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@  Lapping  emulsion  compound  and  method. 

A  composition  of  matter  suitable  for  use  as  a  lapping 
composition  is  provided  which  has  improved  lubricity,  abrasive 
suspension  and  cleanability  and  which  contains  an  amide  of 
the  formula  R1CON  (R20H)  (R30H)  in  an  amount  of  4%  to  20% 
by  weight  and  an  oil  in  an  amount  of  65%  to  96%  by  weight.  The 
lapping  composition  may  have  a  wide  range  of  amounts  of  wa- 
ter  mixed  into  it  to  form  a  water-in-oil  emulsion  in  which  an  ab- 
rasive  agent  may  be  suspended.  Because  of  the  wide  ratios 
available  between  the  water  and  oil  phase  amounts,  the  emul- 
sion  can  be  prepared  relatively  oil  rich  for  fine  lapping  opera- 
tion  and  may  later  be  diluted  for  rough  lapping  operation. 



T e c h n i c a l   F i e l d  

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

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

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

m e t h o d   when  u s e d   in   c o n j u n c t i o n   w i t h   an  a b r a s i v e   m a t e r i a l .  

B a c k g r o u n d   A r t  

L a p p i n g   or  p o l i s h i n g   p r o c e s s e s  
c o n v e n t i o n a l l y   u t i l i z e   an  a b r a s i v e   g r a i n   c a r r i e d   i n  

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

b e t w e e n   two  r u b b i n g   s u r f a c e s .   In   some  s y s t e m s   t h e  

a b r a s i v e   i s   k e p t   s u s p e n d e d   by  c o n s t a n t   a g i t a t i o n .  
In   o t h e r   s y s t e m s ,   t he   a b r a s i v e   i s   k e p t   s u s p e n d e d   i n  

t he   l i q u i d   by  u t i l i z i n g   an  a p p r o p r i a t e   t h i c k e n i n g  

a g e n t .   D u r i n g   the   l a p p i n g   o p e r a t i o n   the   two  r u b b i n g  

s u r f a c e s   become   q u i t e   h o t   and  a r e   c o o l e d   b y  

e v a p o r a t i o n   of  t he   c a r r i e r   l i q u i d .   In   s o m e  

i n s t a n c e s ,   t he   s u p p o r t s   f o r   t h e . s u r f a c e s   a r e  

c o n d u c t i v e l y   c o o l e d   as  by  a  l i q u i d   c o o l a n t   t o  

f u r t h e r   c o o l   t he   s u r f a c e s .   In   t h e   s y s t e m s   w h i c h  

u t i l i z e   a  s u s p e n d i n g   a g e n t ,   as  t he   l i q u i d   i s  

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

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

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

l a p p i n g   o p e r a t i o n .  

S i n c e   the   l i q u i d   e v a p o r a t e s  a s   i t   i s   u s e d  

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

d e s i r a b l e   t h a t   i t   be  r e l a t i v e l y   low  i n   c o s t .   W a t e r  

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

and  v e r y   h i g h   h e a t   of  v a p o r i z a t i o n ,   w h e r e b y   i t  

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

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



a l o n e   can   be  u s e d ,   b u t   i t   ha s   a  r e l a t i v e l y   low  h e a t  

of  v a p o r i z a t i o n ,   t h u s   r e q u i r i n g   l a r g e   q u a n t i t i e s   o f  

o i l   f o r   a d e q u a t e   c o o l i n g ,   and  i s   more  e x p e n s i v e   t h a n  

w a t e r .   To  p r o v i d e   good  l u b r i c a t i n g   p r o p e r t i e s ,   i t  

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

h a v i n g   good   b u l k   and  p o l a r   l u b r i c i t y   w i t h   w a t e r .   I t  

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

e m u l s i o n   so  as  to  h a v e   o i l - l i k e   l u b r i c i t y   and   t o  

a d e q u a t e l y   s u s p e n d   the   a b r a s i v e .   T h i s   can   b e  

a c c o m p l i s h e d   by  u se   of  an  a p p r o p r i a t e   e m u l s i f y i n g  

a g e n t .   The  same  e m u l s i f y i n g   a g e n t   can   a l s o   p r o v i d e  

s u s p e n d i n g   of  the   a b r a s i v e .   A  d i s c u s s i o n   of  s u c h   a n  

e m u l s i o n   can  be  f o u n d   in   U .S .   P a t e n t   4 , 0 5 9 , 9 2 9 ,  

i s s u e d   N o v e m b e r   29,  1977  to  D a v i d   C.  B i s h o p .  

