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This   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   m i s t  

l u b r i c a n t   p r o c e s s   and  c o m p o s i t i o n   whereby   e x c e l l e n t   l u b r i c a -  
t i o n   and  m i s t i n g   p r o p e r t i e s   are   o b t a i n e d   u t i l i z i n g   s p e c i f i c  
s y n t h e t i c   e s t e r s   w i th   a  m i x t u r e   of  p o l y i s o b u t y l e n e   p o l y m e r s  

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

employed   for   the  c o m p o s i t i o n s   a re   p o l y o l   e s t e r s ,   t r i m e l l i t a t e  

e s t e r s ,   and  p o l y m e r i c   f a t t y   a c i d   e s t e r s .  

A u t o m a t i c   l u b r i c a t i o n   u s i n g   m i s t   o i l s   is   w e l l   known 

and,   for   c e r t a i n   a p p l i c a t i o n s ,   r e c o g n i z e d   as  the  m o s t  
e f f e c t i v e   and  e c o n o m i c a l   means  of  p r o v i d i n g   a  c o n t r o l l e d  

amount  of  l u b r i c a n t   to  the  p o i n t   of  l u b r i c a t i o n .   Mis t   o i l  
l u b r i c a t i o n   is  p a r t i c u l a r l y   u s e f u l   when  the   p o i n t   or  a r e a   t o  
be  l u b r i c a t e d   is  not   r e a d i l y   or  s a f e l y  a c c e s s i b l e .  

Oil  m i s t s   are   e x t e n s i v e l y   u t i l i z e d   for   l u b r i c a t i o n  
of  e q u i p m e n t   used  in  s t e e l   p r o c e s s i n g   o p e r a t i o n s .   I t   h a s  
been  found  to  be  a  p a r t i c u l a r l y   e f f e c t i v e   form  of  l u b r i c a t i o n  
for   the  b e a r i n g s   of  hot   r o l l   m i l l s   and  r e s u l t s   in  m o r e  
e f f i c i e n t   l u b r i c a n t   u t i l i z a t i o n   and  p r o l o n g e d   b e a r i n g   l i f e .  
The  e x t e n d e d   b e a r i n g   l i f e   is  g e n e r a l l y   b e l i e v e d   to  be  t h e  
r e s u l t   of  (1)  more  u n i f o r m   l u b r i c a n t   d i s t r i b u t i o n ,   (2)  l o w e r  

b e a r i n g   t e m p e r a t u r e s ,   and  (3)  e l i m i n a t i o n   o f  
c o n t a m i n a n t s - - t h e s e   l a t t e r   two  b e n e f i t s   b e i n g   the  d i r e c t  
r e s u l t   of  the   p o s i t i v e   a i r   f low  a s s o c i a t e d   w i th   t h e  

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

p r o p e r t i e s ,   to  be  s u i t a b l e   for   m i s t   l u b r i c a t i o n   the   o i l s   m u s t  
a l s o   have  a c c e p t a b l e   m i s t   c h a r a c t e r i s t i c s .   High  m o l e c u l a r  

w e i g h t   p o l y m e r s ,   such  as  p o l y b u t e n e s ,   p o l y i s o b u t y l e n e s ,  
p o l y a c r y l a t e s ,   and  e t h y l e n e - p r o p y l e n e   c o p o l y m e r s ,   are   a d d e d  



to  the   base   o i l   to  d e v e l o p   p r o p e r   m i s t   c h a r a c t e r i s t i c s .   A 

g e n e r a l   d i s c u s s i o n   of  the   e f f e c t   of  p o l y m e r i c   a d d i t i v e s   on  
m i s t   p r o p e r t i e s   is  p r e s e n t e d   by  T.D.  Newingham  in  L u b r i c a t i o n  

E n g i n e e r i n g ,   33  (3) ,   128-132  ( 1 9 7 7 ) .  
U.S.  P a t e n t   No.  3 , 5 1 0 , 4 2 5   d i s c l o s e s   a  m i s t  

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

as  m i s t   o i l s   which  c o n t a i n   0.05  to  3.5  w e i g h t   p e r c e n t   of  a  
p o l y e s t e r .   P o l y e s t e r s   which   are  u s e f u l   fo r   the   f o r m u l a t i o n  
of  the   m i s t   o i l s . h a v e   number  a v e r a g e   m o l e c u l a r   w e i g h t s   f r o m  
80 ,000   to  1 5 0 . 0 0 0 . a n d   a re   d e r i v e d   from  e s t e r s   of  a c r y l i c   o r  
m e t h a c r y l i c   a c i d   and  C12-12  a l k y l   m o n o h y d r i c   a l c o h o l s .  

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

u s i n g   s a i d   l u b r i c a n t s   a re   a l s o   d i s c l o s e d   in  U.S.  P a t e n t   No.  

3 , 8 5 5 , 1 3 5 .   P o l y m e r i c   a d d i t i v e s   employed   fo r   the   p r o c e s s   o f  

U.S.  P a t e n t   No.  3 , 8 5 5 , 1 3 5   have  v i s c o s i t y   a v e r a g e   m o l e c u l a r  

w e i g h t s   from  10 ,000   to  2 , 0 0 0 , 0 0 0   and  are  s e l e c t e d   f r o m  

p o l y s t y r e n e   and  p o l y s t y r e n e   in  a d m i x t u r e   w i t h   a  p o l y a c r y l a t e  
or  p o l y b u t e n e .   From  0.01  to  2  w e i g h t   p e r c e n t   of  t h e  

p o l y m e r i c   a d d i t i v e   is  added  to  t he   m i n e r a l   o i l   to  o b t a i n  

a c c e p t a b l e   m i s t   c h a r a c t e r i s t i c s .  

A  p r o c e s s   of  m i c r o - f o g   l u b r i c a t i o n s   u t i l i z i n g  
m i n e r a l   l u b r i c a t i n g   o i l s   c o n t a i n i n g   a  minor   p r o p o r t i o n   of  a  
p o l y m e r i c   a d d i t i v e   h a v i n g   a  number  a v e r a g e   m o l e c u l a r   w e i g h t  
of  a t   l e a s t   10 ,000   is   a l s o   d i s c l o s e d   in  B r i t i s h   P a t e n t  
S p e c i f i c a t i o n   1 , 0 9 9 , 4 5 0 .   The  p o l y m e r i c   a d d i t i v e s   a r e  
p r o d u c t s   which  a re   n o r m a l l y   used  as  VI  i m p r o v e r s   in  m o t o r  
o i l s   and  e s p e c i a l l y   t h o s e   h a v i n g   low  s h e a r   s t a b i l i t y .  
C o p o l y m e r s   of  v i n y l   a c e t a t e ,   a l k y l   f u m a r a t e   e s t e r s   a n d  

N - v i n y l   p y r r o l i d o n e   h a v i n g   number  a v e r a g e   m o l e c u l a r   w e i g h t s  
of  a t   l e a s t   100 ,000   are   i n d i c a t e d   to  be  p a r t i c u l a r l y   u s e f u l  
a d d i t i v e s   fo r   t he   p r o c e s s .  



U.S.  P a t e n t   No.  3 , 8 0 5 , 9 1 8   d i s c l o s e s   a  p r o c e s s  
whereby  u n d e s i r a b l e   s t r a y   m i s t   in  m i s t   o i l   l u b r i c a t i o n   i s  

r e d u c e d   to  low  l e v e l s   by  u s i n g   m i s t   o i l s   c o n t a i n i n g   f r o m  

0.001  to  2  w e i g h t   p e r c e n t   of  an  o i l - s o l u b l e   p o l y o l e f i n   m i s t  

s u p p r e s s a n t .   O i l - s o l u b l e   c o p o l y m e r s   of  e t h y l e n e   and  C 3 - 1 2  
m o n o - o l e f i n s   and  h a v i n g   a v e r a g e   m o l e c u l a r   w e i g h t s   g r e a t e r  
t han   5,000  are  p a r t i c u l a r l y   u s e f u l   a d d i t i v e s .   In  a d d i t i o n   t o  
the  use  of  p e t r o l e u m - d e r i v e d   base   o i l s ,   h y d r o c a r b o n   ba se   o i l s  

such  as  a l k y l ,   a r y l ,   and  a l k a r y l   p h o s p h a t e   e s t e r s ,   a l k y l  
b e n z e n e s ,   p o l y o x y a l k y l e n e   e s t e r s   or  g l y c o l s ,   o r t h o   s i l i c a t e s  

and  s i l o x a n e s   and  a l s o   i n d i c a t e d   to  be  u s e f u l   fo r   t h e  
f o r m u l a t i o n   of  m i s t   o i l   c o m p o s i t i o n s   employed   for   t h e  

p r o c e s s .  
Butene  p o l y m e r s   a re   a l s o   u t i l i z e d   to  o b t a i n   o t h e r  

l u b r i c a n t   c o m p o s i t i o n s .   For  e x a m p l e ,   in  U.S.  P a t e n t   N o .  

3 , 0 9 8 , 0 4 2   l u b r i c a n t   f l u i d s   and  g r e a s e s   d e r i v e d   from  e i t h e r  

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

b u t e n e - 1   hav ing   a  m o l e c u l a r   w e i g h t   in  the  r ange   10 ,000   t o  
20,000  are  d i s c l o s e d .   V a r i o u s   s y n t h e t i c   e s t e r s   d e r i v e d   f r o m  

mono-  a n d / o r   d i b a s i c   a c i d s   and  mon-  or  p o l y f u n c t i o n a l  
a l c o h o l s   are  d i s c l o s e d   as  b e i n g   u s e f u l   for   the  p r e p a r a t i o n   o f  

t h e s e   l u b r i c a n t s .   The  p o l y b u t e n e - 1   can  be  u t i l i z e d   in  a n  
amount  from  abou t   0.5  to  12  w e i g h t   p e r c e n t .   C o n v e n t i o n a l  

g r e a s e   t h i c k e n e r s ,   such  as  s a l t s   and  soaps   of  f a t t y   a c i d s ,  

may  a l s o   be  p r e s e n t   in  the  c o m p o s i t i o n .   S y n t h e t i c   l u b r i c a n t s  
wi th   good  s h e a r   s t a b i l i t y   and  co ld   t e m p e r a t u r e   f l u i d i t y  
c o n t a i n i n g   10%  to  95%  d i e s t e r   w i th   90%  to  5%  of  a  p o l y m e r   o f  

b u t e n e   are  d e s c r i b e d   in  U.S.  P a t e n t   No.  3 , 8 6 0 , 5 2 2 .   T h e  
d i e s t e r s   are  o b t a i n e d   from  b r a n c h e d - c h a i n   d i c a r b o x y l i c   a c i d s  

h a v i n g   from  16  to  22  c a r b o n   atoms  and  a l i p h a t i c   a l c o h o l s  

hav ing   fewer  than   6  c a r b o n   atoms  and  a l i p h a t i c   a l c o h o l s   h a v i n g  
fewer  than   6  c a rbon   a toms .   The  b u t e n e   p o l y m e r s   h a v e  



m o l e c u l a r   w e i g h t s   from  abou t   1,200  to  4 , 5 0 0 .   N e i t h e r   of  t h e  
above  c o m p o s i t i o n s ,   howeve r ,   is  u t i l i z e d   for   o i l   m i s t  

a p p l i c a t i o n s .  
I t   would  be  h i g h l y   a d v a n t a g e o u s   i f   a  p r o c e s s   w e r e  

a v a i l a b l e   whereby   s u p e r i o r   l u b r i c a t i o n   and  m i s t i n g   p r o p e r t i e s  
were  o b t a i n e d .   I t   would  f u r t h e r   be  u s e f u l   i f   o i l   m i s t  
l u b r i c a n t s   d e r i v e d   from  r e a d i l y   a v a i l a b l e   s y n t h e t i c   e s t e r  
b a s e s t o c k s   and  e x h i b i t i n g   improved   l u b r i c a t i o n   and  m i s t  

c h a r a c t e r i s t i c s   were  a l s o   a v a i l a b l e .  

