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R  <OCH2CH2-)-nO  -  P  -  OH 
I 
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wherein  n  has  a  value  0  to  3  and  R  is  a  C12  to  C20  saturated  or 
partially  unsaturated  linear  alkyl  group,  or  a  mixture  of  such 
groups.  The  use  of  a  synergist  such  as  a  long-chain  alcohol,  a 
fatty-acid  derived  amine  oxide,  or  urea  improves  the  prop- 
erties  of  the  lubricant  compositions. 
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BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   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   t o  

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

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

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

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

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

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

ed  f o r   human  c o n s u m p t i o n .  

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

in  f o o d   and  b e v e r a g e   p a c k a g i n g   o p e r a t i o n s   r e q u i r e   b o t h  

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

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

s t a t i o n s .   For   e x a m p l e ,   in  t h o s e   c o n v e y o r   s y s t e m s   e m p l o y -  

ed  in  b o t t l i n g   and  c a p p i n g   o p e r a t i o n s ,   a  c l e a n   and  p r o -  

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

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

w h i l e   t h e   c o n v e y o r   t r a c k   c o n t i n u e s   to  move  u n d e r n e a t h .  

I f   t h e   t r a c k   i s   n o t   c l e a n   or  d o e s   n o t   have   t h e   p r o p e r  

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

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

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

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

by  c i r c u l a t i n g   an  a q u e o u s   d i s p e r s i o n   or  s o l u t i o n   of  a  

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



V a r i o u s   s u r f a c e   a c t i v e   a g e n t s   h a v e   been   e m p l o y -  

ed  as  l u b r i c a n t s   in  f o o d   p a c k a g i n g   p r o c e s s e s ,   i n c l u d i n g  

long   c h a i n   f a t t y   a c i d   s o a p s ,   s u l f o n a t e d   o i l s ,   and  a l k a n -  

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

t i o n   i s   t h e   w a t e r - s o l u b l e   a g e n t   of  U . S .   P a t e n t   3 , 5 7 4 , 1 0 0  

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

m i x t u r e   of  an  i m i d a z o l i n e   d e r i v a t i v e   and  an  a l k a l i   m e t a l  

s a l t   of  t h e   p h o s p h a t e   e s t e r s   of  o l e y l   a l c o h o l   e t h o x y l a t e .  

The  s p e c i f i c   p h o s p h a t e   e s t e r   s a l t   d i s c l o s e d  

in  t h e   3 , 5 7 4 , 1 0 0   p a t e n t   i s   a  m a t e r i a l   m a n u f a c t u r e d   b y  

G e n e r a l   A n i l i n e   and  F i l m   C o r p o r a t i o n   u n d e r   t h e   t r a d e  

name,   G a f a c   GB520.   G a f a c   GB520  i s   t h e   p a r t i a l   s o d i u m  

s a l t   of  a  m i x t u r e   of  mono-   and  d i - a l k y l   p h o s p h a t e   e s t e r s  

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

e i g h t   to  n i n e   e t h o x y   g r o u p s ,   t o g e t h e r   w i t h   35  p e r c e n t  

of  u n r e a c t e d   o l e y l   a l c o h o l   e t h o x y l a t e ,   i . e . ,  

The  mole   r a t i o   of   p h o s p h a t e   d i e s t e r   to   p h o s p h a t e   m o n o -  

e s t e r   in  t h e   G a f a c   GB520  m a t e r i a l   i s   g r e a t e r   t h a n   3  t o  

1 .  

DESCRIPTION  OF  THE  INVENTION 

The  n o v e l   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   a q u e o u s   c o m p o s i t i o n s ,   a t   l e a s t   p a r t i a l l y   n e u t r a l i z e d  

w i t h   a  b a s e ,   p r e f e r a b l y   c o m p r i s i n g   two  a c t i v e   c o m p o n e n t s .  
The  f i r s t   of  t h e s e   a c t i v e   i n g r e d i e n t s   i s   a  mono  a l k y l  

p h o s p h a t e   e s t e r   of   t h e   f o r m u l a  



The  s e c o n d   of  t h e   a c t i v e   i n g r e d i e n t s   i s   a  s y n e r g i s t  

t a k e n   f r o m   t he   g r o u p :  

A)  an  a l c o h o l   of   t h e   f o r m u l a  

B)  an  amine   o x i d e   of  t h e   f o r m u l a  

o r  

C)  u r e a .  

The  l u b r i c a n t   c o m p o s i t i o n s   a l s o   c o n t a i n   m i n o r  

a m o u n t s   of   di   a l k y l   p h o s p h a t e   e s t e r   and  p h o s p h o r i c   a c i d .  

In  t h e   a b o v e   f o r m u l a e   R  a n d   R  a r e   l i n e r   s a t u r a t e d  

p r i m a r y   a l k y l   g r o u p s ,   C14  t h r o u g h   C18,   or  l i n e a r   p a r t -  

i a l l y   u n s a t u r a t e d   p r i m a r y   a l k y l e n e   g r o u p s ,   C16  t h r o u g h  

C20.   R  a n d   R  c a n  a l s o   c o m p r i s e   a  m i x t u r e   of  s a t u r a t e d  

or  u n s a t u r a t e d   a l k y l   g r o u p s   C12  t h r o u g h   C20,   h a v i n g   a n  

a v e r a g e   c h a i n , l e n g t h   in  t h e   r a n g e   C13  t h r o u g h   C18 .   R 

is   a  m i x t u r e   of  s a t u r a t e d   and  u n s a t u r a t e d   a l k y l   g r o u p s  

C8  t h r o u g h   C18  h a v i n g   an  a v e r a g e   c h a i n   l e n g t h   C12  t h r o u g h  

C18  ( i . e . ,   p r o d u c t s   d e r i v e d   f rom  f a t t y   a c i d s   s u c h   a s  

coco   o i l   and  t a l l o w ) .   The  v a l u e   of  m  and  n  can  be  z e r o  

t h r o u g h   t h r e e .  

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

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

a c t i v e   i n g r e d i e n t   e x h i b i t   good   l u b r i c i t y ,   t h e   use   of  a n  

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

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



l u b r i c a n t   c o m p o s i t i o n ,   p a r t i c u l a r l y   in  t he   a r e a   of  d u r -  

a b i l i t y .   A l t h o u g h   t h e   a d d i t i o n   of   o t h e r   m a t e r i a l s ,  

such   as  s u r f a c t a n t s ,   can   i m p r o v e   t h e   l u b r i c a n t   f o r m u l a -  

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

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

d i s p e r s i o n   of   a  t w o - c o m p o n e n t   s y s t e m   c o n t a i n i n g   a  m o n o -  

p h o s p h a t e   e s t e r   and  one  of  t he   s y n e r g i s t   c o m p o s i t i o n s  

d e s c r i b e d   a b o v e .  

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

l e n t   l u b r i c i t y   a t   c o n c e n t r a t i o n s   as   low  as  .01  p e r c e n t .  

The  use   of  h i g h e r   c o n c e n t r a t i o n s ,   ( i . e . ,   .05  to   .1  p e r -  
c e n t )   i s   g e n e r a l l y   p r e f e r r e d ,   h o w e v e r ,   b e c a u s e   i t   r e s u l t s  

in  g r e a t e r   d u r a b i l i t y   f o r   t h e   a p p l i e d   m a t e r i a l .  

