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@  Grease  composition  containing  boron  compound  and  hydroxy  containing  soap  thickener. 

  Grease  compositions,  wherein  the  grease  is  thickened 
with  a  metal  hydroxy-containing  soap  grease  thickener  are  pro- 
vided.  Other  ingredients  of  the  compositions  include  borated 
hydrocarbylamines  and  phosphorus  and  sulfur  moieties. 



The  i n v e n t i o n   is  concerned  with  a  novel  group  o f  

compos i t i ons .   It  more  p a r t i c u l a r l y   r e l a t e s   to  a  s y n e r g i s t i c   g r e a s e  

composi t ion   compris ing   o i l ,   h y d r o x y - c o n t a i n i n g   soap  t h i c k e n e r   and 

bora ted   amine,  and  o p t i o n a l l y   c o n t a i n i n g   phosphorus  and  s u l f u r  

m o i e t i e s .  

Greases  th ickened   with  metal  h y d r o x y s t e a r a t e s ,   s p e c i f i c a l l y  

l i t h i u m   h y d r o x y s t e a r a t e s ,   are  well   known,  as  is  the  use  of  " a d d i t i v e  

packages" .   These  packages  are  known  to  con ta in   phosphorous  and 

su l fu r   compounds  as  well  as  other   a d d i t i v e s   that   impart   a n t i o x i d a n t ,  

d e t e r g e n t ,   d i s p e r s a n t ,   e t c .   p r o p e r t i e s   to  such  g r e a s e s .  

From  U.S.  4 ,328,113  i t   is  also  known  tha t   bo ra t ed   a m i n e s ,  

such  as  bora ted   h y d r o c a r b y l   mono-and  d iamines ,   are  u se fu l   as  

f r i c t i o n   reducers   in  l u b r i c a n t s ,   e s p e c i a l l y   in  l u b r i c a t i n g   o i l s .  

However,  no  p r io r   ar t   is  known  tha t   teaches   or  suggests   t h e  

unexpected  r e s u l t s   ob ta ined   by  combining  the  known  a d d i t i v e   p a c k a g e s  

mentioned  he re in   with  the  p a r t i c u l a r   t h i ckene r   and  the  b o r a t e d  

amines  of  the  i n v e n t i o n .  

In  accordance  with  the  i n v e n t i o n ,   the re   is  p rovided  an  

improved  grease  compos i t ion   having  a  high  dropping  point   c o m p r i s i n g  

a  major  p r o p o r t i o n   of  a  g rease   v e h i c l e   and  a  minor  amount  of  a  

compound  prepared  by  r e a c t i n g   an  amine  of  the  f o r m u l a  



wherein  x  is  0  to  2,  R,  R1,  R3 and  R4  are  hydrogen  or  a  

C1  to  C30  hyd roca rby l   groups  i n c l u d i n g   a lky l   g roups  

c o n t a i n i n g   6  to  20  carbon  atoms,   hyd roxya lky l   groups  c o n t a i n i n g  
2  to  4  carbon  atoms,  p o l y a l k o x y l a t e d   groups  c o n t a i n i n g   6  to  20 

carbon  atoms  and  the  c o r r e s p o n d i n g   members  c o n t a i n i n g   s u l f u r  

or  a d d i t i o n a l   oxygen,  and  at  l e a s t   one  of  R1 ,  R2 ,  R3  and 
R4 is   a  h y d r o c a r b y l   group,  i . e . ,   is  not  hydrogen,   and  R 2 is  

a  C2  to  C4  a lky l ene   group,  with  a  boron  compound  which  may 
be  bo r i c   ac id ,   bor ic   oxide ,   a  m e t a b o r a t e ,   a  s i m i l a r   b o r o n  

source  or  an  a lkyl   bora te   of  the  f o r m u l a :  

wherein  y  is  1  to  3,  z  is  0  to  2,  t h e i r   sum  being  3,  and  R  

is  an  a lkyl   group  c o n t a i n i n g   from  1  to  6  carbon  atoms,  t h e  

improvement  compris ing   t h i c k e n i n g   said  g rease   with  a  

h y d r o x y - c o n t a i n i n g   soap  t h i c k e n e r .   The  presence   of  phospho rus  

and  s u l f u r   moie t i e s   p rovides   an  even  h igher   dropping  p o i n t .  

The  a lky l   bo ra t e s   inc lude   the  mono-,  di-   and  t r i a l k y l   b o r a t e s ,  

i . e . ,   those  having  the  methyl ,   e t h y l ,   p ropyl ,   b u t y l ,   penty l   and  

hexyl  g r o u p s .  

P r e f e r a b l y   the  amine  is  o v e r b o r a t e d .   By  " o v e r b o r a t e d "  

is  meant  the  presence  in  the  bora ted   product   of  more  than  a  

s t o i c h i o m e t r i c   amount  of  boron  with  r e spec t   to  the  amine .  

The  bora ted   amines  of  t h e  i n v e n t i o n   can  be  made  by  

r e a c t i n g   an  amine  of  the  above  fo rmula   with  a  boron  compound 

such  as  bor ic   oxide,   bor ic   ac id ,   an  a lky l   bo ra te   or  mixtures   o f  

t h e s e .   The  r e s u l t i n g   products   are  be l i eved   to  be,  p r i m a r i l y ,  

bo ra t ed   amines,  but  other   p o s s i b l e   products   p resen t   a r e  

me tabora t e s   and  the  l i k e .   Included  wi th in   the  scope  of  t h e  

amines  as  set  fo r th   in  the  a b o v e  f o r m u l a  a r e   (1)  the  p r i m a r y  

amines  such  as  hexylamine ,   oc ty l amine ,   nonylamine,   d e c y l a m i n e ,  



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

t r i a c o n t y l a m i n e ,   o l ey l amine ,   s t e a r y l a m i n e ,   i s o s t e a r y l a m i n e ,  

ta l lowamine  and  soyamine,  (2)  the  secondary  amines  

co r re spond ing   to  (1)  having  both  groups  the  same  or  h a v i n g  
mixtures   of  such  groups,  (3)  the  co r r e spond ing   t e r t i a r y   amines  

where  again  a l l   the  groups  in  the  same  molecule  can  be  the  same 

or  d i f f e r e n t   and  (4)  diamines  such  as  

N - o c t y l - l , 2 - e t h y l e n e d i a m i n e   or  the  N - o c t y l - 1 , 3 -  

p ropy lened iamine ,   N - c o c o - l , 2 - e t h y l e n e d i a m i n e   or  the  N - c o c o - 1 , 3 -  

p r o p y l e n e d i a m i n e ,   N - o l e y l - 1 , 2 - e t h y l e n e d i a m i n e ,   or  N - o l e y 1 - 1 , 3 -  

p ropy lened iamine ,   N - s o y a - 1 , 2 - e t h y l e n e d i a m i n e   or  t h e  