We  h a v e  n o w   q u i t e   u n e x p e c t e d l y   d i s c o v e r e d   a n  
i m p r o v e d   p r o c e s s   which  u t i l i z e s   an  improved   m i s t   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 d   of  c e r t a i n   r e l a t i v e l y   h igh   v i s c o s i t y  
s y n t h e t i c   e s t e r s   and  a  c o m b i n a t i o n   of  p o l y i s o b u t y l e n e  
p o l y m e r s   of  d i f f e r i n g   m o l e c u l a r   w e i g h t s .   S y n t h e t i c   e s t e r s  

which   are  employed   are  p o l y o l   e s t e r s ,   t r i m e l l i t a t e   e s t e r s ,  
and  p o l y m e r i c   f a t t y   a c i d   e s t e r s   h a v i n g   40°C  v i s c o s i t i e s   i n  
the   r ange   15  to  300  c e n t i s t o k e s .   Two  d i f f e r e n t   p o l y i s o -  
b u t y l e n e   p o l y m e r s   a re   n e c e s s a r i l y   e m p l o y e d - - o n e   h a v i n g   a n  

a v e r a g e   m o l e c u l a r   w e i g h t   from  4,000  to  10 ,000   and  the   o t h e r  

h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t   from  25,000  to  3 0 0 , 0 0 0 .  
With  the   p r e s e n t   improved   p r o c e s s   and  improved   m i s t  

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

o p e r a t i n g   t e m p e r a t u r e s .   This   f e a t u r e   makes  i t   p o s s i b l e   t o  
o b t a i n   s i g n i f i c a n t l y   i n c r e a s e d   t h r o u g h p u t s .   A d d i t i o n a l l y ,   b y  
u t i l i z i n g   the  p r o c e s s   and  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   a  
s i g n i f i c a n t   i m p r o v e m e n t   (15-20%)  in  b e a r i n g   l i f e ,   compared   t o  
p e t r o l e u m - b a s e d   m i s t   o i l s ,   is  o b t a i n e d .  

In  a c c o r d a n c e   w i th   the  p r e s e n t   i n v e n t i o n   a n  
i m p r o v e d   l u b r i c a n t   c o m p o s i t i o n   is  p r o v i d e d .   The  c o m p o s i t i o n  
is  c o m p r i s e d   of  (1)  45  to  95  p a r t s   by  w e i g h t   s y n t h e t i c   e s t e r  



s e l e c t e d   from  the  g roup   c o n s i s t i n g   of  (a)  p o l y o l   e s t e r s  
d e r i v e d   from  an  a l i p h a t i c   p o l y o l   h a v i n g   from  2  to  8  h y d r o x y l  

g roups   and  3  to  12  c a r b o n   atoms  and  an  a l i p h a t i c   m o n o -  
c a r b o x y l i c   ac id   or  m i x t u r e   of  a l i p h a t i c   m o n o c a r b o x y l i c   a c i d s  

h a v i n g   from  5  to  20  c a r b o n   a toms;   (b)  t r i m e l l i t a t e   e s t e r s  
d e r i v e d   from  t r i m e l l i t i c   a c i d   or  t r i m e l l i t i c   a n h y d r i d e   and  a n  

a l i p h a t i c   a l c o h o l   h a v i n g   from  8  to  16  c a r b o n   a toms ;   and  ( c )  

p o l y m e r i c   f a t t y   a c i d   e s t e r s   d e r i v e d   from  a  p o l y m e r i c   f a t t y  
a c i d   c o n t a i n i n g   75%  or  more  C36  d imer   a c i d   and  a  C 1 - 1 3  
m o n o - f u n c t i o n a l   a l c o h o l ;   (2)  8  to  40  p a r t s   by  w e i g h t ,   on  a  
100  p e r c e n t   po lymer   b a s i s ,   p o l y i s o b u t y l e n e   h a v i n g   an  a v e r a g e  
m o l e c u l a r   w e i g h t   from  4 ,000  to  10 ,000 ;   and  (3)  0.1  to  1  p a r t  
by  w e i g h t ,   on  a  100%  p o l y m e r   b a s i s ,   p o l y i s o b u t y l e n e   h a v i n g   a n  

a v e r a g e   m o l e c u l a r   w e i g h t   from  25 ,000  to  3 0 0 , 0 0 0 ,   s a i d  

c o m p o s i t i o n   hav ing   a  v i s c o s i t y   of  125  to  750  c e n t i s t o k e s   a t  

4 0 ° C .  
In  f u r t h e r   a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n   a  

l u b r i c a t i o n   p r o c e s s   is  p r o v i d e d .   In  t h i s   p r o c e s s   w h e r e i n   a  
m i s t   of  a  l u b r i c a n t   is  g e n e r a t e d   in  a i r   at  a  p r e s s u r e   o f  
about   10  to  100  p s i g ,   p n e u m a t i c a l l y   t r a n s p o r t e d   to  a  m e t a l  
s u r f a c e   to  be  l u b r i c a t e d ,   c o a l e s c e d   i n t o   l a r g e r   d r o p l e t s   a n d  

d e p o s i t e d   on  sa id   me ta l   s u r f a c e   to  p r o v i d e   a  l u b r i c a t i n g   f i l m  

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

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

a  v i s c o s i t y   of  175  to  550  c e n t i s t o k e s   at  40°C  and  c o n t a i n   55 

to  85  p a r t s   by  w e i g h t   s y n t h e t i c   e s t e r ,   12  to  30  p a r t s   b y  
w e i g h t   p o l y i s o b u t y l e n e   h a v i n g   a  w e i g h t   a v e r a g e   m o l e c u l a r  

w e i g h t   of  4,500  to  8 , 5 0 0 ,   and  0.25  to  0.85  p a r t   by  w e i g h t  
p o l y i s o b u t y l e n e   h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t   f r o m  

50,000  to  2 0 0 , 0 0 0 .   Minor  amounts   of  p e t r o l e u m   d i l u e n t ( s )   a n d  
e f f e c t i v e   amounts   of  c o n v e n t i o n a l   l u b r i c a n t   a d d i t i v e s   may 
a l s o   be  p r e s e n t .  



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

p r e s e n t   i n v e n t i o n   a re   o b t a i n e d   by  c o m b i n i n g   s p e c i f i c  

s y n t h e t i c   e s t e r s   of  r e l a t i v e l y   h igh   v i s c o s i t y   w i th   a  f i r s t  

p o l y i s o b u t y l e n e   p o l y m e r   of  r e l a t i v e l y   low  m o l e c u l a r   w e i g h t  
and  a  second   p o l y i s o b u t y l e n e   po lymer   h a v i n g   a  s i g n i f i c a n t l y  
h i g h e r   a v e r a g e   m o l e c u l a r   w e i g h t   t han   s a i d   f i r s t  

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

emp loyed   in  s p e c i f i e d   r a t i o s   in  o r d e r   to  a c h i e v e   the   d e s i r e d  
b a l a n c e   of  m i s t   c h a r a c t e r i s t i c s   and  l u b r i c a t i n g   p r o p e r t i e s .  
The  p r e s e n t   l u b r i c a n t   c o m p o s i t i o n s   can  be  employed   i n  
c o n v e n t i o n a l   m i s t   l u b r i c a t i o n   s y s t e m s   known  to  the   a r t   b u t  
f i n d   p a r t i c u l a r   a d v a n t a g e   for   the  l u b r i c a t i o n   of  r o l l  

b e a r i n g s   in  hot   s t r i p   m i l l s .  

Mis t   l u b r i c a t i o n   and  m i s t   l u b r i c a t i o n   p r o c e s s e s  
i n c l u d i n g   o p e r a t i n g   c o n d i t i o n s   t h e r e f o r   are   we l l   known .  
Numerous  m i s t   l u b r i c a t i o n   sy s t ems   are  d e t a i l e d   in  t h e  
l i t e r a t u r e .   In  g e n e r a l   t e r m s ,   m i s t   l u b r i c a t i o n   i n v o l v e s  

g e n e r a t i n g   an  o i l   m i s t ,   a l s o   somet imes   r e f e r r e d   to  as  a  
m i c r o - f o g   or  a e r o s o l ,   and  p n e u m a t i c a l l y   t r a n s p o r t i n g   s a i d  
m i s t   in  a i r   or  o t h e r   i n e r t   gas  to  the  p o i n t ( s )   r e q u i r i n g  
l u b r i c a t i o n .   The  m i s t   is  p a s s e d   t h r o u g h   a  r e c l a s s i f i e r ,   a n  
o r i f i c e   which  c a u s e s   the  ve ry   sma l l   o i l   d r o p l e t s   to  c o a l e s c e  

or  c o n d e n s e   i n t o   l a r g e r   d r o p l e t s ,   b e f o r e   b e i n g   d i r e c t e d   o n t o  
the   o b j e c t   b e i n g   l u b r i c a t e d .  

Mis t   g e n e r a t o r s   a re   used  to  form  the   o i l   m i s t s .  

G e n e r a l l y   t h e s e   g e n e r a t o r s   c o n s i s t   of  a  r e s e r v o i r   for   t h e  
l u b r i c a n t   which  is  c o n n e c t e d   to  a  v e n t u r i   by  means  of  an  o i l  
l i f t   ( s iphon)   t u b e .   As  c o m p r e s s e d   gas ,   u s u a l l y   a i r ,   i s  

p a s s e d   t h r o u g h   the   v e n t u r i   the   l u b r i c a n t   is  drawn  from  t h e  
r e s e r v o i r   and,  as  i t   is   i n t i m a t e l y   mixed  wi th   the  a i r ,   f o r m e d  
i n t o   d r o p l e t s .   The  a i r / d r o p l e t   m i x t u r e   is  then   c o n t a c t e d   i n  
the   g e n e r a t o r   w i th   a  b a f f l e   which  c a u s e s   the   l a r g e r   d r o p l e t s  



to  condense   and  the  c o n d e n s a t e   is  r e t u r n e d   to  the  o i l  

r e s e r v o i r .   The  s m a l l e r   o i l   d r o p l e t s ,   g e n e r a l l y   h a v i n g  
d i a m e t e r s   of  3  m i c r o n s   or  l e s s ,   r ema in   d i s p e r s e d   in  the   a i r  

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

.  The  amount  and  n a t u r e   of  the   m i s t   fo rmed  can  b e  

v a r i e d   by  c h a n g i n g   the  t e m p e r a t u r e   of  the   a i r   and  the  a i r  

p r e s s u r e   ( v e l o c i t y ) .   P r e s s u r e s   b e t w e e n   1 0  p s i g   a re   e m p l o y e d .  
Air   t e m p e r a t u r e   w i l l   g e n e r a l l y   r ange   from  100°F  to  225°F .   I t  
is  e s p e c i a l l y   a d v a n t a g e o u s   i f   the   a i r   t e m p e r a t u r e   i s  
m a i n t a i n e d   be tween   125°F  and  2 0 0 ° F .  

