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@)  Grease  composition. 

  Grease  compositions,  wherein  the  grease  is  thickened 
with  a  metal  hydroxyl-containing  soap  grease thickener  are 
provided.  Other  essential  ingredients  of  the  compositions 
include  borated  hydrocarbyl  epoxides  and  phosphorus  and 
sulfur  moieties. 



The  i nven t ion   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  g rease ,   metal  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 ,   bora ted   epoxide  and  phosphorus  and  s u l f u r   m o i t i e s .  

U.S.  Pa ten t   No.  4 ,410 ,438   r e l a t e s   to  l u b r i c a n t   c o m p o s i t i o n s ,  

i n c l u d i n g   g reases ,   compr is ing   bora ted   epoxides  in  which  boron  i s  

p resen t   in  excess .   Also,  c e r t a i n   o ther   forms  of  epoxides  have  been  

used  in  l u b r i c a n t s .   For  example,  U.  S.  4 ,244,829  d e s c r i b e s   the  use  o f  

epox id ized   f a t t y   acid  e s t e r s   as  l u b r i c i t y   agents   in  l u b r i c a t i n g   o i l s .  

In  accordance   with  the  i n v e n t i o n ,   there   is  provided  a  g r e a s e  
composi t ion   c o n t a i n i n g   (1)  a  metal  h y d r o x y l - c o n t a i n i n g   soap  t h i c k e n e r ,  

(2)  a  compound  prepared  by  r e a c t i n g   an  epoxide  of  the  f o r m u l a  

wherein  R,  R11  R2  and  R3  are  hydrogen  or  a  C8  to  C30 
hydrocarbyl   group,  at  l e a s t   one  of  which  is  hyd roca rby l ,   with  at  l e a s t  

a  molar  amount  of   bor ic   acid,   bor ic   oxide  or  an  a lkyl   bora te   of  t h e  

f o r m u l a  

wherein  x  is  1  to  3,  y  is  0  to  2,  t h e i r   sum  being  3,  and  R4  is  an  

a lky l   group  c o n t a i n i n g   from  1  to  6  carbon  atoms  and  (3)  phosphorus  and 

s u l f u r   m o i e t i e s .  

P r e f e r a b l y   the  bora ted   product   con t a in s   more  than  a  
s t o i c h i o m e t r i c   amount  of  b o r o n . .  

The  bora ted   epoxides  of  the  i n v e n t i o n   can  be  made  oy  r e a c t i n g  

an  epoxide  with  boron  compound,  such  as  bor ic   oxide,   boric   acid  or  an 

a lky l   bo ra te ,   or  mixtures   t h e r e o f .   The  r e s u l t i n g   p roduc t s   a r e  



pr imar i ly   monoborate  e s t e r s ,   but  o ther   p o s s i b l e   products   present   a r  
the  products   of  r e a c t i o n   between  epoxide  dimers,   or  higher   o l i g o m e r  
and  a  boron  compound  to  form  the  co r responding   bora te   e s t e r s .  

Included  wi th in   the  scope  of  the  epoxides  as  set   fo r th   above,  a r e  

1 ,2 -epoxyoc tane ,   1 ,2-epoxydecane ,   1 , 2 - e p o x y d o d e c a n e ,  

1 , 2 - e p o x y t e t r a d e c a n e ,   1 ,2 -epoxypen tadecane ,   1 , 2 - e p o x y h e x a d e c a n e ,  

1 ,2 - epoxyhep tadecane ,   1 ,2 -epoxyoc tadecane ,   1 , 2 - epoxye i cosane   and 

mixtures   of  such  epoxides ,   as  well  as  mixtures   of  other   e p o x i d e s .  

These  inc lude   epoxides  of  mixtures   of  C22  to  C30  o l e f i n s   a n d . o f  

mixtures   of  C24  to  C28  o l e f i n s .   Also  inc luded   are  epoxides  from 

dimers  of  octene,   dimers  of  decene,  dimers  of  mixed  octene  and  decer 

epoxides  from  decene  t r imer s   and  the  l i k e .   Hydrocarbyl   is  meant  t o  

include  a lky l ,   a ry l ,   c y c l o a l k y l   or  c y c o l a l k e n y l   groups  con ta in ing   fi 

8  to  30  carbon  atoms,  p r e f e r a b l y   10  to  22  carbon  atoms.  P r e f e r a b l y ,  

hydrocarby l   is  an  a lkyl   g r o u p .  
As  noted  he re inabove ,   the  boron  compound  used  is  boric   acic  

boric   oxide  or  an  a lkyl   bo ra t e ,   p r e f e r a b l y   boric   ac id .   The  a l k y l  

bo ra t e s   include  the  mono-,  di-  and  t r i a l k y l   bo ra t e s ,   such  as  t h e  

mono-,  di-  and  t r i e t h y l   b o r a t e s .  

The  r e a c t i o n   to  form  the  bora te   e s t e r   can  be  c a r r i e d   out  at  

from  80°C  to  260°C,  p r e f e r a b l y   from  110°C  to  180°C.  The  t e m p e r a t u r e  
chosen  wi l 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   anc 

on  whether  or  not  a  so lven t   is  used.  In  c a r ry ing   out  t h i s   r e a c t i o n ,  

i t   is  p r e f e r a b l e   tha t   q u a n t i t i e s   of  r e a c t a n t s   be  chosen  such  that   th 

molar  r a t i o   of  epoxide  to  boron  compound  be  from  0.2  to  1,  p r e f e r a b J  

from  0.5  to  0.9.   The  epoxide  can  be  r eac t ed   with  an  excess  of  t h e  

bo ra t ing   spec ies   to  form  a  bora te   e s t e r   c o n t a i n i n g   from  0.1%  by  weig 

of  boron  to  more  than  10%  of  bo ron .  

