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<g>  Lubricating  oil  for  plastic  working  and  articles  worked  by  using  tne  same. 

@  A  lubricating  oil  for  plastic  working  contains  a  powder  of 
a  compound  having  a  urea  bond  incorporated  therein.  The 
lubricating  oil  forms  a  thick  lubricating  coating  having  excellent 
thermal  resistance  and  loading  resistance  on  the  f  rictional  sur- 
face  during  working  by  simply  applying  it  on  the  surface  of  a 
material  or  a  mold  and,  therefore,  effectively  prevents  occur- 
rence  of  seizing,  even  in  the  production  of  moldings  having  a 
high  degree  of  working  or  complex  shapes.  The  plastic  worked 
product  has  a  coating  of  the  lubricating  oil  on  its  surface  which 

Q|  provides  an  excellent  anticorrosive  effect  for  steel  stocks. 
^   The  oil  may  also  contain  at  least  one  extreme-pressure  ad- 

ditive  selected  from: 
-̂ 1  (1)  condensed  phosphoric  acid, 
*  ̂ (2)  phosphite  and  phosphate  esters, 
N  (3)  organic  sulfur  compounds,  and 
Q  (4)  organic  chlorine  compounds. 
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'ITLE  OF  THE  INVENTION 

LUBRICATING  OIL  FOR  PLASTIC  WORKING  AND  ARTICLES 

WORKED  BY  USING  THE  SAME 

^ACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  l u b r i c a t i n g   o i l s   f o r  

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

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

in  a  mold   and  p r e s s i n g   i t   w i t h   a  h y d r a u l i c   p r e s s ,   a  

m a c h i n e r y   p r e s s   or  t h e   l i k e .   More  p a r t i c u l a r l y ,   t h e  

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

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

e x t r u s i o n   w o r k i n g   and  c o m p o s i t e   e x t r u s i o n   w o r k i n g   w h i c h  

c a u s e   a  l a r g e   a r e a   of  a  s u r f a c e   to   be  n e w l y   p r o d u c e d ,  

l e a d i n g   to  an  i n c r e a s e   in  t h e   s u r f a c e   a r e a ,   and  a r t i c l e s  

w o r k e d   by  u s i n g   s a i d   o i l s .  

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

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

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

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

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

a p p l i e d   on  a  f r i c t i o n a l   s u r f a c e   and  an  i n c r e a s e   in  t h e  

a r e a   of  a  n e w l y   p r o d u c e d   s u r f a c e .   In  o t h e r   w o r d s ,   m o l d  

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

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

The  use   of  a  l u b r i c a t i n g   o i l   w h i c h   i s   n o t  

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

:he  s e i z i n g   t a k e s   p l a c e   o v e r   a  l a r g e   a r e a ,   w o r k i n g  

> r e s s u r e   i s   i n c r e a s e d   to   c a u s e   a  l o c a l   d a m a g e   to   or  c r a c k  

>f  t h e   m o l d ,   w h i c h   l e a d s   to   n o t   o n l y   a  r e m a r k a b l e  

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

H o l d i n g s   and  f u r t h e r   makes   i t   i m p o s s i b l e   to   c o n d u c t  

f o r k i n g .  

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

s t e e l   s t o c k s   i n c l u d e   a  m i n e r a l ^   s y n t h e t i c   o i l , ,   a  m i x t u r e  

t h e r e o f   ( h e r e i n a f t e r   r e f e r r e d   to   as  " b a s e   o i l " f   or  a  

w a t e r - m i x e d   b a s e   o i l   o b t a i n e d   by  a d d i n g   w a t e r   to   a  b a s e  

o i l ,   e a c h   i n c o r p o r a t i n g   t h e r e i n ,   f o r   e x a m p l e ,   a n  

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

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

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

d i t h i o p h o s p h a t e   (Zn-DTP)  or  a  s o l i d   l u b r i c a n t   s u c h   a s  

g r a p h i t e   or  m o l y b d e n u m   d i s u l f i d e   as  d e s c r i b e d   in   "SEKIYU 

SEIHIN  TENKAZAI  ( a d d i t i v e s   f o r   o i l   p r o d u c t s )   n  ( e d i t e d   b y  

T o s h i o   S a k u r a i ,   p u b l i s h e d   on  May  15,   1973  by  S a i w a i   S h o b o ,  

J a p a n )   .  T h e s e   l u b r i c a t i n g   o i l s   f o r   p l a s t i c   w o r k i n g   c a n  

be  u s e d   f o r   d e e p   draw  w o r k i n g   and  r o l l   w o r k i n g   w h i c h   a r e  

low  in   b o t h   d e g r e e   of  w o r k i n g a n d   d e f o r m a t i o n   of  t h e  

m a t e r i a l .   H o w e v e r ,   t h e   use   of  t h e   l u b r i c a t i n g   o i l s   i n  

w o r k i n g   w h i c h   is   h i g h   in  d e g r e e   of   w o r k i n g   and  b r i n g s  

a b o u t   a  h i g h   t e m p e r a t u r e   and  h i g h   p r e s s u r e   on  t h e   w o r k e d  

s u r f a c e ,   or  w o r k i n g   f o r   c o m p l e x   s h a p e s   c a u s e s   s e i z i n g ,  

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

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

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

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

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

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

s o l u t i o n   o b t a i n e d   by  d i l u t i n g   or  d i s s o l v i n g   a  s y n t h e t i c  

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

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

10  s u b j e c t i n g   t h e   s u r f a c e   of  a  m a t e r i a l   f o r   p l a s t i c   w o r k i n g  

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

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

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

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

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

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

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

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

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

20  t r e a t m e n t s   a r e   e x c e l l e n t   in  p r e v e n t i o n   of   s e i z i n g   a s  

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

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

T h e r e f o r e ,   in  g e n e r a l ,   t he   c h e m i c a l   c o a t i n g   t r e a t m e n t   i s  

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

25  s t o c k s .   H o w e v e r ,   t h e   c h e m i c a l   c o a t i n g   t r e a t m e n t   m e t h o d  

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

s y n t h e t i c   r e s i n   c o a t i n g   or  a  c o m b i n a t i o n   of  p h o s p h a t e  
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c o a t i n g   or  o x a l a t e   c o a t i n g   t r e a t m e n t   w i t h   m e t a l   s o a p  

c o a t i n g   t r e a t m e n t   r e q u i r e   a  s u f f i c i e n t   p r e t r e a t m e n t   and  a  

s t r i c t   p r o c e s s   c o n t r o l .   For  e x a m p l e ,   when  m e t a l   s o a p  

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

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

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

p h o s p h a t e   c o n c e n t r a t i o n   to   fo rm  a  c o a t i n g .   T h e r e a f t e r ,  

t h e   m a t e r i a l   i s   w a s h e d   w i t h   w a t e r ,   n e u t r a l i z e d ,   i m m e r s e d  

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

L0  c o n c e n t r a t i o n   and  t h e n   d r i e d .   In  o t h e r   w o r d s ,   t h e   a b o v e  

m e t h o d   r e q u i r e s   c o m p l i c a t e d   s t e p s .   F u r t h e r ,   when  t h e  

t r e a t i n g   s o l u t i o n s   a r e   d e t e r i o r a t e d ,   t h e r e   a r i s e s  

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

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

15  p r i o r - a r t   m e t h o d s   h a v e   some  a d v a n t a g e s   b u t   i n v o l v e  

p r o b l e m s   more   or  l e s s .  

L u b r i c a t i n g   o i l s   f o r   p l a s t i c   w o r k i n g   a r e   e x t r e m e l y  

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

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

20  c a n   be  c o n d u c t e d   by  s i m p l y   a p p l y i n g   i t   to   a  m a t e r i a l   or  a  

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

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

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

w o r k i n g   w h i c h   i s   c o n d u c t e d   u n d e r   s e v e r e   w o r k i n g  

25  c o n d i t i o n s ,   b e c a u s e   t h e y   a r e   u n s a t i s f a c t o r y   in   f o r m a t i o n  

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

s e i z i n g .  
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In  o r d e r   to  h o l d   a  l a r g e   a m o u n t   of  a  l u b r i c a n t   o n  

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

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

t h e   use   of   h i g h l y   v i s c o u s   l i q u i d   l u b r i c a n t s   or  g r e a s e s  

5  h a v i n g   an  e x c e l l e n t   h e a t   r e s i s t a n c e ,   e . g . ,   g r e a s e s   a s  

d e s c r i b e d   in   U .S .   P a t e n t   Nos .   4 , 0 6 5 , 3 9 5 ,   4 , 1 0 0 . 0 8 1   a n d  

4 , 1 1 3 , 6 4 0 ,   i . e . ,   g r e a s e s   c o n t a i n i n g ,   as  a  t h i c k e n e r ,   a  

d i u r e a   or  a  p o l y u r e a   o b t a i n e d   by  r e a c t i n g   a  m o n o a m i n e   o r  

a  d i a m i n e   w i t h   an  i s o c y a n a t e   in  a  b a s e .   o i l .   When  s u c h  

10  g r e a s e s   a r e   u s e d   f o r   c o l d   f o r g i n g   i n v o l v i n g   a  h i g h   d e g r e e  

of   w o r k i n g ,   a  s e i z i n g   p r e v e n t i n g   a b i l i t y   t h e r e o f   i s  

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

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

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

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

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

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

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

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

20  d e f o r m a t i o n   as  w e l l   as  a  l a r g e   a r e a   of  a  new  s u r f a c e   a n d  

to   a p p l y   a  h i g h   p r e s s u r e   on  t h e   s u r f a c e .   On  t h e   o t h e r  

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

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

much  l a b o r   and  c o s t   b e c a u s e   of  o c c u r r e n c e   of  a  number   o f  

25  a c c o m p a n y i n g   o p e r a t i o n s   s u c h   as  w a s t e   w a t e r   d i s p o s a l .  
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SUMMARY  OF  THE  INVENTION 

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   i s   to   p r o v i d e   a  

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

any  c h e m i c a l   c o a t i n g   t r e a t m e n t ,   b u t   r e q u i r e s   s i m p l y   to   b e  

5  f e d   to   t h e   s u r f a c e   of   a  m a t e r i a l   or  a  mo ld   a c c o r d i n g   t o  

t h e   c u s t o m a r y   m e t h o d   by  m a k i n g   use   of   an  a d v a n t a g e   o f  

l u b r i c a t i n g   o i l s   and  e x h i b i t s   a  s e i z i n g   r e s i s t a n c e   which  may  b e  

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

c o a t i n g   t r e a t m e n t .  