N - s o y a - 1 , 3 - p r o p y l e n e d i a m i n e   and  N - t a l l o w - l , 2 - e t h y l e n e d i a m i n e   o r  
the  N - t a l l o w - l , 3 - p r o p y l e n e d i a m i n e .   The  secondary  amines  

inc lude   N - e t h y l - N - o l e y l a m i n e ,   N-methyl -N-soyamine ,   and  t h e  

t e r t i a r y   amines  include  N , N - d i e t h y l - N - o l e y l a m i n e .  

Alkoxyla ted   amines  inc luded   are  b i s ( 2 - h y d r o x y e t h y l )  

o l ey lamine ,   b i s ( 2 - h y d r o x y p r o p y l ) o l e y l a m i n e ,   b i s ( 2 - h y d r o x y e t h y l )  

t a l lowamine ,   b i s ( 2 - h y d r o x y p r o p y l ) t a l l o w a m i n e ,   ( h y d r o x y e t h y l ) -  

( h y d r o x y p r o p y l ) t a l l o w a m i n e ,   p o l y e t h o x y l a t e d   o l e y l a m i n e  

( c o n t a i n i n g   7  e thoxyl   groups)   and  p o l y e t h o x y l a t e d   t a l l o w a m i n e  

( c o n t a i n i n g   3  e thoxyl   g roups) .   Inc luded  also  are  h y d r o x y a l k y l  
amines  made  by  the  e t h o x y l a t i o n   or  p r o p o x y l a t i o n   o f  

h y d r o c a r b y l d i a m i n e s   or  h y d r o c a r b y l t r i a m i n e s .   S p e c i f i c a l l y  
inc luded  are  aromat ic   and  a l k y l -   or  a l k y l e n e - s u b s t i t u t e d  

aromat ic   groups  c o n t a i n i n g   6  to  30  carbon  atoms.  F u r t h e r  

inc luded   are  a l k o x y a l k y l a m i n e s ,   such  as  d o d e c y l o x y -  

propylamine  and  t r i i s o d e c y l o x y p r o p y l a m i n e   and  s i m i l a r   o x y g e n -  
c o n t a i n i n g   amines,  and  the  c o r r e s p o n d i n g   a l k o x y d i a m i n e s ,   such  

as  the  N - a l k o x y h y d r o c a r b y l e n e d i a m i n e s .  

The  r e a c t i o n   to  form  the  bora ted   amine  or  borate   e s t e r  

can  be  c a r r i e d   out  at  from  about  80°C  to  about  260°C, 

p r e f e r a b l y   from  about  110°C  to  about  180°C.  The  t e m p e r a t u r e  
chosen  wil l   depend  for  the  most  part   on  the  p a r t i c u l a r  

r e a c t a n t s   and  on  whether  or  not  a  so lven t   is  used.  R e a c t i o n  



p r e s s u r e s   can  be  vacuum,  a tmosphe r i c   or  p o s i t i v e   p r e s s u r e .   I n  

c a r r y i n g   out  th is   r e a c t i o n ,   i t   is  p r e f e r a b l e   that   q u a n t i t i e s   o f  

r e a c t a n t s   be  chosen  such  that   the  molar  r a t i o   of  amine  to  b o r o n  

compound  be  from  about  0.2  to  about  2,  p r e f e r a b l y   from  a b o u t  

0.5  to  about  0.9.  The  amine  can  be  r e a c t e d   with  an  excess  o f  

the  b o r a t i n g   spec ies   to  form  a  bora te   amine  c o n t a i n i n g   f rom 

about  0.1X  by  weight  of  boron  to  as  much  as  10%  or  more  o f  

b o r o n .  

While  a tmosphe r i c   p r e s s u r e   is  g e n e r a l l y   p r e f e r r e d ,   t h e  

r e a c t i o n   can  be  a d v a n t a g e o u s l y   run  at  from  about  1  to  about  5 

a t m o s p h e r e s .   Fu r the rmore ,   where  c o n d i t i o n s   war ran t   i t ,   a  

s o l v e n t   may  be  used.  In  g e n e r a l ,   any  r e l a t i v e l y   n o n - p o l a r ,  
u n r e a c t i v e   s o l v e n t   can  be  used,   i n c l u d i n g   benzene,   t o l u e n e ,  

xylene  and  1 , 4 - d i o x a n e .   Other  hydrocarbon  and  a l c o h o l i c  

s o l v e n t s ,   which  inc lude   p ropano l ,   b u t a n o l ,   hexamethylene   g l y c o l  

and  the  l i k e ,   can  be  used.  Mixtures   of  a l c o h o l i c   and 

hydroca rbon   s o l v e n t s   can  also  be  u s e d .  

The  times  for  the  r e a c t i o n s   are  not  c r i t i c a l .   Thus ,  

any  phase  of  the  process   can  be  c a r r i e d   out  in  from  about  1  to  

about  20  h o u r s .  

A  narrow  c lass   of  t h i c k e n i n g   agents   is  p r e f e r r e d   t o  

make  the  grease  of  th is   i n v e n t i o n .   Inc luded   among  t h e  

p r e f e r r e d   t h i c k e n i n g   agents   are  those  c o n t a i n i n g   at  l e a s t   a  

p o r t i o n   of  a l k a l i   metal ,   a l k a l i n e   ear th   metal  or  amine  soaps  o f  

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

e s t e r s   having  from  12  to  about  30  carbon  atoms  per  m o l e c u l e .  