The  d i s t r i b u t i o n   sys t em  is  d e s i g n e d   to  c a r r y   t h e  
o i l / a i r   d i s p e r s i o n   to  the  p o i n t   of  l u b r i c a t i o n   w i t h   m i n i m a l  

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

not  be  too  long  and  ca re   must  be  e x e r c i s e d   in  i t s   d e s i g n .  
For  example ,   the  number  of  bends  in  the  l i n e   s h o u l d   be  k e p t  
to  a  minimum  and  s h a r p   bends  s h o u l d   be  a v o i d e d .   A l s o ,   t h e r e  

shou ld   be  no  low  p o i n t s   in  the  l i n e   where  c o n d e n s a t e   c a n  
c o l l e c t   and  c r e a t e   a  b l o c k a g e .   D i s t r i b u t i o n   l i n e s   a r e  
g e n e r a l l y   s l o p e d ,   e i t h e r   toward   the  g e n e r a t o r   or  t o w a r d   t h e  

p o i n t   of  l u b r i c a t i o n ,   to  avo id   c o l l e c t i o n   of  c o n d e n s a t e .  
Dra in   l egs   are  p r o v i d e d   as  n e c e s s a r y .   A u x i l i a r y   l i n e s  

g e n e r a l l y   come  o f f   of  the   top  of  the   main  d i s t r i b u t i o n   l i n e .  
In  g e n e r a l ,   the   d e s i g n   r e q u i r e m e n t s   for   the  a u x i l i a r y   l i n e s  

are   the  same  as  for   the  main  m a n i f o l d   or  h e a d e r .  
The  o i l / a i r   d i s p e r s i o n   is  p a s s e d   t h r o u g h   a  

r e c l a s s i f i e r   ( o r i f i c e )   to  c o n v e r t   ( c o a l e s c e )   the  s m a l l   o i l  
d r o p l e t s   i n t o   l a r g e r   d r o p l e t s   and  i n c r e a s e   the   v e l o c i t y   o f  
the  o i l / a i r   d i s p e r s i o n - - b o t h   of  which  i n s u r e   maximum  w e t t i n g  
of  the  s u r f a c e   to  be  l u b r i c a t e d .   The  s i z e   and  t ype   of  t h e  
r e c l a s s i f i e r   w i l l   va ry   d e p e n d i n g   on  the  p a r t i c u l a r   a p p l i c a -  
t i o n   i n v o l v e d   and  the  o i l / a i r   d i s p e r s i o n   c h a r a c t e r i s t i c s .  



The  amount  of  l u b r i c a n t   which  is  p r o c e s s e d ,   i . e . ,  

m i s t e d ,   is  r e f e r r e d   to  as  " t h r o u g h p u t . "   T h r o u g h p u t   i s  

e x p r e s s e d   as  a  u n i t   of  w e i g h t   or  volume  per   u n i t   of  t i m e ,  

e . g . ,   g r a m s / h o u r ,   and  i f   f u r t h e r   b roken   down  i n t o   t h e  

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

o i l ,   and .  (c )   s t r a y   m i s t .   Dropou t   is  the   amount  of  m i s t   w h i c h  
is   c o n d e n s e d   in  the   l i n e s   and  neve r   r e a c h e s   the   r e c l a s s i f i e r .  
Mis t   which  is   c o n d e n s e d   in  the   d i s t r i b u t i o n   l i n e s   may  b e  
r e t u r n e d   to  the   m i s t   g e n e r a t o r   and  r e m i s t e d .   R e c l a s s i f i e d  
o i l   is  the   a c t u a l   amount  of  l u b r i c a n t   which  i s   a p p l i e d   to  t h e  
s u r f a c e   b e i n g   l u b r i c a t e d .   Mis t   which  is  not   a p p l i e d   to  t h e  
s u r f a c e   b e i n g   l u b r i c a t e d   but   r a t h e r   e s c a p e s   i n t o   t h e  

a t m o s p h e r e   is  r e f e r r e d   to  as  s t r a y   m i s t   or  s t r a y   fog.   S i n c e  

t h r o u g h p u t   is  e q u a l   to  (a)  +  (b)  +  ( c ) ,   s t r a y   m i s t   i s  

o b t a i n e d   by  d e t e r m i n i n g   the   d i f f e r e n c e   be tween   the  t h r o u g h p u t  
and  the   sum  of  (a)  and  (b) .   D r o p o u t ,   r e c l a s s i f i e d   o i l ,   a n d  

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

can  be  r e p r e s e n t e d   as  a  r a t i o .  

From  the   f o r e g o i n g ,   i t   is  e v i d e n t   t h a t   even  t h o u g h  
h i g h   t h r o u g h p u t   can  be  a c h i e v e d ,   the   d i s t r i b u t i o n   of  m i s t  

componen t s   may  r e n d e r   a  p a r t i c u l a r   m i s t   o i l   sy s t em  u n u s e a b l e  

or  u n e c o n o m i c a l .   For  example ,   e x c e s s i v e   amounts   of  l i n e  
c o n d e n s a t e   ( d r o p o u t )   or  e x c e s s i v e   amounts   of  s t r a y   m i s t   c a n  
r e s u l t   in  i n a d e q u a t e   d e l i v e r y   of  l u b r i c a n t   a t   the   p o i n t   o f  
l u b r i c a t i o n .   S t r a y   m i s t   is  p a r t i c u l a r l y   t r o u b l e s o m e   s i n c e  
t h i s   is  l u b r i c a n t   which  is  l o s t .   This   not   on ly   c r e a t e s   a  
h a r d s h i p   from  an  economic   s t a n d p o i n t   but   i t   a l s o   can  c r e a t e   a  
p o t e n t i a l   h e a l t h   and  s a f e t y   h a z a r d .   Thus,   in  d e v e l o p i n g   a n  
a c c e p t a b l e   m i s t   l u b r i c a t i n g   sys tem  and  s e l e c t i n g   a  m i s t   o i l  

fo r   such  s y s t e m ,   the   d i s t r i b u t i o n   of  m i s t   componen t s   ( a ) ,   (b) 
and  (c)  must  be  t a k e n   i n t o   c o n s i d e r a t i o n   a l o n g   wi th   t h e  

t h r o u g h p u t .  



A d d i t i o n a l l y ,   a c c e p t a b l e   l u b r i c a t i o n   must  b e  

o b t a i n e d   in  o r d e r   to  have  an  a c c e p t a b l e   o i l   m i s t   s y s t e m .  
This   r e q u i r e s   t h a t   the   m i s t   o i l ,   in  a d d i t i o n   to  h a v i n g   g o o d  
m i s t   p r o p e r t i e s ,   a l s o   e x h i b i t   good  l u b r i c i t y ,   o x i d a t i o n  

s t a b i l i t y ,   a n t i w e a r   and  e x t r e m e   p r e s s u r e   p r o p e r t i e s ,  
a n t i r u s t / a n t i c o r r o s i o n   p r o p e r t i e s ,   and  p o s s i b l y   o t h e r  

c h a r a c t e r i s t i c s   d e p e n d e n t   upon  the   p a r t i c u l a r   a p p l i c a t i o n  
i n v o l v e d .   The  l u b r i c a n t   must  a l s o   be  e s s e n t i a l l y   f r e e   f r o m  

u n d e s i r a b l e   waxes .   Waxes  c a n  b u i l d   up  in  the   r e c l a s s i f i e r  
heads   and  cause   r e s t r i c t i o n   or  c o m p l e t e   b l o c k a g e   t h e r e o f .  
In  e i t h e r   e v e n t ,   i n s u f f i c i e n t   l u b r i c a n t   w i l l   be  d e l i v e r e d   a t  
the  p o i n t   of  l u b r i c a t i o n   and,  in  the  case  of  b e a r i n g s ,   w i l l  
s h o r t e n   the  l i f e   of  the   b e a r i n g .  

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

s p r e a d a b i l i t y   on  the  s u r f a c e ( s )   to  which  i t   is  a p p l i e d .   One 
of  the  p r o b l e m s   most  f r e q u e n t l y   e n c o u n t e r e d   w i th   m i s t  
l u b r i c a t i o n   of  l a r g e   b e a r i n g s ,   such  as  t h o s e   u t i l i z e d   o n  
s t r i p   m i l l s ,   is  lack   of  u n i f o r m i t y   of  l u b r i c a n t   d i s t r i b u t i o n  

over   a l l   b e a r i n g   and  r o l l   neck  s u r f a c e s .   This   l ack   o f  

a d e q u a t e   l u b r i c a n t   f i l m   r e s u l t s   in  e x c e s s i v e   l o c a l i z e d   w e a r  
and  p r e m a t u r e   b e a r i n g   f a i l u r e .   "Dry  neck"  or  a r e a s   o f  
i n s u f f i c i e n t   l u b r i c a t i o n   on  the  r o l l   neck  are  f r e q u e n t l y  
o b s e r v e d   upon  d i s a s s e m b l y   of  m i s t   o i l   l u b r i c a t e d   r o l l i n g   m i l l  

b e a r i n g s .   Mis t   o i l   l u b r i c a n t s   and  l u b r i c a t i o n   p r o c e s s e s  
which  u n i f o r m l y   c o a t   or  r e s u l t   in  u n i f o r m   c o a t i n g ,  
r e s p e c t i v e l y   the  e n t i r e   b e a r i n g   and  r o l l   neck  s u r f a c e '  

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

With  the  m i s t   o i l   c o m p o s i t i o n   and  l u b r i c a t i o n  

p r o c e s s   of  t h i s   i n v e n t i o n ,   e f f e c t i v e   amounts   of  o i l   m i s t   a r e  
r e a d i l y   p r o d u c e d   w h i l e   o b t a i n i n g   good  o i l   m i s t   d i s t r i b u t i o n ,  
i . e . ,   low  s t r a y   m i s t   and  low  l i n e   c o n d e n s a t e .   A l so ,   h i g h  
t h r o u g h p u t s   are  p o s s i b l e   over   a  wide  range   of  o p e r a t i n g  



t e m p e r a t u r e s   and  p r e s s u r e s   and  u n d e s i r a b l e   wax  d e p o s i t s   a r e  
m i n i m i z e d ,   and  in  most   c a s e s ,   c o m p l e t e l y   e l i m i n a t e d .  

A d d i t i o n a l l y ,   and  q u i t e   u n e x p e c t e d l y ,   the   m i s t   o i l  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   e x h i b i t   i m p r o v e d   w e t t a b i l i t y  
and  s p r e a d a b i l i t y   so  t h a t   when  m i s t e d   and  used   to  l u b r i c a t e  

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

is   d e p o s i t e d   on  the   b e a r i n g   and  r o l l   n e c k .  

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

m i s t   l u b r i c a n t   c o m p o s i t i o n   and  p r o c e s s   of  t h i s   i n v e n t i o n  
which   u t i l i z e   a  s y n t h e t i c   e s t e r   and  a  m i x t u r e   of  t w o  

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

w e i g h t s .   S y n t h e t i c   e s t e r s   used  for   the   i n v e n t i o n   a r e  
r e l a t i v e l y   h igh   v i s c o s i t y   p o l y o l   e s t e r s ,   t r i m e l l i t a t e   e s t e r s ,  
or  p o l y m e r i c   f a t t y   a c i d   e s t e r s .   These   e s t e r s   have  40°C 
v i s c o s i t i e s   in  the  r ange   25  to  300  c e n t i s t o k e 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   m i s t   o i l   c o m p o s i t i o n s   are   o b t a i n e d   when  t h e  

v i s c o s i t y   (40°C)  of  the   s y n t h e t i c   e s t e r   is  b e t w e e n   50  and  250 
c e n t i s t o k e s .  

P o l y o l   e s t e r s   which  can  be  used   are   d e r i v e d   f r o m  

a l i p h a t i c   p o l y o l s   h a v i n g   from  3  to  12  c a r b o n   atoms  and  2  to  8 

h y d r o x y l   g r o u p s .   More  g e n e r a l l y ,   the   p o l y o l   w i l l   c o n t a i n   5 
to  8  c a rbon   atoms  and  2  to  4  h y d r o x y l   g r o u p s .   I l l u s t r a t i v e  

a l i p h a t i c   p o l y o l s   of  the   above  t y p e s   i n c l u d e   n e o p e n t y l  
g l y c o l ,   2 , 2 - d i m e t h y l - 3 - h y d r o x y p r o p y l - 2 , 2 - d i m e t h y l - 3 - h y d r o x y -  
p r o p i o n a t e ,   2 , 2 , 4 - t r i m e t h y l - 1 , 5 - p e n t a n e d i o l ,   t r i m e t h y l o l -  
e t h a n e , t r i m e t h y l o l p r o p a n e ,   g l y c e r o l ,   p e n t a e r y t h r i t o l ,  
d i p e n t a e r y t h r i t o ,   t r i p e n t a e r y t h r i t o l   or  the   l i k e .   T e c h n i c a l  

p e n t a e r y t h r i t o l   which  c o n t a i n s   mono,  d i - ,   t r i -   and  h i g h e r  
p e n t a e r y t h r i t o l s   in  v a r y i n g   p r o p o r t i o n s   can  a l s o   be  u s e d .  

