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@  High  dropping-point  lithium-complex  grease  composition  having  improved  extreme  pressure  properties. 

  High  dropping-point  lithium-complex  grease  composition 
having  improved  extreme  pressure  properties,  comprising  a 
lubricating  oil  and  the  following  components: 
(a)  at  least  one  lithium  soap  a  C12  to  C24  hydroxy  fatty  acid, 
(b)  at  least  one  lithium  salt  of  a  boric  acid,  and 
(c)  at  least  one  metal  salt  selected  from  the  group  consisting 
of 

1)  a  potassium  salt  of  a  boric  acid, 
2)  a  sodium  salt  of  a boric acid, 
3)  an  alkaline  earth  metal  salt  of  a  boric  acid,  and 
4)  a zinc  salt  of  a boric acid. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  high  d r o p p i n g - p o i n t  

l i t h i u m - c o m p l e x   g r e a s e   c o m p o s i t i o n   having  improved  ext reme  p r e s -  

sure  p r o p e r t i e s .  

In  the  c o - p e n d i n g   European  p a t e n t   a p p l i c a t i o n   83200077  h i g h  

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

which  c o n t a i n   (a)  as  g e l l i n g   component  e .g .   a  l i t h i u m   soap  of  a  

C12  to  C24  hydroxy  f a t t y   ac id   and  (b)  as  a  complexing  m e t a l  

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

F u r t h e r m o r e   a  high  m o l e c u l a r   we igh t   v i s c o s i t y - i n d e x   i m p r o -  

ve r ,   a n d / o r   s u c c i n i m i d e   type  d i s p e r s a n t   a n d / o r   meta l   s a l t  

d e t e r g e n t   is  added  in  o rde r   to  p r o v i d e   the  g r e a s e   c o m p o s i t i o n s  

wi th   improved  a n t i - n o i s e   p r o p e r t i e s .  

Al though  the  p r e s e n t   g r e a s e   c o m p o s i t i o n s   may  a l so   c o n t a i n  

such  a n t i - n o i s e   a d d i t i v e s ,   the  purpose   of  the  p r e s e n t   i n v e n t i o n   i s  

to  r ende r   extreme  p r e s s u r e   p r o p e r t i e s   to  h igh  d r o p p i n g - p o i n t  

l i t h i u m - c o m p l e x   g r ea se   c o m p o s i t i o n s   of  the  above  t y p e .  

I t   has  been  found  t h a t   t h i s   purpose   can  s u r p r i s i n g l y   be  m e t  

by  combining  the  a b o v e - m e n t i o n e d   components  (a)  and  (b)  wi th   a  

component  (c)  which  is  a  c l a s s   of  c e r t a i n   meta l   s a l t s   of  a  b o r i c  

a c i d .  

This  i n v e n t i o n   t h e r e f o r e   r e l a t e s   to  a  high  d r o p p i n g - p o i n t  

l i t h i u m - c o m p l e x   g r ea se   c o m p o s i t i o n   having  improved  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 ,   c o m p r i s i n g   a  l u b r i c a t i n g   o i l   and  t h e  

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

(a)  at   l e a s t   one  l i t h i u m   soap  of  a  C12  to  C24  hydroxy  f a t t y  

a c i d ,  

(b)  at   l e a s t   one  l i t h i u m   s a l t   of  a  b o r i c   a c id ,   a n d  



(c)  at  l e a s t   one  meta l   s a l t   s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

1)  a  p o t a s s i u m   s a l t   of  a  b o r i c   a c i d ,  

2)  a  sodium  s a l t   of  a  b o r i c   a c i d ,  

3)  an  a l k a l i n e   e a r t h   me ta l   s a l t   of  a  b o r i c   a c id ,   a n d  

4)  a  z inc  s a l t   of  a  b o r i c   a c i d .  