The  metals   are  t y p i f i e d   by  sodium,  l i t h i u m ,   calcium  and 

barium.  P r e f e r r e d   is  l i t h i u m .   P r e f e r r e d   members  among  t h e s e  

acids   and  f a t t y   m a t e r i a l s   are  1 2 - h y d r o x y s t e a r i c   acid  and 

g l y c e r i d e s   and  e s t e r s   c o n t a i n i n g   1 2 - h y d r o x y s t e a r a t e s ,  

1 4 - h y d r o x y s t e a r i c   ac id ,   1 6 - h y d r o x y s t e a r i c   acid  and  

6 - h y d r o x y s t e a r i c   a c i d .  

The  e n t i r e   amount  of  t h i c k e n e r   need  not  be  d e r i v e d  

from  the  a fo remen t ioned   p r e f e r r e d   members.  S i g n i f i c a n t   b e n e f i t  



can  be  a t t a i n e d   using  as  l i t t l e   t he reo f   as  about  15%  by  w e i g h t  

of  the  t o t a l   t h i c k e n e r .   A  complementary  amount,  i . e . ,   up  t o  

about  85%  by  weight  of  a  wide  v a r i e t y   of  t h i cken ing   agents   c an  

be  used  in  the  grease   of  th is   i n v e n t i o n .   Inc luded  among  t h e  

other  useful   t h i c k e n i n g   agents   are  a l k a l i   and  a l k a l i n e   e a r t h  

metal  soaps  of  m e t h y l - 1 2 - h y d r o x y s t e a r a t e ,   d i e s t e r s   of  a  C4  t o  

C12  d i c a r b o x y l i c   acid  and  t a l l   oil   or  marine  oil   f a t t y  

a c i d s .   Other  a l k a l i   or  a l k a l i n e   ear th   metal  f a t t y   a c i d s  

c o n t a i n i n g   from  12  to  30  carbon  atoms  and  no  free  hydroxyl   may 
be  used.  These  inc lude   soaps  of  s t e a r i c   and  o l e i c   a c i d s .  

Other  t h i c k e n i n g   agents   include  s a l t   and  s a l t - s o a p  

complexes  as  calcium  s t e a r a t e - a c e t a t e   (U.S.  Pa ten t   No. 

2 , 1 9 7 , 2 6 3 ) ,   barium  s t e a r a t e   a c e t a t e   (U.S.  Pa ten t   No. 

2 ,564 ,561 ) ,   ca lc ium,   s t e a r a t e - c a p r y l a t e - a c e t a t e   complexes  (U .S .  

Pa ten t   No.  2 , 999 ,065 ) ,   ca lc ium  c a p r y l a t e - a c e t a t e   (U.S.  P a t e n t  

No.  2 , 9 9 9 , 0 6 6 ) ,   and  calcium  s a l t s   and  soaps  of  l o w - ,  

i n t e r m e d i a t e -   and  h i g h - m o l e c u l a r   weight  acids   and  of  nut  o i l  

a c i d s .  

Another  group  of  t h i c k e n i n g   agents   c o m p r i s e s  

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

as  p e r y l i m i d e s ,   p y r o m e l l i t d i i m i d e s ,   and  ammeline,  as  well  as  

c e r t a i n   hydrophobic   c lays .   These  t h i c k e n i n g   agents   can  be 

prepared  from  clays  which  are  i n i t i a l l y   h y d r o p h i l i c   i n  

c h a r a c t e r ,   but  which  have  been  conver ted   into  a  h y d r o p h o b i c  

c o n d i t i o n   by  the  i n t r o d u c t i o n   of  l o n g - c h a i n   h y d r o c a r b o n  

r a d i c a l s   into  the  su r face   of  the  clay  p a r t i c l e s   p r ior   to  t h e i r  

use  as  a  component  of  a  grease   compos i t i on ,   as,  for  example,  by 

being  sub jec ted   to  a  p r e l i m i n a r y   t r ea tmen t   with  an  o r g a n i c  

c a t i o n i c   su r face   a c t i v e   agen t ,   such  as  an  onium  compound. 

Typical   onium  compounds  are  t e t raa lkylammonium  c h l o r i d e s ,   such  

as  dimethyl   d i o c t a d e c y l   ammonium  c h l o r i d e ,   d imethyl   d i b e n z y l  

ammonium  c h l o r i d e   and  mixtures   t h e r e o f .   This  method  o f  

conve r s ion ,   being  well  known  to  those  s k i l l e d   in  the  a r t ,   i s  



be l i eved   to  r e q u i r e   no  f u r t h e r   d i s c u s s i o n ,   and  does  not  form  a  

par t   of  the  p r e s e n t   i n v e n t i o n .  

Manufac ture   of  the  t h i c k e n i n g   agents   can  be  done  in  a 

v a r i e t y   of  grease  making  equipment  such  as  in  open  k e t t l e s   a t  

reduced ,   a t m o s p h e r i c ,   or  p o s i t i v e   p r e s s u r e s ;   in  h igher   p r e s s u r e  
r e a c t i o n   chambers  which  may  be  opera ted   to  as  high  as  180  p s i g ;  

or  in  cont inuous   m a n u f a c t u r i n g   equipment .   The  t e m p e r a t u r e  

range  from  the  bulk  grease   under  manufac ture   can  range  from 

15°C  (60°F)  to  238°C  ( 4 6 0 ° F ) .  

The  t h i r d   member(s)  t ha t   may  be  p re sen t   in  the  g r e a s e  

compos i t ion   are  the  phosphorus  and  s u l f u r   m o i e t i e s .   Both  o f  

these   can  be  p r e s e n t   in  the  same  molecu le ,   such  as  in  a  m e t a l  

or  non-meta l   p h o s p h o r o d i t h i o a t e   of  the  f o r m u l a  

where in   R 6 i s   a  h y d r o c a r b y l   group  c o n t a i n i n g   3  to  18  c a r b o n  

atoms,  M  is  a  metal  or  non -me ta l ,   n  is  the  va lence   of  M  and  Z 

is  oxygen  or  s u l f u r ,   at  l e a s t   one  Z  being  s u l f u r .  