L0  C o n v e n t i o n a l   l u b r i c a t i n g   o i l s   of   t h i s   k i n d   c o m p r i s e  

a  m i n e r a l   o i l   or  a  s y n t h e t i c   o i l   as  a  b a s e   o i l   a n d ,  

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

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

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

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

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

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

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

c o a t i n g   w h i c h   e a s i l y   l e a d s   to   s e i z i n g   as  c o m p a r e d   w i t h  

20  c h e m i c a l   c o a t i n g   and  s y n t h e t i c   r e s i n   c o a t i n g .   The  p r e s e n t  

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

The  p r e s e n t   i n v e n t o r s   h a v e   made  e x t e n s i v e   a n d  

i n t e n s i v e   s t u d i e s   to   a t t a i n   t h e   a b o v e - m e n t i o n e d   o b j e c t .  

As  a  r e s u l t ,   t h e   p r e s e n t   i n v e n t o r s   h a v e   f o u n d   t h a t   a  

25  l i q u i d   l u b r i c a t i n g   o i l   c o m p r i s i n g   a  b a s e   o i l   and  a  

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

" u r e a   l u b r i c a n t " )   i n c o r p o r a t e d   t h e r e i n   e x h i b i t s   a  
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r e m a r k a b l y   i m p r o v e d   r e s i s t a n c e   to  s e i z i n g   and  m a k e s   i t  

p o s s i b l e   to   o b t a i n   h i g h l y   w o r k e d   m o l d i n g s   and  m o l d i n g s  

h a v i n g   c o m p l e x   s h a p e s   by  means   of  c o l d   f o r g i n g   by  m e r e l y  

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

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

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

l u b r i c a t i n g   o i l   ( h e r e i n a f t e r   r e f e r r e d   to   as  " b a s e   o i l " )  

a n d ,   i n c o r p o r a t e d   t h e r e i n ,   a  c o m p o n e n t   A  C o m p r i s i n g   a  

corpound  having  a  urea  bond  and  o p t i o n a l l y   a  component  B  o o n p r i s i n g  

LO  a t   l e a s t   one   member   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

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

c h l o r i n e   ( h e r e i n a f t e r   r e f e r r e d   to  as  " p h o s p h o r u s - ,   s u l f u r -   or  c h l o r i n e -  

based  e x t r e m e - p r e s s u r e   a d d i t i v e " )   and  condensed  p h o s p h o r i c   a c i d .   The  

i n v e n t i o n   a l s o   p r o v i d e s   a  p l a s t i c   working  method  us ing   such  a  l u b r i c a t i n g   o i l .  

15  The  l u b r i c a t i n g   o i l   f o r   p l a s t i c   w o r k i n g   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   f o r m s   a  t h i c k   l u b r i c a t i n g   c o a t i n g  

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

r e s i s t a n c e   b e t w e e n   a  m a t e r i a l   and  a  mold   by  s i m p l y  

a p p l y i n g   i t   on  t h e   s u r f a c e   of  a  m a t e r i a l   or  a  mold   by  a  

20  c u s t o m a r y   m e t h o d   s u c h   as  s p r a y i n g ,   b r u s h i n g   or  d r o p p i n g  

a n d ,   t h e r e f o r e ,   e x h i b i t s   a  r e m a r k a b l y   i m p r o v e d   r e s i s t a n c e  

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

h a v i n g   a  h i g h   d e g r e e   of  w o r k i n g   or  c o m p l e x   s h a p e s .  

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

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

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

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



o  -  

n  an  i n e r t   o r g a n i c   s o l v e n t ,   e . g . ,   t u x u c u c .   - ^ " " ' r - —   —  

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

e n t y l a m i n e ,   h e x y l a m i n e ,   h e p t y l a m i n e ,   o c t y l a m i n e ,  

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

i c t a d e c y l a m i n e ,   e i c o s y l a m i n e ,   d o d e c i n y l a m i n e ,  

l e x a d e c i n y l a m i n e ,   o c t a d e c i n y l a m i n e ,   o c t a d e c a n y l a m i n e   ,  

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

; u m y l a m i n e ,   b o r n y l a m i n e ,   b u t y l a m i n e ,   b e n z y l a m i n e ,  

j h e n e t h y l a m i n e ,   l a u r y l a m i n e ,   p a l m i t y l a m i n e ,   m e t h y l a m i n e ,  

L s o a m y l a m i n e ,   c y c l o h e x y l a m i n e ,   and  2 - m e t h y l - 6 -  

s t h y l a n i l i n e .   E x a m p l e s   of  d i a m i n e s   w h i c h   may  be  u s e d   i n  

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

b u t a n e d i a m i n e ,   h e x a n e d i a m i n e ,   d o d e c a n e d i a m i n e ,  

o c t a n e d i   a m i n e ,   h e x a d e c a n e d i   a m i n e ,   c y c l o h e x a n e d i a m i n e ,  

c y c l o o c t a n e d i a m i n e ,   p h e n y l e n e d i a m i n e ,   t o l y l e n e d i a m i n e ,  

x y l y l e n e d i a m i n e ,   d i a n i l i n o m e t h a n e ,   d i t o l u i d i n o m e t h a n e ,  

b i s a n i l i n e ,   b i s t o l u i d i n e ,   d i a m i n o h e p t a n e ,   d i a m i n o n o n a n e ,  

d i a m i n o d e c a n e ,   d i a m i n o p e n t a n e ,   b e n z i d i n e ,  

d i a m i n o d i p h e n y l m e t h a n e   and  m e t h y l e n e b i s   ( 2 - c h l o r o a n i l i n e )   . 

E x a m p l e s   of  t r i a m i n e s   w h i c h   may  be  u s e d   in   t h e   r e a c t i o n  

i n c l u d e   d i e t h y l e n e t r i   a m i n e ,   d i p r o p y l e n e t r i a m i n e   and  N -  

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

w h i c h   may  be  u s e d   in   t h e   r e a c t i o n   i n c l u d e  

t r i e t h y l e n e t r i a m i n e ,   t e t r a e t h y l e n e p e n t a a m i n e   a n d  

p e n t a e t h y l e n e h e x a a m i n e .   E x a m p l e s   of  m o n o i s o c y a n a t e s   w h i c h  

may  be  u s e d   in   t h e   r e a c t i o n   i n c l u d e   h e x y l   i s o c y a n a t e ,  

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

c y c l o h e x y l   i s o c y a n a t e ,   t o l y l   i s o c y a n a t e ,   x y l y l i s o c y a n a t e ,  

c u m e n y l   i s o c y a n a t e ,   c y c l o o c t y l   i s o c y a n a t e ,   b u t y l  

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

5  i s o c y a n a t e ,   c h l o r o e t h y l   i s o c y a n a t e ,   c h l o r o p h e n y l  

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

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

t o l y l i s o c y a n a t e .   E x a m p l e s   of  d i i s o c y a n a t e s   w h i c h   may  b e  

u s e d   in  t h e   r e a c t i o n   i n c l u d e   x y l y l e n e   d i i s o c y a n a t e ,  

10  h e x y l e n e   d i i s o c y a n a t e ,   d e c y l e n e   d i i s o c y a n a t e ,   o c t a d e c y l e n e  

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

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

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

p o l y m e t h y l e n e p o l y p h e n y l   i s o c y a n a t e   . 

15  The  r e a c t i o n   p r o d u c t   o b t a i n e d   by  r e a c t i n g   t h e   a b o v e -  

m e n t i o n e d   raw  m a t e r i a l s   in  an  o r g a n i c   s o l v e n t   i s   f i l t e r e d ,  

d r i e d   and  p u l v e r i z e d   to   o b t a i n   a  u r e a   l u b r i c a n t   p o w d e r .   • 

The  p a r t i c l e   d i a m e t e r   of  t h e   powder   may  a r b i t r a r i l y   b e  

s e l e c t 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   w o r k i n g   c o n d i t i o n s ,  

20  d i s p e r s i o n   s t a b i l i t y   of  t h e   p o w d e r ,   e t c . ,   and  i s   g e n e r a l l y  

in  t h e   r a n g e   of  0 .5   to  500um.   In  t h e   c a s e   of  b a c k w a r d  

e x t r u s i o n   w o r k i n g ,   c o m p o s i t e   e x t r u s i o n   w o r k i n g   o r  

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

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

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

35  to   5 0 0 u m .  
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When  a  f u r t h e r   i m p r o v e m e n t   in  l u b r i c i t y   or  t n e   u r e a  

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

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

i . g . ,   a  s y n t h e t i c   wax  may  a l s o   be  u s e d .  

E x a m p l e s   of   p h o s p h o r u s -   b a s e d   e x t r e m e - p r e s s u r e  

i d d i t i v e   w h i c h   i s   one  of  t h e   c o m p o n e n t   B  i n c u d e  

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

p h o s p h i t e ,   t r i s   ( n o n y l p h e n y l )   p h o s p h i t e ,   t r i i s o o c t y l  

p h o s p h i t e ,   d i p h e n y l   i s o d e c y l   p h o s p h i t e ,   p h e n y l   d i i s o d e c y l  

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

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

as  d i - 2 - e t h y l h e x y l   h y d r o g e n   p h o s p h i t e ,   d i l a u r y l   h y d r o g e n  

p h o s p h i t e   and  d i o l e y l   h y d r o g e n   p h o s p h i t e   and  p h o s p h a t e s  

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

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

t r i l a u r y l   p h o s p h a t e ,   t r i s t e a r y l   p h o s p h a t e ,   t r i o l e y l  

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

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

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

p h o s p h a t e ,   2 - e t h y l h e x y l   a c i d   p h o s p h a t e ,   l a u r y l   a c i d  

p h o s p h a t e ,   s t e a r y l   a c i d   p h o s p h a t e   and  o l e y l   a c i d  

p h o s p h a t e .   E x a m p l e s   of  s u l f u r - b a s e d   e x t r e m e - p r e s s u r e  

a d d i t i v e w h i c h   i s   one  of  t h e   c o m p o n e n t   B  i n c l u d e   s u l f u r   i z e d  

f a t   and  o i l ,   d i b e n z y l   s u l f i d e   d i s u l f i d e ,   p o l y s u l f i d e ,   d i -  

t e r t - b u t y l   s u l f i d e ,   d i - n - b u t y l   d i s u l f i d e   a n d  

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

e x t r e m e - p r e s s u r e   a d d i t i v e   w h i c h   is   one  of  t h e   c o m p o n e n t   B 
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i n c u d e   c h l o r i n a t e d   p a r a f f i n ,   c h l o r i n a t e d   f a t   and  o i l   a n d  

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

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

p y r o p h o s p h o r i c   a c i d   and  p o l y p h o s p h o r   ic  a c i d .  