H i g h e r   a m o u n t s   of  h e a t   a r e   g e n e r a t e d   i n  

t he   r o u g h   l a p p i n g   o p e r a t i o n   t h a n   a r e   g e n e r a t e d   i n  

t he   l a t e r   f i n e   l a p p i n g   o p e r a t i o n .   As  a  r e s u l t ,   t h e  

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

g e n e r a l l y   have   a  much  h i g h e r   p e r c e n t a g e   of  w a t e r   i n  

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

f l o w   r a t e .   When  w a t e r - i n - o i l   e m u l s i f i e d   t y p e  

s y s t e m s   a r e   u t i l i z e d ,   t h e   o i l   to  w a t e r   r a t i o   m u s t  

u s u a l l y   f a l l   in   a  r e l a t i v e l y - s m a l l   r a n g e   o f  

c o n c e n t r a t i o n s   or  t he   e m u l s i o n   w i l l   n o t   b e  

s u f f i c i e n t l y   s t a b l e   or  m a i n t a i n   a  u s e f u l   v i s c o s i t y .  

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

u t i l i z e   a  w a t e r - i n - o i l   e m u l s i o n   s y s t e m   f o r   f i n e  

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

w a t e r ,   and  add  l a r g e r   a b r a s i v e   to  i t ,   f o r   t he   r o u g h  

l a p p i n g   o p e r a t i o n .   I f   t h i s   i s   a t t e m p t e d ,   t h e  

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

l i q u i d s   or  c h a n g e   to  an  o i l - i n - w a t e r   e m u l s i o n   w i t h  

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



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

p r o v i d e   l a p p i n g   s y s t e m s   a r e   r e l a t i v e l y   e x p e n s i v e .   T h a t   i s ,  

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

l i q u i d   i s   g e n e r a l l y   e x p e n s i v e .   T h u s ,   a  s y s t e m   w h e r e i n  

t h e   o r g a n i c   l i q u i d   can  be  d i l u t e d   a f t e r   a  f i n e   l a p p i n g  

o p e r a t i o n   w i t h   a d d i t i o n   of   w a t e r   and  t h e n   r e u s e d   f o r   r o u g h  

l a p p i n g   w o u l d   be  h i g h l y   d e s i r a b l e .   Yet   f u r t h e r ,   i f  

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

u t i l i z e d ,   t h i s   t o o   w o u l d   be  d e s i r a b l e .  

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

we  p r o v i d e   a  c o m p o s i t i o n   of   m a t t e r   s u i t a b l e   f o r   u se   i n  

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

( w h e r e i n   R1  r e p r e s e n t s   a  o p t i o n a l l y   s u b s t i t u t e d  

a l k y l ,   a l k e n y l ,   a r y l ,   a l k y n y l ,   a l k a r y l , a r a l k y l ,   a l k e n a r y l ,  

a r a l k e n y l   or   a l k y n a r y l   r a d i c a l   h a v i n g   a t   l e a s t   e i g h t  

c a r b o n   a t o m s ;   a n d  

R2  and  R3,  w h i c h   may  be  t h e   same  or  d i f f e r e n t ,  
e a c h   r e p r e s e n t   an  o p t i o n a l l y   s u b s t i t u t e d   a l k y l e n e ,  

a l k e n y l e n e   or  a r y l e n e   d i r a d i c a l   h a v i n g   l e s s   t h a n   e i g h t  

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

f a l l s   w i t h i n   a  r a n g e   f r o m   4  to   2 0 % , b y   w e i g h t ,   of   s a i d  

c o m p o s i t i o n ;   a n d  

an  o i l ,   in   an  a m o u n t   w h i c h   f a l l s   w i t h i n   a  r a n g e   f rom  65  t o  

96%,  by  w e i g h t ,   of   s a i d   c o m p o s i t i o n .  