N e o p e n t y l   g l y c o l ,   t r i m e t h y l o l p r o p a n e   and  t r i m e t h y l o l e t h a n e  
a re   p a r t i c u l a r l y   u s e f u l .   The  p o l y o l s   are   r e a c t e d ,   p a r t i a l l y  



or  c o m p l e t e l y ,   w i t h   an  a l i p h a t i c   m o n o c a r b o x y l i c   a c i d   o r  

m i x t u r e   of  a l i p h a t i c   m o n o c a r b o x y l i c   a c i d s   h a v i n g   from  5  to  20 

ca rbon   a toms.   The  C5-20  a l i p h a t i c   m o n o c a r b o x y l i c   a c i d s   c a n  
be  b r a n c h e d   or  s t r a i g h t - c h a i n   an  may  be  s a t u r a t e d   or  c a n  
c o n t a i n   u n s a t u r a t i o n .   They  can  be  o b t a i n e d   from  n a t u r a l   f a t s  

or  o i l s  o r   s y n t h e t i c a l l y   p r o d u c e d   v ia   oxo,  Koch  or  o t h e r  
known  r e a c t i o n s .   I l l u s t r a t i v e   a l i p h a t i c   m o n o c a r b o x y l i c   a c i d s  

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

d e r i v e d   from  c o c o n u t   o i l ,   l i n o l e i c   a c i d ,   and  m i x t u r e s  
t h e r e o f .   Mixed  a c i d s   d e r i v e d   from  c o c o n u t   o i l ,   l a r d   o i l ,  
t a l l   o i l ,   s a f f l o w e r   o i l ,   corn  o i l ,   t a l l o w ,   s o y b e a n   o i l ,   p a l m  
o i l ,   c a s t o r   o i l ,   r a p e s e e d   o i l ,   and  the  l i k e   may  a l s o   b e  

u t i l i z e d .   P o l y o l   e s t e r s   o b t a i n e d   from  the  e s t e r i f i c a t i o n   o f  

t r i m e t h y l o l p r o p a n e   wi th   C12-18  a l p h a t i c   m o n o c a r b o x y l i c   a c i d s  

or  m i x t u r e s   t h e r e o f ,   such  as  t r i m e t h y l o l p r o p a n e   t r i o l e a t e   a n d  
t r i m e t h y l o l p r o p a n e   t r i i s o s t e a r a t e ,   are  p a r t i c u l a r l y   u s e f u l  
for   the  p r e p a r a t i o n   of  the   p r e s e n t   mi s t   o i l   c o m p o s i t i o n s .  
The  p o l y o l   e s t e r s   t y p i c a l l y   have  ac id   v a l u e s   l e s s   t han   15  a n d  

h y d r o x y l   v a l u e s   l e s s   than   100.  More  u s u a l l y ,   a c i d   a n d  

h y d r o x y l   v a l u e s   of  the  p o l y o l   e s t e r   w i l l   be  l e s s   than   8  a n d  
l e s s   than   25,  r e s p e c t i v e l y .  

U s e f u l   t r i m e l l i t a t e   e s t e r s   are  o b t a i n e d   f r o m  
t r i m e l l i t i c   a c id   or  t r i m e l l i t i c   a n h y d r i d e   and  a l i p h a t i c   m o n o -  
f u n c t i o n a l   a l c o h o l s   h a v i n g   from  8  to  16  c a r b o n   a t o m s .  
T r i m e l l i t i c   a c i d   and  t r i m e l l i t i c   a n h y d r i d e   a r e ,   of  c o u r s e ,  
we l l   known  c h e m i c a l   p r o d u c t s   as  are  methods   for   t h e i r  

p r e p a r a t i o n .   The  a l i p h a t i c   a l c o h o l s   may  be  a  s t r a i g h t - c h a i n  
or  b r a n c h e d   p r i m a r y ,   s e c o n d a r y ,   or  t e r t i a r y   a l c o h o l s .  



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

i s o t r i d e c y l   and  i s o d e c y l   a l c o h o l s ,   l a u r y l   a l c o h o l ,   m y r i s t y l  
a l c o h o l ,   c e t y l   a l c o h o l ,   and  the   l i k e .   E s p e c i a l l y  

a d v a n t a g e o u s   t r i m e l l i t a t e   e s t e r s   are   d e r i v e d   from  C 1 0 - 1 3  
a l i p h a t i c   a l c o h o l s   or  a l c o h o l   m i x t u r e s .   I s o d e c y l  

t r i m e l l i t a t e ,   i s o t r i d e c y l   t r i m e l l i t a t e   and  m i x t u r e s   t h e r e o f ,  
i . e .   i s o d e c y l / i s o t r i d e c y l   t r i m e l l i t a t e ,   a re   p a r t i c u l a r l y  
u s e f u l   e s t e r s   o f . t h i s   t y p e .   Acid  v a l u e s   of  t h e s e   e s t e r s   a r e  

g e n e r a l l y   l e s s   t han   15  and,  more  p r e f e r a b l y ,   l e s s   t han   5 .  

H y d r o x y l   v a l u e s   are  t y p i c a l l y   l e s s   t han   10  and,   m o r e  

p r e f e r a b l y ,   l e s s   t han   3 .  

The  p o l y m e r i c   f a t t y   a c i d   e s t e r s   are   d e r i v e d   f r o m  

p o l y m e r i c   f a t t y   a c i d s   c o n t a i n i n g   75  p e r c e n t   or  more  C36  d i m e r  

a c i d   and  Cl-13  m o n o - f u n c t i o n a l   a l c o h o l s .   P o l y m e r i c   f a t t y  
a c i d s   are   known  as  are   me thods   fo r   t h e i r   m a n u f a c t u r e .   T h e y  
are   o b t a i n e d   by  the   p o l y m e r i z a t i o n   of  o l e f i n i c a l l y  
u n s a t u r a t e d   m o n o c a r b o x y l i c   a c i d s   c o n t a i n i n g   from  a b o u t   16  t o  
20  c a r b o n   a toms ,   such  as  o l e i c   a c i d ,   l i n o l e i c   a c i d   and  t h e  
l i k e .   P r o c e s s e s   for   t h e i r   p r o d u c t i o n   t y p i c a l l y   i n c l u d e :  
T r e a t m e n t   of  u n s a t u r a t e d   f a t t y   a c i d   wi th   a c i d   c a t a l y s t s   s u c h  

as  HF,  BP3,  and  the  l i k e ;   t h e r m a l   p o l y m e r i z a t i o n   o f  
u n s a t u r a t e d   f a t t y   a c i d s   c o n d u c t e d   in  the   p r e s e n c e   or  a b s e n c e  
of  t r e a t e d   or  u n t r e a t e d   c l a y   c a t a l y s t s ;   and  t r e a t m e n t   o f  
u n s a t u r a t e d   f a t t y   a c i d s   w i t h   p e r o x i d e s .   By  way  o f  
i l l u s t r a t i o n   of  the   p r e p a r a t i o n   of  p o l y m e r i c   f a t t y   a c i d s ,  
r e f e r e n c e   may  be  had  to  U.S.  P a t e n t   Nos.  2 , 7 9 3 , 2 1 9   a n d  
2 , 9 5 5 , 1 2 1 .   P o l y m e r i c   f a t t y   a c i d s   from  the  p o l y m e r i z a t i o n   o f  
u n s a t u r a t e d   f a t t y   a c i d s   are  p r i m a r i l y   c o m p r i s e d   of  d imer   a n d  
t r i m e r   a c i d s ;   howeve r ,   t h e r e   may  a l s o   be  p r e s e n t   in  t h e  
m i x t u r e   some  h i g h e r   a c i d s   and  u n r e a c t e d   m o n o m e r .  



C36  p o l y m e r i c   f a t t y   a c i d s   re  o b t a i n e d   by  t h e  

p o l y m e r i z a t i o n   of  C18  u n s a t u r a t e d   m o n o c a r b o x y l i c   a c i d s ,  s u c h  

as  o l e i c   ac id   and  l i n o l e i c   a c i d   or  m i x t u r e s   t h e r e o f   ( e . g . ,  

t a l l   o i l   f a t t y   a c i d s ) .   These  p o l y m e r i c   f a t t y   a c i d   p r o d u c t s  
have  as  t h e i r   p r i n c i p a l   componen t s   C36  d imer   and  CS4  t r i m e r  

a c i d s .   E x c e l l e n t   r e s u l t s   are  o b t a i n e d   wi th   a c i d s   of  t h i s  

type   which  c o n t a i n   75%  by  w e i g h t   or  more  and  C36  d imer   a c i d ,  
the  r e m a i n d e r   o f - t h e   p r o d u c t   c o n s i s t i n g   e s s e n t i a l l y   of  C54 
t r i m e r .   High  d imer   c o n t e n t   p o l y m e r i c   f a t t y   a c i d s   c o n t a i n i n g  

s u b s t a n t i a l l y   r e d u c e d   amounts   of  h i g h e r   po lymer   a c i d s   a n d  

u n r e a c t e d   u n s a t u r a t e d   m o n o c a r b o x y l i c   a c i d   can  be  o b t a i n e d   b y  
m o l e c u l a r   d i s t i l l a t i o n   or  by  the  use  of  o t h e r   h i g h l y  
e f f i c i e n t   d i s t i l l a t i o n   p r o c e d u r e s .   The  p o l y m e r i c   f a t t y   a c i d  

may  a l s o   be  h y d r o g e n a t e d   p r i o r   to  u se .   P o l y m e r i c   f a t t y   a c i d  

p r o d u c t s   of  t h i s   type   are  c o m m e r c i a l l y   a v a i l a b l e   c o m p o s i t i o n s  
so ld   under   the  t r a d e m a r k   Empol  Dimer  A c i d s .  

U s e f u l   a l c o h o l s   for   the  p r e p a r a t i o n   of  t h e  

p o l y m e r i c   f a t t y   ac id   e s t e r s   are  a l i p h a t i c   b r a n c h e d -   o r  
s t r a i g h t - c h a i n ,   m o n - f u n c t i o n a l   a l c o h o l s   h a v i n g   from  1  to  13 

c a r b o n s .   R e p r e s e n t a t i v e   m o n o - a l c o h o l ,   i s o b u t y l   a l c o h o l ,  
i s o a m y l   a l c o h o l ,   n e o p e n t y l   a l c o h o l ,   n - h e x y l   a l c o h o l ,   n - o c t y l  
a l c o h o l ,   2 - e t h y l h e x a n o l ,   d e c y l   a l c o h o l ,   i s o d e c y l   a l c o h o l ,  
i s o t r i d e c y l   a l c o h o l ,   l a u r y l   a l c o h o l ,   and  the  l i k e .   M i n o r  
amounts   of  p o l y f u n c t i o n a l   a l c o h o l s   such  as  e t h y l e n e   g l y c o l ,  
1 ,2 -   or  1 , 3 - p r o p a n e d i o l ,   1 ,3 -   1 ,4 -   or  2 , 3 - b u t a n e d i o l ,  
2 , 2 , 4 - t r i m e t h y l - 1 , 5 - p e n t a n e d i o l ,   1 , 6 - h e x a n e d i o l ,   n e o p e n t y l  
g l y c o l ,   g l y c e r o l ,   t r i m e t h y l o l p r o p a n e ,   t r i m e t h y l o l e t h a n e ,  
p e n t a e r y t h r i t o l ,   d i p e n t a e r y t h r i t o l ,   t r i p e n t a e r y t h r i t o l ,   a n d  
the  l i k e   may  a l s o   be  p r e s e n t   w i th   the   m o n o f u n c t i o n a l  

a l c o h o l ( 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   p o l y m e r i c   f a t t y   a c i d  

e s t e r s   are  o b t a i n e d   from  p o l y m e r i c   f a t t y   a c i d s   c o n t a i n i n g   85% 



or  more  C36  d imer   a c i d   and  C8-10  a l i p h a t i c   mono  a l c o h o l s .  