5  E x a m p l e s   of  t h e   b a s e   o i l   to   w h i c h   t h e   c o m p o n e n t s   A 

and  B  a r e   a d d e d   i n c l u d e   m i n e r a l   o i l ,   d i b a s i c   a c i d   d i e s t e r  

o i l ,   n e o p e n t y l   p o l y o l   e s t e r   o i l ,   a - o l e f i n   o i l ,   f l u o r o  

e s t e r ,   s i l i c a t e   e s t e r   o i l ,   p o l y g l y c o l   o i l ,   s i l i c o n e   o i l ,  

p o l y p h e n y l   e t h e r   o i l   and  p o l y b u t e n e   o i l .   The  p r o p e r t i e s  

10  of  t he   a b o v e - m n t i o n e d   b a s e   o i l s   may  p r o p e r l y   be  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   w o r k i n g   c o n d i t i o n s   and  o p e r a t i n g  

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

b a s e   o i l   i s   in  t h e   r a n g e   of  a b o u t   10  to   500  c S t   a t   4 0 ° C .  

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

15  c o a t e d   u r e a   l u b r i c a n t   p o w d e r   to   be  i n c o r p o r a t e d   s h o u l d  

p r o p e r l y   be  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   t h e  

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

c o n d i t i o n s ,   s a i d   a m o u n t   is   1  to   25  wt%  in  t h e   c a s e   o f  

o r d i n a r y   e x t r u s i o n   w o r k i n g .   H o w e v e r ,   a  p r e f e r r e d   a m o u n t  

20  of   i n c o r p o r a t i o n   in  t h e   c a s e   of  b a c k w a r d   e x t r u s i o n   w o r k i n g  

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

a r e a   of  a  new  b o r n   s u r f a c e   ( n a s c e n t   s u r f a c e )   a n d ,  

t h e r e f o r e ,   b r i n g s   a b o u t   an  i n c r e a s e   in   t h e   s u r f a c e   a r e a  

i s   1 .5   to   25  wt%.  T h e r e f o r e ,   t h e   a m o u n t   of  t h e   c o m p o n e n t  

25  A  to   be  i n c o r p o r a t e d   in  t h e   b a s e   o i l   may  p r o p e r l y   b 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   t h e   k i n d   of  m a t e r i a l ,  

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

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

r a n g e   of  1 . 5   to   25  w t % .  

When  t h e   a m o u n t   of   t h e   c o m p o n e n t   A  is   b e l o w   t h e  

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

is   s m a l l ,   l e a d i n g   to   s e i z i n g .   On  t h e   o t h e r   h a n d ,   e v e n   i f  

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

a  c e r t a i n   l i m i t   c a n n o t   be  a t t a i n e d .   T h e r e f o r e ,   i t   i s  

p r e f e r r e d   t h a t   t h e   c o m p o n e n t   A  be  u s e d   in  an  a m o u n t   i n  

t h e   a b o v e - m e n t i o n e d   r a n g e .  

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

o i l   i s   in   p o w d e r y   f o r m ,   and  t h e   d i a m e t e r   of   t h e   p o w d e r  

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

d i s p e r s i o n   s t a b i l i t y ,   e t c .   In  t h e   c a s e   of  o r d i n a r y  

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

0 . 5   to   500um  i s   u s e d .   H o w e v e r ,   a  p r e f e r r e d   p a r t i c l e  

d i a m e t e r   of  t h e   p o w d e r   u s e d   in  b a c k w a r d   e x t r u s i o n   w o r k i n g  

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

a r e a   of  a  new  b o r n   s u r f a c e   a n d ,   t h e r e f o r e ,   b r i n g s   a b o u t  

an  i n c r e a s e   in   t h e   s u r f a c e   a r e a   i s   35  to   500um.   I n  

g e n e r a l ,   i t   i s   p r e f e r r e d   t h a t   t h e   l a r g e r   t h e   i n c r a s e   i n  

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

d i a m e t e r   of   t h e   p o w d e r   to   be  i n c o r p o r a t e d .  

The  u r e a   l u b r i c a n t   or  c o a t e d   u r e a   l u b r i c a n t   is   u s e d  

in   t h e   f o r m   of   a  d i s p e r s i o n   in  t h e   a b o v e - m e n t i o n e d   b a s e  

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

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

c o p o l y m e r   and  p o l y i s o b u t y l e n e .   A n o t h e r   m e t h o d   f o r  

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

5  g r a v i t y   of  t h e   b a s e   o i l   to   t h a t   of  t h e   u r e a   l u b r i c a n t .  

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

p r e s e n t   i n v e n t i o n   may  c o n t a i n   known  o r g a n i c   e x t r e m e -  

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

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

10  The  l u b r i c a t i n g   o i l   f o r   p l a s t i c   w o r k i n g   of   t h e  

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

of   a  m a t e r i a l   f o r   p l a s t i c   w o r k i n g   or  a  mold   by  k n o w n  

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

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

15  The  a r t i c l e   p r o d u c e d   by  p l a s t i c   w o r k i n g   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   has   a  c o a t i n g   on  i t s   s u r f a c e   a n d ,  

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

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

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

20  w o r k i n g .  

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

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

t h e   p r e s e n t   i n v e n t i o n ,   some  d e s c r i p t i o n   w i l l   be  g i v e n   o n  

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

25  w o r k i n g ,   r o l l   w o r k i n g ,   e t c .   Wi th   r e s p e c t   to   t h e  

l u b r i c a t i o n   m e c h a n i s m ,   r e f e r e n c e   may  be  made  to   M i t s u g u  

T o k i z a w a ,   L u b r i c a t i o n   in  t h e   P l a s t i c   W o r k i n g   of   M e t a l s  
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"JUNKATSUtt,  V o l .   18,   No.  3,  (1973)   pp.   L<31  -  zuxj   a n a  

a s u o   K a s u g a ,   L u b r i c a t i o n   M e c h a n i s m   in  P l a s t i c   W o r k i n g  

;"SOSEI  TO  KAKO",  V o l .   9,  No.  87 ,   (1968)   pp.   202  -  2 1 4 ) .  

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

L u b r i c a n t   w h i c h   h a s   b e e n   b r o u g h t   i n t o   t h e   s p a c e   b e t w e e n  

:he  f a c e   of   a  m a t e r i a l   ad  a  f a c e   of  a  mold   i s   c o n f i n e d   i n  

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

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

3 e f o r m a t i o n ,   t h e   p r o t r u d e d   p o r t i o n s   on  t h e   s u r f a c e   a r e  

p r e s s e d   down  to   c a u s e   t h e   l i q u i d   l u b r i c a n t   r e m a i n i n g   i n  

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

w h i c h   c a u s e s   t h e   d i s c h a r g e d   l u b r i c a n t   to   be  f ed   to   t h e  

f l a t   f a c e   f o r m e d   by  p r e s s i n g   to   fo rm  a  t h i n   o i l   c o a t i n g .  

When  t h e   l i q u i d   l u b r i c a n t   c o n t a i n s   a  p h o s p h o r u s - ,  

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

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

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

d e f o r m a t i o n ,   w h i c h   c o n t r i b u t e s *   to   p r e v e n t i o n   of  s e i z i n g .   • 

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

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

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

s u r f a c e   a r e a ,   t h e   f o r m a t i o n   of   an  e x t r e m e - p r e s s u r e   c o a t i n g  

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

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

o c c u r r e n c e   of   s e i z i n g .  

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

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

t h e   same  as  t h a t   d e s c r i b e d   a b o v e .   H o w e v e r ,   in  t h e   c a s e  

of   t h e   l i q u i d   l u b r i c a n t   of  the   p r e s e n t   i n v e n t i o n ,   t h e  

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

5  o i l   in   t h e   r e c e s s e d   p o r t i o n s   p r e s e n t   on  t h e   s u r f a c e   o f  

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

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

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

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

10  o i l   or  r o l l e d   and  f e d   to   t h e   f r i c t i o n a l   s u r f a c e s   in  t h e  

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

of   d e f o r m a t i o n   of  t h e   m a t e r i a l .   A  t h i c k   l u b r i c a t i n g  

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

d i r e c t   c o n t a c t   of  t h e   m a t e r i a l   w i t h   a  m o l d .   A  c o a t e d  

15  u r e a   l u b r i c a n t   f o r   i m p r o v i n g   t he   l u b r i c i t y   of  t h e   u r e a  

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

When  t h e   u r e a   l u b r i c a n t   and  c o a t e d   u r e a   l u b r i c a n t  

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

r a n g e   or  s m a l l   in  p a r t i c l e   d i a m e t e r ,   any  s a t i s f a c t o r y  

20  l u b r i c a t i n g   c o a t i n g   c a n n o t   be  f o r m e d .   On  t h e   o t h e r   h a n d ,  

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

an  i n c r e a s e   in  t h e   v i s c o s i t y ,   w h i c h   n o t   o n l y   c a u s e s  

l o w e r i n g   in   a p p l i c a b i l i t y   on  t he   s u r f a c e   of  a  m e t a l   s t o c k  

and  a  m o l d ,   b u t   a l s o   g i v e s   no  f u r t h e r   i m p r o v e d   e f f e c t .  