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

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

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

m a t t e r   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   s a i d   o i l  

p h a s e   c o n s t i t u t i n g   f r o m   5  to   75%  by  v o l u m e   and  t h e   w a t e r  

p h a s e   c o n s t i t u t i n g   f r o m   25  to   95%  by  v o l u m e   of  t h e   s a i d  

e m u l s i o n .  

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

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

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

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

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

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



a b r a s i v e   a g e n t .  

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

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

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

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

l a p p e d   p a r t s   a r e   e a s i l y   c l e a n a b l e .   Ve ry   r e l i a b l e  

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

e m u l s i o n .   C h e m i c a l   c o s t s   a r e   r e l a t i v e l y   low.   The  l a p p i n g  

med ium  can   be  d i l u t e d   w i t h   a d d i t i o n a l   w a t e r   and  r e u s e d  

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

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

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

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

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

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

In  a c c o r d a n c e   w i t h   one  a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   a  c o m p o s i t i o n   of   m a t t e r   has   b e e n   d e v e l o p e d  

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

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

t h e   f o r m u l a   R 1 C O N ( R 2 O H ) ( R 3 O H ) .   In  t h i s   f o r m u l a   t h e  

r a d i c a l   R1  may  i t s e l f   be  s u b s t i t u t e d   by  g r o u p s ,   f o r   e x a m p l e  

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

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

in  t h e   p r e s e n t   i n v e n t i o n .   R1  w i l l   g e n e r a l l y   h a v e   a t  

l e a s t   8  c a r b o n   a t o m s ,   more   p r e f e r a b l y   a t   l e a s t   a b o u t  

12  c a r b o n   a t o m s ,   and  g e n e r a l l y   no  more   t h a n   a b o u t   40  

c a r b o n   a t o m s  



R2  and  R3  a r e   e a c h   o r g a n i c   d i r a d i c a l s  

h a v i n g   l e s s   t h a n   8  c a r b o n   a t o m s ,   a n d  

p r e f e r a b l y   no  more  t h a n   a b o u t   4  c a r b o n   a t o m s .   T h e  

d i r a d i c a l s   may  be  s a t u r a t e d ,   u n s a t u r a t e d   o r  
a r o m a t i c .   The  d i r a d i c a l s   may  a l s o   i n c l u d e  

s u b s t i t u e n t   g r o u p s   s u c h   as  h a l i d e s ,   h y d r o x i d e s ,   o r  
the   l i k e ,   so  l o n g   as  t h e s e   g r o u p s   do  n o t   i n t e r f e r e  

w i t h   t h e   o v e r a l l   u s e f u l n e s s   of  t he   a m i d e   as  a  

l a p p i n g   c o m p o s i t i o n   c o n s t i t u e n t .   For   e x a m p l e ,   R2 
and  R3  may  be  s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k y l e n e ,  

a l k e n y l e n e   or  a r y l e n e   d i r a d i c a l s .  

The  a m i d e   w i l l   g e n e r a l l y   f o r m   f r o m   a b o u t  

4%  to  a b o u t   20%,  by  w e i g h t ,   of  the   o v e r a l l  

c o m p o s i t i o n .   The  a m o u n t   of  the   a m i d e   i s   g e n e r a l l y  
s e l e c t e d   to  p r o v i d e   the   d e s i r e d   e m u l s i f y i n g   a n d  

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

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

A l so   p a r t   of  the   c o m p o s i t i o n   of  m a t t e r   i s  

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

a b o u t   65%  to  a b o u t   96%,  by  w e i g h t ,   of  t h e  

c o m p o s i t i o n .   Any  of  a  n u m b e r   of  s u i t a b l e   o i l s   m a y  

be  u t i l i z e d ,   a l t h o u g h   i t   i s   p r e f e r r e d   t h a t   a  

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

u t i l i z e d .   I t   i s   s o m e w h a t   more   p r e f e r r e d   t h a t   a  

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

c o n t e n t   be  u t i l i z e d .   Such  o i l s   a r e   g e n e r a l l y  

r e f e r r e d   to  as  n a p h t h e n i c   o i l s .   N a p h t h e n i c   o i l s  

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

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

h a v i n g   a  v i s c o s i t y   of  a b o u t   40  to  45  S a y b o l t   S e c o n d s  

U n i v e r s a l  a t   3 7 ° C .  