The  p h o s p h a t e   e s t e r s   of   t h e   p r e s e n t   i n v e n t i o n  

can  be  p r e p a r e d   in  a  c o n v e n t i o n a l   m a n n e r .   For  e x a m p l e ,  

a  C 1 4  -   C15  t r i e t h o x y p h o s p h a t e  w a s   s y n t h e s i z e d  b y   r e a c t -  

ing  a  C 1 4  -   c15  l i n e a r   p r i m a r y   a l c o h o l   m i x t u r e   ( N e o d o l  
R45)  w i t h   t h r e e   m o l e s   of   e t h y l e n e   o x i d e   and  t h e n   p h o s p h o r y -  

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

a c i d   a t   a  t e m p e r a t u e   of   a p p r o x i m a t e l y   6 5 - 8 0 °   C.  T h e  

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

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

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

in  t he   p r i o r   a r t ,   i . e . ,   U.S .   P a t e n t s   1 , 9 7 0 , 5 7 8 ,   2 , 1 7 4 , 2 7 1 ,  

2 , 1 6 7 , 3 2 6   and  3 , 0 3 3 , 8 8 9 .  

I t   is   g e n e r a l l y   d e s i r a b l e   to   l i m i t   t he   f o r m a -  

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

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

of  t h e   m o n o e s t e r s   and  do  no t   add  t o   t h e   s y s t e m ' s   l u b r -  

i c a t i n g   p r o p e r t i e s .   T h u s ,   b a s e d   on  c o s t   c o n s i d e r -  

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

p r e f e r a b l y   l e s s   t h a n   15  p e r c e n t   of   t h e   a c t i v e   mono  e s t e r  

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

e x c e s s   o f  p h o s p h o r i c   a c i d   in  t h e   r e a c t i o n .   I f   d e s i r e d ,  

a d d i t i o n a l   a m o u n t s   of  l o n g - c h a i n   a l c o h o l   or  a l c o h o l  

e t h o x y l a t e   c a n  b e   a d d e d   to  t he   p r o d u c t   a f t e r   c o o l i n g .  



In  v i ew   of  t he   f a c t   t h a t   t he   c o m p o s i t i o n s   o f  

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

l u b r i c a n t   c o m p o s i t i o n s   w o u l d   have   an  u n d e s i r a b l y   l o w  

( a c i d )   pH  were   t h e y   n o t   p a r t i a l l y   n e u t r a l i z e d .   M o r e -  

o v e r ,   i t   ha s   been   f o u n d   t h a t   n e u t r a l i z a t i o n   r e s u l t s   i n  

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

N e u t r a l i z a t i o n   can   be  a c c o m p l i s h e d   by  t h e   a d d i t i o n   o f  

any  s u i t a b l e   b a s e ,   b u t   t h e   use   of  NH3,  NH40H,  or  a  

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

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

t i o n s   r e m a i n s   r e l a t i v e l y   c o n s t a n t   o v e r   a  r a n g e   of   pH 

v a l u e s ,   t h e   d u r a b i l i t y   of  t h e   c o m p o s i t i o n   p e a k s   a t   a  pH 
v  5 - 6 ,   t h e   pK  r a n g e   f o r  n e u t r a l i z a t i o n   of  t h e   f i r s t  

h y d r o x y l   g r o u p   in  mono  a l k y l   p h o s p h a t e   e s t e r s .   I f   t h e  

n e u t r a l i z a t i o n   i s   c o n t i n u e d   to   a  pH  =  9  ( t h e   pK  r a n g e  
f o r   t h e   s e c o n d   h y d r o x y l   n e u t r a l i z a t i o n ) ,   t h e r e   i s   a  

f a l l - o f f   in  p r o d u c t   d u r a b i l i t y .   Thus  o p t i m u m  

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

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

c o m p o s i t i o n   has   a  pH  in  t h e   r a n g e   5 .0   to   7 .0. ,   i d e a l l y  

pH  =  6 . 0 .   H o w e v e r ,   good  l u b r i c i t y   can   be  o b t a i n e d   w i t h  

c o m p o s i t i o n s   of  h i g h e r   pH  v a l u e s   - -   in  t he   r a n g e   6 . 5   t o  

10,  p r e f e r a b l y   7 . 0  -   10.0.  Some  a p p l i c a t i o n s   may  war ran t   a  p a r t i a l   s a c r i f i c e  
of  p r o d u c t   d u r a b i l i t y   in  o r d e r   to  o b t a i n   t h e   b e n e f i t   o f  

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

h a v i n g   a  b a s i c   pH  can   r e s i s t   a c i d i c   b e v e r a g e   s p i l l s  

( e . g . ,   b e e r )   w i t h o u t   any  m a j o r   d e t e r i o r a t i o n   i n  

l u b r i c i t y .   M o r e o v e r ,   b a s i c   (pH  8 .0   to   1 0 . 0 )   c o m p o s i -  

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

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

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

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

u r a t e d   a l k y l   or  p a r t i a l l y   u n s a t u r a t e d   a l k y l e n e   s u b s t i -  

t u e n t   g r o u p s   of  t he   p h o s p h a t e   e s t e r s   may  c o n t a i n   up  t o  



t h r e e   e t h o x y   g r o u p s   in  t h e   c h a i n .   The  p r e s e n c e   o f  

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

in  w a t e r   bu t   a t   some  s a c r i f i c e   in  l u b r i c i t y .  

T h e r e f o r e ,   w h i l e   t h e   l u b r i c a n t  p e r f o r m a n c e   o f  a   t y p i c a l  

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

a l k y l   c h a i n ,   s a t u r a t e d   a l k y l   g r o u p s   l o n g e r   t h a n   C 1 5  
t e n d   to  be  t oo   i n s o l u b l e   to   be  e a s i l y   f o r m u l a t e d ,  

a b s e n t   some  d e g r e e   of  e t h o x y l a t i o n .   I n c r e a s i n g   t h e  

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

l u b r i c a t i n g   a b i l i t y .  

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

b e t w e e n   l u b r i c a t i n g   p e r f o r m a n c e   and  s o l u b i l i t y   ( f o r  

s a t u r a t e d   R  g r o u p s )   i s   t h e   p h o s p h a t e   e s t e r ,  

w h e r e   R  is   a  5 0 : 5 0   m i x t u r e   of  C14H29  - -   and  C 1 5 H 3 1  
a l k y l   g r o u p s .  

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

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

h o l ,  a   l o n g - c h a i n   a l c o h o l   e t h o x y l a t e ,   a  f a t t y - a c i d -  

d e r i v e d   a m i n e   o x i d e ,   or  u r e a .   A l t h o u g h   t h e s e   a d d i t i v e s  

p r o v i d e   no  l u b r i c i t y   by  t h e m s e l v e s ,   t h e i r   p r e s e n c e   i n  

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

p r o v i n g   b o t h   t he   l u b r i c i t y   a n d ,   in  p a r t i c u l a r ,   t h e   d u r -  

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

of  t h e s e   a d d i t i v e s   s e r v e s   to  i m p r o v e   t h e   p r o p e r t i e s   o f  

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

l o n g - c h a i n   m o n o e s t e r / s y n e r g i s t   r a t i o   i s   in  t h e   r a n g e   o f  

1 : 1 . 5   on  a  m o l a r   b a s i s .  

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

a l c o h o l   can   be  t h e   r e a c t a n t   p r e c u r s o r   of   t h e   p h o s p h a t e  



e s t e r ,   and  t h u s   R  a n d   R'  w i l l   be  t he   s ame .   H o w e v e r ,  

t h i s   i d e n t i t y   i s   no t   n e c e s s a r y   and  d e s i r a b l e   l u b r i c a n t  

c o m p o s i t i o n s   can   be  f o r m u l a t e d   u t i l i z i n g   v a r i o u s   c o m -  

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

e i t h e r   in  t h e   l e n g t h   or  in  t h e   n a t u r e   ( s a t u r a t e d / u n s a t -  

u r a t e d ,   e t h o x y l a t e d / n o n - e t h o x y l a t e d )   of   t h e   l i n e a r   l o n g -  

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

s p e c i e s   of   t h e   i n v e n t i o n   i s   an  e t h o x y l a t e d   p o l y o x y e t h y -  

l e n e   f a t t y   a m i n e ,   c h a r a c t e r i s t i c a l l y   d e r i v e d   f rom  a  

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

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

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

e t h y l )   t a l l o w   amine   o x i d e .  