L u b r i c a t i n g   o i l  

Any  c o n v e n t i o n a l   l u b r i c a t i n g   o i l   can  be  used.   While  a  t y p i c a l  

one  is  a  m i n e r a l   o i l ,   use  can  a l so   be  made,  s i n g l y   or  in  c o m b i -  

n a t i o n   wi th   the  m i n e r a l   o i l ,   of  a  s y n t h e t i c   o i l   i n c l u d i n g   e s t e r  

o i l s ,   such  as  a  d i e s t e r   o i l ,   e .g .   d i o c t y l   a z e l a t e ,   and  a  t e t r a -  

e s t e r   o i l ,   e .g .   the  p e n t a e r y t h r i t o l   e s t e r   of  an  a l i p h a t i c   mono-  

c a r b o x y l i c   ac id ,   or  p o l y - a l p h a - o l e f i n   o l i g c m e r s ,   such  as  o c t e n e -  

1 /decene -1   copo lymers ,   having  a  v i s c o s i t y   of  41.0  cSt  at   37.8°C,  a  

v i s c o s i t y   index  (V.I .)   of  130  and  a  f l a s h   p o i n t   of  223°C.  

The  l u b r i c a t i n g   o i l   may  have  a  v i s c o s i t y   r ang ing   from  a b o u t  

2  to  500  cSt ,   p r e f e r a b l y   from  20  to  200  cSt ,   at   40°C.  

Component  (a) 

The  C12  to  C24  hydroxy  f a t t y   ac ids   i n c l u d e   s a t u r a t e d   o r  

u n s a t u r a t e d   monoca rboxy l i c   f a t t y   ac ids   c o n t a i n i n g   a  h y d r o x y l  

r a d i c a l ,   e s p e c i a l l y   t hose   ac ids   c o n t a i n i n g   18  carbon  atoms  and  a  

hydroxy l   r a d i c a l   in  the  9-,  10-  or  1 2 - p o s i t i o n ,   such  as  1 2 - h y d r o x y  

s t e a r i c   ac id   and  r i c i n o l i c   a c i d .  

The  l i t h i u m   s a l t s   of  the   above  f a t t y   ac ids   and  hydroxy  f a t t y  

ac ids   can  be  s i n g l y   used  or  combinedly  wi th   one  or  more  of  o t h e r s .  

In  a d d i t i o n ,   when  sa id   l i t h i u m   s a l t s   are  p r e p a r e d ,   sa id   c a r b o x y l i c  

ac ids   can  be  r e a c t e d   wi th   l i t h i u m   hydrox ide   not  only  in  the  f o r m  

of  f r ee   ac ids   but   a l so   as  g l y c e r i d e s .  

Component  (b) 

S u i t a b l e   s a l t s   are  l i t h i u m   m e t a b o r a t e ,   l i t h i u m   d i b o r a t e ,  

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

l i t h i u m   o r tho   b o r a t e ,   such  as  the  mono l i th ium  s a l t   of  o r tho   b o r i c  

ac id   (H3BO3). 

Component  (c) 

S u i t a b l e   s a l t s   are  po ta s s ium,  sod ium,   a l k a l i n e   e a r t h   m e t a l  

(e.g.   Ca,  Ba  or  Mg)  and  z inc  m e t a b o r a t e ,   d i b o r a t e ,   t e t r a b o r a t e ,  



p e n t a b o r a t e ,   p e r b o r a t e   and  o r tho   b o r a t e .   P a r t i a l   as  wel l   as  f u l l  

s a l t s   are  s u i t a b l e .  

The  above  components  (a),  (b)  and  (c)  can  be  p r e s e n t   a s  

s e p a r a t e   compounds  or  as  a  mixed  compound  as  e x p l a i n e d  

h e r e i n a f t e r .  

P r e p a r a t i o n   of  t he se   g r e a s e   c o m p o s i t i o n s  

The  g r ea se   c o m p o s i t i o n   a c c o r d i n g   to  the  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   by  u n i f o r m l y   admixing  and  f i n e l y   d i s p e r s i n g   t h e  

t h r e e   components  (a),  (b)  and  (c)  in  the  base  o i l   ment ioned   a b o v e .  

While  the  amounts  of  t h e s e   t h r e e   components  compounded  in  the  b a s e  

o i l   above  are  not  n e c e s s a r i l y   c r i t i c a l   but   can  be  v a r i a b l e   f o r  

i n d i v i d u a l   components ,   i t   is  g e n e r a l l y   a d v a n t a g e o u s   to  use  t h e m  

in  the  f o l l o w i n g   p r o p o r t i o n s   per  100  we igh t   p a r t s   (pbw)  of  t h e  

base  o i l ;  