A  t r i g l y c e r i d e   e s t e r   ( o i l   or  f a t )   i s  

p r e f e r a b l y   p r e s e n t   as  a  p a r t   of  t he   c o m p o s i t i o n ,  



s u i t a b l y   in  an  a m o u n t   w h i c h   f a l l s   in   a  r a n g e   f rom  a b o u t   2%  t o  

a b o u t   10%,  by  w e i g h t   t h e r e o f .   The  t r i g l y c e r i d e  

e s t e r ,   a  p o l a r   o i l   or  f a t ,   t e n d s   to  p r o v i d e   i m p r o v e d  

p o l a r   l u b r i c i t y ,   i . e . ,   i m p r o v e d   l u b r i c i t y   u n d e r   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   c o n d i t i o n s .   Any  of  a  
n u m b e r   of  t r i g l y c e r i d e   e s t e r s   can  be  u t i l i z e d ,   f o r  

e x a m p l e ,   any  of  t he   n a t u r a l l y   o c c u r i n g   v e g e t a b l e   o r  
n u t   o i l s   s u c h   as  c o c o n u t   o i l ,   c o r n   o i l ,   c o t t o n s e e d  

o i l ,   s a f f l o w e r   o i l ,   b a b a s s u   o i l ,   c a s t o r   o i l ,   c o c o a  

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

r a p e s e e d   o i l ,   s e s a m e   o i l ,   s o y b e a n   o i l ,   s u n f l o w e r -  

s e e d   o i l ,   t u n g   o i l ,   w h e a t - g e r m   o i l ,   or  t h e   l i k e .  

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

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

a l s o   q u i t e   s u i t a b l e .   S u l f u r i z e d   l a r d   i s   a  

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

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

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

W h i l e   t he   a m i d e   d i s c u s s e d   a b o v e   i s   a  

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

e m u l s i f y i n g   p r o p e r t i e s   as  w e l l   as  t h i c k e n i n g  

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

s u r f a c t a n t   be  p r e s e n t ,   g e n e r a l l y   in   an  a m o u n t   w h i c h  

f a l l s   in   t he   r a n g e   f r o m   a b o u t   1%  to  a b o u t   10%,  b y  

w e i g h t ,   of  the   c o m p o s i t i o n .   The  a d d i t i o n a l  

s u r f a c t a n t   has   some  u se   as  a  c o e m u l s i f y i n g   a g e n t  

a l o n g   w i t h   the   a m i d e ,   b u t   i t s   m a i n   u s e   i s   to  a s s u r e  

t h a t   t he   e m u l s i f y i n g   a g e n t ,   t he   o i l ,   and  t h e  

t r i g l y c e r i d e   e s t e r ,   i f   p r e s e n t ,   can   be  e a s i l y   w a s h e d  

o f f   of  p i e c e s   w h i c h   a r e   b e i n g   l a p p e d .   Any  of  a  



n u m b e r   of   c o n v e n t i o n a l   s u r f a c t a n t s   can   be  u t i l i z e d ,  

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

be  u t i l i z e d .   A  p a r t i c u l a r l y   u s e f u l   n o n i o n i c  

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

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

1 0 . 4   and  s o l d   u n d e r   t h e   t r a d e n a m e   " T r i t o n   X ' 4 5 "   b y  

Rohm  and  Haas   Company ,   P h i l a d e l p h i a ,   P e n n s y l v a n i a .  