The  i n c l u s i o n   of  a  s e q u e s t e r a n t   such   as  e t h y l -  

ene   d i a m i n e   t e t r a   a c e t i c   a c i d   (EDTA)  in  t h e   l u b r i c a n t  

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

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

when  u s e d   in  h a r d   w a t e r   f o r m u l a t i o n s .  

The  p h o s p h a t e - e s t e r - c o n t a i n i n g   l u b r i c a n t s   a r e  

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

i . e . ,   b e t w e e n   a b o u t   1 .0   X  1 0   and  3 .0   X  10-3   M,  b a s e d  

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

to  s u p p l y   t h e   l u b r i c a n t s   in  t h e   f o rm  of   l i q u i d   c o n c e n -  

t r a t e s   w h i c h   can   be  f u r t h e r   d i l u t e d   w i t h   w a t e r   p r i o r   t o  

u s e .   C o n c e n t r a t e s   c o n t a i n i n g   a b o u t   10  p e r c e n t   by  w e i g h t  

of  m o n o p h o s p h a t e   e s t e r   can  be  f o r m u l a t e d   by  b l e n d i n g  
t he   p h o s p h a t e   e s t e r ,   s y n e r g i s t   and  o t h e r   d e s i r e d   i n g r e -  

d i e n t s   a t   e l e v a t e d   t e m p e r a t u r e s   ( 3 0 - 5 0 ° C )   in  an  i s o p r o -  

p a n o l / w a t e r   m i x t u r e   and  n e u t r a l i z i n g   to   a  pH  of  5 . 0 - 6 . 5  

w i t h   a  b a s e .   Lower  m o l e c u l a r   w e i g h t   p h o s p h a t e   e s t e r s  

so  f o r m u l a t e d   w i l l   r e m a i n   s t a b l e   a t   room  t e m p e r a t u r e .  

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

c o o l e d   to  a m b i e n t   t e m p e r a t u r e ,   b u t   can  be  r e - l i q u i f i e d  

by  h e a t i n g   to  3 0 - 4 0 ° C .   The  c o n c e n t r a t e s   a r e   d i l u t e d  



p r i o r   to  u s e ,   t y p i c a l l y   in  t h e   r a t i o   one  p a r t   c o n c e n -  

t r a t e   to  100  to  200  p a r t s   w a t e r .  

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

of  m o v i n g   c o n v e y o r   s y s t e m s   so  t h a t   t he   s u r f a c e   of  t h e  

c o n v e y o r   d o e s   n o t   become  d r y .   T h i s   may  be  a c c o m p l i s h e d  

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

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

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

t he   s u r f a c e   of  t h e   c o n v e y o r ,   or  by  o t h e r   c o n v e n t i o n a l  

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

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

to  e n s u r e   t h e   p r o p e r   d e g r e e   of  l u b r i c i t y .   No  m a t t e r  

how  t h e   m a t e r i a l   i s   a p p l i e d ,   i t   is   i m p o r t a n t   t h a t   t h e  

c o n v e y o r   s y s t e m   r e m a i n   c o n s i s t e n t l y   w e t .  

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

may  be  i m p r o v e d  b y   u se   of   s u r f a c t a n t s   a n d / o r   s e q u e s t e r -  

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

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

a c i d .  

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

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

f o r m ,   g i v i n g   t he   p r o d u c t   a  c l o u d y   a p p e a r a n c e .   The  f i n e  

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

t he   s p r a y   n o z z l e s ,   c a u s i n g   them  to  b l o c k .   The  use   of  a  

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

h a r d n e s s .   In  v i ew   of  t h e   f a c t   t h a t   s e q u e s t e r i n g   a g e n t s  

s u c h   as  EDTA  p e r f o r m   m o s t   e f f i c i e n t l y   a t   pH  of  8 .0   o r  

m o r e ,   i t   may  be  d e s i r a b l e   to   s u p p l y   t he   l u b r i c a n t  

c o n c e n t r a t i o n   a t   a  s u f f i c i e n t l y   h i g h   pH  ( 8 . 0  ÷   10)  t o  

e n a b l e   t he   s e q u e s t e r i n g   a g e n t   to  o p e r a t e   a t   m a x i m u m  

e f f i c i e n c y .   As  has   b e e n   p r e v i o u s l y   m e n t i o n e d ,   h o w e v e r ,  
t h i s   i n c r e a s e  i n   pH  may  r e s u l t   in  some  l o s s   i n  t h e   p r o -  
d u c t ' s   d u r a b i l i t y .  

The  l u b r i c i t y   and  d u r a b i l i t y   of  t h e   l u b r i c a n t  

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



m e a s u r e d   on  a  p i l o t   t e s t   t r a c k ,   a p p r o x i m a t e l y   19  cm 
wide   by  305  cm  l o n g .   The  t r a c k ,   a  s l a t   c o n v e y o r   m a n u -  
f a c t u r e d   of  304  s t a i n l e s s   s t e e l ,   was  o p e r a t e d   a t   a  s p e e d  

of  40  c m / s e c .   F r i c t i o n   m e a s u r e m e n t s   we re   m e a s u r e d   w i t h  

a  0-5  p o u n d   p r e c i s i o n   l o a d   c e l l   m a n u f a c t u r e d   by  T r a n s -  

d u c e r s ,   I n c .   (Model   C 4 6 2 ) .   The  o u t p u t   f rom  t h e   l o a d  

c e l l   was  c o n n e c t e d   to   a  S igma  v a r i a b l e   s p e e d   s t r i p   c h a r t  

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

f r i c t i o n   (u)  v s .   t i m e .  

A  c o n s t a n t   l o a d ,   c o n s i s t i n g   of  e i g h t   f i l l e d  

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

w i r e ,   was  u t i l i z e d   in  t h e   e x p e r i m e n t s .   L u b r i c a n t   c o m -  

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

a  f e e d   pump,  v i a   a  f an   s p r a y   n o z z l e .   The  pump  and  n o z z l e  

c o u l d   be  a d j u s t e d   to   v a r y   b o t h   t h e   f r e q u e n c y   of  t h e  

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

of  t h e   f o l l o w i n g   e x a m p l e s   a  s p u r t   r a t e   of   3 6 / m i n u t e   a n d  

a  s o l u t i o n   v o l u m e   of  32  m L / m i n u t e   was  e m p l o y e d .  

The  t e s t   was  i n i t i a t e d   by  a c t i v a t i n g   t h e   f e e d  

pump  and  s t a r t i n g   t h e   t e s t   t r a c k   and  r e c o r d e r   in  m o t i o n .  

The  m e a s u r e d   c o e f f i c i e n t   of   f r i c t i o n   was  o b s e r v e d   t o  

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

v a l u e   (µ ) ,   t h e   v a l u e   d e p e n d i n g   on  t he   l u b r i c i t y   of  t h e  

a p p l i e d   m a t e r i a l .   B e c a u s e   l u b r i c i t y   has   an  i n v e r s e  

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

b e t t e r   t h e   l u b r i c a n t .  