In  th is   compound,  R 6 i s   p r e f e r a b l y   an  a lky l   g roup  

and  may  be  a  p ropyl ,   b u t y l ;   p e n t y l ,   hexyl ,   o c t y l ,   d e c y l ,  

dodecyl ,   t e t r a d e c y l   or  oc t adecy l   group,  i n c l u d i n g   those  d e r i v e d  

from  p ropanol ,   i s o p r o p a n o l ,   b u t a n o l ,   i s o b u t a n o l ,   s e c - b u t a n o l ,  

4 - m e t h y l - 2 - p e n t a n o l ,   2 - e t h y l h e x a n o l ,   o ley l   a l c o h o l ,   and  

mix tures   t h e r e o f .   Fu r the r   inc luded   are  a l k a r y l   groups  such  as  

b u t y l p h e n y l ,   o c t y l p h e n y l ,   nonylphenyl   and  dodecylphenyl   g r o u p s .  

The  metals   covered  by  M  include  those  in  Groups  IA, 

IIA,  IIB  and  VIII  of  the  P e r i o d i c   Table.   Some  tha t   may  b e  

mentioned  are  l i t h i u m ,   molybdenum,  sodium,  ca lc ium,   z i n c ,  

cadmium,  s i l v e r   and  gold.  Non -me ta l l i c   ions  include  o r g a n i c  

groups  derived  from  v inyl   e s t e r s   such  as  vinyl   a c e t a t e ,   v i n y l  

e t h e r s   such  as  bu ty l   v iny l   e t h e r ,   epoxides  such  as  p r o p y l e n e  

oxide  and  1 ,2 -epoxydodecane   and  amine  s a l t s .   They  also  i n c l u d e  

o ther   n i t r ogenous   compounds  such  as  those  der ived  from 



hydroca rby l   amines  and  d iamines ,   i n c l u d i n g   o ley lamine   and 

N - o l e y l - l , 3 - p r o p y l e n e d i a m i n e   and  such  as  the  i m i d a z o l i n e s   and 

o x a z o l i n e s .  

The  phosphorus  and  s u l f u r   can  also  be  supp l i ed   from 

the  combinat ion  of  two  s e p a r a t e   compounds,  such  as  t h e  

combinat ion  of  (1)  a  d i h y d r o c a r b y l   phosphi te   having  2  to  10 

carbon  atoms  in  each  hyd roca rby l   group  or  mix tures   o f  

phosph i t e s   and  (2)  a  s u l f i d e   such  as  s u l f u r i z e d   i s o b u t y l e n e ,  

d ibenzyl   d i s u l f i d e ,   s u l f u r i z e d   t e r p e n e s ,   p h o s p h o r o d i t h i o n y l  

d i s u l f i d e   and  s u l f u r i z e d   jo joba   o i l .   The  phosph i t e s   embrace 

the  d i b u t y l ,   d ihexy l ,   d i o c t y l ,   d idecyl   and  s i m i l a r   p h o s p h i t e s .  

Phosphate  e s t e r s   c o n t a i n i n g   4  to  20  carbon  atoms  in  each  

hydroca rby l   group,  such  as  t r i b u t y l   phospha te ,   t r i d e c y l  

phospha te ,   t r i c r e s y l   phosphate   and  mix tures   of  such  p h o s p h a t e s ,  

can  also  be  u s e d .  

In  summary,  i t   is  e s s e n t i a l   to  the  p r a c t i c e   of  t h i s  

i n v e n t i o n ,   in  which  g reases   having  v a s t l y   improved  d r o p p i n g  

poin ts   are  o b t a i n e d ,   tha t   at  l e a s t   the  f i r s t   two  of  t h e  

above-ment ioned  i n g r e d i e n t s   be  fo rmula ted   into  t h e  

compos i t ion .   Thus:  

f i r s t ,   with  r e spec t   to  the  p r e p a r a t i o n   of  the  g r e a s e ,  
the  t h i ckene r   w i l l   have  at  l e a s t   about  15%  by  weight  of  a  m e t a l  

or  non-metal   h y d r o x y - c o n t a i n i n g   soap  t h e r e i n ,   the  t o t a l  

t h i ckene r   being  from  about  3%  to  about  20%  by  weight  of  t h e  

t o t a l   grease  c o m p o s i t i o n ;  

second,  the re   w i l l   be  added  to  the  grease   from  a b o u t  

0.01%  to  about  10%  by  weight ,   p r e f e r a b l y   about  0.1%  to  a b o u t  

2%,  of  the  bora ted   amine,  in  which  an  amine  p r e f e r a b l y   has  been  

r eac t ed   with  at  l e a s t   an  equimolar   amount  of  a  boron  compound; 

and 

as  an  op t iona l   t h i r d   component,  the  composi t ion   may 
have  t h e r e i n   from  0.01%  to  about  10%  by  weight  p r e f e r a b l y ,   from 

0.2%  to  2%  by  weight  of  phosphorus-   and  s u l f u r - c o n t a i n i n g  

compounds  or  a  mixture  of  two  or  more  compounds  which 



s e p a r a t e l y   supply  the  phosphorus  and  s u l f u r   m o i e t i e s .   I f  

s e p a r a t e   compounds  are  used,   an  amount  of  the  m i x t u r e  

e q u i v a l e n t   to  the  above  c o n c e n t r a t i o n   l eve l s   is  used  to  s u p p l y  

d e s i r e d   amounts  of  phosphorus  and  s u l f u r .  

It  was  noted  t h a t ,   when  the  h y d r o x y - c o n t a i n i n g  

t h i c k e n e r   was  used  with  the  bo ra t ed   amine,  the  dropping  p o i n t  

of  the  grease   was  c o n s i s t e n t l y   unexpec t ed ly   h igher   than  a  

grease   from  the  same  g rease   v e h i c l e   and  the  same  bora ted   amine ,  

but  with  a  d i f f e r e n t   t h i c k e n e r ,   e . g . ,   a  n o n - h y d r o x y - c o n t a i n i n g  

t h i c k e n e r .   Thus,  the  broad  i n v e n t i o n   is  to  a  g r e a s e  

compos i t ion   compr is ing   the  two  components  m e n t i o n e d .  

In  g e n e r a l ,   the  r e a c t i o n   p roduc ts   of  the  p r e s e n t  
i n v e n t i o n   may  be  employed  in  any  amount  which  is  e f f e c t i v e   f o r  

i m p a r t i n g   the  de s i r ed   degree  of  f r i c t i o n   r e d u c t i o n ,   a n t i w e a r  

a c t i v i t y ,   a n t i o x i d a n t   a c t i v i t y ,   high  t empera tu re   s t a b i l i t y   o r  

a n t i r u s t   a c t i v i t y .   In  many  a p p l i c a t i o n s ,   however,  the  b o r a t e d  

amine  and  the  phosphorus-   and/or   s u l f u r - c o n t a i n i n g   compound(s)  

are  e f f e c t i v e l y   employed  in  combined  amounts  of  from  a b o u t  

0.02%  to  about  20%  by  weigh t ,   and  p r e f e r a b l y   from  about  0.2%  to  

about  4%  of  the  t o t a l   weight  of  the  c o m p o s i t i o n .  