The  a m i d e   can   be  f o r m e d   by  r e a c t i n g   a n  

a p p r o p r i a t e   m o n o - h y d r o x y l a m i n e   or   p r e f e r a b l y   d i - h y d r o x y l -  

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

a p p r o p r i a t e   a c i d ,   g e n e r a l l y   a  f a t t y   a c i d .   Fo r   e x a m p l e ,  

d i e t h a n o l   a m i n e   has   b e e n   r e a c t e d   w i t h   o l e i c   a c i d  

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

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

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

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

a c i d ,   r a t h e r   t h a n   w i t h   t h e   h y d r o g e n   of  one  of  t h e  

h y d r o x i d e   g r o u p s .   T h i s   has   b e e n   a c c o m p l i s h e d   b y  

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

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

a b o u t  1 8 0 ° C .   W a t e r   i s   p r o d u c e d   by  t h i s   r e a c t i o n   and  t h e  

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

l e a s t   m o s t   of  t h e   w a t e r   and  to   a l l o w   t h e   r e a c t i o n   t o  

go  s u f f i c i e n t l y   t o w a r d s   c o m p l e t i o n .   I t   i s   n o t  

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

p r o d u c t   o b t a i n e d   as  j u s t   s e t   o u t   a b o v e .   I n s t e a d ,   i t  

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

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

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

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

m i x t u r e ,   o r   p r o d u c e d   in   any  o t h e r   m a n n e r ,   and  l a t e r  

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



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

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

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

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

p r e p a r e d   i n c l u d e s   7  to   9%  of  t h e   a m i d e   f o r m e d   b y  

r e a c t i o n   of  d i e t h a n o l   a m i n e   w i t h   o l e i c   a c i d ,   3  to   4% 

of  T r i t o n   X - 4 5 ,   a b o u t   2.5%  of  s u l f u r i z e d   l a r d   a n d  

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

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

h o m o g e n e o u s   s o l u t i o n .  

When  i t   i s   d e s i r e d   to   p r e p a r e   an  e m u l s i o n  

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

j u s t   d e s c r i b e d   i s   m i x e d   by  s l o w l y   a d d i n g   s u f f i c i e n t  

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

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

A  c o n v e n t i o n a l   a b r a s i v e   a g e n t ,   f o r  

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

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

t r i p o l i ,   o r  a n y   p f  v a r i o u s   m e t a l l i c   O x i d e s  o r  

m i x t u r e s   t h e r e o f ,   may  be  u t i l i z e d .  T h e   g r a i n  

p a r t i c l e   s i z e   of  t h e   a b r a s i v e  a g e n t   may  v a r y   b u t  

w i l l   g e n e r a l l y   f a l l   in   t h e   r a n g e   f rom  a b o u t   0 . 2 5  

m i c r o n   to   a b o u t   200  m i c r o n s .   The  p a r t i c l e   s i z e  

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

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

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

l a p p i n g   o i l   c o n c e n t r a t e   and  a  r e l a t i v e l y   s m a l l  

a m o u n t   of  w a t e r ,   f o r   e x a m p l e   1  p a r t   of  l a p p i n g   o i l  

c o n c e n t r a t e   to   1  p a r t   of  w a t e r ,   and  a  r e l a t i v e l y  

f i n e   a b r a s i v e   a g e n t   c a n   be  s u s p e n d e d   t h e r e i n .   T h i s  

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

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



a d d i t i o n a l   (and  c o a r s e r )   a b r a s i v e   can   be  a d d e d   t o  

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

l a p p i n g   o p e r a t i o n s .   F u r t h e r   i t   i s   p o s s i b l e   to   h a v e  

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

l a p p i n g   o i l   c o n c e n t r a t e   in   an  a m o u n t   of  5%  to   7 5 % ,  

by  v o l u m e ,   and  a  w a t e r   p h a s e   in   an  a m o u n t   of  25% 

to  95%  of  t h e   e m u l s i o n ,   by  v o l u m e .   Such   a  w a t e r -  

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

s e t   o u t   v e r y   w i d e   r a n g e   of  w a t e r   and  o i l   c o n -  

c e n t r a t i o n s ,   due   to   t h e   p r e s e n c e   of  t h e   a f o r e -  

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

r e l a t i v e l y   h i g h   and  t h e   w a t e r   c o n c e n t r a t i o n   i s   r e l a -  

t i v e l y   l ow,   t h e   e m u l s i o n   f l o w s   m o r e   or  l e s s   l i k e   s y r u p .  
When  t h e   w a t e r   c o n c e n t r a t i o n   i s   r e l a t i v e l y   h i g h   and  t h e  

o i l   c o n c e n t r a t i o n   i s   r e l a t i v e l y   l ow ,   t h e   c o n s i s t e n c y   o f  

t h e   e m u l s i o n   i s   s u c h   t h a t   i t   s e t s   up  and  r e s e m b l e s  

