and  i s  

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

of  - 1 0 ° C   t o  3 5 ° C   and  a  n u m b e r - a v e r a g e   m o l e c u l a r   w e i g h t   o f  

5 , 0 0 0  -   5 0 , 0 0 0 ,   s a i d   c o p o l y m e r   c o m p r i s i n g   5  -   30%  b y  

w e i g h t   of  a c r y l i c   a c i d ,   m e t h a c r y l i c   a c i d   or  a  m i x t u r e  

t h e r e o f   and  7 0  -   95%  by  w e i g h t   of  an  a c r y l a t e   or  m e t h a c r y -  

l a t e   e s t e r   of  a  m o n o v a l e n t   a l i p h a t i c   C 1  -   C8  a l c o h o l   or  a  



m i x t u r e   t h e r e o f ,   and  s a i d   s o l i d   l u b r i c a n t   c o m p r i s e s   5  -  

60%  by  w e i g h t   of  t he   s o l i d s   c o n t e n t   of  t he   b a t h   and  i s  

w a t e r - d i s p e r s i b l e   o r g a n i c   m e t a l   soap   h a v i n g   a  p a r t i c l e  

s i z e   of   f rom  0 . 1   to  1 0 p .  

2.  A  m e t h o d   as  d e f i n e d   in  C l a i m   1  in  w h i c h   s a i d   s a l t   o f  

c o p o l y m e r   i s   an  a m i n e   or  ammonium  s a l t .  

3.  A  m e t h o d   as  d e f i n e d   in  C l a i m   1  in  w h i c h   the   e l e c t r o -  

d e p o s i t i o n   i s   c a r r i e d   o u t   a t   a  b a t h   v o l t a g e   of   80  V  o r  

h i g h e r   and  a t   a  m e t a l l i c   m a t e r i a l   t r a v e l l i n g   s p e e d   of   10  

-  140  m / m i n .  

4.  A  m e t h o d   as  d e f i n e d   in  C l a i m   1  in  w h i c h   t h e   e l e c t r o -  

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

l u b r i c a t i v e   c o a t i n g   c o n t a i n i n g   a t   l e a s t   3%  by  w e i g h t   o f  

t he   s o l i d   l u b r i c a n t   may  be  o b t a i n e d .  

5.  A  m e t h o d   of   a p p l y i n g   e l e c t r o d e p o s i t i o n   c o a t i n g   o n t o  

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

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

a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n ,   a  s o l i d   l u b r i c a n t   a n d  

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

in  t h a t   t h e   b a t h   t e m p e r a t u r e   i s   no t   l o w e r   t h a n   35°C ,   t h e  

b a t h   v o l t a g e   a p p l i e d   i s   no t   l o w e r   t h a n   60  V,  s a i d   s t e e l  

s h e e t   t r a v e l s   t h r o u g h   t h e   b a t h   a t   a  s p e e d   o f   1 0  -   1 4 0  

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

c o n d i t i o n s   d e f i n e d   by  t he   f o l l o w i n g   e q u a t i o n :  

aB  +  b T  -   c S  >   3 

(a  =  0 . 4 0  -   0 . 7 0 ,   b  =  0 . 5 0  -   1 . 0 0   and  c  =  0 . 0 1 0  -   0 . 0 2 0 )  

w h e r e   "B"  s t a n d s   f o r   t he   w e i g h t   p e r c e n t   of  t h e   s o l i d  



l u b r i c a n t   b a s e d   on  the   s o l i d s   c o n t e n t   of  s a i d  

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

"T"  s t a n d s   f o r   t he   e l e c t r o d e p o s i t i o n   t r e a t i n g  

t i m e   in  s e c o n d s ;   a n d  

"S"  s t a n d s   f o r   t he   t r a v e l l i n g   s p e e d   in  m e t e r s  

p e r   m i n u t e   (m/min)   of   t h e   s t e e l   s h e e t   p a s s i n g   t h r o u g h  

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

w h e r e i n   s a i d   a l k a l i n e - s o l u t i o n   s o l u b l e   r e s i n   c o m p r i s e s   40  

-  95%  by  w e i g h t   of  t he   s o l i d s   c o n t e n t   of   t h e   b a t h   and  i s  

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

of  - 1 0 ° C   to  35°C  and  a  n u m b e r - a v e r a g e   m o l e c u l a r   w e i g h t   o f  

5 , 0 0 0  -   5 0 , 0 0 0 ,   s a i d   c o p o l y m e r   c o m p r i s i n g   5  -   30%  b y  

w e i g h t   of  a c r y l i c   a c i d ,   m e t h a c r y l i c   a c i d   or  a  m i x t u r e  

t h e r e o f   and  7 0  -   95%  by  w e i g h t   of  an  a c r y l a t e   or  m e t h a c r y -  

l a t e   e s t e r   of  a  m o n o v a l e n t   a l i p h a t i c   C l  -   c8  a l c o h o l   or  a  

m i x t u r e   t h e r e o f ,   and  s a i d   s o l i d   l u b r i c a n t   c o m p r i s e s   5  -  

60%  by  w e i g h t   of  t h e   s o l i d s   c o n t e n t   of   t h e   b a t h   and  i s  

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

s i z e   of   f rom  0 .1   to   1 0 µ .  

6.  A  m e t h o d   as  d e f i n e d   in  C l a i m   5,  in  w h i c h   t he   e l e c t r o -  

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

l u b r i c a t i v e   c o a t i n g   c o n t a i n i n g   a t   l e a s t   3%  by  w e i g h t   o f  

the   s o l i d   l u b r i c a n t   may  be  o b t a i n e d .  
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