The  greases   of  the  p re sen t   i nven t ion   can  be  made  from 

e i t h e r   a  minera l   oi l   or  a  s y n t h e t i c   o i l ,   or  mixtures   t h e r e o f .  

In  g e n e r a l ,   minera l   o i l s ,   both  p a r a f f i n i c ,   naph then ic   and 

mix tu res   t h e r e o f ,   may  be  of  any  s u i t a b l e   l u b r i c a t i n g   v i s c o s i t y  

range ,   as  for  example,  from  about  45  SSU  at  100°F  to  about  6000 

SSU  at  100°F,  and  p r e f e r a b l y   from  about  50  to  about  250  SSU  a t  

210°F.  These  o i l s   may  have  v i s c o s i t y   indexes  ranging  up  to  

about  100  or  h i g h e r .   V i s c o s i t y   indexes  from  about  70  to  a b o u t  

95  are  p r e f e r r e d .   The  average  molecular   weights  of  these  o i l s  

may  range  from  about  250  to  about  800.  In  making  the  g r e a s e ,  
the  l u b r i c a t i n g   oil   from  which  it   is  prepared  is  g e n e r a l l y  

employed  in  an  amount  s u f f i c i e n t   to  balance  the  t o t a l   g r e a s e  

compos i t i on ,   a f t e r   a c c o u n t i n g   for  the  des i r ed   q u a n t i t y   of  t h e  



t h i cken ing   agent ,   and  other   a d d i t i v e   components  to  be  i n c l u d e d  

in  the  grease  f o r m u l a t i o n .  

In  i n s t a n c e s   where  s y n t h e t i c   o i ls   are  d e s i r e d ,   i n  

p re fe rence   to  mineral   o i l s ,   va r ious   compounds  of  this  type  may 
be  s u c c e s s f u l l y   u t i l i z e d .   Typical   s y n t h e t i c   v e h i c l e s   i n c l u d e  

p o l y i s o b u t y l e n e ,   p o l y b u t e n e s ,   hydrogenated   p o l y d e c e n e s ,  

po lypropy lene   g l y c o l ,   p o l y e t h y l e n e   g l y c o l ,   t r i m e t h y l o l   p r o p a n e  

e s t e r s ,   neopenty l   and  p e n t a e r y t h r i t o l   e s t e r s ,   d i ( 2 - e t h y l h e x y l )  

s e b a c a t e ,   d i ( 2 - e t h y l h e x y l )   a d i p a t e ,   d i b u t y l   p h t h a l a t e ,  

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

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

d e r i v a t i v e s ,   hydrogena ted   s y n t h e t i c   o i l s ,   c h a i n - t y p e  

po lypheny l s ,   s i l o x a n e s   and  s i l i c o n e s   ( p o l y s i l o x a n e s ) ,  

a l k y l - s u b s t i t u t e d   diphenyl   e the r s   t y p i f i e d   by  a 

b u t y l - s u b s t i t u t e d   b i s (p -phenoxy   phenyl)  e t h e r ,   phenoxy 

p h e n y l e t h e r s .  

The  m e t a l l i c   soap  g rease   composi t ions   c o n t a i n i n g   one 

or  more  of  the  bo ra t ed   amines,  and  o p t i o n a l l y ,   one  or  more  o f  

the  s u l f u r   and  phosphorus  combinat ions   desc r ibed   he re in   p r o v i d e  

advantages   in  i n c r e a s e d   dropping  po in t ,   improved  g r e a s e  

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

a n t i f a t i g u e ,   ant iwear   and  a n t i o x i d a n t   b e n e f i t s   u n a v a i l a b l e   i n  

p r io r   g r e a s e s .   The  grease   of  th is   i nven t ion   is  unique  in  t h a t  

it  can  be  p r e f e r a b l y   manufac tured   by  the  admixture   of  a d d i t i v e  

q u a n t i t i e s   of  the  a lcohol   bo ra te s   to  the  f u l l y   formed  soap  

grease  a f t e r   complet ion  of  s a p o n i f i c a t i o n .  

The  fo l lowing   Examples  wi l l   p resen t   i l l u s t r a t i o n s   o f  

the  i n v e n t i o n .   They  are  i l l u s t r a t i v e   only,  and  are  not  meant 

to  l i m i t   the  i n v e n t i o n .  

EXAMPLE  1 

A  mix ture   of  1295  g  N - o l e y l - l , 3 - p r o p y l e n e d i a m i n e  

(ob ta ined   as  Duomeen  0  from  Armak  Chemical  Co.),   218  g  o f  

xy lene ,   437  g  of  n - b u t a n o l ,   658  g  of  hexamethylene   glycol   and 



1210  g  of  bor ic   acid  were  placed  in  a  r e a c t o r   equipped  w i t h  

h e a t e r ,   a g i t a t o r   and  Dean-Stark   tube  with  condenser ,   and  

r e f l u x e d   for  about  10  hours  u n t i l   a l l   water  formed  in  t he  

r e a c t i o n   azeo t roped   over  (maximum  t empera tu re   was  a b o u t  

195°C).  The  s o l v e n t s   were  removed  by  vacuum  d i s t i l l a t i o n   a t  

195°C  and  the  product  was  f i l t e r e d   and  then  d i l u t e d   with  an 

equal  amount  of  100  second  process  oil   to  form  a  50% 

c o n c e n t r a t e   of  bo ra t ed   diamine  in  mineral   o i l .   The  c o n c e n t r a t e  

was  an  orange  co lored   v i scous   l i q u i d .  