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

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

t h e   a m i n e   and  a c i d .   In  p a r t i c u l a r ,   t h e   a m o u n t . o f  

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

w o u l d   be  r e q u i r e d   to  s t o i c h i o m e t r i c a l l y   r e a c t   w i t h  

t h e   a c i d .   G e n e r a l l y ,   a b o u t   a  3 0 . t o   60%  e x c e s s   o f  

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

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

i f   t h e   a m i n e   i s   d i e t h a n o l   a m i n e   and  t h e   a c i d   i s  

o l e i c   a c i d ,   a b o u t   5  v o l u m e t r i c   u n i t s   of   t h e   a m i n e  

w o u l d   be  r e a c t e d   w i t h   a b o u t   9  v o l u m e t r i c   u n i t s   o f  

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

be  3  v o l u m e t r i c   u n i t s   of  t h e   a m i n e   to   9  v o l u m e t r i c  

u n i t s   of  t h e   a c i d .  



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

can  v a r y   o v e r   a  w i d e   r a n g e   b u t   w i l l   u s u a l l y   f a l l   i n  

a  r a n g e   f r o m   a b o u t   10%  to   a b o u t   50%,  by  w e i g h t ,   o f  

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

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

a b r a s i v e   a g e n t .  

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

r e a c t i o n   p r o d u c t   of  a  f a t t y   a c i d   h a v i n g   12  to   20  c a r b o n  

a t o m s   w i t h   d i e t h a n o l a m i n e .   W h i l e   o l e i c   a c i d   i s  

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

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

d i e t h a n o l   a m i n e ,   or   w i t h   a  s i m i l a r   a m i n e ,   to   f o r m   t h e  

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

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

w h i c h   may  be  u t i l i z e d   to   f o r m   a m i d e s   u s e f u l   w i t h   t h e  

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

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

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

m a r g a r i c   a c i d ,   e r u c i c   a c i d ,   g a d o l e i c   a c i d ,   r i c i n o l e i c   a c i d ,  

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

p a l m i t o l e i c   a c i d   and  l i n o l e n i c   a c i d .   B a s i c a l l y ,   t h e  

a c i d s   w h i c h   a r e   m o s t   u s e f u l   a r e ' t h o s e   w h i c h   a r e  

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

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

f a t s .   I t   i s   p r e f e r r e d   t h a t   t h e   a c i d   u t i l i z e d   be  a  

l i q u i d ,   a t   l e a s t   a t   1 8 0 ° C ,   so  t h a t   r e a c t i o n   w i t h  

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

I n d u s t r i a l   A p p l i c a b i l i t y  

The  c o m p o s i t i o n ,   e m u l s i o n   and  m e t h o d   p r e v i o u s l y  

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

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



p a r t s ,   b u t   a l s o   on  m i n e r a l   s p e c i m e n s .   I n  

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

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

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

p r o v i d e s   good   p o l a r   and  b u l k   l u b r i c i t y   and  r e s u l t i n g  

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

c l e a n e d   o f f   of  p i e c e s   w h i c h   h a v e   b e e n   l a p p e d ,   v e r y  

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

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

o p e r a t i o n s   and  u t i l i z e s   r e l a t i v e l y   low  c o s t  

c h e m i c a l s .  

F u r t h e r ,   t he   e m u l s i o n   can   be ,   in   e s s e n c e ,  

r e u s e d ,   s i n c e   i t   can  f i r s t   be  u s e d   f o r   f i n e   l a p p i n g ,  

and  t h e n   d i l u t e d   w i t h   more  w a t e r   and  t h r o u g h   t h e  

a d d i t i o n   of  more   and  l a r g e r   a b r a s i v e   p a r t i c l e s ,   f o r  

u se   in   r o u g h   l a p p i n g   o p e r a t i o n s .   T h i s   l a t t e r  

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

s t a b l e   and  t h i c k   o v e r   w ide   r a n g e s   of  r e l a t i v e   o i l  

and  w a t e r   c o n t e n t s .  