D i i s o d e c y l   d i m e r a t e   and  d i - 2 - e t h y l h e x y l   d i m e r a t e   a r e  

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

g e n e r a l l y   have  a c i d   v a l u e s   l e s s   than   100  and,  more  u s u a l l y ,  
l e s s   than   10.  Hydroxy l   v a l u e s   are   g e n e r a l l y   l e s s   t h a n   10 

and,   more  p r e f e r a b l y ,   l e s s   t h a n   3 .  

A  m i x t u r e   of  i s o b u t y l e n e   p o l y m e r s   of  d i f f e r e n t  

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

a b o v e - i d e n t i f i e d . s y n t h e t i c   e s t e r s   to  o b t a i n   t he   p r e s e n t  
improved   m i s t   o i l . c o m p o s i t i o n s .   T y p i c a l l y ,   t w o  

p o l y i s o b u t y l e n e s   are  u t i l i z e d - - t h e   f i r s t ,   r e f e r r e d   to  h e r e i n  

as  the   low  m o l e c u l a r   w e i g h t   p o l y i s o b u t y l e n e ,   has  an  a v e r a g e  
m o l e c u l a r   w e i g h t   from  4 ,000  to  1 0 , 0 0 0 ,   and  the   s e c o n d ,  
r e f e r r e d   to  h e r e i n   as  the   h igh   m o l e c u l a r   w e i g h t  
p o l y i s o b u t y l e n e ,   has  an  a v e r a g e   m o l e c u l a r   w e i g h t   from  2 5 , 0 0 0  
to  3 0 0 , 0 0 0 .   M o l e c u l a r   w e i g h t s   r e f e r r e d   to  h e r e i n   a re   w e i g h t  

a v e r a g e   m o l e c u l a r   w e i g h t s   (Mw).  Small   amounts   of  o t h e r  

b u t y l e n e   p o l y m e r s   not   f a l l i n g   w i t h i n   the  a b o v e - i d e n t i f i e d  
m o l e c u l a r   w e i g h t   r a n g e s   may  a l s o   be  p r e s e n t .   P a r t i c u l a r l y  
u s e f u l   m i s t   o i l   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   are   o b t a i n e d  
when  the  low  m o l e c u l a r   w e i g h t   p o l y i s o b u t y l e n e   has  an  a v e r a g e  
m o l e c u l a r   w e i g h t   of  4 ,500  to  8 ,500  and  the  h igh   m o l e c u l a r  
w e i g h t   p o l y i s o b u t y l e n e   has  an  a v e r a g e   m o l e c u l a r   w e i g h t   o f  
50 ,000   to  2 0 0 , 0 0 0 .  

The  i s o b u t y l e n e   p o l y m e r s   e s s e n t i a l l y   con fo rm  to  t h e  
f o r m u l a  



where  x  is  an  i n t e g e r   r e p r e s e n t i n g   the  number  of  r e p e a t i n g  

u n i t s .   Po lymer s   of  the   above  t y p e s   are  known  w i d e l y   u t i l i z e d  

t h r o u g h o u t   the  i n d u s t r y .   They  are  o b t a i n e d   by  p o l y m e r i z i n g  

i s o b u t y l e n e   f e e d s   which  u s u a l l y   c o n t a i n   minor   amounts   o f  

b u t e n e - 1   a n d / o r   b u t e n e - 2 .   When  the  te rm  p o l y i s o b u t y l e n e   o r  

i s o b u t y l e n e   po lymer   is  used  h e r e i n ,   i t   is  i n t e n d e d   t o  

encompass   the  a f o r e m e n t i o n e d   t y p e s   of  p o l y m e r s .  
The  i s o b u t y l e n e   p o l y m e r s   are   o b t a i n e d   u s i n g   known 

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

may  be  c a r r i e d   out   in  an  i n e r t   h y d r o c a r b o n   in  which   case   a  

po lymer   s o l u t i o n   c o n t a i n i n g   from  abou t   30  to  80  p e r c e n t  
p o l y i s o b u t y l e n e   w i l l   be  o b t a i n e d .   If   d e s i r e d ,   d i l u e n t   may 
a l s o   be  added  to  the  po lymer   when  the  p o l y m e r i z a t i o n   i s  

c o m p l e t e .   I s o b u t y l e n e   po lymer   s o l u t i o n s   may  be  u t i l i z e d   i n  

the  f o r m u l a t i o n   of  the  improved   mis t   o i l s   of  the  i n v e n t i o n .  

This  can  f a c i l i t a t e   h a n d l i n g   and  b l e n d i n g   of  the  p o l y -  
i s o b u t y l e n e   wi th   the  s y n t h e t i c   e s t e r .   Al l   p a r t s   a n d  

p e r c e n t a g e s   r e c i t e d   h e r e i n   for   the  p o l y i s o b u t y l e n e s   a r e ,  
however ,   c a l c u l a t e d   on  a  100%  po lymer   b a s i s .   I n e r t  

h y d r o c a r b o n   p r e s e n t   in  the  m i s t   o i l   c o m p o s i t i o n   as  a  r e s u l t  
of  the  use  of  an  i s o b u t y l e n e   po lymer   s o l u t i o n   does  n o t  
d e t r a c t   from  the  o v e r a l l   m i s t i n g   and  l u b r i c a t i o n  
c h a r a c t e r i s t i c s   of  the  p r o d u c t s .  

To  o b t a i n   the  c o m p o s i t i o n   and  p r o c e s s   of  t h i s  

i n v e n t i o n ,   45  to  95  p a r t s   by  w e i g h t   s y n t h e t i c   e s t e r   i s  
combined  wi th   8  to  40  p a r t s   by  w e i g h t ,   on  a  100  p e r c e n t  
po lymer   b a s i s ,   low  m o l e c u l a r   we igh t   p o l y i s o b u t y l e n e   and  0 . 1  
and  1  p a r t   by  w e i g h t ,   on  a  100  p e r c e n t   po lymer   b a s i s ,   h i g h  
m o l e c u l a r   w e i g h t   p o l y i s o b u t y l e n e .   More  p r e f e r a b l y ,   the   m i s t  
o i l   c o m p o s i t i o n s   c o n t a i n   55  to  85  p a r t s   s y t h e t i c   e s t e r ,   12  t o  
30  p a r t s   by  w e i g h t   low  m o l e c u l a r   w e i g h t   p o l y i s o b u t y l e n e   a n d  
0.25  to  0.85  p a r t   by  w e i g h t   high  m o l e c u l a r   w e i g h t  
p o l y i s o b u t y l e n e .  



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

g r a d e s   of  220,  320,  and  460,  the   g r a d e s   most   w i d e l y   used   i n  
the   i n d u s t r y   for   l u b r i c a t i o n   of  hot   s t r i p   m i l l   b e a r i n g s ,   n d  

e x h i b i t i n g   e x c e l l e n t   m i s t   and  l u b r i c a t i o n   c h a r a c t e r i s t i c s   a r e  
o b t a i n e d   by  c o m b i n i n g   63  to  78  p a r t s   d i - 2 - e t h y l h e x y l d i m e r a t e  
(40°  v i s c o s i t y   91  c e n t i s t o k e s ;   v i s c o s i t y   i n d e x   155;  p o u r  

p o i n t   - 5 0 ° F ;   a c i d   v a l u e  < 3 ;   and  h y d r o x y l   v a l u e  ≤  2 ) ,   14  to  28 
p a r t s   p o l y i s o b u t y l e n e   h a v i n g   a  number  a v e r a g e   m o l e c u l a r  
w e i g h t   of  a b o u t   7 , 5 0 0 - 7 , 6 0 0 )   and  0.33  to  0.66  p a r t  
p o l y i s o b u t y l e n e   h a v i n g   a  number  a v e r a g e   m o l e c u l a r   w e i g h t   o f  
a b o u t   8 9 , 0 0 0 - 9 0 , 0 0 0 ) .   C o m p o s i t i o n s   and  t y p i c a l   c h a r a c t e r -  
i s t i c s   of  220,  320,  and  460  ISO  g rade   p r o d u c t s   f o r m u l a t e d  
w i t h   a p p r o p r i a t e   l e v e l s   of  a d d i t i v e s   are   as  f o l l o w s :  

ISO  220  ISO  320  ISO  460 
COMPOSITION  (PARTS  BY  WEIGHT) 

TYPICAL  CHARACTERISTICS 

V i s c o s i t y   (ASTM-D-445) 



One  or  more  a d d i t i v e s   is  commonly  i n c l u d e d   in  t h e  

f i n i s h e d   mis t   o i l   f o r m u l a t i o n .   C o n v e n t i o n a l   a d d i t i v e s   may  b e  

employed   and  t y p i c a l l y   i n c l u d e   a n t i o x i d a n t s ,   a n t i w e a r / E P  

a g e n t s ,   r u s t   and  c o r r o s i o n   i n h i b i t o r s ,   me ta l   d e a c t i v a t o r s ,  
foam  i n h i b i t o r s ,   d e m u l s i f i e r s ,   and  the  l i k e .   Many  of  t h e s e  

a d d i t i v e s   can  have  o v e r l a p p i n g   f u n c t i o n s ,   i . e . ,   b e  
m u l t i f u n c t i o n a l .   For  e x a m p l e ,   c e r t a i n   a d d i t i v e s   may  i m p a r t  
bo th   a n t i w e a r   and  e x t r e m e   p r e s s u r e   p r o p e r t i e s   or  f u n c t i o n  
bo th   as  a  me t a l   d e a c t i v a t o r   and  a  c o r r o s i o n   i n h i b i t o r .  

C u m u l a t i v e l y ,   t h e s e   a d d i t i v e s   t y p i c a l l y   do  not   e x c e e d   8 

p e r c e n t   and,  more  u s u a l l y   5  p e r c e n t ,   of  the  t o t a l  
f o r m u l a t i o n .  

O x i d a t i o n   i n h i b i t o r s   which  can  be  employed   i n c l u d e  
the   p h e n o l i c   a n t i o x i d a n t s   d e r i v e d   from  t - b u t y l p h e n o l ,   such  a s  
4 , 4 ' - m e t h y l e n e b i s ( 2 , 6 - d i - t - b u t y l p h e n o l ) ,   2 , 6 - d i - t - b u t y l - N , N -  
d i m e t h y l a m i n o - p - c r e s o l ,   and  t h i o d i e t h y l e n e b i s ( 3 , 5 - d i - t - b u t y l -  

4 - h y d r o x y ) h y d r o c i n n a m a t e ,   and  the  l i k e ;   a r y l a m i n e s   i n c l u d i n g  
N , N - d i p h e n y l   p h e n y l e n e d i a m i n e ;   d i p h e n y l   amines   such  a s  
p = o c t y l d i p h e n y l   amine ,   p , p ' - d i o c t y l d i p h e n y l   amine  and  t h e  

l i k e ,   N - p h e n y l n a p h t h y l a m i n e s   such  as  N - p h e n y l - 1 - n a p h t h y l a m i n e ,  
N - p h e n y l - 2 - n a p h t h y l a m i n e ,   N - ( p - d o c d e c y l p h e n y l ) - 2 - n a p h t h l a m i n e  
and  the  l i k e ;   d i n a p h t h l a m i n e s   such  as  N - a l k y l   p h e n o t h i a z i n e ;  
d i t h i o c a r b a m a t e   d e r i v a t i v e s ;   e t c .   From  0.5  to  a b o u t   1.5  p a r t  
a n t i o x i d a n t   is  g e n e r a l l y   e m p l o y e d .  