EXAMPLE  2 

N - t a l l o w - 1 , 3 - p r o p y l e n e d i a m i n e   (ob ta ined   as  Duomeen  T 

from  Armak  Chemical  Co.)  was  bora ted   with  boric  acid  as  

g e n e r a l l y   d e s c r i b e d  i n   Example  1.  For  convenience  of  h a n d l i n g ,  

the  bo ra t ed   N - t a l l o w - l , 3 - p r o p y l e n e d i a m i n e   was  blended  with  an 

equal  wt.  of  100  second  process   oi l   to  form  a  50%  c o n c e n t r a t e  

in  minera l   o i l .  

EXAMPLE  3 

A  l i t h i u m   h y d r o x y s t e a r a t e   grease  t h i ckene r   was 

p repared   by  s a p o n i f i c a t i o n   of  a  mixture  c o n t a i n i n g  

1 2 - h y d r o x y s t e a r i c   acid  (8%)  and  the  g lyce r ide   thereof   (9%)  w i t h  

l i t h i u m   hydroxide   in  a  minera l   oil   v e h i c l e   at  about  177°C  in  a 

c losed  c o n t a c t o r .  

EXAMPLE  4 

After   d e p r e s s u r i n g   and  dehydra t ion   of  the  t h i ckene r   i n  

an  open  k e t t l e ,   s u f f i c i e n t   minera l   oil  was  added  to  reduce  t h e  

t h i c k e n e r   content   to  about  9.0%.  After  cool ing  to  about  99°C, 

a  t y p i c a l   grease   a d d i t i v e   package,  c o n s i s t i n g   of  an  amine 

a n t i o x i d a n t ,   phenol ic   a n t i o x i d a n t ,   m e t a l l i c   d i t h i o p h o s p h a t e  

(1.5  wt%  of  z inc  d i a l k y l   p h o s p h o r o d i t h i o a t e ,   where  the  a lkyl   i s  

der ived   from  a  mixture   of  C3  to  C6  primary  a l c o h o l s ) ,  



s u l f u r - c o n t a i n i n g   metal  d e a c t i v a t o r   and  n i t r o g e n   c o n t a i n i n g  

a n t i r u s t   a d d i t i v e s ,   was  a d d e d .  

EXAMPLE  5 

To  the  base  grease  of  Example  4,  was  added  at  a b o u t  

110°C,  0.5  wt%  of  the  bora ted   N - o l e y l - 1 , 3 - p r o p y l e n e d i a m i n e   o f  

Example  1 .  

EXAMPLE  6 

To  the  base  grease  of  Example  4  was  added,  at  abou t  

115°C,  1.0  wt%  of  the  bora ted   N - t a l l o w - 1 , 3 - p r o p y l e n e d i a m i n e   o f  

Example  2.  

EXAMPLE  7 

To  the  base  grease  of  Example  3  was  added  0.5  wt.  %  o f  

the  bora ted   N - o l e y l - 1 , 3 - p r o p y l e n e d i a m i n e   of  Example  1 .  

EXAMPLE  8 

Same  as  Example  7,  except  2%  of  bora ted   amine  was  u s e d .  

EXAMPLE  9 

Base  grease  th ickened   with  the  l i t h ium  soap  of  50 /50  

(wt)  mixture  of  s t e a r i c   and  p a l m i t i c   a c i d s ,   which  a r e  

n o n - h y d r o x y - c o n t a i n i n g   t h i c k e n e r s .  

EXAMPLE  10 

50  wt.  %  of  the  base  grease  used  in  Example  4  plus  50 

wt.  %  of  the  grease  of  Example  9,  producing  a  50-50  mixture  o f  

hydroxy-  and  n o n - h y d r o x y - c o n t a i n i n g   t h i c k e n e r s .  

EXAMPLE  11 

Base  grease  of  Example  9  c o n t a i n i n g   2  wt.  %  of  t h e  

bora ted   amine  of  Example  2.  



Results   ob ta ined   in  the  ASTM  D2265-78  grease  d ropp ing  

po in t   t e s t   are  shown  in  the  fo l lowing   t a b l e .  

Examples  5  and  6  show  a  s i g n i f i c a n t   e f f e c t   upon 

dropping   point   improvement  when  bora ted   amine  is  added  to  

h y d r o x y - c o n t a i n i n g   c a r b o x y l a t e   soap  th ickened  grease  in  t h e  

presence   of  a  phosphorus  and  s u l f u r   s o u r c e .  

Examples  7  and  8  show  a  s i g n i f i c a n t   e f f e c t   upon 

h y d r o x y - c o n t a i n i n g   c a r b o x y l a t e   soap  th ickened   grease  when  t h e  

bo ra t ed   amines  desc r ibed   are  u s e d .  

Examples  9,  10  and  11  c l e a r l y   show  no  b e n e f i t   of  t h e  

bo ra t ed   amine  upon  the  dropping  point   of  a  

n o n - h y d r o x y - c o n t a i n i n g   c a r b o x y l a t e   soap  th ickened   g r e a s e .  



1.  An  improved  grease  compos i t ion   compris ing  a  major  

p r o p o r t i o n   of  a  grease  v e h i c l e   and  from  about  0.01%  to  a b o u t  

10%  by  weight  of  a  r e a c t i o n   product  made  by  r e a c t i n g   an  amine 

of  the  f o r m u l a  

wherein  x  is  0  to  2,  R,  R1,  R3  and  R4  are  hydrogen  o r  

hydroca rby l   groups  c o n t a i n i n g   from  1  to  30  carbon  a t o m s ,  

hydroxya lky l   groups  c o n t a i n i n g   2  to  4  carbon  atoms,  a 

p o l y a l k o x y l a t e d   group  c o n t a i n i n g   6  to  20  ca rbon 'a toms   or  t h e  

l a t t e r   group  c o n t a i n i n g   s u l f u r   or  a d d i t i o n a l   oxygen,  at  l e a s t  

one  of  R,  R1,  R3  and  R4  being  a  non-hydrogen  group  and  
R2  is  a  C2  to  C4  a lky lene   group,  with  a  boron  compound, 

the  improvement  compris ing  t h i c k e n i n g   said  grease  with  a  

t h i c k e n e r   c o n t a i n i n g   at  l e a s t   about  15%  by  weight   of  a  

h y d r o x y - c o n t a i n i n g   soap  t h i c k e n e r .  