25  T h e r e f o r e ,   i t   i s   p r e f e r r e d   t h a t   t h e   a m o u n t s   of  t h e   u r e a  

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

i n c o r p o r a t e d   be  in  t h e   a b o v e - m e n t i o n e d   r a n g e .  
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RIEF  DESCRIPTION  Vt  u t u w i . n \ * o  

F IG .   1  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n  

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

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

r o r k i n g ;  

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

:he  p a r t i c l e   d i a m e t e r   of   a  d i u r e a   p o w d e r   and  the   m a x i m u m  

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

f o r k i n g ;  

F IG.   3  i s   a  g r a p h   s h o w i n g   t h e   a m o u n t   of  a  d i u r e a "  

powder   i n c o r p o r a t e d   and  t h e   maximum  a l l o w a b l e   w o r k i n g  

t e m p e r a t u r e   in   a  f o r w a r d   e x t r u s i o n   w o r k i n g   and  a  b a c k w a r d  

e x t r u s i o n   w o r k i n g ;  

F IG.   4  i s   an  i l l u s t r a t i v e   v i e w   of  a  f o r w a r d   e x t r u s i o n  

w o r k i n g   m e t h o d ,   in  w h i c h   F IG.   4 ( a )   i s   a  c r o s s - s e c t i o n a l  

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

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

F I G .   4 ( b )   i s   a  c r o s s - s e c t i o n a l   v i e w   i l l u s t r a t i n g   a  s t a t e  

i n   w h i c h   a  p u n c h   h a s   b e e n   p r e s s e d   down  to   e x t r u d e   t h e  

w o r k p i e c e   f r o m   t h e   m o l d ;  

F IG.   5  i s   an  i l l u s t r a t i v e   v i e w   of  a  b a c k w a r d  

e x t r u s i o n   w o r k i n g   m e t h o d ,   in   w h i c h   FIG.   5 ( a )   i s   a  c r o s s -  

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

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

mo ld   and  F IG.   5 (b )   i s   a  c r o s s - s e c t i o n a l   v i e w   i l l u s t r a t i n g  

a  s t a t e   in   w h i c h   a  p u n c h   has   b e e n   p r e s s e d   down  fo r   w o r k i n g  

o f   t h e   w o r k p i e c e ;  
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F i g .   6  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew  or  a  

w o r k p i e c e   u s e d   f o r   f o r g i n g ;  

FIG.  7  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   of   a  c y l i n d e r  

f o r   a  v i d e o   t a p e   r e c o r d e r   p r o d u c e d   by  f o r g i n g ;  

i  FIG.  8  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew   of   a  

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

f o r g i n g ;   a n d  

FIG.  9  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   of  a  p i n i o n  

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

EXAMPLES 

The  e x a m p l e s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

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

L5  i n v e n t i o n   s h o u l d   n o t   be  c o n s t r u e d   to  be  l i m i t e d   to   t h e s e  

e x a m p l e s .  

F i r s t ,   some  d e s c r i p t i o n   w i l l   be  g i v e n   w i t h   r e s p e c t  

to   c r i t e r i a   f o r   e v a l u a t i n g   w o r k i n g   p e r f o r m a n c e .  

W o r k i n g   p e r f o r m a n c e   of  l i q u i d   l u b r i c a n t s   w a s  

20  e v a l u a t e d   by  t h e   f o r w a r d   e x t r u s i o n   w o r k i n g   m e t h o d   as  s h o w n  

in  FIG.  4  and  t h e   b a c k w a r d   e x t r u s i o n   w o r k i n g   m e t h o d   a s  

shown  in  FIG.   5.  S p e c i f i c a l l y ,   a  mold   3  was  e q u i p p e d  

w i t h   a  band   h e a t e r   4.  The  t e m p e r a t u r e   of  t h e   mold   3  w a s  

s t e p w i s e   r a i s e d   by  5  to   10°C  a  t i m e .   At  e a c h   t e m p e r a t u r e ,  

25  a  m a t e r i a l   2  c o a t e d   w i t h   a  l i q u i d   l u b r i c a n t   was  i n s e r t e d  

i n t o   t he   mold   3,  and  10  to  15  p i e c e s   of  t h e   m a t e r i a l   w e r e  

w o r k e d   a t   t h e   same  t e m p e r a t u r e   at   a  p r e s s - d o w n   r a t e   of   a  
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inch   1  of   8  mm/s  to   d e t e r m i n e   a  muxu  l ^ . u ^ ^   —  

ae  m a t e r i a l   c o u l d   be  w o r k e d   w i t h o u t   c a u s i n g   any  s e i z i n g  

maximum  a l l o w a b l e   w o r k i n g   t e m p e r a t u r e )   .  The  h i g h e r   t h e  

ax imum  a l l o w a b l e   w o r k i n g   t e m p e r a t u r e ,   t h e   more   e x c e l l e n t  

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

u b r i c a t i n g   c o a t i n g .  

..  W o r k i n g   C o n d i t i o n s :  

. .1  F o r w a r d   E x t r u s i o n   W o r k i n g   M e t h o d  

;a)  M a t e r i a l   and  D i m e n s i o n s  

o u t s i d e   d i a .   l e n g t h   s u r f a c e   r o u g h n e s s  
m a t e r   x a l   (mm)  (mm)  (um) 

SCM415  9 .9   30  Ra  1 . 5  

b)  P r i n c i p a l   u i m e n s i o n t i   yi .  

l a n d   i n s i d e   e x t r u s i o n   d r a w i n g   d e g r e e   o f  

m a t e r i a l   d i a .   a n g l e   d i a   w o r k i n g  

(mm)  (°)  W   (%) 

h a r d   1Q  120  5  7 5  
m e t a l   V,. 

. .2   B a c k w a r d   e x t r u s i o n   « o i M u y  

[a)  M a t e r i a l   and  D i m e n s i o n s  

o u t s i d e   d i a .   l e n g t h   s u r f a c e   r o u g h n e s s  
m a t e r i a l   (mm)  (mm)  (vm) 

SCM415  20  30  Ra  2 . 0  

;b)  P r i n c i p a l   D i m e n s i o n s   ui .  

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

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

(mm)  (mm)  (mm) 

h a r d   20  1'  1 6 . 1   48  64  
m e t a l   V5 



-  19  -  
0 2 3 6 0 2 2  

EXAMPLE  1 

60  g  ( 0 . 2 8 3   mol)  of  o - t o l i d i n e   was  a d d e d   to   600  m l  

of   d r i e d   t o l u e n e ,   and  t he   m i x t u r e   was  h e a t e d   a t   110  t o  

115°C   to   d i s s o l v e   t h e   o - t o l i d i n e   in  t h e   t o l u e n e .   To  t h e  

5  r e s u l t i n g   s o l u t i o n   was  d r o p w i s e   a d d e d   6 7 . 3   g  ( 0 . 5 6 5   m o l )  

of   p h e n y l   i s o c y a n a t e   at   106  °C  o v e r   15  m i n .   The  m i x t u r e  

was  s t i r r e d   a t   110  to  113°C  f o r   4  h r ,   a l l o w e d   to   c o o l   a t  

room  t e m p e r a t u r e ,   f i l t e r e d   and  d r i e d   to   o b t a i n   1 1 7 . 8   g  o f  

a  w h i t e   c r y s t a l l i n e   d i u r e a   [ 4 , 4 ' - ( 3 , 3 ' -  

10  d i m e t h y l d i p h e n y l e n e )   - d i p h e n y l u r e a ]   .  The  d i u r e a   t h u s  

o b t a i n e d   was  p u l v e r i z e d   and  c l a s s i f i e d   to   o b t a i n   a  d i u r e a  

p o w d e r   h a v i n g   a  p a r t i c l e   d i a m e t e r   of  63  to   88um.  10%  b y  

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

o i l   ( v i s c o s i t y   a t   40°C:   150  mm2/s)   a t   o r d i n a r y  

15  t e m p e r a t u r e ,   and  t h e   m i x t u r e   was  s t i r r e d   a t   130  rpm  f o r  

10  min  to   o b t a i n   a  l i q u i d   l u b r i c a n t   of  t h e   p r e s e n t  

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

o i l .   The  r e s u l t s   of  e v a l u a t i o n   on  w o r k i n g   p e r f o r m a n c e   o f  

t h e   l i q u i d   l u b r i c a n t   t h u s   o b t a i n e d   a r e   shown  in  T a b l e   1 .  

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

shown  b e l o w .  

COMPARATIVE  EXAMPLE  1  ( c o m m e r c i a l l y   a v a i l a b l e   p r o c e s s i n g  

o i l )  

25  b a s e   o i l :   m i n e r a l   o i l   t h e   r e m a i n d e r   ( a m o u n t )  

e x t r e m e - p r e s s u r e   a d d i t i v e :   a  f a t t y   a c i d   c o n t e n t   of  4 3  

wt%,  a  c h l o r i n e   c o n t e n t   of  12  wt%,  and  a  s u l f u r   c o n t e n t  

o f   6  w t % .  
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3MPARATIVE  EXAMPLE  2  ( u r e a   g r e a s e   o o t a m c u   uX  ^ ^ v . . ^  

mine   w i t h   i s o c y a n a t e   in  a  b a s e   o i l )  

a s e   o i l :   m i n e r a l   o i l   (88  wt%) 

h i c k n e r :   d i u r e a   (10  wt%) 

d d i t i v e :   a n t i o x i d a n t   (2  wt%) 

'he  a b o v e   g r e a s e   is   in  t he   fo rm  of  s e m i - s o l i d   to   s o l i d  

> b t a i n e d   by  a g g l o m e r a t i o n   of  t h e   f i n e l y   d i v i d e d   p o w d e r  

: h i c k e n e r   in   a  c o l l o i d a l   f o r m .  

2XAMPLE  2 

9 0 . 8   g  ( 0 . 8 4   mol)  of  p - p h e n y l e n e d i a m i n e   was  a d d e d   t o  

L400  ml  of   d r i e d   t o l u e n e .   To  t h e   r e s u l t i n g   m i x t u r e   w a s  

d r o p w i s e   a d d e d   200  g  ( 1 .68   mol)  of  p h e n y l   i s o c y a n a t e   a t  

100  t o l l 0 ° C   o v e r   1  h r .   The  m i x t u r e   was  s t i r r e d   a t   110  t o  

1 1 2 ° C   f o r   4  h r ,   a l l o w e d   to   c o o l   a t   room  t e m p e r a t u r e ,  

f i l t e r e d   and  d r i e d   to   o b t a i n   2 8 3 . 8   g  of   a  w h i t e  

c r y s t a l l i n e   d i u r e a   [ p - p h e n y l e n e d i p h e n y l u r e a ]   .  The  d i u r e a  

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

d i u r e a   p o w d e r   h a v i n g   a  p a r t i c l e   d i a m e t e r   of   63  to   88  m.  