Component  (a):  2  to  40  we igh t   p a r t s ,   p r e f e r a b l y   5  to  30 

we igh t   p a r t s  

Component  (b):  0.05  to  we igh t   p a r t s ,   p r e f e r a b l y   0.1  to  10 

we igh t   p a r t s  

Component  (c):  0.05  to  20  we igh t   p a r t s ,   p r e f e r a b l y   0.1  to  10 

we igh t   p a r t s  

Also,   i t   is  p a r t i c u l a r l y   p r e f e r a b l e   to  use  the  components  (a) 

and  (b)  in  the  f o l l o w i n g   mol  r a t i o   w i t h i n   the  above  ranges   of  t h e  

p r o p o r t i o n s ;  

Component  (a) /Component   (b)  mol  r a t i o   =  0.5  to  10,  e s p e c i a l l y  

1  to  5 .  

The  p r e s e n t   g r e a s e   c o m p o s i t i o n   can  a l so   be  p r e p a r e d   a s  

f o l l o w s .   The  base  o i l   is  admixed  wi th   a  hydroxy  f a t t y   ac id   f o r  

forming  a  component  (a),   f o l lowed   by  an  e . g . ,   e q u i v a l e n t ,   amount  

of  LiOH  to  form  a  soap.  Then,  a  b o r i c   ac id   for   a  component  (b)  i s  

admixed,   f o l lowed   s u c c e s s i v e l y   by  an,  e .g   e q u i v a l e n t ,   amount  o f  

LiOH,  a n o t h e r   p o r t i o n   of  a  b o r i c   ac id   and  an  e . g . ,   e q u i v a l e n t ,  

amount  of  a  meta l   compound  of  a  meta l   of  component  (c),   e . g .  a n  
oxide  or  h y d r o x i d e   of  K,  Na,  an  a l k a l i n e   e a r t h   meta l   or  Zn. 

A l t e r n a t i v e l y ,   the  t o t a l   of  the  two  p o r t i o n s   above  of  b o r i c   a c i d  

may  be  admixed  s i m u l t a n e o u s l y   in  the  f i r s t   m i x t u r e ,   f o l lowed   by  

LiOH  and  sa id   meta l   compound. 



These  p r o c e d u r e s ,   which  r e s u l t   i n to   s o c a l l e d   mixed  compounds,  

may  be  c a r r i e d   out  at  70  to  90°C.  S u b s e q u e n t l y ,   the   r e a c t i o n   m i x -  

t u r e   is  d e h y d r a t e d   g r a d u a l l y   at   e .g .   140  to  225°C  to  c o m p l e t e  

the  p r e p a r a t i o n .  

I t   is  a l so   p o s s i b l e   to  add  an  aqueous  s l u r r y   of  LiOH.H2O, 
the  meta l   compound  of  a  meta l   of  components  (c)  and  b o r i c   ac id   t o  

e .g .   an  a u t o c l a v e   c o n t a i n i n g   l u b r i c a t i n g   o i l   and  hydroxy  f a t t y  

a c i d .  

In  the  g r ea se   c o m p o s i t i o n   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,  

use  can  be  made,  in  a d d i t i o n   to  the  t h r e e   components  (a),  (b)  a n d  

(c)  above,  of  o t h e r   meta l   b o r a t e s   or  o t h e r   l u b r i c a n t - a d d i t i v e s ,  

such  as  n e u t r a l   or  b a s i c   m e t a l l i c   d e t e r g e n t s ,   such  as  b a s i c   Ca 

s a l i c y l a t e ,   or  a s h l e s s   d i s p e r s a n t s ,   r u s t   i n h i b i t o r s   ( e . g . ,  

p a r a f f i n   oxide ,   amino  i m i d a z o l i n e   or  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 p h o n a t e ) ,   o x i d a t i o n   i n h i b i t o r s   ( e . g .  

2 , 6 - d i t e r t i a r y   b u t y l - 4 - m e t h y l p h e n o l ) ,   N - p h e n y l - a - n a p h t h y l a m i n e   o r  

d ipheny lamine   o c t y l a t e )   and  c o n v e n t i o n a l   e x t r e m e - p r e s s u r e  

a d d i t i v e s   (e .g.   z inc  n a p h t h e n a t e   or  o t h e r   z inc  compounds  such  a s  

zinc  d i t h i o p h o s p h a t e s   or  z i n c - o x i d e ,   lead  n a p h t h e n a t e ,   s u l p h u r i z e d  

o i l s   and  f a t s ,   or  t r i c r e s y l   p h o s p h a t e ) ,   in  the  p r o p o r t i o n s  

o r d i n a r i l y   emp loyed .  