2.  The  composi t ion   of  claim  1  a d d i t i o n a l l y   c o n t a i n i n g  

from  about  0.01%  to  about  10%  by  weight  of  a  compound 

c o n t a i n i n g   both  phosphorus  and  su l fu r   or  a  mixture   o f  

p h o s p h o r u s - c o n t a i n i n g   and  s u l f u r - c o n t a i n i n g   compounds  to  s u p p l y  

an  e q u i v a l e n t   amount  of  phosphorus  and  s u l f u r .  

3.  The  composi t ion   of  Claim  1  wherein  the  t h i c k e n e r  

is  an  a l k a l i   meta l ,   a l k a l i n e   ear th   metal  or  amine  soap  of  a 

h y d r o x y l - c o n t a i n i n g   f a t t y   ac id ,   f a t t y   g l y c e r i d e   or  f a t t y   e s t e r  

c o n t a i n i n g   12  to  30  carbon  a t o m s .  



4.  The  compos i t ion   of  Claim  3  wherein  the  metal  i s  

sodium,  l i t h i u m ,   calcium  or  b a r i u m .  

5.  The  compos i t ion   of  Claim  3  wherein  the  t h i c k e n e r  

is  der ived   from  1 2 - h y d r o x y s t e a r i c   ac id ,   1 4 - h y d r o x y s t e a r i c   a c i d ,  

1 6 - h y d r o x y s t e a r i c   ac id ,   6 - h y d r o x y s t e a r i c   acid  or  the  g l y c e r i d e  

or  e s t e r   t h e r e o f .  

6.  The  compos i t ion   of  Claim  1  wherein  R,  R1,  R3 

and  R 4 are  hydrogen  or  a lky l   groups  c o n t a i n i n g   6  to  20  c a r b o n  

atoms,  at  l e a s t   one  of  which  is  not  h y d r o g e n .  

7.  The  compos i t ion   of  Claim  1  wherein  the  amine  i s  

(1)  hexylamine ,   o c t y l a m i n e ,   nonylamine,   d e c y l a m i n e ,  

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

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

t a l l owamine ,   soyamine,   (2)  the  secondary   amines  c o r r e s p o n d i n g  

to  (I)  having  both  groups  the  same  or  having  mixtures   of  such 

groups ,   (3)  the  c o r r e s p o n d i n g   t e r t i a r y   amines  wherein  a l l   t h e  

groups  in  each  molecule  are  the  same  or  d i f f e r e n t ,   or  ( 4 )  

N - o c t y l - 1 , 2 - e t h y l e n e d i a m i n e ,   N - o c t y l - 1 , 3 - p r o p y l e n e -  

diamine,   N - c o c o - 1 , 2 - e t h y l e n e d i a m i n e ,   N - c o c o - 1 , 3 -  

p r o p y l e n e d i a m i n e ,   N - o l e y l - 1 , 2 - e t h y l e n e d i a m i n e ,  

N - o l e y l - 1 , 3 - p r o p y l e n e d i a m i n e ,   N - s o y a - 1 , 2 - e t h y l e n e d i a m i n e ,  

N - s o y a - 1 , 3 - p r o p y l e n e d i a m i n e ,   N - t a l l o w - 1 , 2 - e t h y l e n e d i a m i n e ,  

N - t a l l o w - 1 , 3 - p r o p y l e n e d i a m i n e ,   N - e t h y l - N - o l e y l a m i n e ,  

N-methyl -N-soyamine ,   N , N - d i e t h y l - N - o l e y l a m i n e ,  

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

b i s ( 2 - h y d r o x y e t h y l ) t a l l o w a m i n e ,   b i s ( 2 - h y d r o x y p r o p y l ) -  

t a l lowamine ,   ( h y d r o x y e t h y l ) ( h y d r o x y p r o p y l ) t a l l o w a m i n e ,  

p o l y e t h o x y l a t e d o l e y l a m i n e   c o n t a i n i n g   7  ethoxy  g r o u p s ,  

p o l y e t h o x y l a t e d   ta l lowamine  c o n t a i n i n g   3  e thoxyl   g r o u p s ,  

hyd roxya lky l   amines  made  by  the  e t h o x y l a t i o n   or  p r o p o x y l a t i o n  



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

dodecy loxypropylamine   or  t r i i s o d e c y l o x y p r o p y l a m i n e .  

8.  The  composi t ion   of  Claim  1  wherein  the  bo ron  

compound  is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  bor ic   a c i d ,  

bor ic   oxide ,   a  me tabora te   or  a  mono-,  di-  and  t r i m e t h y l   b o r a t e ,  

mono-,  d i -   and  t r i e t h y l   b o r a t e ,   mono-,  di  and  t r i p r o p y l   b o r a t e ,  

mono-,  di-  and  t r i b u t y l   b o r a t e ,   mono-,  di-  and  t r i p e n t y l   b o r a t e  

and  mono-,  d i -   and  t r i h e x y l   b o r a t e .  

9.  The  composi t ion   of  Claim  8  wherein  the  bo ron  

compound  is  bor ic   a c i d .  

10.  The  composi t ion   of  Claim  1  wherein  the  phosphorus  

and  su l fu r   moie t i e s   are  supp l i ed   by  a  p h o s p h o r o t h i o a t e   of  t h e  

f o r m u l a  

wherein  R6  is  a  hyd roca rby l   group  c o n t a i n i n g   3  to  18  ca rbon  

atoms,  M  is  a  metal  or  non-me ta l ,   n  is  the  va lence   of  M  and  Z 

is  oxygen  or  s u l f u r ,   at  l e a s t   one  Z  being  s u l f u r .  

11.  The  composi t ion   of  Claim  10  wherein  R  is  an 

alkyl   group  or  an  a l k a r y l   g r o u p .  

12.  The  composi t ion   of  Claim  11  wherein  R  is  a 

propyl ,   bu ty l ,   p e n t y l ,   hexyl ,   o c t y l ,   dodecyl ,   t e t r a d e c y l ,  

o c t a d e c y l ,   b u t y l p h e n y l ,   o c t y l p h e n y l ,   nony lpheny l ,   d o d e c y l p h e n y l  

or  oleyl  group  or  a  mixture  t h e r e o f .  

13.  The  composi t ion   of  Claim  12  wherein  R  i s  

derived  from  propanol ,   i s o p r o p a n o l ,   b u t a n o l ,   i s o b u t a n o l ,  



s e c - b u t a n o l ,   4 - m e t h y l - 2 - p e n t a n o l ,   2 - e t h y l h e x a n o l   or  a  m i x t u r e  

t h e r e o f .  