10%  by  w e i g h t   of   t h e   d i u r e a   p o w d e r   was  i n c o r p o r a t e d   in   a  

m i n e r a l   o i l   ( v i s c o s i t y   a t   40°C:   150  mm2/s  ( c S t )   )  a t  

o r d i n a r y   t e m p e r a t u r e ,   and  t h e   m i x t u r e   was  s t i r r e d   a t   1 3 0  

rpm  f o r   10  min   to   o b t a i n   a  l i q u i d   l u b r i c a t   of   t h e   p r e s e n t  

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

o i l .   The  r e s u l t s   of  e v a l u a t i o n   on  w o r k i n g   p e r f o r m a n c e   o f  

t h e   l i q u i d   l u b r i c a n t   t h u s   o b t a i n e d   a r e   shown  in  T a b l e   1 .  
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EXAMPLE  3 

13 .9   g  ( 0 . 0 8 0   mol)   of  t o l y l e n e   d i i s o c y a n a t e   w a s  

d i s s o l v e d   in  d r i e d   t o l u e n e   a t   25  to   33°C .   To  t h e   r e s u l t i g  

s o l u t i o n   was  d r o p w i s e   a d d e d   2 0 . 5   g  ( 0 . 1 6   mol)   of  p -  

5  c h l o r o a n i l i n e .   The  m i x t u r e   was  s t i r r e d   a t   110°C  f o r   5 

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

d r i e d   to   o b t a i n   3 3 . 6   g  of  a  w h i t e   c r y s t a l l i n e   d i u r e a   [ 1 -  

m e t h y   1 - 2 ,   4 - b i s   ( 4 - c h l o r o p h e n y l u r e i d o )   b e n z e n e ]   .  The  d i u r e a  

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

10  d i u r e a   p o w d e r   h a v i n g   a  p a r t i c l e   d i a m e t e r   of  63  to  88  m.  

10%  by  w e i g h t   of  t h e   u r e a   p o w d e r   was  i n c o r p o r a t e d   in  a  

m i n e r a l   o i l   ( v i s c o s i t y   a t   40°C:   150  mm2/s)   a t   o r d i n a r y  

t e m p e r a t u r e ,   and  t h e   m i x t u r e   was  s t i r r e d   a t   300  rpm  f o r  

10  min  to   o b t a i n   a  l i q u i d   l u b r i c a n t   of   t h e   p r e s e n t  

15  i n v e n t i o n   c o m p r i s i n g   a  d i u r e a   powder   d i s p e r s e d   in  t h e  

o i l .   The  r e s u l t s   of  e v a l u a t i o n   on  w o r k i n g   p e r f o r m a n c e   o f  

t h e   l i q u i d   l u b r i c a n t   t h u s   o b t a i n e d   a r e   shown  in  T a b l e   1 .  

EXAMPLE  4 

20  1 7 . 4   g  ( 0 . 1   mol)   of  t o l y l e n e   d i i s o c y a n a t e   w a s  

d i s s o l v e d   in  180  ml  of  d r i e d   t o l u e n e .   To  t h e   r e s u l t i n g  

s o l u t i o n   was  d r o p w i s e   a d d e d   18 .6   g  ( 0 . 2 0   mol)   of  a n i l i n e  

a t   27  to   34°C  w h i l e   s t i r r i n g .   The  m i x t u r e   was  s t i r r e d   a t  

75  to  80  °C  f o r   5  h r ,   a l l o w e d   to  c o o l   a t   room  t e m p e r a t u r e ,  

25  f i l t e r e d   and  d r i e d   to   o b t a i n   3 5 . 5   g  of  a  w h i t e   c r y s t a l l i n e  

d i u r e a   [ l - m e t h y l - 2 , 4 - d i p h e n y l u r e i d o b e n z e n e ]   .  The  d i u r e a  

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



d i u r e a   p o w d e r   h a v i n g   a  p a r t i c l e   d i a m e t e r   ot   uj   w   0 0 k i u .  

10%  by  w e i g h t   of  t h e   u r e a   p o w d e r   was  i n c o r p o r a t e d   in  a  

m i n e r a l   o i l   ( v i s c o s i t y   a t   40°C:   150  m m V s )   a t   o r d i n a r y  

t e m p e r a t u r e ,   and  t h e   m i x t u r e   was  s t i r r e d   a t   130  rpm  f o r  

5  10  min  to   o b t a i n   a  l i q u i d   l u b r i c a n t   of   t h e   p r e s e n t  

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

o i l .   The  r e s u l t s   of  e v a l u a t i o n   on  w o r k i n g   p e r f o r m a n c e   o f  

t h e   l i q u i d   l u b r i c a n t   t h u s   o b t a i n e d   a r e   shown  in  T a b l e   1 .  

.0  EXAMPLE  5 

3  g  ( 0 . 0 5   mol)   of   e t h y l e n e d i a m i n e   and  26  g  ( 0 . 1 0  

mol )   of   o l e y l a m i n e   w e r e   a d d e d   to  200  ml  of   d r i e d   t o l u e n e  

o f   60  to   7 5 ° C .   50  ml  of  d r i e d   t o l u e n e   c o n t a i n i n g   1 7 . 4   g  

( 0 . 1 0   mol)   o f   t o l y l e n e   d i i s o c y a n a t e   d i s s o l v e d   t h e r e i n   w a s  

L5  d r o p w i s e   a d d e d   to   t h e   a b o v e - p r e p a r e d   a m i n e   s o l u t i o n   w h i l e  

s t i r r i n g   o v e r   1  h r .   S u b s e q u e n t l y ,   t h e   m i x t u r e   was  h e a t e d  

a t   110  °C  f o r   5  hr  to   o b t a i n   a  p r i n t - l i k e   r e a c t i o n   p r o d u c t .  

The  r e a c t i o n   p r o d u c t   was  vacuum  d r i e d   to   o b t a i n   4 0 . 2   g  o f  

a  l i g h t   y e l l o w   c r y s t a l l i n e   p o l y u r e a   [ 1 , 2 - e t h y l e n e b i s   ( 2 -  

20  m e t h y   1 - 5 '   - o c t a d e c y l u r e i d o p h e n y l )   u r e a ]   .  The  p o l y u r e a   t h u s  

o b t a i n e d   was  p u l v e r i z e d   and  c l a s s i f i e d   to   o b t a i n   a  

p o l y u r e a   p o w d e r   h a v i n g   a  p a r t i c l e   d i a m e t e r   of   63  to   8 8 u m .  

10%  by  w e i g h t   of   t h e   u r e a   powder   was  i n c o r p o r a t e d   in  a  

m i n e r a l   o i l   ( v i s c o s i t y   a t   40°C:   150  mm2/s)   a t   o r d i n a r y  

25  t e m p e r a t u r e ,   and  t h e   m i x t u r e   was  s t i r r e d   a t   300  rpm  f o r  

10  min  to   o b t a i n   a  l i q u i d   l u b r i c a n t   of   t h e   p r e s e n t  

i n v e n t i o n   c o n t a i n i n g   a  p o l y u r e a   p o w d e r   d i s p e r s e d   t h e r e i n .  
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The  r e s u l t s   of  e v a l u a t i o n   on  w o r k i n g   p e r r o r m a n c e   or  t n e  

l i q u i d   l u b r i c a n t   t h u s   o b t a i n e d   a r e   shown  in  T a b l e   1 .  

EXAMPLE  6 

5  A  m i x t u r e   of  3 .6   g  ( 0 . 0 6   mol)  of  e t h y l e n e d i a m i n e  

w i t h   o c t a d e c y l a m i n e   ( 0 . 1 0   mol)  is  h e a t e d   a t   60°C  to  f o r m  

a  s o l u t i o n .   S e p a r a t e l y ,   1 7 . 4   g  of  a  m i x t u r e   of   2 , 4 -  

t o l y l e n e   d i i s o c y a n a t e   w i t h   2 , 6 - t o l y l e n e   d i i s o c y a n a t e   in  a  

r a t i o   of  80  :  20  was  a d d e d   to  d r i e d   t o l u e n e .   The  m i x t u r e   ' 

L0  was  s u b j e c t e d   to   d i s p e r s i o n   a t   a b o u t   3 0 ° C .   The  r e s u l t i n g  

d i s p e r s i o n   was  d r o p w i s e   a d d e d   to  t h e   a b o v e - p r e p a r e d   h o t  

s o l u t i o n   w h i l e   s t i r r i n g .   The  m i x t u r e   was  s t i r r e d   a t   8 0 ° C  

f o r   5  h r ,   a l l o w e d   to   c o o l   a t   room  t e m p e r a t u r e ,   f i l t e r e d  

and  d r i e d   to   o b t a i n   2 7 . 9   g  of  a  w h i t e   c r y s t a l l i n e   d i u r e a .  

L5  The  d i u r e a   t h u s   o b t a i n e d   was  p u l v e r i z e d   and  c l a s s i f i e d   t o  

o b t a i n   a  d i u r e a   p o w d e r   h a v i n g   a  p a r t i c l e   d i a m e t e r   of  6 3  

to   88um.  10%  by  w e i g h t   of  t he   u r e a   p o w d e r   w a s  

i n c o r p o r a t e d   in  a  m i n e r a l   o i l   ( v i s c o s i t y   a t   40-°C:  1 5 0  

mm2/s )   a t   o r d i n a r y   t e m p e r a t u r e ,   and  t h e   m i x t u r e   w a s  

20  s t i r r e d   a t   130  rpm  f o r   10  min  to  o b t a i n   a  l i q u i d   l u b r i c a n t  

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

t h e r e i n .   The  r e s u l t s   of  e v a l u a t i o n   on  w o r k i n g   p e r f o r m a n c e  

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

1 .  