The  p i l o t   t e s t   t r a c k   was  a l s o   u s e d   to   m e a s u r e  
the   d u r a b i l i t y   of  t h e   l u b r i c a n t   c o m p o s i t i o n s .   T h i s   w a s  

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

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

of  w a t e r .   At  t he   same  t i m e ,   a  w e i g h t e d   f i b e r g l a s s   c l o t h  

( f 5 0 0 0   gms,  w i d t h ~ 1 1   cm)  was  p l a c e d   on  t he   t r a c k   t o  
i n c r e a s e   t he   wear   r a t e .   The  t i m e   r e q u i r e d   f o r   t h e   c o -  
e f f i c i e n t   of  f r i c t i o n   to  i n c r e a s e   f rom  t h e   l u b r i c a t e d  



e q u i l i b r i u m   v a l u e   to   t h e   o r i g i n a l   f r i c t i o n   v a l u e   r e -  

p r e s e n t s   t h e   d u r a b i l i t y   of   t he   t e s t   l u b r i c a n t .   T h e  

g r e a t e r   t h e   t i m e ,   t h e   b e t t e r   t h e   d u r a b i l i t y .  

The  r e p o r t e d   d a t a   f o r   c o e f f i c i e n t s   of   f r i c -  

t i o n   r e p r e s e n t   m e a s u r e m e n t s   t a k e n   f i v e   m i n u t e s   a f t e r  

t he   i n i t i a l   a c t i v a t i o n   of  t h e   f e e d   pump  and  t e s t   t r a c k  

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

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

l u b r i c a n t   was  r e p l a c e d   w i t h   a  w a t e r   s t r e a m   and  t h e   d u r a -  

b i l i t y   t e s t   was  c o m m e n c e d .  

In  i n t e r p r e t i n g   t he   f o l l o w i n g   d a t a ,   t h e   o p t i -  

mum  p r o d u c t s   a r e   t h o s e   w h i c h   e x h i b i t   b o t h   low  e q u i l -  
i b r i u m   c o e f f i c i e n t s   of  f r i c t i o n   and  h i g h   d u r a b i l i t y  

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

were   d i l u t e d   in  d i s t i l l e d   w a t e r   to   2 .2   X  1 0 - 3   M  b a s e d  

on  t h e  w e i g h t   of   t h e   e s t e r .   A l l  r a t i o s   a r e   e x p r e s s e d  
in  t e r m s   of  w e i g h t ,   u n l e s s   o t h e r w i s e   i n d i c a t e d .   F i n a l -  

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

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

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

















E x a m p l e   I  

C 1 2 - C 1 5   n o n - e t h o x y l a t e d   m o n o e s t e r  

A  p h o s p h a t e d   e s t e r   was  p r e p a r e d   by  r e a c t i n g   a  

C12  to  C15  l i n e a r   p r i m a r y   a l c o h o l   m i x t u r e   w i t h  

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

72°C .   Upon  c o o l i n g   t h e   p r o d u c t   was  a n a l y z e d   and  f o u n d  

to  c o n t a i n   3 8 . 2   p e r c e n t   m o n o e s t e r ,   1 1 . 5   p e r c e n t   H 3 P O 4 ,  
5 0 . 3   p e r c e n t   u n r e a c t e d   a l c o h o l ,   and  no  m e a s u r a b l e   d i -  

e s t e r .  

The  p h o s p h a t e   e s t e r   was  s e p a r a t e d   f rom  t h e  

u n r e a c t e d   a l c o h o l   by  d i s s o l v i n g   a p p r o x i m a t e l y   25  g  o f  

t h e   a b o v e   p r o d u c t   in  50  mL  of  warm  i s o p r o p y l   a l c o h o l  

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

s o l u t i o n   was  o b t a i n e d .   The  pH  of   t h e   s o l u t i o n   w a s  

a d j u s t e d   to   a p p r o x i m a t e l y   6 .5   by  t h e   a d d i t i o n   of  c o n -  

c e n t r a t e d   NH40H  ( d i l u t e   s o l u t i o n s   s h o u l d   be  a v o i d e d   d u e  

to  t he   e s t e r ' s   s o l u b i l i t y   in  H 2 0 ) .   T h i s   r e s u l t e d   i n  

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

a t   40°C  f o r   45  m i n u t e s .   The  s o l u t i o n   was  c o o l e d   t o  

20°C,   f i l t e r e d   t h r o u g h   a  b u c h n e r   f u n n e l ,   w a s h e d   w i t h  

c o l d   IPA,  and  t h e   p r e c i p i t a t e   d r i e d .   The  r e s i d u e   - -  

t h e   ammonium  s a l t s   of  t he   p h o s p h a t e   e s t e r   and  p o l y p h o s -  

p h o r i c   a c i d   - -   was  d i s s o l v e d   in  w a t e r   to   fo rm  a  2 .2   X 
1 0 - 3   M  l u b r i c a n t   c o m p o s i t i o n   b a s e d   on  t he   p h o s p h a t e  

e s t e r ,   and  a p p l i e d   to   t he   t e s t   t r a c k   in  t h e   m a n n e r   p r e -  

v i o u s l y   d e s c r i b e d .   The  d u r a b i l i t y   and  l u b r i c i t y   of  t h e  

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

s e t   f o r t h   a t   Ex  1A  in  T a b l e   I .  

A  s e c o n d   s a m p l e   of  t h e   p h o s p h a t e   e s t e r / u n r e a c t -  

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

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

T h i s   was  a c c o m p l i s h e d   by  a d d i n g   25  g  of   m a t e r i a l   ( 3 8  

p a r t s   e s t e r :   50  p a r t s   a l c o h o l )   to  250  ml  of  a  1 0 / 9 0  



I P A / H 2 0   s o l u t i o n ,   and  h e a t i n g   the   m i x t u r e   to  35°C ,   w i t h  

s t i r r i n g .   The  pH  of   t h e   d i s p e r s i o n   was  a d j u s t e d   to   6 . 5  

by  the   a d d i t i o n   of  d i e t h a n o l   amine   (DEA),  and  t h e n   d i l -  

l u t e d   w i t h   d i s t i l l e d   w a t e r   to   form  a  2 .2   X  10-3   M 

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

The  c o m p o s i t i o n   was  a p p l i e d   to   t h e   t e s t   t r a c k   and  i t s  

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

r e s u l t s   a r e   s e t   f o r t h   a t   Ex  lB  in  T a b l e   I .  

E x a m p l e   I I  

C 1 2 - C 1 5   t r i e t h o x y l a t e d   m o n o e s t e r  

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

c o m p o s i t i o n   ( A l k a p h o s - 3 ,   A l k a r i l   C h e m i c a l s   L t d . ) ,   w a s  

f o r m u l a t e d   i n t o   a  t r a c k   l u b r i c a n t   c o m p o s i t i o n .   A n a l y -  
s i s   of  t he   p r o d u c t   as  r e c e i v e d   r e v e a l e d   i t   to   be  a  C 1 2  

-C15  t r i e t h o x y p h o s p h a t e   and  t h a t   i t s   c o m p o s i t i o n   was  4 5  

p e r c e n t   m o n o e s t e r ,   10  p e r c e n t   p h o s p h o r i c   a c i d ,   40  p e r -  

c e n t   u n r e a c t e d   a l c o h o l   e t h o x y l a t e ,   and  5  p e r c e n t  

d i e s t e r .  

T w e n t y - f i v e   (25)  g r a m s   of  t h e   p r o d u c t   w a s  

d i s p e r s e d   in  250  ml  of   a  1 0 / 9 0   IPA/H20   s o l u t i o n ,   n e u -  

t r a l i z e d   to  pH  6 .5   w i t h   DEA,  and  d i l u t e d   to   2 .2   X  1 0 - 3  

M  w i t h   d i s t i l l e d   w a t e r   in  t h e   same  m a n n e r   as  t h e  

e s t e r / a l c o h o l   m a t e r i a l   of   E x a m p l e   1.  The  r e s u l t s   o f  

t he   c o m p o s i t i o n   as  a  t r a c k   l u b r i c a n t   a r e   s e t   f o r t h   a t  

Ex  2  of  T a b l e   1 .  