14.  The  compositon  of  Claim  10  wherein  M  is  a  m e t a l  

from  Group  IA,  IIA,  IIB  or  VIII  of  the  Pe r iod i c   T a b l e .  

15.  The  compos i t ion   of  Claim  14  wherein  the  metal  i s  

l i t h i u m ,   sodium,  s i l v e r ,   molybdenum,  calc ium,   z inc ,   cadmium  or  

g o l d .  

16.  The  composi t ion   of  Claim  10  wherein  M  is  d e r i v e d  

from  vinyl   a c e t a t e ,   bu ty l   v inyl   e t h e r ,   propylene  o x i d e ,  

1 ,2 -epoxydodecane   or  n i t r ogenous   compound. 

17.  The  composi t ion   of  Claim  1  wherein  the  phosphorus  

and  s u l f u r   mo ie t i e s   are  supp l i ed   by  a  combinat ion  of  (1)  a 

d i h y d r o c a r b y l   phosph i t e   having  2  to  6  carbon  atoms  in  each 

hyd roca rby l   group,  mix tures   of  such  p h o s p h i t e s ,   or  a  phospha t e  

e s t e r   having  4  to  20  carbon  atoms  in  each  hydroca rby l   group  and 

(2)  a  s u l f i d e   s e l e c t e d   from  s u l f u r i z e d   i s o b u t y l e n e ,   d i b e n z y l  

d i s u l f i d e ,   s u l f u r i z e d   t e rpenes ,   p h o s p h o r o d i t h i o n y l   d i s u l f i d e  

and  s u l f u r i z e d   jo joba   o i l .  

18.  The  composi t ion   of  Claim  17  wherein  the  p h o s p h i t e  

is  a  d i b u t y l ,   d ihexy l ,   d i o c t y l   or  d idecyl   phosphi te   or  m i x t u r e s  

t h e r e o f .  

19.  The  composi t ion   of  Claim  17  wherein  the  phospha t e  

e s t e r   is  a  t r i b u t y l ,   t r i d e c y l   or  t r i c r e s y l   phosphate  or  

mixtures   t h e r e o f .  

20.  The  composi t ion   of  Claim  1  wherein  the  amine  i s  

N - o l e y l - 1 , 3 - p r o p y l e n e d i a m i n e ,   the  boron  compound  is  bor ic   a c i d ,  

the  t h i c k e n e r   is  1 2 - h y d r o x y s t e a r a t e   and  the  phosphorus  and 



su l fu r   are  supp l ied   by  zinc  C3  to  C6  a l k y l  

p h o s p h o r o d i t h i o a t e .  

21.  The  composi t ion   of  Claim  1  wherein  the  amine  i s  

N - t a l l o w - 1 , 3 - p r o  p y l e n e d i a m i n e ,   the  boron  compound  is  b o r i c  

ac id ,   the  t h i c k e n e r   is  l i t h i u m   1 2 - h y d r o x y s t e a r a t e   and  t h e  

phosphorus  and  su l fu r   moie t i e s   are  supp l i ed   by  zinc  C3  to  

C6  a lkyl   p h o s p h o r o d i t h i o a t e .  

22.  The  composi t ion   of  Claim  1  wherein  the  g r e a s e  
v e h i c l e   is  a  minera l   o i l .  

23.  The  composi t ion   of  Claim  1  wherein  the  g r e a s e  
v e h i c l e   is  a  s y n t h e t i c   o i l .  

24.  The  composi t ion   of  Claim  1  wherein  the  g r e a s e  
v e h i c l e   is  a  mixture  of  mineral   and  s y n t h e t i c   o i l s .  

25.  The  composi t ion  of  Claim  1  wherein  the  bo ron  

compound  is  s e l e c t e d   from  metabora te   bor ic   ac id ,   bor ic   o x i d e  

and  an  a lkyl   bora te   of  the  f o r m u l a  

wherein  y  is  1  to  3,  z  is  0  to  2,  t h e i r   sum  being  3,  and  R  

is  an  a lkyl   group  having  1  to  6  carbon  a t o m s .  

26.  The  composi t ion  of  Claim  1,  wherein  the  t o t a l  

amount  of  the  t h i ckene r   is  from  about  3%  to  about  20%  by  w e i g h t  

of  the  t o t a l   grease  c o m p o s i t i o n .  

27.  A  method  of  improving  the  dropping  point   of  a 

grease   composi t ion   compris ing  a  major  p r o p o r t i o n   of  a  g r e a s e  



v e h i c l e   and  from  about  0.01%  to  about  10%  by  weight  of  a 
r e a c t i o n   product  made  by  r e a c t i n g   an  amine  of  the  fo rmula  

wherein  x  is  0  to  2,  R,  R1,  R  and  R4  are  hydrogen  or  

hyd roca rby l   groups  c o n t a i n i n g   from  1  to  30  carbon  a t o m s ,  

hyd roxya lky l   groups  c o n t a i n i n g   2  to  4  carbon  atoms,  a 

p o l y a l k o x y l a t e d   group  c o n t a i n i n g   6  to  20  carbon  atoms  or  t h e  

l a t t e r   group  c o n t a i n i n g   s u l f u r   or  a d d i t i o n a l   oxygen,  at  l e a s t  

one  of  R,  R1,  R  and  R   being  a  non-hydrogen  group  and  
R2  is  a  C2  to  C4  a lky l ene   group  with  a  boron  compound, 

said  method  compris ing  t h i c k e n i n g   said  grease  with  a  t h i c k e n e r  

c o n t a i n i n g   at  l e a s t   15%  by  weight  of  a  h y d r o x y - c o n t a i n i n g   s o a p  
t h i c k e n e r .  

28.  The  method  of  Claim  27  in   which  the  g r e a s e  

composi t ion   a d d i t i o n a l l y   con ta ins   from  about  0.01%  to  about  10% 

by  weight   of  a  compound  c o n t a i n i n g   both  phosphorus  and  s u l f u r  

or  a  mixture  of  p h o s p h o r u s - c o n t a i n i n g   and  s u l f u r - c o n t a i n i n g  

compounds  to  supply  an  e q u i v a l e n t   amount  of  phosphorus  and 

s u l f u r .  
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