G e n e r a l l y   abou t   0.3  to  p a r t s   of  an  a n t i w e a r   a g e n t  
and  1  to  2  p a r t s   of  an  ex t r eme   p r e s s u r e   (EP)  a g e n t   a r e  
i n c l u d e d   in  the  m i s t   o i l .   I l l u s t r a t i v e   a g e n t s   of  t h e s e  

t y p e s   i n c l u d e :   s u l f u r i z e d   f a t t y   ac id   e s t e r s ,   such  a s  
s u l f u r i z e d   i s o o c t y l   t a l l a t e ;   s u l f u r i z e d   t e r p e n e s ;   s u l f u r i z e d  
o l e f i n s ;   o r g a n o p o l y s u l f i d e s ;   o r g a n o p h o s p h o r o u s   d e r i v a t i v e s  

i n c l u d i n g   amine  p h o s p h a t e s ,   a l k y l   ac id   p h o s p h a t e s ,   d i a l k y l  



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

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

p h o s p h i t e s ,   e . g . ,   t r i p h e n y l   p h o s p h a t e ,   t r i n a p h t h y l   p h o s p h a t e ,  
t r i c r e s y l   p h o s p h a t e ,   d i p h e n y l   c r e s y l   or  d i c r e s y l   p h e n y l  
p h o s p h a t e ,   n a p h t h y l   d i p h e n y l   p h o s p h a t e ,   t r i p h e n y l  
p h o s p h o r o t h i o n a t e ;   d i t h i o c a r b a m a t e s ,   such  as  an  a n t i m o n y  
d i a l k y l d i t h i o c a r b a m a t e s ;   z a n t h a t e s ;   and  the   l i k e .  

Meta l   d e a c t i v a t o r s   ( p a s s i v a t o r s )   and  r u s t / c o r r o s i o n  
i n h i b i t o r s   i n c l u d e   d i b a s i c   a c i d s ,   such  as  a z e l a i c   a c i d ;  

p r o p y l   g a l l a t e ;   q u i n o l i n e s ;   q u i n o n e s   and  a n t h r a q u i n o n e s ;  
b e n z o t r i a z o l e   d e r i v a t i v e s ,   such  as  t o l y l t r i a z o l e ;  
b e n z o q u a n a m i n e ;   a m i n o i n d a z o l e ;   m e t a l   a l k y l   s u l f o n a t e s ,   s u c h  

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

d e r i v a t i v e s   of  a l k e n y l   s u c c i n i c   a n h y d r i d e s   (or  a c i d s ) ;   a n d  
the   l i k e .   From  0.02  to  0.2  p a r t s   a d d i t i v e s   of  t h e s e   t y p e s  
are   g e n e r a l l y   u s e d .  

Small   a m o u n t s ,   most  u s u a l l y   0 .005  to  0.05  p a r t   o f  

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

s u p p r e s s   f o a m i n g .   A l s o ,   i t   may  be  a d v a n t a g e o u s   to  i n c l u d e   a  
s m a l l   amount ,   u s u a l l y   0 .001  to  0.05  p a r t ,   of  a  d e m u l s i f y i n g  

a g e n t .   K n o w n  d e m u l s i f i e r s   can  be  employed   for   t h i s   p u r p o s e ,  
such  as  m e t a l   a l k y l   s u l f o n a t e s ,   a l k y l a t e d   p h e n o l s ,  
a l k o x y l a t e d   a l k y l p h e n o l s ,   m o n o h y d r i c   a l c o h o l s ,   a l k y l e n e  
g l y c o l s ,   and  the   l i k e .  

I t   is  a l s o   p o s s i b l e ,   and  o f t e n   a d v a n t a g e o u s ,   t o  
u t i l i z e   the   s o - c a l l e d   " m u l t i p u r p o s e "   or  " u n i v e r s a l "   a d d i t i v e  

p a c k a g e s   which  are   a v a i l a b l e   from  a d d i t i v e   m a n u f a c t u r e r s .  
These   are   so ld   u n d e r   v a r i o u s   t r a d e m a r k s   and  t r a d e n a m e s ,   s u c h  

as  "Elco  345 ,"   " H i t e c   323 ,"   " L u b r i z o l   5034 ,"   and  the   l i k e .  
These  a d d i t i v e   p a c k a g e s   t y p i c a l l y   i m p a r t   good  o x i d a t i o n  



s t a b i l i t y ,   a n t i w e a r   and  ex t r eme   p r e s s u r e   p r o p e r t i e s   to  t h e  

f o r m u l a t e d   f l u i d .   When  the  a d d i t i v e   p a c k a g e   is  u t i l i z e d   i n  

low  c o n c e n t r a t i o n s ,   however ,   i t   may  be  n e c e s s a r y   to  a d d  

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

While  the  l u b r i c a n t   c o m p o s i t i o n s   of  the   p r e s e n t  
i n v e n t i o n   are  p a r t i c u l a r l y   wel l   s u i t e d   for   use  in  m i s t   o i l  

s y s t e m s ,   due  to  t h e i r   s u p e r i o r   m i s t   c h a r a c t e r i s t i c s ,   t hey   may 
a l s o   be  u t i l i z e d   for   c o n v e n t i o n a l   l u b r i c a t i o n   of  h e l i c a l  

g e a r s ,   amboid  o r . h y p o i d   g e a r s ,   s p i r a l   b e v e l   and  p i n i o n   g e a r s  
and  for   t a p e r e d   b e a r i n g s   or  the  l i k e .   They  can  be  u t i l i z e d  
in  both  open  and  c l o s e d   gear   boxes  i n c l u d i n g   t r a n s m i s s i o n  

c a s e s ,   t o r g u e   c o n v e r t e r s ,   and  in  common  j o u r n a l   d e s i g n s .  
They  are  a l s o   u s e f u l   for   the  l u b r i c a t i o n   of  c h a i n s ,   p u l l e y s ,  
and  wire   r o p e s .  

The  f o l l o w i n g   examples   i l l u s t r a t e   the  i n v e n t i o n   a n d  

v a r i o u s   embodiments   t h e r e o f   more  f u l l y .   All   p a r t s   a n d  

p e r c e n t a g e s   are  on  a  w e i g h t   b a s i s   u n l e s s   o t h e r w i s e   i n d i c a t e d .  
M o l e c u l a r   w e i g h t s   r e p o r t e d   t h r o u g h o u t   were  d e t e r m i n e d   by  g e l  
p e r m e a t i o n   c h r o m a t o g r a p h y   u s i n g   a  Waters   A s s o c i a t e s   HPLC 
Model  204  i n s t r u m e n t   f i t t e d   with  a  d i f f e r e n t i a l   r e f r a c t i v e  
index   d e t e c t o r   (Model  R401).   The  d e t e c t o r   was  s e t   at  a n  
a t t e n u a t i o n   of  16.  U l t r a s t y r a g e l   columns  of  104,  103,  5 0 0  
and  1000  c o n n e c t e d   in  s e r i e s   and  m a i n t a i n e d   at   3 5 ° ± 0 . 1 ° C   w e r e  
used .   T e t r a h y d r o f u r a n ,   at  a  flow  r a t e   of  1.0  m i l l i l i t e r   p e r  
m i n u t e ,   was  used  as  the  e l u t i n g   s o l v e n t .   Samples   w e r e  
d i s s o l v e d   in  t e t r a h y d r o f u r a n   (50  mg/ml  THF)  and  a  50 
m i c r o l i t e r   a l i q u o t   i n j e c t e d   for  each  d e t e r m i n a t i o n .   Ten  

p o l y s t y r e n e   r e s i n s   of  known  m o l e c u l a r   w e i g h t   ( r a n g i n g   f r o m  
240,000  to  601)  were  employed  as  the  s t a n d a r d s   for   t h e  
d e t e r m i n a t i o n s .   Mis t   p r o p e r t i e s   were  d e t e r m i n e d   i n  
a c c o r d a n c e   wi th   the   g e n e r a l   p r o c e d u r e   of  ASTM  D  3 7 0 5 - 7 8 .   F o r  



t he   t e s t s ,   the   t e m p e r a t u r e   of  the   o i l   was  m a i n t a i n e d   a t  
120°F.   Air   t e m p e r a t u r e s   used   for   the  d e t e r m i n a t i o n s   w e r e  
150°,   175°F  or  2 0 0 ° F .  



EXAMPLE  I  

A  m i s t   l u b r i c a n t   was  p r e p a r e d   by  b l e n d i n g   6 3 . 1  
p a r t s   d i - 2 - e t h y l h e x y l   d i m e r a t e   (40°C  v i s c o s i t y   91 

c e n t i s t o k e s ;   v i s c o s i t y   index   155;  pour  p o i n t   - 5 0 ° F ;   a c i d  
v a l u e   < 3,  and  h y d r o x y l   v a l u e   ≤ 2)  w i th   27.5  p a r t s   i s o b u t y l e n e  
p o l y m e r  o f   Mw  7573  and  0.33  p a r t   i s o b u t y l e n e   p o l y m e r   of  Mw 
8 9 , 7 9 3 .   The  b l e n d i n g   was  c a r r i e d   out  at  90°C  and  t h e  

p o l y i s o b u t y l e n e s   were  d i s s o l v e d   in  i n e r t   h y d r o c a r b o n s   b e f o r e  
c o m b i n i n g   wi th   the  e s t e r .   The  r e s u l t i n g   b l e n d   was  c o o l e d   t o  

a p p r o x i m a t e l y   60°C  and  3.5  p a r t s   of  a  c o m m e r c i a l   a s h l e s s  

m u l t i p u r p o s e   gear   o i l   a d d i t i v e   ( E l c o ®  3 4 5 )   added  w i t h  

a g i t a t i o n .   The  m i s t   l u b r i c a n t   (ISO  g rade   460)  had  t h e  

f o l l o w i n g   p r o p e r t i e s :  

V i s c o s i t y   (ASTM-D445 

Mis t   c h a r a c t e r i s t i c s   were  d e t e r m i n e d   at  175°F  and  200°F  a n d  

were  as  f o l l o w s :  



I t   is  a p p a r e n t   from  the   d a t a   t h a t   m i n i m a l   d r o p o u t  
and  ve ry   low  s t r a y   m i s t   was  o b t a i n e d   w h i l e   m a i n t a i n i n g   h i g h  

t h r o u g h p u t s .   While   c o m p a r a b l e   t h r o u g h p u t s   can  be  o b t a i n e d  

wi th   c o m m e r c i a l l y   a v a i l a b l e   m i n e r a l   o i l - b a s e d   m i s t  

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

g e n e r a t e   such  t h r o u g h p u t s ,   s i g n i f i c a n t   wax  d e p o s i t s   w h i c h  

r e s t r i c t   the   d e l i v e r y   of  the   m i s t   l u b r i c a n t   and,   in  some 

c a s e s ,   c a u s e   c o m p l e t e   b l o c k a g e   of  the   r e c l a s s i f i e r   head  a r e  
o b t a i n e d   upon  e x t e n d e d   p e r i o d s   of  o p e r a t i o n .   No  wax  b u i l d u p  
was  o b t a i n e d   w i t h  t h e   a b o v e - f o r m u l a t e d   s y n t h e t i c   e s t e r   m i s t  
l u b r i c a n t   and  i t   was  p o s s i b l e   to  c o n t i n u o u s l y   o p e r a t e   t h e  

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

The  m i s t   o i l   was  used  in  a  ho t   s t r i p   m i l l   t o  
l u b r i c a t e   b e a r i n g s   (19  inch   I .D.   doub l e   r o l l e r   type)   on  t h e  

r o l l s   of  the   r o t a r y   f o r g e r .   Mis t s   were  g e n e r a t e d   u s i n g  
c o m m e r c i a l   m i s t   g e n e r a t o r s   h a v i n g   a  sum  of  2-3  g a l l o n s .   The 

sum  o i l   was  h e a t e d   to  a p p r o x i m a t e l y   100°F.   Mist   was  d r a w n  
from  the   g e n e r a t o r   by  2i  inch   l i n e s   and  t r a n s p o r t e d   t h r o u g h  
the   m a n i f o l d   to  the  r e c l a s s i f i e r s .   C o n v e n t i o n a l   r e c l a s s i f i e r  
heads   c o n t a i n i n g   9  or  15  0.067  h o l e s   were  e m p l o y e d .   T h e  

s y n t h e t i c   e s t e r   l u b r i c a n t   e x h i b i t e d   good  m i s t i n g   p r o p e r t i e s  
and  no  r e s t r i c t i o n   or  c l o g g i n g   of  the  r e c l a s s i f i e r   heads   was 
n o t e d .   A d d i t i o n a l l y ,   s u p e r i o r   l u b r i c a t i o n   was  o b t a i n e d .  