25  As  i s   a p p a r e n t   f rom  T a b l e   1,  t h e   l i q u i d   l u b r i c a n t s  

of   t h e   p r e s e n t   i n v e n t i o n   a r e   h i g h e r   in  t h e   t e m p e r a t u r e   o f  

a  mold  a t   w h i c h   s e i z i n g   o c c u r s   t h a n   t h o s e   of  c o m p a r a t i v e  
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e x a m p l e s ,   i . e . ,   a r e   s u p e r i o r   in  w o r k i n g   p e r f o r m a n c e   t o  

t h e   c o m p a r a t i v e   l u b r i c a n t s .  
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EXAMPLE  7 

The  d i u r e a s   as  o b t a i n e d   in  EXAMPLES  1  and  3  a r e  

s e p a r a t e l y   i n c o r p o r a t e d   in   an  a m o u n t   of  10%  by  w e i g h t   t o  

a  m i n e r a l   o i l   h a v i n g   a  v i s c o s i t y   of  150  mm2/s  ( c S t )   a t  

5  40  °C.  The  r e l a t i o n s h i p   b e t w e e n   t h e   p a r t i c l e   d i a m e t e r   o f  

t h e   p o w d e r   and  t h e   maximum  a l l o w a b l e   w o r k i n g   t e m p e r a t u r e  

was  d e t e r m i n e d   by  t h e   f o r w a r d   e x t r u s i o n   w o r k i n g   m e t h o d  

and   t h e   b a c k w a r d   e x t r u s i o n   w o r k i n g   m e t h o d   u s i n g   t h e   a b o v e -  

p r e p a r e d   s a m p l e s .   F IG.   1  shows   t h e   r e s u l t s   w i t h   r e s p e c t  

LO  t o   a  d e g r e e   of  w o r k i n g   of  75%  in  t h e   f o r w a r d   e x t r u s i o n ,  

w h i l e   F IG.   2  shows   t h e   r e s u l t s   w i t h   r e s p e c t   to   a  d e g r e e  

of   w o r k i n g   of   64%  in  t h e   b a c k w a r d   e x t r u s i o n .   As  i s  

a p p a r e n t   f r o m   F i g .   1,  t h e   maximum  a l l o w a b l e   w o r k i n g  

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

L5  o f   t h e   p o w d e r   e x c e e d s   a b o u t   0 . 5 u m .   F u r t h e r ,   as  i s  

a p p a r e n t   f r o m   F IG.   2,  t h e   maximum  a l l o w a b l e   w o r k i n g  

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

o f   t h e   p o w d e r   e x c e e d s   a b o u t   3 5 u m .  

20  EXAMPLE  8 

The  same  d i u r e a   as  o b t a i n e d   in   EXAMPLE  3  was  , 

i n c o r p o r a t e d   in  an  a m o u n t   of  0 .6   to   12  wt%  to   a  m i n e r a l  

o i l   h a v i n g   a  v i s c o s i t y   of  150  mm2/s  ( c S t )   a t   40°C .   T h e  

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

25  and  t h e   maximum  a l l o w a b l e   w o r k i n g   t e m p e r a t u r e   w a s  

d e t e r m i n e d   by  t h e   f o r w a r d   e x t r u s i o n   w o r k i n g   m e t h o d   a n d  

t h e   b a c k w a r d   e x t r u s i o n   w o r k i n g   m e t h o d .   The  r e s u l t s   a r e  
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shown  in  FIG.   3,  in  t n a t ,   c u r v e   iu  buuwo  —r -  

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

c u r v e   20  t h e   b a c k w a r d   e x t r u s i o n   w o r k i n g   m e t h o d .  

As  i s   a p p a r e n t   f rom  FIG.   3,  t h e   e f f e c t   of   a d d i t i o n  

>  i s   o b s e r v e d   when  t h e   a m o u n t   of  i n c o r p o r a t i o n   i s   1  wt%  o r  

l a r g e r   in  t h e   f o r w a r d   e x t r u s i o n   w o r k i n g   m e t h o d   and  1 . 5  

wt%  or  l a r g e r   in  t h e   b a c k w a r d   e x t r u s i o n   w o r k i n g   m e t h o d .  

EXAMPLE  9 

0  The  d i u r e a   and  p o l y r e a   r e s p e c t i v e l y   o b t a i n e d   i n  

EXAMPLES  4  and  5  and  c o m p r i s i n g   p a r t i c l e s   of  w h i c h   t h e  

d i a m e t e r s   w e r e   a d j u s t e d   to   63  to   88um  w e r e   s e p a r a t e l y  

a d d e d   in  an  a m o u n t   of  10  wt%  to   t h e   s y n t h e t i c   o i l   a s  

i n d i c a t e d   in  T a b l e   2  and  d i s p e r s e d   t h e r e i n   u n d e r   t h e   s a m e  

.5  s t i r r i n g   c o n d i t i o n s   as  in  EXAMPLES  4  and  5  to   o b t a i n  

l i q u i d   l u b r i c a n t s .   E v a l u a t i o n s   on  t h e   maximum  a l l o w a b l e  

w o r k i n g   t e m p e r a t u r e   of  t h e   a b o v e - p r e p a r e d   l i q u i d  

l u b r i c a n t s   we re   c o n d u c t e d   by  t h e   f o r w a r d   e x t r u s i o n   w o r k i n g  

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

20  As  i s   a p p a r e n t   f r o m   T a b l e   2f  t h e   l i q u i d   l u b r i c a n t s  

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

i n c o r p o r a t e d   t h e r e i n   a r e   h i g h e r   in  t h e   maximum  a l l o w a b l e  

w o r k i n g   t e m p e r a t u r e   t h a n   t h o s e   o b t a i n e d   in   COMPARATIVE 

EXAMPLES  1  and  2  as  i n d i c a t e d   in  T a b l e   1,  i . e . ,   a r e  

25  s u p e r i o r   in  w o r k i n g   p e r f o r m a n c e   to   t h e   c o m p a r a t i v e  

l u b r i c a n t s .  
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EXAMPLES  10  to  23  

60  g  of  o - t o l i d i n e   was  a d d e d   to   600  ml  of  d r i e d  

t o l u e n e ,   and  t he   m i x t u r e   was  h e a t e d   a t   110  to   115°C  t o  

5  d i s s o l v e   t h e   o - t o l i d i n e   in  t h e   t o l u e n e .   To  t h e   r e s u l t i n g  

s o l u t i o n   was  d r o p w i s e   a d d e d   6 7 . 3   g  of  p h e n y l   i s o c y a n a t e  

a t   1 0 6 ° C .   The  m i x t u r e   was  s t i r r e d   a t   110  to   113°C  f o r  

a b o u t   4  h r ,   a l l o w e d   to   c o o l   a t   room  t e m p e r a t u r e ,   f i l t e r e d  

and  d i r e d   to  o b t a i n   a  w h i t e   c r y s t a l l i n e   d i u r e a .   T h e  

10  d i u r e a   t h u s   o b t a i n e d   was  p u l v e r i z e d   to   o b t a i n   a  u r e a  

l u b r i c a n t   h a v i n g   an  a v e r a g e   p a r t i c l e   d i a m e t e r   of  9 0 u m  

w h i c h   is   t h e   c o m p o n e n t   A.  In  a  m i n e r a l   o i l   as  a  b a s e   o i l  

h a v i n g   a  v i s c o s i t y   of  150  c S t   a t   40°C  w e r e   i n c o r p o r a t e d  

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

15  c h l o r i n e - b a s e d   e x t r e m e - p r e s s u r e   a d d i t i v e s   as  t h e   c o m p o n e n t  

B  in  a m o u n t s   as  i n d i c a t e d   in  T a b l e   3  to   o b t a i n   l u b r i c a t i n g  

o i l s   f o r   p l a s t i c   w o r k i n g   of  t h e   p r e s e n t   i n v e n t i o n .   T h e  

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

of  a  c h r o m i u m - m o l y b d e n u m   s t e e l   (SCM415)  m a t e r i a l   2  h a v i n g  

20  a  d i a m e t e r   of  10  mm  or  2 0 . 1   mm  and  a  l e n g t h   of  30  mm  b y  

d r o p p i n g .   T h e r e a f t e r ,   m o l d s   3  (made  of   a  h a r d   m e t a l ,   V5)  

f o r   t he   f o r w a r d   e x t r u s i o n   w o r k i n g   m e t h o d   as  shown  in  F I G .  

4  and  f o r   b a c k w a r d   e x t r u s i o n   w o r k i n g   m e t h o d   as  shown  i n  

FIG.   5  we re   e q u i p p e d   w i t h   a  band   h e a t e r   4.  T h e  

25  t e m p e r a t u r e   of  t h e   m o l d s   3  was  s t e p w i s e   r a i s e d   by  5  t o  

10°C  a  t i m e ,   and  10  p i e c e s   of  t he   m a t e r i a l   2  w e r e   w o r k e d  

w i t h   a  p u n c h   1  w i t h   t h e   same  c o n d i t i o n   f o r   e v a l u a t i n g  

maximum  a l l o w a b l e   w o r k i n g   t e m p e r a t u r e .  
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The  f o r w a r d   e x t r u s i o n   w o r K i n g   was  c o n u u t w u   u u u c j .  

t h e   f o l l o w i n g   c o n d i t i o n s :  

m a t e r i a l :   a  d i a m e t e r   of  10  mm  and  a  l e n g t h   of   30  mm 

e x t r u s i o n   a n g l e :   1 2 0 °  

5  d r a w i n g   d i a m e t e r :   5  mm 

d e g r e e   of  w o r k i n g   ( r e d u c t i o n   of  c r o s s - s e c t i o n a l   a r e a )   : 

75% 

p r e s s - d o w n   r a t e   of   p u n c h :   8  m m / s  

The  b a c k w a r d   e x t r u s i o n   w o r k i n g   was  c o n d u c t e d   u n d e r  