E x a m p l e   I I I  

C14C15  n o n - e t h o x y l a t e d   m o n o e s t e r  

A  p h o s p h a t e d   m o n o e s t e r   was  p r e p a r e d   f rom  a  

C14C15  l i n e a r   p r i m a r y   a l c o h o l   m i x t u r e   by  f o l l o w i n g   t h e  

p r o c e d u r e   of  E x a m p l e   1.  A n a l y s i s   r e v e a l e d   t h e   p r o d u c t  



to  c o n t a i n   4 1 . 8   p e r c e n t   m o n o e s t e r ,   1 0 . 7   p e r c e n t   H 3 P O 4 ,  
4 7 . 5   p e r c e n t   u n r e a c t e d   a l c o h o l ,   and  no  m e a s u r a b l e   d i -  

e s t e r .   A  p o r t i o n   of  t he   p r o d u c t   was  d i s s o l v e d   in  3 0 / 7 0  

IPA/H2O,   n e u t r a l i z e d   to   pH  6 .5   w i t h   DEA,  d i l u t e d   t o  

2 .2   X  10-3   M  in  d i s t i l l e d   w a t e r   and  t e s t e d   on  the   p i l o t  

t r a c k .   The  r e s u l t s   a p p e a r   a t   Ex  3A  of  T a b l e   I .  

A n o t h e r   p o r t i o n   of  the   a b o v e   p r o d u c t   was  t r e a t -  

ed  so  as  to   i s o l a t e   t h e   p h o s p h a t e   e s t e r   f r o m   t h e   n o n -  

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

of   E x a m p l e   1.  The  i s o l a t e d ,   p a r t i a l l y   n e u t r a l i z e d   e s t e r /  

a c i d   m i x t u r e   was  t e s t e d   on  the   p i l o t   t r a c k   by  i t s e l f  

(Ex  3B) ,   and  in  c o m b i n a t i o n   w i t h   a  n u m b e r   of   l o n g - c h a i n  

a l c o h o l s   and  a l c o h o l   e t h o x y l a t e s   (Exs  3 C - 3 H ) .   In  a l l  

c a s e s ,   t h e   C 1 4 - C 1 5   p h o s p h a t e   e s t e r - c o n t a i n i n g   l u b r i c a n t  

was  d i l u t e d   to   2 . 2   X  10  -3  
M,  b a s e d   on  t h e   e s t e r   c o n t e n t ,  

p r i o r   to   t e s t i n g .  

E x a m p l e   I V  

O l e y l   d i e t h o x y   m o n o e s t e r  

An  o l e y l   a l c o h o l   d i e t h o x y l a t e   was  p r e p a r e d   b y  

r e a c t i n g   o l e y l   a l c o h o l   [CH3(CH2)7CH=CH(CH2)7CHOH]  w i t h  

e t h y l e n e   o x i d e   in  a  1  to  2  m o l a r   r a t i o .   The  r e a c t i o n  

was  c a r r i e d   o u t   by  c h a r g i n g   the   o l e y l   a l c o h o l   and  a  

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

t he   a u t o c l a v e   to   140°  C,  and  g r a d u a l l y   a d d i n g   e t h y l e n e  

o x i d e   g a s .   The  p r e s s u r e   was  m a i n t a i n e d   a t   25  to   30  

p . s . i .   d u r i n g   t he   r e a c t i o n .  

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

r e a c t e d   w i t h   p o l y p h o s p h o r i c   a c i d   by  f o l l o w i n g   t h e   p r o -  
c e d u r e   of  E x a m p l e   1.  A n a l y s i s   r e v e a l e d   t h e   p r o d u c t   t o  

be  42  p e r c e n t   p h o s p h a t e   m o n o e s t e r ,   8  p e r c e n t   H3P04,   a n d  

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

the   p r o d u c t   was  d i s s o l v e d   in  3 0 / 7 0   I P A / H 2 0 ,   n e u t r a l -  

i z e d   to   pH  6 .5   w i t h   DEA,  d i l u t e d   to   2 . 2   X  10 -3   M  i n  



d i s t i l l e d   w a t e r   and  t e s t e d   on  t h e   p i l o t   t r a c k .   T h e  

r e s u l t s   a p p e a r   a t   Ex  3A  of   T a b l e   I .  

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

as  to   i s o l a t e   t he   p h o s p h a t e   e s t e r   f rom  t h e   a l c o h o l   i n  

a c c o r d a n c e   w i t h   t he   s e p a r a t i o n   s t e p   of  E x a m p l e   1.  T h e  

i s o l a t e d ,   p a r t i a l l y   n e u t r a l i z e d   e s t e r / a c i d   m i x t u r e   w a s  

t e s t e d   on  t h e   p i l o t   t r a c k   by  i t s e l f   (Ex  4B) ,   and  i n  

c o m b i n a t i o n   w i t h   a  number   o f   l o n g - c h a i n   a l c o h o l s   a n d  

a l c o h o l   e t h o x y l a t e s   (Exs  4 C - 4 E ) .   In  a l l   c a s e s   t h e   o l e y l  

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

to   2 . 2   X  10  -3  M  b a s e d   on  t h e   e s t e r   c o n t e n t ,   p r i o r   t o  

t e s t i n g .  

E x a m p l e   V 

O l e y l   p o l y e t h o x y   e s t e r   ( G a f a c   G B 5 2 0 )  

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

e t h o x y l a t e d   o l e y l   a l c o h o l   e s t e r   c o m p o s i t i o n   ( G a f a c   G B 5 2 0 ,  

GAF,  I n c . )   was  f o r m u l a t e d   i n t o   a  t r a c k   l u b r i c a n t .   A n a l y -  

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

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

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

f r e e   o l e y l   a l c o h o l   e t h o x y l a t e .   The  a n a l y s i s   showed   t h e  

p r o d u c t   to   be  p a r t i a l l y   n e u t r a l i z e d   w i t h   NaOH. 

The  d e g r e e   of  e t h o x y l a t i o n   of  t h e   o l e y l   a l c o -  

h o l   a l k y l e n e   s u b s t i t u e n t   was  d e t e r m i n e d   to   be  b e t w e e n   8 

and  9,  and  t h e   r a t i o   of   p h o s p h a t e   d i e s t e r   to  p h o s p h a t e  

m o n o e s t e r   to   be  in  e x c e s s   of  4  to   1.  U n r e a c t e d   e t h o x y -  

l a t e d   a l c o h o l   was  f o u n d   to   c o n s t i t u t e   a p p r o x i m a t e l y   35  

p e r c e n t   by  w e i g h t   of  t h e   s o l i d s   i n g r e d i e n t s .  

The  GB520  was  f o r m u l a t e d   i n t o   a  2 .2   X  1 0 - 3   M 

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

t o t a l   e s t e r .   The  r e s u l t s   of   t h e   p i l o t   t r a c k   t e s t   u t i l -  

i z i n g   t h i s   m a t e r i a l   a r e   r e p o r t e d   a t   Ex  5  of  T a b l e   1 .  



As  e v i d e n t   f rom  t h e s e   r e s u l t s ,   t h e   c o m p o s i t i o n   e x h i b i t e d  

p o o r   d u r a b i l i t y   and  l u b r i c i t y .  