The  p r e s e n t   g r ea se   c o m p o s i t i o n s   can  be  used,   for   example,   f o r  

the  l u b r i c a t i o n   of  the  b e a r i n g s   of  e l e c t r i c   motors   as  we l l   as  o f  

the  wheel  b e a r i n g s   in  au tomot ive   b e a r i n g / a x l e   i n t e g r a t e d   s t r u c -  

t u r e s .  

In  the  f o l l o w i n g ,   the  p r e s e n t   g r e a s e s   are  f u r t h e r   i l l u s t r a t e d  

by  means  of  examples  (the  b o r i c   ac id   used  was  o r tho   b o r i c   a c i d ) .  

Example  1 

Component  (a)  was  l i t h i u m   12-hydroxy  s t e a r a t e ,   component  (b) 

l i t h i u m   b o r a t e   and  component  (c)  p o t a s s i u m   b o r a t e .  

This  g rease   was  p r e p a r e d   in  s i t u   by  mixing  and  h e a t i n g  

9.00  %w of  12-hydroxy  s t e a r i c   ac id ,   2.96  %w  b o r i c   a c id ,   2.33  %w 

l i t h i u m   h y d r o x i d e ,   0.45  %w  p o t a s s i u m   hyd rox ide   and  85.26  %w 

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



Example  2 

As  Example  1  excep t   for   (c)  which  was  sodium  b o r a t e .  

Example  3 

As  Example  1  excep t   for   (c)  which  was  ca l c ium  b o r a t e .  

Example  4 

As  Example  1  excep t   for   (c)  which  was  z inc  b o r a t e .  

Tes t   r e s u l t s   of  t he se   g r e a s e s   are  shown  in  the  f o l l o w i n g  

T a b l e .  



1.  High  d r o p p i n g - p o i n t   l i t h i u m - c c n p l e x   g r ea se   c o m p o s i t i o n   h a v i n g  

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

f o l l o w i n g   componen t s :  

(a)  at  l e a s t   one  l i t h i u m   soap  of  a  C12  to  C24  hydroxy  f a t t y  

a c i d ,  

(b)  at  l e a s t   one  l i t h i u m   s a l t   of  a  b o r i c   ac id ,   a n d  

(c)  at   l e a s t   one  meta l   s a l t   s e l e c t e d   from  the  group  c o n s i s t i n g  

o f  

1)  a  p o t a s s i u m   s a l t   of  a  bo r i c   a c i d ,  

2)  a  sodium  s a l t   of  a  b o r i c   a c i d ,  

3)  an  a l k a l i n e   e a r t h   meta l   s a l t   of  a  b o r i c   ac id ,   a n d  

4)  a  zinc  s a l t   of  a  b o r i c   a c i d .  

2.  Composi t ion   as  c l a imed   in  c la im  1,  where in   the  b o r i c   ac id   i s  

o r tho   bo r i c   a c i d .  

3.  Composi t ion   as  c la imed   in  c la im  1  or  2,  where in   the  a l k a l i n e  

e a r t h   meta l   s a l t   is  a  ca l c ium,   barium  or  magnesium  s a l t .  

4.  Composi t ion   as  c la imed   in  any  one   of  c la ims   1-3,  where in   t h e  

p r o p o r t i o n s   per  100  pbw  of  base  o i l   a r e :  

Component  (a) :  2-40  pbw 

Component  (b):  0 .05-20  pbw 

Component  (c) :  0 .05-20  pbw 

5.  P rocess   for   the  p r e p a r a t i o n   of  a  c o m p o s i t i o n   a c c o r d i n g   to  any  

one  of  c la ims   1-4  c o m p r i s i n g   mixing  and  h e a t i n g   t o g e t h e r   in  a  

l u b r i c a t i n g   o i l   a  C12  to  C24  hydroxy  f a t t y   ac id ,   a  b o r i c   a c i d ,  

l i t h i u m   hyd rox ide   and  an  oxide  or  a  hyd rox ide   from  a  m e t a l  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  p o t a s s i u m ,   sodium,  a n  

a l k a l i n e   e a r t h   meta l   and  z i n c .  
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