.0  t h e   f o l l o w i n g   c o n d i t i o n s :  

m a t e r i a l :   a  d i a m e t e r   of   2 0 . 1   mm  and  a  l e n g t h   of   30  mm 

p u n c h   d i a m e t e r :   1 6 . 1   mm 

d e g r e e   of  w o r k i n g :   64% 

d e p t h   of   b o r e   in   w o r k e d   a r t i c l e :   48  mm 

L5  p r e s s - d o w n   r a t e   of  p u n c h :   8  m m / s  

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

c o n v e n t i o n a l l y   b e e n   u s e d   a r e   shown  in  T a b l e   4.  T h e  

maximum  a l l o w a b l e   w o r k i n g   t e m p e r a t u r e   on  t h e s e   p r o c e s s i n g  

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

20  c o n d i t i o n s .   The  r e s u l t s   a r e   shown  in  T a b l e   5.  As  c an   b e  

s e e n   f r o m   T a b l e   5,  t h e   l u b r i c a t i n g   o i l s   f o r   p l a s t i c  

w o r k i n g   of   t h e   p r e s e n t   i n v e n t i o n   e x h i b i t   a  h i g h   m a x i m u m  

a l l o w a b l e   w o r k i n g   t e m p e r a t u r e ,   i . e . ,   e x h i b i t   an  e x c e l l e n t  

r e s i s t a n c e   to   s e i z i n g .  
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T a b l e   5 

maximum  a l l o w a b l e   w o r k i n g   t e m p .   ( ° C )  

g r o u p   No.  f o r w a r d   e x t r u s i o n   b a c k w a r d   e x t r u s i o n  
w o r k i n g   ( d e g r e e   of  w o r k i n g   ( d e g r e e   o f  
w o r k i n g :   75%)  w o r k i n g :   64%) 

10  350  2 4 0  

11  350  1 9 0  

12  330  1 9 5  

13  350  or  h i g h e r   2 1 0  

14  350  or  h i g h e r   2 2 0  

l u b r i c a t i n g   15  340  2 1 5  
o i l   f o r   : 
p l a s t i c   16  350  or  h i g h e r   ~  1 8 0  
w o r k i n g  
of   t h e   17  340  2 0 0  
p r e s e n t  
i n v e n t i o n   18  345  2 0 0  

19  350  or  h i g h e r   2 4 0  

20  350  2 4 0  

21  350  .  2 3 5  

22  335  2 1 0  

23  350  or  h i g h e r   2 4 5  

30  °C,  s e i z i n g  
nn  o c c u r r e d   in   w o r k -  
80  i ng   of  s i n g l e  c o n v e n t i o n a l   i e c e  

l u b r i c a t i n g  
o i l   B  3Q  „ 

C  60 
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EXAMPLES  24  to   39 

W i t h   r e s p e c t   to   l u b r i c a t i n g   o i l s   f o r   p l a s t i c   w o r k i n g  

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

l u b r i c a n t   p o w d e r   as  t h e   c o m p o n e n t   A  and  an  e x t r e m e -  

5  p r e s s u r e   a d d i t i v e   as  t h e   c o m p o n e n t   B  in  b a s e   o i l s ,   i . e . ,  

a - o l e f i n   o i l ,   n e o p e n t y l   p o l y o l   e s t e r   o i l ,   p o l y p h e n y l   e t h e r  

o i l   or  f  l u o r o s i l i c o n e   o i l   as  i n d i c a t e d   in   T a b l e   6,  t h e  

maximum  a l l o w a b l e   w o r k i n g   t e m p e r a t u r e   was  d e t e r m i n e d   b y  

t h e   f o r w a r d   e x t r u s i o n   w o r k i n g   m e t h o d   and  t h e   b a c k w a r d  

LO  e x t r u s i o n   w o r k i n g   m e t h o d   u n d e r   t h e   same  c o n d i t i o n s   as  i n  

EXAMPLE  1.  The  r e s u l t s   a r e   shown  in  T a b l e   7.  T h e  

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

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

member   s e l e c t e d   f rom  among  p h o s p h o r u s - ,   s u l f u r -   a n d  

15  c h l o r i n e - b a s e d   e x t r e m e - p r e s s u r e   a d d i t i v e s   as  t h e   c o m p o n e n t  

B  e x h i b i t s   an  e x c e l l e n t   r e s i s t a n c e   to   s e i z i n g ,   r e g a r d l e s s  

of   t h e   k i n d   of   t h e   b a s e   o i l .  

EXAMPLES  40  to   7 0  

20  A  m i n e r a l   o i l   h a v i n g   a  v i s c o s i t y   of  150  c S t   a t   40  °C 

was  u s e d   as  t h e   b a s e   o i l .   A  u r e a   l u b r i c a n t   p o w d e r   h a v i n g  

an  a v e r a g e   p a r t i c l e   d i a m e t e r   of  90  ym  p r o d u c e d   by  u s i n g  

raw  m a t e r i a l s   of  t h e   c o m p o n e n t   A  as  i n d i c a t e d   in   T a b l e   8 

and  e x t r e m e - p r e s s u r e   a d d i t i v e s   s u c h   as  p y r o p h o s p h o r   i c  

25  a c i d ,   d i o l e y l   h y d r o g e n   p h o s p h i t e   as  t h e   c o m p o n e n t   B  w e r e  

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

maximum  a l l o w a b l e   w o r k i n g   t e m p e r a t u r e   of   t h e   r e s u l t i n g  
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l u b r i c a t i n g   o i l s   f o r   p l a s t i c   w o r k i n g   was  e v a l u a t e d .   T h e  

r e s u l t s   a r e   shown  in  T a b l e   9 .  
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Cable   7 
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maximum  a l l o w a b l e   w o r k i n g   t e m p .   ( 8 C )  

No.  f o r w a r d   e x t r u s i o n   b a c k w a r d   e x t r u s i o n  
w o r k i n g   ( d e g r e e   of  w o r k i n g   ( d e g r e e   o f  
w o r k i n g :   75%)  w o r k i n g :   75%) 

24  340  2 3 5  

25  320  1 8 5  

26  350  or   h i g h e r   2 2 0  

27  350  or   h i g h e r   •  2 4 0  

28  330  2 2 0  

29  320  1 8 0  

30  350  2 2 5  

31  350  2 3 0  

32  350  2 3 0  

33  320  2 1 0  

34  350  2 3 5  

35  350  2 4 0  

36  340  2 3 5  

37  325  2 1 5  

38  350  2 4 5  

39  350  2 3 5  
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Cable   9 

maximum  a l l o w a b l e   w o r k i n g   t e m p .   ( ° C )  

No.  f o r w a r d   e x t r u s i o n   '  b a c k w a r d   e x t r u s i o n  
w o r k i n g   ( d e g r e e   of  w o r k i n g   ( d e g r e e   o f  
w o r k i n g :   75%)  w o r k i n g :   64%) 

40  55  30  

41  60  30  

42  105  45  

43  105  40  

44  100  4 5  

45  280  1 1 0  

46  340  2 3 0  

47  350  2 4 0  

48  350  2 4 5  

49  350  2 4 5  

50  350  2 4 5  

51  •  350  2 4 5  

52  60  40  

53  300  2 3 0  

54  350  2 4 0  

55  350  2 4 0  

56  70  40  

57  290  1 0 5  

58  340  2 3 5  

59  65  ,  ,  40  

60  295  70  



maximum  a l l o w a b l e   w o r k i n g   t e m p .   (  C) 

No  f o r w a r d   e x t r u s i o n   b a c k w a r d   e x t r u s i o n  

w o r k i n g   ( d e g r e e   of   w o r k i n g   ( d e g r e e   o f  

w o r k i n g :   75%)  w o r k i n g :   64%) 

61  350  2 1 °  

62  60  35 

63  260  80  

64  330  2 2 0  

65  70  40  

66  250  65  

67  320  2 1 5  

68  55  40  

69  230  60 

70  300  2 0 0  
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EXAMPLES  71  to   78  

A  m i n e r a l   o i l   h a v i n g   a  v i s c o s i t y   of  150  c S t   a t   4 0 ° C  

was  u s e d   as  t h e   b a s e   o i l .   A  u r e a   l u b r i c a n t   p o w d e r ,   i . e . ,  

c o m p o n e n t   A,  p r o d u c e d   by  u s i n g   t he   same  raw  m a t e r i a l s   a s  

0  in  EXAMPLE  1,  i . e . ,   o - t o l i d i n e   and  p h e n y l   i s o c y a n a t e   w a s  

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

d i a m e t e r   in  t h e   r a n g e   of  0 . 2   to   800ym  as  i n d i c a t e d   i n  

T a b l e   10.  The  maximum  a l l o w a b l e   w o r k i n g   t e m p e r a t u r e   o f  

t h e   r e s u l t i n g   l u b r i c a t i n g   o i l   f o r   p l a s t i c   w o r k i n g   was  . 

.5  e v a l u a t e d .   The  r e s u l t s   a r e   shown  in  T a b l e   1 0 .  
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EXAMPLE  79  

The  l u b r i c a t i n g   o i l   as  o b t a i n e d   in  EXAMPLE  1  w a s  

a p p l i e d   on  t h e   s u r f a c e   of  J I S   A2218  a l u m i n u m   a l l o y  

5  m a t e r i a l   h a v i n g   a  s h a p e   as  shown  in  FIG.   6  by  s p r a y i n g .  

The  m a t e r i a l   was  i n s e r t e d   i n t o   a  mold   and  s u b j e c t e d   t o  

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

t h e   a l l o y   and  t h e   mold   we re   o r d i n a r y   one  to   fo rm  5 0 0  

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

10  shown  in  FIG.   7.  A  c o a t i n g ,   i . e . ,   a  p r o d u c t   of  a  r e a c t i o n  

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

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

was  l i k e   a  m i r r o r .  

In  t h e   p r e s e n t   e x a m p l e ,   one  or  b o t h   of  t h e   i n t e r n a l  

15  and  e x t e r n a l   p e r i p h e r a l   s u r f a c e s   11,   12  on  w h i c h   a  t a p e  

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

t h e   c y l i n d e r   may  be  u s e d   as  i t   i s   w i t h o u t   r e m o v i n g   t h e  

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

f o r   p l a s t i c   w o r k i n g   and  t h e   s u b s t r a t e .   When  an  o v a l  

20  t h r o u g h - h o l e   i s   p r o v i d e d   a t   t h e   b o t t o m   of  t h e   i n t e r n a l  

p e r i p h e r a l   s u r f a c e   14,   t h e   e x t e r n a l   p e r i p h e r a l   s u r f a c e   i s  

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

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

s t e p   p o r t i o n   13,   t h e   e n t i r e   p o r t i o n   of   t h e   s t e p   i s   c u t  

25  and  p o l i s h e d .  