E x a m p l e   V I  

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

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

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

i t y   of   t h e   c o m p o s i t i o n .   A  p h o s p h a t e  e s t e r   of  a  C 1 4 -  

C 1 5 ( E t O ) 2 ¼   a l c o h o l   e t h o x y l a t e   was  p r e p a r e d   in  a c c o r -  

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

v e a l e d   t h e   p r o d u c t   to   be  7 2 . 5   p e r c e n t   m o n o e s t e r ,   9  p e r -  

c e n t   d i e s t e r ,   12  p e r c e n t   p h o s p h o r i c   a c i d ,   and  6 .5   p e r -  
c e n t   u n r e a c t e d   a l c o h o l   e t h o x y l a t e .  

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

s u l f o n a t e d   o l e i c   a c i d ,   50%  a c t i v e   ( S u l f o n a t e   OA5,  C i t i e s  

S e r v i c e ,   I n c . )   - -   was  a d d e d   to   t h e   e s t e r / a l c o h o l   b l e n d  

in  v a r i o u s   a m o u n t s ,   t h e   m i x t u r e   n e u t r a l i z e d   to  a  pH  o f  

6 .5   w i t h   DEA,  and  t he   n e u t r a l i z e d   p r o d u c t s   d i s p e r s e d   i n  

150  ppm  t a p   w a t e r   to  fo rm  t r a c k   l u b r i c a n t s   ( 2 . 2   X  1 0 - 3  

M,  b a s e d   on  e s t e r ) .   The  r e s u l t s   a r e   r e c o r d e d   a t   E x s  

6A-6D  in  T a b l e   I .  

E x a m p l e   V I I  

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

The  C 1 4 C 1 5 ( O E t ) 2 ¼   a l c o h o l   e t h o x y l a t e   o f  

E x a m p l e   VI  was  t r e a t e d   so  as  to   i s o l a t e   t h e   m o n o - p h o s -  

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

of  E x a m p l e   I .   7Ten  Ten  (10)  g r a m s   of   t h e   m o n o e s t e r   w a s  



d i s p e r s e d   in  75  g r a m s   of  2 : 1 3   I P A : H 2 0 ,   and  t i t r a t e d  

w i t h   NH40H  to  a  pH  of  6 . 0 .   F i v e   (5)  g r a m s   of   A r o m o x  

C / 1 2 ,   b i s ( 2 - h y d r o x y e t h y l )   c o c o a m i n e   o x i d e   (Armak  I n d u s -  

t r i a l   C h e m i c a l s ) ,   was  a d d e d   t o   t h e   a b o v e   s o l u t i o n   t o  

fo rm  a  c o n c e n t r a t e ,   and  t h e   m a t e r i a l   d i s p e r s e d   in  t a p  

w a t e r   ( 1 0 0 : 1 )   to  f o rm  a  t r a c k   l u b r i c a n t   ( 2 . 2   X  1 0 - 3   M, 

b a s e d   on  e s t e r ) .   The  r e s u l t s   a r e   r e c o r d e d   a t   Ex  7  o f  

T a b l e   I .  

E x a m p l e   V I I I  

p h o s p h a t e   m o n o e s t e r   p l u s   u r e a  

The  C 1 4 C 1 5 ( O E t ) 2 ¼   a l c o h o l   e t h o x y l a t e   o f  

E x a m p l e   VI  was  t r e a t e d   so  as  to   i s o l a t e   t h e   m o n o - p h o s -  

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

of  E x a m p l e   I .   Ten  (10)  g r a m s   of  t h e   m o n o e s t e r   was  d i s -  

p e r s e d   in   80  g r a m s   of  1 :8   I P A : H 2 0   and  t i t r a t e d   w i t h  

NH4OH  to  a  pH  of  6 . 0 .   A  c o n c e n t r a t e   was  f o r m u l a t e d   b y  

d i s s o l v i n g   8  g r a m s   of  u r e a   in  t h e   a b o v e   s o l u t i o n .   T h e  

c o n c e n t r a t e   was  d i l u t e d   in  d i s t i l l e d   w a t e r   ( 1 0 0 : 1 )   t o  

fo rm  a  t r a c k   l u b r i c a n t .   The  r e s u l t s   a r e   r e p o r t e d   a t   EX 

8A  of  T a b l e   I .  

A  s e c o n d   l u b r i c a n t   c o m p o s i t i o n   was  p r e p a r e d ,  

as  a b o v e ,   b u t   e m p l o y i n g   a  h i g h e r   l e v e l   of  u r e a   (20  g r a m s ) .  

The  r e s u l t s   a r e   r e c o r d e d   a t   Ex  8B  of  T a b l e   I .  

E x a m p l e   I X  

Long  c h a i n   a l k y l e n e   p h o s p h a t e   e s t e r s   w e r e  

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

d a n c e   w i t h   t h e   p r o c e d u r e s   of  E x a m p l e   1  t h r o u g h   V I I I .  



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

t e s t   t r a c k   a r e   s u m m a r i z e d   in  T a b l e   I ,   Exs  9  and  1 0 .  

E x a m p l e   X 

E f f e c t   of   pH 

In  o r d e r   to   t e s t   t he   e f f e c t   of   pH  on  l u b r i -  

c a n t   p r o p e r t i e s ,   a  t r a c k   l u b r i c a n t   c o n c e n t r a t e   was  f o r -  

m u l a t e d   as  f o l l o w s :  

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

f rom  c o n c e n t r a t e s   h a v i n g   a  r a n g e   of  pH  f rom  8 .0   t h r o u g h  

1 1 . 0 ,   and  a p p l i e d   to   t h e   t e s t   t r a c k   in  t h e   m a n n e r   p r e -  

v i o u s l y   d e s c r i b e d .   The  l u b r i c i t y   and  d u r a b i l i t y   o f  

t h e s e   c o m p o s i t i o n s   a r e   s e t   f o r t h   in  T a b l e   I I .  



I t   can   be  n o t e d   t h a t   t h e   c o e f f i c i e n t   of   f r i c -  

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

pH.  In  c e r t a i n   a p p l i c a t i o n s ,   i . e . ,   w h e r e   t h e   l u b r i c a n t  

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

t r a c k ,   a  r e l a t i v e l y   l o w - l e v e l   of  d u r a b i l i t y   may  be  s a t -  

i s f a c t o r y .  

E x a m p l e   X I  

R e s i s t a n c e   to   b e v e r a g e   s p i l l s  

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

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

in  b e e r   b o t t l i n g   h a l l s   was  t e s t e d   u t i l i z i n g   t h e   f o r m u l a -  

t i o n   of  E x a m p l e   X,  p a r t i a l l y   n e u t r a l i z e d   w i t h   MEA  a n d  

t h e r e a f t e r   d i l u t e d   w i t h   s o f t   w a t e r   ( 2 5 0 : 1 )   to   a  pH  o f  

7 . 8 .  

F o r t y   b e e r   b o t t l e s   w e r e   p l a c e d   on  t h e   c l e a n  

p i l o t   t e s t   t r a c k   and  the   t e s t   t r a c k   a p p a r a t u s   a d j u s t e d  

as  p r e v i o u s l y   o u t l i n e d .   In  an  e f f o r t   to  s i m u l a t e   a  

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

b o t t l i n g   f a c i l i t y ,   t he   t r a c k   was  o p e r a t e d   a t   a  s p e e d   o f  

40  c m / s e c .   f o r   a  p e r i o d   of  two  h o u r s   w i t h   l u b r i c a n t  

s u p p l i e d   t h r o u g h o u t   at   a  r a t e   of  41  m L / m i n u t e .  