In  a  t r i a l   i n v o l v i n g   30  b e a r i n g s ,   15-20  p e r c e n t  
i n c r e a s e   in  t o n n a g e   per   b e a r i n g   was  o b t a i n e d   wi th   the   a b o v e -  
f o r m u l a t e d   s y n t h e t i c   e s t e r   l u b r i c a n t   compared   to  t h e  
c o m m e r c i a l   m i n e r a l   o i l - b a s e d   m i s t   l u b r i c a n t   which  w a s  
p r e v i o u s l y   used   in  the  m i l l .   A d d i t i o n a l l y ,   d u r i n g   r o u t i n e  
m a i n t e n a n c e   and  s e r v i c i n g   (which  is  r e g u l a r l y   p e r f o r m e d   a f t e r  

p r o c e s s i n g   150 ,000   t o n s ) ,   "dry  neck"  or  a r e a s   of  i n s u f f i c i e n t  
l u b r i c a t i o n   were  v i r t u a l l y   e l i m i n a t e d   on  the  r o l l   n e c k s  



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

"Dry  neck"  is  o b s e r v e d   in  a l m o s t   e v e r y   case   on  the  o u t s i d e  

p o r t i o n   of  the  r o l l   neck  where  the  b e a r i n g   is  s e a t e d   w i th   t h e  

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

In  yet   a n o t h e r   t r i a l   c o v e r i n g   a  p e r i o d   of  t en   w e e k s  
of  p l a n t   o p e r a t i o n ,   a  number  of  b e a r i n g s   were  l u b r i c a t e d   w i t h  
the  a b o v e - f o r m u l a t e d   s y n t h e t i c   e s t e r   ISO  460  m i s t   l u b r i c a n t  
nd  an  equa l   number  of  b e a r i n g s   were  l u b r i c a t e d   u s i n g   a  
c o m m e r c i a l   ISO  460  p e t r o l e u m - b a s e d   m i s t   l u b r i c a n t .   B o t h  

g roups   of  b e a r i n g s   were  e v a l u a t e d   under   c o m p a r a b l e   o p e r a t i n g  
c o n d i t i o n s .   Dur ing   the  t e s t   p e r i o d ,   on ly   one  b e a r i n g  
l u b r i c a t e d   wi th   the  e s t e r - b a s e d   m i s t   o i l   " b u r n e d - u p , "   i . e . ,  
the  b e a r i n g   became  f r o z e n   on  the  r o l l   neck .   On  the   o t h e r  
hand,   12  of  the  b e a r i n g s   l u b r i c a t e d   wi th   the  p e t r o l e u m - b a s e d  
mis t   o i l   were  " b u r n e d - u p . "   Upon  r o u t i n e   e x a m i n a t i o n   at  t h e  

r e g u l a r   m a i n t e n a n c e   i n t e r v a l s ,   an  a d d i t i o n a l   e i g h t   b e a r i n g s  
from  the  l a t t e r   group  were  judged   to  be  damaged  and  w e r e  
s c r a p e d .   None  of  the  b e a r i n g s   l u b r i c a t e d   wi th   the  s y n t h e t i c  
e s t e r   l u b r i c a n t s   were  o b s e r v e d   to  be  damaged  upon  i n s p e c t i o n  
d u r i n g   t h e s e   r e g u l a r   m a i n t e n a n c e   c h e c k s .  



EXAMPLE  I I  

For  the   p u r p o s e   of  c o m p a r i s o n   and  to  d e m o n s t r a t e  
the   need  to  u t i l i z e d   a  m i x t u r e   of  lower   and  h i g h e r   m o l e c u l a r  

w e i g h t   i s o b u t y l e n e   p o l y m e r s ,   t h r e e   ISO  460  g r a d e   m i s t   o i l  

c o m p o s i t i o n s   were  p r e p a r e d   f o l l o w i n g   the   p r o c e d u r e   of  E x a m p l e  
I .   The  c o m p o s i t i o n s   were  as  f o l l o w s :  

Mis t   p r o p e r t i e s   were  d e t e r m i n e d   at  150°C  for   each   of  t h e  

above  ISO  460  f o r m u l a t i o n s   wi th   the  f o l l o w i n g   r e s u l t s :  

I t   is  a p p a r e n t   from  the  above  d a t a   t h a t   f o r m u l a -  
t i o n s   IIB  and  IIC  have  u n a c c e p t a b l y   h igh   l e v e l s   of  s t r a y  
m i s t .   S t r a y   m i s t   is  g e n e r a l l y   c o n s i d e r e d   to  be  a c c e p t a b l e   i f  
i t   is  15%  or  l e s s .   In  no  e v e n t   can  s t r a y   m i s t   above  20%  b e  
t o l e r a t e d .   A d d i t i o n a l l y ,   the   t h r o u g h p u t   o b t a i n e d   w i t h  

p r o d u c t   IIB  was  u n a c c e p t a b l e .   Only  p r o d u c t   I IA,   w h e r e i n   t h e  
e s t e r   was  combined  wi th   bo th   a  high  and  low  m o l e c u l a r   w e i g h t  
p o l y i s o b u t y l e n e ,   gave  bo th   a c c e p t a b l e   t h r o u g h p u t   a n d  

a c c e p t a b l e   m i s t   c h a r a c t e r i s t i c s   s u i t a b l e   for   use  in  t h e  
l u b r i c a t i o n   of  r o l l   b e a r i n g s .  



EXAMPLE  I I I  

To  d e m o n s t r a t e   the  c r i t i c a l i t y   of  t h e  

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

example   is  p r o v i d e d .   For  t h i s   e x a m p l e ,   a  m i s t   o i l  
f o r m u l a t i o n   based   on  d i - 2 - e t h y l h e x y l   d i m e r a t e   and  i s o b u t y l e n e  

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

p r e p a r e d   and  compared   wi th   f o r m u l a t i o n s   p r e p a r e d   u s i n g   a  

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

p o l y i s o b u t y l e n e s ,   i . e . ,   po lymer   b l e n d ,   was  the  same  in  e a c h  

f o r m u l a t i o n   (M w  8550) .   Each  of  the  o i l s   was  a l s o   f o r m u l a t e d  

to  the  same  v i s c o s i t y ,   i . e . ,   ISO  g rade   460.  The  m i s t   o i l  

f o r m u l a t i o n s   were  as  f o l l o w s :  

Mist   p r o p e r t i e s   of  each  of  the  f o r m u l a t i o n s   w e r e  
d e t e r m i n e d   at  175°F  and  the  f o l l o w i n g   r e s u l t s   were  o b t a i n e d :  



I t   is  e v i d e n t   from  the   above  d a t a   t h a t   p r o d u c t s  
I I I B   and  I I IC   which  were  f o r m u l a t e d   w i th   an  i s o b u t y l e n e  
p o l y m e r   o u t s i d e   the   s p e c i f i e d   m o l e c u l a r   w e i g h t   r ange   h a v e  

s i g n i f i c a n t l y   lower   t h r o u g h p u t s   than   p r o d u c t   I I I A .   P r o d u c t s  
I I I B   and  I I IC   are   t o t a l l y   u n s a t i s f a c t o r y   as  m i s t   o i l s   as  a  
r e s u l t   of  the  low  t h r o u g h p u t   and  the  h igh   p e r c e n t a g e   of  o i l  
which   is  not   d e l i v e r e d   for   l u b r i c a t i o n ,   i . e . ,   c o n d e n s e d   i n  
the   l i n e   o r  p e r m a n e n t l y   l o s t   as  s t r a y   m i s t .   Only  p r o d u c t  
I I I A ,   f o r m u l a t e d . i n   a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n ,  

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

p r o p e r t i e s .  



EXAMPLE  IV 

To  d e m o n s t r a t e   the  v e r s a t i l i t y   of  the  p r e s e n t  
i n v e n t i o n   and  the  a b i l i t y   to  p r e p a r e   lower  v i s c o s i t y  

s y n t h e t i c   mi s t   o i l s ,   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  
in  a c c o r d a n c e   wi th   the  f o l l o w i n g   r e c i p e :  

The  m i s t   o i l   c o m p o s i t i o n   had  the  f o l l o w i n g   p r o p e r t i e s :  



The  l u b r i c a n t   w a s  a n   e f f e c t i v e   m i s t   o i l   s u i t a b l e  
fo r   the   l u b r i c a t i o n   of  b e a r i n g s .   An  e f f e c t i v e   m i s t   o i l  

h a v i n g   c o m p a r a b l e   p r o p e r t i e s   is  o b t a i n e d   when  the   f o r m u l a t i o n  
is  p r e p a r e d   s u b s t i t u t i n g   2  p a r t s   s u l f u r i z e d   i s o o c t y l   t a l l a t e ,  
1  p a r t   pheny l   @ - n a p h t h y l a m i n e ,   1  p a r t   t r i c r e s y l p h o s p h a t e ,  
.05  p a r t   b e n z o t r i a z o l e ,   .05  p a r t   d o d e c e n y l s u c c e n a t e   h a l f  
e s t e r   of  e t h y l e n e   g l y c o l ,   .005  p a r t   Dow  DC-200  p o l y d i m e t h y l -  
s i l o x a n e ,   and  0.1  p a r t   p r o p y l e n e   g l y c o l   for   the  c o m m e r c i a l  
a d d i t i v e   p a c k a g e .  



EXAMPLE  V 

An  ISO  320  m i s t   o i l   c o m p o s i t i o n   was  o b t a i n e d   b y  

b l e n d i n g   the  f o l l o w i n g   i n g r e d i e n t s :  

P h y s i c a l   p r o p e r t i e s   and  m i s t   c h a r a c t e r i s t i c s   of  t h e  

r e s u l t i n g   m i s t   o i l   c o m p o s i t i o n   were  as  f o l l o w s :  





EXAMPLE  VI 

To  d e m o n s t r a t e   the  a b i l i t y   to  use  o t h e r   s y n t h e t i c  

e s t e r s ,   an  ISO  460  m i s t   l u b r i c a n t   was  p r e p a r e d   u s i n g   a  b l e n d  

of  i s o t r i d e c y l   and  i s o d e c y l   t r i m e l l i t a t e .   The  m i s t   o i l  

c o m p o s i t i o n   was  f o r m u l a t e d   in  a c c o r d a n c e   w i th   the  u s u a l  

p r o c e d u r e   as  f o l l o w s :   (40°C  v i s c o s i t y   250  c e n t i s t o k e s ;   a c i d  

v a l u e   0 .02 ;   h y d r o x y l   v a l u e   1 .8 ;   pour  p o i n t   - 2 0 ° F ) .  

Mist   c h a r a c t e r i s t i c s   (175°F)  were  as  f o l l o w s :  

The  p r o d u c t   e x h i b i t e d   good  l u b r i c a t i o n   p r o p e r t i e s  
and  is  an  e f f e c t i v e   l u b r i c a n t   for   b e a r i n g s .  



EXAMPLE  V I I  

A  m i s t   o i l   c o m p o s i t i o n   ba sed   on  t r i m e t h y l o l p r o p a n e  
t r i i s o s t e a r a t e   (40°C  v i s c o s i t y   90  c e n t i s t o k e s ;   a c i d   v a l u e   5 ;  

h y d r o x y l   v a l u e   10;  pour   p o i n t   -15°F)   was  f o r m u l a t e d   a s  
f o l l o w s : .  