H o w e v e r ,   t h e   c y l i n d e r   may  be  u s e d   as  i t   is   w i t h o u t  

r e m o v i n g   t h e   c o a t i n g   f o r m e d   by  a  r e a c t i o n   b e t w e e n   t h e  

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

The  w o r k e d   m a t e r i a l   i t s e l f   has   a  m i r r o r   s u r f a c e .  

30  
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EXAMPLE  8 0  

The  l u b r i c a t i n g   o i l   as  o b t a i n e d   in   EXAMPLE  1  w a s  

a p p l i e d   on  t h e   s u r f a c e   of  A3003  a l u m i n u m   a l l o y   m a t e r i a l  

h a v i n g   a  d i a m e t e r   of  50  mm  and  a  l e n g t h   of  45  mm.  T h e  

m a t e r i a l   was  i n s e r t e d   i n t o   a  mold   and  s u b j e c t e d   to   c o l d  

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

a l l o y   and  t h e   mold   w e r e   o r d i n a r y   one  to   f o r m   a  v e s s e l   a s  

shown  in   F IG .   8  h a v i n g   an  e x t e r n a l   d i a m e t e r   of  50  mm,  a n  

i n t e r n a l   d i a m e t e r   of  40  mm  and  a  l e n g t h   of   100  mm.  A 

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

o i l   w i t h   t h e   s u b s t r a t e ,   i s   f o r m e d   on  t h e   s u r f a c e   of  t h e  

m a t e r i a l   a f t e r   w o r k i n g ,   and  t h e   s u r f a c e   was  l i k e   a  m i r r o r .  

in   t h e   p r e s e n t   i n v e n t i o n ,   a  c u p - l i k e   a r t i c l e   as  s h o w n  

in   F IG.   8  was  f o r m e d   f r o m   a  b l o c k .   The  a r t i c l e   h a v i n g  

.5  t h e   w o r k e d   i n t e r n a l   and  e x t e r n a l   p e r i p h e r a l   s u r f a c e s   c a n  

be  u s e d   as  i t   i s .   B o t h   of  t h e   i n t e r n a l   and  e x t e r n a l  

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

c u t   to   f o r m   a  c y l i n d e r .   A  c o a t i n g ,   i . e . ,   a  r e a c t i o n  

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

20  w o r k i n g .   O n l y   t h e   e x t e r n a l   p e r i p e r a l   s u r f a c e   may  be  c u t  

and  p o l i s h e d .  

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

by  s u b j e c t i n g   a  p i p e   s h a p e d   m a t e r i a l   to   p l a s t i c   w o r k i n g .  

T h e r e f o r e ,   t h e   f o r m e d   p r o d u c t   i s   u s e d   as  i t   i s   a f t e r  

25  c u t t i n g   o n l y   t h e   e d g e   f a c e .   The  a r t i c l e   c an   be  f o r m e d   b y  

a  s i n g l e - s t e p   w o r k i n g   or  t w o - s t e p   w o r k i n g   in   w h i c h   a  

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

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

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

o i l .  

5 

EXAMPLE  8 1  

The  l u b r i c a t i n g   o i l   as  o b t a i n e d   in   EXAMPLE  1  w a s  

a p p l i e d   on  t h e   s u r f a c e   of  A2218  a l u m i n u m   a l l o y   m a t e r i a l  

h a v i n g   a  d i a m e t e r   of  4 0 . 4   mm  and  a  l e n g t h   of   20  mm  by  t h e  

L0  i m m e r s i o n   m e t h o d .   The  m a t e r i a l   was  i n s e r t e d   i n t o   a  m o l d  

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

t e m p e r a t u r e   of  b o t h   t h e   a l l o y   and  t h e   mold   was  o r d i n a r y  

one   to  fo rm  a  p i n i o n   h a v i n g   a  s h a p e   as  shown  in  FIG.   9 .  

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

15  o i l   w i t h   t h e   s u b s t r a t e ,   is   f o r m e d   on  t h e   s u r f a c e   of  t h e  

m a t e r i a l   a f t e r   w o r k i n g ,   and  t h e   s u r f a c e   was  l i k e   a  m i r r o r .  

In  t h e   p r e s e n t   e x a m p l e ,   t h e   c o a t i n g   w h i c h   has   b e e n  

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

t e e t h   22  r e m a i n s   on  t h e   a r t i c l e .   H o w e v e r ,   t h e   t op   of  t h e  

20  t e e t h   22  may  be  c u t   and  p o l i s h e d .   The  i n t e r n a l   p e r i p h e r a l  

s u r f a c e   21  i s   l e f t   i n t a c t .   N u m e r a l   24  d e s i g n a t e s   a  

t h r o u g h - h o l e   p o r t i o n   f o r m e d   by  c u t t i n g .   The  s u r f a c e  

d e s i g n a t e d   by  n u m e r a l   25  may  be  l e f t   i n t a c t   or  may  b e  

s u b j e c t e d   to   c u t t i n g   t r e a t m e n t .   The  b o t t o m   s u r f a c e   23  i s  

25  l e f t   as  i t   i s .  

As  i s   a p p a r e n t   f rom  t h e   f o r e g o i n g ,   t h e   l u b r i c a t i n g  

o i l   of  t h e   p r e s e n t   i n v e n t i o n   c o m p r i s i n g   a  b a s e   o i l   s u c h  
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s  a  m i n e r a l   o i l   or  s y n t h e t i c   o i x   or  a  m i x t u r e   t n e t e u j .  

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

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

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

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

>r  a  mo ld   a n d ,   t h e r e f o r e ,   n o t   o n l y   e f f e c t i v e l y   p r e v e n t  

> c c u r r e n c e   of   s e i z i n g   b u t   a l s o   g r e a t l y   c o n t r i b u t e s   to  a n  

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

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

; o s t   . 

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

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

L u b r i c a t i n g   o i l   on  i t s   s u r f a c e   w h i c h   p a r t i c u l a r l y   e x h i b i t s  

an  e x c e l l e n t   a n t i c o r r o s i v e   e f f e c t   f o r   s t e e l   s t o c k s ,   s o  

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

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



CLAIMS 

}#  a  l u b r i c a t i n g   o i l   f o r   p l a s t i c   w o r k i n g  

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

h a v i n g   a  u r e a   bond  d i s p e r s e d   and  i n c o r p o r a t e d   in  s a i d  

l u b r i c a t i n g   o i l   . 

2.  A  l u b r i c a t i n g   o i l   f o r   p l a s t i c   w o r k i n g  

a c c o r d i n g   to   c l a i m   1  w h e r e i n   s a i d   p o w d e r   has   a  p a r t i c l e  

d i a m e t e r   of  35  to   500  urn. 

3-  a  l u b r i c a t i n g   o i l   f o r   p l a s t i c   w o r k i n g   a c c o r d i n g  

to   o l a i m   1  or  c l a i m   2,  w h e r e i n   s a i d   p o w d e r   i s   i n c o r p o r a t e d  

0  in   s a i d   l u b r i c a t i n g   o i l   in   an  a m o u n t   of  1 .5   to   25% 

by  w e i g h t .  

4.  a  l u b r i c a t i n g   o i l   f o r   p l a s t i c   w o r k i n g  

a c c o r d i n g   to   any  one  of  c l a i m s   1  to   3  w h i c h   c o n t a i n s ,  

as  w e l l   as  (A)  s a i d   p o w d e r   of  a  c o m p o u n d   h a v i n g   a  u r e a  

[  5  bond   , 

(B)  a t   l e a s t   one  e x t r e m e - p r e s s u r e   a d d i t i v e  

s e l e c t e d   f r o m :  

(1)  c o n d e n s e d   p h o s p h o r i c   a c i d ,  

(2)  p h o s p h i t e   and  p h o s p h a t e   e s t e r s ,  

20  (3)  o r g a n i c   s u l f u r   c o m p o u n d s ,   a n d  

(4)  o r g a n i c   c h l o r i n e   c o m p o u n d s .  
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5.  A  l u b r i c a t i n g   o i l   f o r   p J a s t i c   w o r K i n g  

a c c o r d i n g   to   any  one  of  c l a i m s   1  to   4  w h e r e i n   s a i d  

p o w d e r   i s   c o a t e d   w i t h   a  w a x .  

6.  A  p l a s t i c   w o r k i n g   p r o d u c t   c o m p r i s i n g   a  m o l d i n g ,  

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

a  l u b r i c a t i n g   o i l   a c c o r d i n g   to   any  one  of  t h e   p r e c e d i n g  

c l a i m s   . 

7.  a  c y l i n d e r   f o r   a  v i d e o   t a p e   r e c o r d e r   p r o d u c e d  

by  p l a s t i c   w o r k i n g   u s i n g   a  l u b r i c a t i n g   o i l   f o r   p l a s t i c  

10  w o r k i n g ,   w h e r e i n   s a i d   c y l i n d e r   has   on  i t s   s u r f a c e   a  

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

t o   any   one  of  c l a i m s   1  t o   5 .  

8.  A  p h o t o s e n s i t i v e   drum  f o r   e l e c t r o p h o t o g r a p h y  

p r o d u c e d   by  p l a s t i c   w o r k i n g   u s i n g   a  l u b r i c a t i n g   o i l  

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

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

w h i c h   o i l   i s   a c c o r d i n g   to   any  one  of  c l a i m s   1  to   5 .  

9.  A  p i n i o n   f o r   an  a u t o m o b i l e   or  o t h e r   m a c h i n e  

p r o d u c e d   by  p l a s t i c   w o r k i n g   u s i n g   a  l u b r i c a t i n g   o i l  

20  f o r   p l a s t i c   w o r k i n g ,   w h e r e i n   s a i d   p i n i o n   h a s   on  i t s  

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

i s   a c c o r d i n g   t o   any  one   of  c l a i m s   1  to   5  . 
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