At  t h e   end  of  t he   two  h o u r   e q u i l i b r a t i o n   p e r i o d ,  

w i t h   t he   t r a c k   and  t he   l u b r i c a n t - f e e d   s t i l l   r u n n i n g ,  

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

p r e c i s i o n   l o a d   c e l l   was  m e a s u r e d   f o r   4½  m i n u t e s .   T h e  

e q u i l i b r i u m   c o e f f i c i e n t   of  f r i c t i o n   was  found   to   be  p  = 

0 . 1 5 4 .  

A f t e r   t he   a b o v e   e q u i l i b r i u m   m e a s u r e m e n t   w a s  

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

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

d i l u t i o n   on  t h e   l u b r i c a n t   c o m p o s i t i o n .   W a t e r   was  s p r a y e d  

o n t o   t he   t r a c k   t h r o u g h   a  n o z z l e ,   u p s t r e a m   of  t h e   e i g h t -  

b o t t l e   l o a d ,   a t   a  r a t e   of  103  m L / m i n u t e   u s i n g   a  p e r i s t a l -  

t i c   pump.  M e a s u r e m e n t s   we re   t a k e n   o v e r   a  4½  m i n u t e  

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

was  f o u n d   to   be  µ  =  0 . 1 5 9 .   F low  of  w a t e r   was  s t o p p e d  

and  t he   c o e f f i c i e n t   of  f r i c t i o n   was  a g a i n   m e a s u r e d   o v e r  

a  p e r i o d   of   4  m i n u t e s :   u  =  0 . 1 5 9 .  

The  e f f e c t   of  a  b e e r   s p i l l   was  d e t e r m i n e d   b y  

a p p l y i n g   a  s u p p l e m e n t a l   s p r a y   of  b e e r   (pH  4 . 1 )   to   t h e  

t r a c k   in  t h e   same  m a n n e r   as  t h e   w a t e r   s p r a y   in  t h e   p r e -  

c e e d i n g   w a t e r - d i l u t i o n   s t e p ,   b u t   a t   a  r a t e   of  5 5  

m L / m i n u t e .   The  pH  of  t h e   c o m b i n e d   b e e r   and  l u b r i c a n t  

s p r a y   on  t h e   t r a c k   was  d e t e r m i n e d   to  be  pH  =  4 . 5 .   T h e  

c o e f f i c i e n t   of  f r i c t i o n ,   m e a s u r e d   o v e r   a  7  m i n u t e  

p e r i o d ,   was  o b s e r v e d   i n i t i a l l y   to   r i s e   (p  =  0 . 1 6 7 )   a n d  

t h e n   to  f a l l   (µ  =  0 . 1 5 9 ) .   T h e r e a f t e r ,   t he   s p r a y   o f  

b e e r   to   t h e   t e s t   t r a c k   was  s t o p p e d   and  t he   l u b r i c a n t  

a l o n e   a p p l i e d .   The  l u b r i c i t y   was  f o u n d   to   i n c r e a s e  

s o m e w h a t   (p  =  0 . 1 5 2 ) .  



1.  In  a  m e t h o d   f o r   l u b r i c a t i n g   a  c o n t i n u -  

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

f rom  a  f i r s t   s t a t i o n   to   a  s e c o n d   s t a t i o n   and  w h e r e i n  

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

s t a t i o n   w h i l e   s a i d   c o n v e y o r   moves   b e n e a t h   s a i d   p a c k a g e s ,  

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

l u b r i c a n t   c o m p o s i t i o n ;  

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

c a n t   c o m p o s i t i o n   c o m p r i s e s :  

a  mono  a l k y l   p h o s p h a t e   e s t e r   of  t h e   f o r m u l a  

w h e r e i n   t he   c o n c e n t r a t i o n   of  p h o s p h a t e   e s t e r   in  s a i d  

l u b r i c a n t   c o m p o s i t i o n   is   in  t h e   r a n g e   1 .0   X  1 0 - 3   t o  

3.0  X  10-3   m o l a r   and  t h e   w e i g h t   of  m o n o  a l k y l   p h o s -  

p h a t e   e s t e r   e x c e e d s   t h e   w e i g h t   of   any  d i a l k y l p h o s p h a t e  

e s t e r ,   and  w h e r e i n   n  can   h a v e   a  v a l u e   of  z e r o   t h r o u g h  

t h r e e ,   and  R  is   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

i)  l i n e a r   s a t u r a t e d   p r i m a r y   a l k y l   g r o u p s ,   C14  t h r o u g h  

C18 '   i i )   l i n e a r   p a r t i a l l y   u n s a t u r a t e d   p r i m a r y   a l k y l  

g r o u p s   C16  t h r o u g h   C 2 0 '   and  i i i )   a  m i x t u r e   of  l i n e a r  

p r i m a r y   a l k y l   s u b s t i t u a n t s   C12  t h r o u g h   C20 ,   s a t u r a t e d  

or  p a r t i a l l y   u n s a t u r a t e d ,   w h e r e i n   t h e   a v e r a g e   l e n g t h  

of  t h e   a l k y l   s u b s t i t u a n t   i s   C13  t h r o u g h   C18;   a n d  

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

p a r t i a l l y   n e u t r a l i z e d   w i t h   a  b a s e   w h e r e b y   i t s   pH  is   i n  

t he   r a n g e   5 .0   t h r o u g h   1 0 . 0 .  



2.  In  a  m e t h o d   for   l u b r i c a t i n g   a  c o n t i n u -  

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

f rom  a  f i r s t   s t a t i o n   to   a  s e c o n d   s t a t i o n   and  w h e r e i n  

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

s t a t i o n   w h i l e   s a i d   c o n v e y o r   moves  b e n e a t h   s a i d   p a c k a g e s ,  

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

l u b r i c a n t   c o m p o s i t i o n ;  

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

c a n t   c o m p o s i t i o n   c o m p r i s e s :  

A.  a  mono  a l k y l   p h o s p h a t e   e s t e r   of  t he   f o r m -  

u l a  

w h e r e i n   t he   c o n c e n t r a t i o n   of  p h o s p h a t e   e s t e r   in  s a i d  

l u b r i c a n t   c o m p o s i t i o n   i s   in  t h e   r a n g e   1 .0   X  10-3   t o  

3 .0   X  10-3   m o l a r   and  t h e   w e i g h t   of  mono  a l k y l   p h o s -  

p h a t e   e s t e r   e x c e e d s   t he   w e i g h t   of  any  d i a l k y l p h o s p h a t e  

e s t e r ;  

B.  An  s y n e r g i s t   s e l e c t e d   f rom  the   g r o u p  

c o n s i s t i n g   o f :  

i)  an  a l c o h o l   of  t he   f o r m u l a  

i i )   an  amine   o x i d e   of  t he   f o r m u l a  

a n d  

i i i )   u r e a ,  



s a i d   s y n e r g i s t   p r e s e n t   in   an  a m o u n t   b e t w e e n   10  and  1 5 0  

p e r c e n t   of  t h e   w e i g h t   of   s a i d   m o n o e s t e r ;  
w h e r e i n   m  and  n  can   have   a  v a l u e   of  z e r o  

t h r o u g h   t h r e e ,   R  a n d  R   a r e   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   of  i)  l i n e a r   s a t u r a t e d   p r i m a r y   a l k y l   g r o u p s ,  

C14  t h r o u g h   C18 ,   i i )   l i n e a r   p a r t i a l l y   u n s a t u r a t e d  

p r i m a r y   a l k y l   g r o u p s   C16  t h r o u g h   C20 ,   and  i i i )   a  

m i x t u r e   of   l i n e a r  s a t u r a t e d   p r i m a r y   a l k y l   g r o u p s   C 1 2  
t h r o u g h   C20 ,   w h e r e i n   t h e   a v e r a g e   l e n g t h   of  t h e   a l k y l  

s u b s t i t u a n t   i s   C13  t h r o u g h   C18 ,   and  R "   i s   a  m i x t u r e  

of  s a t u r a t e d   and  u n s a t u r a t e d   a l k y l   g r o u p s   C8  t h r o u g h  

C18  h a v i n g   an  a v e r a g e   c h a i n   l e n g t h   C12  t h r o u g h   C 1 8 ;  
a n d  

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

p a r t i a l l y   n e u t r a l i z e d   w i t h   a  b a s e   w h e r e b y   i t s   pH  is   i n  

t h e   r a n g e   5 .0   t h r o u g h   1 0 . 0 .  