1.  A  c o m p o s i t i o n   of   m a t t e r   s u i t a b l e   f o r   u s e   i n  

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

a t   l e a s t   one  a m i d e   of  f o r m u l a :  

R1CON(R2OH)(R3OH)  ( w h e r e i n  

R1  r e p r e s e n t s   an  o p t i o n a l l y   s u b s t i t u t e d   a l k y l ,  

a l k e n y l ,   a r y l ,   a l k y n y l ,   a l k a r y l ,   a r a l k y l ,   a l k e n a r y l ,  

a r a l k e n y l   or  a l k y n a r y l   r a d i c a l   h a v i n g   a t   l e a s t   8  c a r b o n  

a t o m s ;   a n d  

R2  and  R 3 , w h i c h   may  be  t h e   same  or   d i f f e r e n t ,   e a c h  

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

a l k e n y l e n e   or  a r y l e n e   d i r a d i c a l   h a v i n g   l e s s   t h a n   8 

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

f a l l s   w i t h i n   a  r a n g e   f rom  4%  to  20%,  by  w e i g h t ,   of  s a i d  

c o m p o s i t i o n ;   a n d  

an  o i l ,   in   an  a m o u n t   w h i c h   f a l l s   w i t h i n   a  r a n g e  
f rom  65%  to   96%,  by  w e i g h t ,   of  s a i d   c o m p o s i t i o n .  

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

i n c l u d i n g  

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

w i t h i n   a  r a n g e   f r o m   2%  to  10%,  by  w e i g h t ,   of   s a i d  

c o m p o s i t i o n .  

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

and  2  f u r t h e r   i n c l u d i n g  

a  s u r f a c t a n t   in   an  a m o u n t   w h i c h   f a l l s   in   a  r a n g e  
f rom  1%  to   10%,  by  w e i g h t ,   of  s a i d   c o m p o s i t i o n .  

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

to   3  w h e r e i n  i n   sa id   amide  s u b s t i t u e n t   g r o u p   R 1  r e p r e s e n t s  
a  s u b s t a n t i a l l y   s t r a i g h t   c h a i n   a l k y l   o r   a l k e n y l   g r o u p  

h a v i n g   a t   l e a s t   12  c a r b o n   a t o m s   and  s u b s t i t u e n t   g r o u p s  

R2  and  R3,  w h i c h   may  be  t h e   same  or   d i f f e r e n t ,   e a c h  

r e p r e s e n t   an  a l k y l e n e   or  a l k e n y l e n e   d i r a d i c a l   h a v i n g   no  m o r e  

t h a t   4  c a b r o n   a t o m s ,   and  w h e r e i n   s a i d   o i l   i s   a  h y d r o c a r b o n  

o i l .  

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

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



6.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of   c l a i m s   1 

to   5  w h e r e i n   s a i d   o i l   has   a  h i g h   n a p h t h e n e   c o n t e n t .  

7.  A  c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   1  t o  

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

of  a  f a t t y   ac id   w h i c h   o c c u r s   in   n a t u r e   as  p a r t   of  a  t r i g l y c e r i d e   e s t e r  
8.  A  w a t e r - i n - o i l   e m u l s i o n   w h e r e i n   t h e   o i l   p h a s e   o f  

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

c l a i m e d   in   a n y  o n e   of   c l a i m s   1  to   7,  t h e   s a i d   o i l   p h a s e  

c o n s t i t u t i n g   f r o m   5  to   75%  by  v o l u m e   and  t h e   w a t e r   p h a s e  

c o n s t i t u t i n g   f r o m   25  to   95%  by  v o l u m e   of  t h e   s a i d   e m u l s i o n .  

9.  An  e m u l s i o n   as  c l a i m e d   in   c l a i m   8,  f u r t h e r   i n c l u d i n g  

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

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

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

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

as  c l a i m e d   in   c l a i m   8  and  a  s u s p e n d e d   a b r a s i v e   a g e n t .  
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