The  a b o v e - p r e p a r e d   l u b r i c a n t   c o m p o s i t i o n   had  a  40°C 

v i s c o s i t y   of  459  c e n t i s t o k e s   and  175°  m i s t   c h a r a c t e r i s t i c s  

were  as  f o l l o w s :  

Comparab le   m i s t   and  l u b r i c a t i o n   p r o p e r t i e s   a r e  
o b t a i n e d   when  the  c o m m e r c i a l   a d d i t i v e   is  r e p l a c e d   wi th   4 

p a r t s   a n t i m o n y   d i a l k y l d i t h i o c a r b a m a t e ,   1  pa re   t r i c r e s y l -  
p h o s p h a t e ,   and  1  p a r t   b a r i u m   d i n o n y l n a p h t h a l e n e   s u l f o n a t e .  



EXAMPLE  V I I I  

An  ISO  460  m i s t   o i l   was  p r e p a r e d   by  b l e n d i n g   5 6 . 5  

p a r t s   t r i m e t h y l o l p r o p a n e   t r i o l e a t e   (40°C  v i s c o s i t y   228 

c e n t i s t o k e s ;   a c id   v a l u e   4;  h y d r o x y l   v a l u e   4;  pour  p o i n t  
-50°F)   wi th   33.0  p a r t s   p o l y i s o b u t y l e n e   (Mw  7573)  and  0 . 4 0  

p a r t   p o l y i s o b u t y l e n e   (M  8 9 , 7 9 3 ) .   3.5  P a r t s   of  c o m m e r c i a l  

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

f o r m u l a t i o n .   The  r e s u l t i n g   b l e n d   had  a  40°C  v i s c o s i t y   of  454 

c e n t i s t o k e s   and  e x h i b i t e d   s u p e r i o r   l u b r i c a t i o n   and  m i s t i n g  
c h a r a c t e r i s t i c s .   Mist   c h a r a c t e r i s t i c s   (175°F)  were  a s  
f o l l o w s :  

The  p r o d u c t   is  e f f e c t i v e   fo r   the  l u b r i c a t i o n   o f  
r o l l   b e a r i n g s   in  hot   s t r i p   m i l l s .   There   was  no  e v i d e n c e   o f  

wax  b u i l d u p   a f t e r   e x t e n d e d   p e r i o d s   of  o p e r a t i o n   and  v i s u a l  

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

good  s p r e a d a b i l i t y   of  the   l u b r i c a n t .  



EXAMPLE  IX 

A  s e r i e s   of  ISO  460  m i s t   o i l   c o m p o s i t i o n s   w e r e  
p r e p a r e d   u s i n g   v a r y i n g   l e v e l s   of  the   h igh   and  low  m o l e c u l a r  

w e i g h t   p o l y i s o b u t y l e n e s .   C o m p o s i t i o n s   were  as  f o l l o w s :  

Mis t   c h a r a c t e r i s t i c s   were  d e t e r m i n e d   at  175°F  ( e x c e p t   f o r  

IXA)  and  200°F  wi th   the  f o l l o w i n g   r e s u l t s :  



EXAMPLE  X 

A  mi s t   l u b r i c a n t   was  p r e p a r e d   f o l l o w i n g   the  g e n e r a l  

p r o c e d u r e   of  Example  I  e x c e p t   t h a t   the   h igh   m o l e c u l a r   w e i g h t  

p o l y i s o b u t y l e n e   used  had  an  a v e r a g e   m o l e c u l a r   w e i g h t   o f  

7 7 , 2 8 4 .  . T o   o b t a i n   the  c o m p o s i t i o n ,   63.1  p a r t s  
d i - 2 - e t h y l h e x y l   d i m e r a t e   was  b l e n d e d   wi th   27.5  p a r t s  
p o l y i s o b u t y l e n e   (Mw  7573)  and  0.39  p a r t   of  the   h igh   m o l e c u l a r  

w e i g h t   i s o b u t y l e n e   p o l y m e r .   A  c o m m e r c i a l l y   a v a i l a b l e  
" u n i v e r s a l "   a d d i t i v e   p a c k a g e   was  a l s o   i n c l u d e d   in  the  b l e n d  
at  a  3.5  p a r t s   l e v e l .   The  r e s u l t i n g   m i s t   l u b r i c a n t   had  a 
v i s c o s i t y   (40°C)  of  464  c e n t i s t o k e s .   Mis t   c h a r a c t e r i s t i c s  
d e t e r m i n e d   at  175°F  were  as  f o l l o w s :  

The  p r o d u c t   had  l u b r i c a t i o n   p r o p e r t i e s   c o m p a r a b l e  
to  the  p r o d u c t   of  Example  I  and  is  e f f e c t i v e   for   the   m i s t  
l u b r i c a t i o n   of  hot  r o l l   m i l l   and  o t h e r   b e a r i n g s .  



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

m i s t i n g   c o m p r i s i n g :  
(1)  45  to  95  p a r t s   by  w e i g h t   of  a  s y n t h e t i c   e s t e r  

h a v i n g   a  v i s c o s i t y   of  15  to  300  c e n t i s t o k e s   a t   40°C  a n d  
s e l e c t e d   from  the   g roup  c o n s i s t i n g   o f  

(a)  p o l y o l   e s t e r s   d e r i v e d   from  an  a l i p h a t i c   p o l y o l  
h a v i n g   from  2  to  8  h y d r o x y l   g r o u p s   and  3  to  12  c a r b o n   a t o m s  
and  an  a l i p h a t i c . m o n o c a r b o x y l i c   a c i d   or  m i x t u r e   of  a l i p h a t i c  
m o n o c a r b o x y l i c   a c i d s   h a v i n g   from  5  to  20  c a r b o n   a t o m s ;  

(b)  t r i m e l l i t a t e   e s t e r s   d e r i v e d   from  t r i m e l l i t i c  
a c i d   or  t r i m e l l i t i c   a n h y d r i d e   and  an  a l i p h a t i c   a l c o h o l   h a v i n g  
from  5  to  16  c a r b o n   a toms;   a n d  

(c)  p o l y m e r i c   f a t t y   a c i d   e s t e r s   d e r i v e d   from  a  
p o l y m e r i c   f a t t y   a c i d   c o n t a i n i n g   75%  or  more  C36  d imer   a c i d  

and  a  C2-13  m o n o - f u n c t i o n a l   a l c o h o l ;  

(2)  8  to  40  p a r t s   by  w e i g h t ,   on  a  100%  p o l y m e r  
b a s i s ,   p o l y i s o b u t y l e n e   h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t  
from  4,000  to  1 0 , 0 0 0 ;   a n d  

(3)  0.1  and  1  p a r t   by  w e i g h t ,   on  a  100%  p o l y m e r  
b a s i s ,   p o l y i s o b u t y l e n e   h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t  
from  25,000  to  3 0 0 , 0 0 0 ;   a n d  
s a i d   c o m p o s i t i o n   h a v i n g   a  v i s c o s i t y   of  125  to  750  c e n t i s t o k e s  

at   4 0 ° C .  
2.  The  l u b r i c a n t   c o m p o s i t i o n   of  Claim  1  w h e r e i n  

the   p o l y o l   e s t e r   (a)  is  d e r i v e d   from  an  a l i p h a t i c   p o l y o l  
h a v i n g   5  to  8  c a r b o n   atoms  and  2  to  4  h y d r o x y l   g roups   and  h a s  

an  a c i d   v a l u e   l e s s   than   15  and  h y d r o x y l   v a l u e   l e s s   t han   1 0 0 ;  
the   t r i m e l l i t a t e   e s t e r   (b)  has  an  a c i d   v a l u e   l e s s   t han   15  a n d  

h y d r o x y l   v a l u e   l e s s   t han   10;  and  the   p o l y m e r i c   f a t t y   a c i d  

e s t e r   (c)  has  an  a c i d   v a l u e   l e s s   than   100  and  h y d r o x y l   v a l u e  
l e s s   than   1 0 .  



3.  The  l u b r i c a n t   c o m p o s i t i o n   of  Claim  1  or  2 

w h e r e i n   p o l y i s o b u t y l e n e   (2)  has  an  a v e r a g e   m o l e c u l a r   w e i g h t  

of  4,500  to  8,500  and  p o l y i s o b u t y l e n e   (3)  has  an  a v e r a g e  
m o l e c u l a r   w e i g h t   of  50 ,000   to  2 0 , 0 0 0 .  

4.  The  l u b r i c a n t   c o m p o s i t i o n   of  Claim  1,  2  or  3 

which  has  a  v i s c o s i t y   of  175  to  550  c e n t i s t o k e s   and  c o n t a i n s  
55  to  85  p a r t s   (1) ,   12  to  30  p a r t s   (2) ,   and  0.25  to  0.85  p a r t  
( 3 ) .  

5.  The  l u b r i c a n t   c o m p o s i t i o n   of  Claim  1 , 2 , 3   or  4 

w h e r e i n   (a)  is  d e r i v e d   from  a  p o l y o l   s e l e c t e d   from  the   g r o u p  
n e o p e n t y l   g l y c o l ,   2 , 2 - d i m e t h y l - 3 - h y d r o x y p r o p y l - 2 , 2 - d i m e t h y l -  
3 - h y d r o x y p r o p i o n a t e ,   2 , 2 , 4 - t r i m e t h y l - 1 , 5 - p e n t a n e d i o l ,  

t r i m e t h y l o l e t h a n e ,   t r i m e t h y l o l p r o p a n e ,   g l y c e r o l ,   p e n t a e r y -  
t h r i t o l ,   d i p e n t a e r y t h r i t o l ,   t r i p e n t a e r y t h r i t o l   and  a  C 1 2 - 1 8  
a l i p h a t i c   m o n o c a r b o x y l i c   ac id   or  ac id   m i x t u r e ;   (b)  is  d e r i v e d  
from  t r i m e l l i t i c   a c id   or  t r i m e l l i t i c   a n h y d r i d e   and  a  C 1 0 - 1 3  
a l i p h a t i c   a l c o h o l   or  a l c o h o l   m i x t u r e ;   and  (c)  is   d e r i v e d   f r o m  

a  p o l y m e r i c   f a t t y   a c i d   c o n t a i n i n g   85%  or  more  C36  d imer   a c i d  

and  a  C8-10  a l i p h a t i c   m o n o - a l c o h o l   or  m o n o - a l c o h o l   m i x t u r e .  
6.  The  l u b r i c a n t   c o m p o s i t i o n   of  Claim  1,  2,  3  or  4 

w h e r e i n   (a)  is  t r i m e t h y l o l p r o p a n e   t r i o l e a t e   or  t r i m e t h y l o l -  

p ropane   t r i i s o s t e a r a t e ;   (b)  is  i s o d e c y l   t r i m e l l i t a t e ,  

i s o t r i d e c y l   t r i m e l l i t a t e ,   or  i s o d e c y l / i s o t r i d e c y l  
t r i m e l l i t a t e ;   and  (c)  is  d i i s o d e c y l   d i m e r a t e   o r  
d i - 2 - e t h y l h e x y l   d i m e r a t e .  

7.  The  l u b r i c a n t   c o m p o s i t i o n   of  any  of  Cla ims   1 - 6  
which  a d d i t i o n a l l y   c o n t a i n s   up  to  8  w e i g h t   p e r c e n t   a d d i t i v e s .  

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

c o m p o s i t i o n   of  any  of  Cla ims  1  to  7  is  g e n e r a t e d   in  a i r   at  a  

p r e s s u r e   of  abou t   10  to  100  p s i g ,   p h e u m a t i c a l l y   t r a n s p o r t e d  



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

d r o p l e t s   and  d e p o s i t e d   on  s a i d   me ta l   s u r f a c e   to  p r o v i d e   a 
l u b r i c a t i n g   f i lm  t h e r e o n .  

9.  The  p r o c e s s   of  Claim  8  w h e r e i n   the   a i r  

t e m p e r a t u r e   is   125°F  to  200°F  and  the  a i r   p r e s s u r e   is  20  p s i g  
to  80  p s i g .  
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