3.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1  or  2  f u r t h e r  

i n c l u d i n g :  

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

c o n v e y o r   by  means   o f   a  p l u r a l i t y   of  s p r a y   n o z z l e s   s p a c e d  

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

4.  An  a q u e o u s   l u b r i c a n t   c o m p o s i t i o n   c o m p r i s -  

i n g :  

A.  a  mono  a l k y l   p h o s p h a t e   e s t e r   of  t h e   f o r m u -  

l a  



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

l u b r i c a n t   c o m p o s i t i o n   i s   in  t h e   r a n g e   1 .0   X  10-3   t o  

3 .0   X  1 0 - 3   m o l a r   and  t h e   w e i g h t   of  mono  a l k y l   p h o s -  

p h a t e   e s t e r   e x c e e d s   t h e  w e i g h t   of  any  d i a l k y l p h o s p h a t e  

e s t e r ;  

B.  An  s y n e r g i s t   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 :  

i)  an  a l c o h o l   of  t h e   f o r m u l a  

i i )   an  amine   o x i d e   of  t h e   f o r m u l a  

a n d  

i i i )   u r e a ,  

s a i d   s y n e r g i s t   p r e s e n t   in  an  a m o u n t   b e t w e e n   10  and  1 5 0  

p e r c e n t   of   t h e   w e i g h t   of  s a i d   m o n o e s t e r ;  

w h e r e i n   m  and  n  can   have   a  v a l u e   of  z e r o  

t h r o u g h   t h r e e ,   R  a n d   R  a r e   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   of  i)  l i n e a r   s a t u r a t e d   p r i m a r y   a l k y l   g r o u p s ,  

C14  t h r o u g h   C18,   i i )   l i n e a r   p a r t i a l l y   u n s a t u r a t e d  

p r i m a r y   a l k y l   g r o u p s   C16  t h r o u g h   C20,   and  i i i )   a  

m i x t u r e   of   l i n e a r   s a t u r a t e d   p r i m a r y   a l k y l   g r o u p s   C l 2  
t h r o u g h   C20 ,   w h e r e i n   t h e   a v e r a g e   l e n g t h   of  t he   a l k y l  

s u b s t i t u a n t   i s   C13  t h r o u g h   C18,   and  R ' '   is  a  m i x t u r e  

of  s a t u r a t e d   and  u n s a t u r a t e d   a l k y l   g r o u p s   C8  t h r o u g h  

C18  h a v i n g   an  a v e r a g e   c h a i n   l e n g t h   C12  t h r o u g h   C 1 8 ;  
a n d  

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

p a r t i a l l y   n e u t r a l i z e d   w i t h   a  b a s e   w h e r e b y   i t s   pH  i s   i n  

t he   r a n g e   5 .0   t h r o u g h   1 0 . 0 .  



5.  An  a q u e o u s   l u b r i c a n t   c o m p o s i t i o n   a c c o r d -  

ing  to   C l a i m   4  w h e r e i n   s a i d   b a s e   i s   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   of  a m m o n i a ,   ammonium  h y d r o x i d e ,   or  a  

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

6.  An  a q u e o u s   l u b r i c a n t   c o m p o s i t i o n   a c c o r d -  

ing  to   C l a i m   4,  f u r t h e r   i n c l u d i n g   an  a n i o n i c   s u r f a c t a n t .  

7.  The  c o m p o s i t i o n   of   C l a i m   6  w h e r e i n   s a i d  

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

8.  An  a q u e o u s  l u b r i c a n t   c o m p o s i t i o n   a c c o r d -  

ing  to   C l a i m   4,  f u r t h e r   i n c l u d i n g   a  s e q u e s t e r i n g   a g e n t .  

9.  An  a q u e o u s   l u b r i c a n t   c o n c e n t r a t e   c o m p r i s -  

i n g :  

A.  a  mono  a l k y l   p h o s p h a t e   e s t e r   of  t h e   f o r m u -  

l a  

w h e r e i n   t he   c o n c e n t r a t i o n   of  p h o s p h a t e   e s t e r   in  s a i d  

c o n c e n t r a t e   i s   in  t h e   r a n g e   0 . 2   to   0 .5   m o l a r   and  t h e  

w e i g h t   of  mono  a l k y l   p h o s p h a t e   e s t e r   e x c e e d s   t h e   w e i g h t  

of  any  d i a l k y l   p h o s p h a t e   e s t e r .  

B.  An  s y n e r g i s t   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 :  

i)  an  a l c o h o l   of   t h e   f o r m u l a  

i i )   an  amine   o x i d e   of  t he   f o r m u l a  



a n d  

i i i )   u r e a ,  

s a i d   s y n e r g i s t   p r e s e n t   in  an  a m o u n t   b e t w e e n   10  and  1 5 0  

p e r c e n t   of  t h e   w e i g h t   of   s a i d   m o n o e s t e r ;  

w h e r e i n   m  and  n  can  have   a  v a l u e   of  z e r o  

t h r o u g h   t h r e e ,   R  a n d   R  a r e   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   of  i)  l i n e a r   s a t u r a t e d   p r i m a r y   a l k y l   g r o u p s ,  

C14  t h r o u g h   C18 ,   i i )   l i n e a r   p a r t i a l l y   u n s a t u r a t e d  

p r i m a r y   a l k y l   g r o u p s   C16  t h r o u g h   C20 ,   i i i )  a   m i x t u r e  

of   l i n e a r   s a t u r a t e d   p r i m a r y   a l k y l   g r o u p s   C12  t h r o u g h  

C20 ,   w h e r e i n   t h e   a v e r a g e   l e n g t h   of  t h e   a l k y l  s u b s t i -  

t u a n t   i s   C13  t h r o u g h   C18 ,   and  R ' '  i s   a  m i x t u r e   of  s a -  

t u r a t e d   and  u n s a t u r a t e d   a l k y l   g r o u p s   C8  t h r o u g h   C 1 8  
h a v i n g   an  a v e r a g e   c h a i n   l e n g t h   C12  t h r o u g h   C18;   a n d  

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

p a r t i a l l y   n e u t r a l i z e d   w i t h   a  b a s e   w h e r e b y   i t s   pH  i s   i n  

t h e   r a n g e   5 .0   t h r o u g h   1 0 . 0 .  

10.   An  a q u e o u s   l u b r i c a n t   c o n c e n t r a t e   a c c o r d -  

ing  to  C l a i m   9  w h e r e i n   s a i d   b a s e   i s   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   of  a m m o n i a ,   ammonium  h y d r o x i d e ,   or  a  

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

11.  An  a q u e o u s   l u b r i c a n t   c o n c e n t r a t e   a c c o r d -  

ing  to  C l a i m   9,  f u r t h e r   i n c l u d i n g   an  a n i o n i c   s u r f a c t a n t .  

12.  The  c o m p o s i t i o n   of  C l a i m   11  w h e r e i n  

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

a c i d .  



13.   An  a q u e o u s   l u b r i c a n t   c o n c e n t r a t e   a c c o r d -  
ing  to  C l a i m   9,  f u r t h e r   i n c l u d i n g   a  s e q u e s t e r i n g   a g e n t .  
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