While  a tmospher ic   p r e s su re   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  advan tageous ly   run  at  from  1  to  5  a t m o s p h e r e s .  

Fur thermore ,   where  c o n d i t i o n s   warrant   i t ,   a  so lven t   may  be  used.  In 

genera l ,   any  r e l a t i v e l y   non-po la r ,   u n r e a c t i v e   so lven t   can  be  u s e d ,  

i nc lud ing   benzene,  t o luene ,   xylene  and  1 , 4 -d ioxane .   Other  hydrocarb  

and  a l c o h o l i c   s o l u e n t s ,   which  inc lude   propanol   and  butanol   can  be 

used.  Mixtures  of  a l c o h o l i c   and  hydrocarbon  s o l v e n t s   can  be  used  a l  



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  1  to  20  h o u r s .  

A  narrow  c l a s s   of  t h i c k e n i n g   agents   is  p r e f e r r e d   to  make  t h e  

grease  of  t h i s   i nven t ion .   Inc luded  among  the  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  po r t ion   of  a l k a l i   and  a l k a l i n e  

ear th   metal  soaps  of  h y d r o x y l - c o n t a i n i n g   f a t t y   ac ids ,   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  p e r  

molecule .   The  metals   are  t y p i f i e d   by  sodium,  l i t h ium,   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  these  a c i d s  

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  

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 .  

The  e n t i r e   amount  of  t h i c k e n e r   need  not  be  der ived   from  t h e  

a fo rement 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 h e r e o f   as  about  15%  by  weight  of  the  t o t a l  

t h i c k e n e r .   A  complementary  amount,  such  as  up  to  about  85%  by  w e i g h t  

of  a  wide  v a r i e t y   of  t h i c k e n i n g   agen ts ,   can  be  used  in  the  grease  o f  

th i s   i n v e n t i o n .   Included  among  the  o ther   usefu l   t h i cken ing   agents   a r e  

a l k a l i   and  a l k a l i n e   ear th   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  to  C12  d i c a r b o x y l i c   acid  and  t a l l   o i l   f a t t y  
ac ids .   Other  a l k a l i   or  a l k a l i n e   ea r th   metal  f a t t y   acids   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   inc lude   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 ) ,   ba r ium 

s t e a r a t e   a c e t a t e   (U.S.  Pa ten t   No.  2 , 5 6 4 , 5 6 1 ) ,   c a l c i u m ,  

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 , 9 9 9 , 0 6 5 ) ,  

calcium  c a p r y l a t e - a c e t a t e   (U.S.  Pa ten t   No.  2 , 999 ,066 ) ,   and  c a l c i u m  

s a l t s   and  soaps  of  low-,  i n t e r m e d i a t e -   and  h igh -mo lecu l a r   weight  a c i d s  

and  of  nut  o i l   a c i d s .  

Another  group  of  t h i cken ing   agents   comprises  s u b s t i t u t e d  

ureas ,   ph tha locyamines ,   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   h y d r o p h o b i c  

c l ays .   These  t h i c k e n i n g   agents   can be   prepared  from  clays  which  a r e  

i n i t i a l l y   h y d r o p h i l i c   in  c h a r a c t e r ,   but  which  have  been  conver ted   i n t o  

a  hydrophobic  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 ong -cha in   h y d r o c a r o n  



r a d i c a l s   in to   the  su r f ace   of  the  clay  p a r t i c l e s   p r ior   to  t h e i r   use  a s  

a  component  of  a  grease   composi t ion ,   as,  for  example,  by  b e i n g  

sub j ec t ed   to  a  p r e l im ina ry   t r ea tmen t   with  an  organic   c a t i o n i c   s u r f a c e  

ac t ive   agent ,   such  as  an  onium  compound.  Typical   onium  compounds  a r e  

te 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 ,   dimethyl  d ibenzyl   ammonium  c h l o r i d e   and  mixtures   t h e r e o f .  

This  method  of  conve r s ion ,   being  well  known  to  those  s k i l l e d   in  t h e  

a r t ,   is  be l i eved   to  r equ i r e   no  f u r t h e r   d i s c u s s i o n .  

The  t h i r d   member(s)  of  the  grease  composi t ion   of  the  i n s t a n t  

i nven t ion   are  the  phosphorus  and  s u l f u r   mo ie t i e s .   Both  of  these  c a n  

be  p resen t   in  the  same  molecule ,   such  as  in  a  metal  or  n o n - m e t a 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  

wherein  R5  is  a  hydrocarby l   group  con t a in ing   3  to  18  carbon  atoms,  M 

is  a  metal  or  non-meta l ,   n  is  the  valence  of M  and  X  is  oxygen  o r  

s u l f u r .  

In  t h i s   compound,  R5  is  p r e f e r a b l y   an  a lkyl   group  and  may 
be  a  propyl ,   bu ty l ,   pen ty l ,   hexyl,   oc ty l ,   decyl ,   dodecyl,   t e t r a d e c y l  

or  oc t adecy l   group,  inc lud ing   those  der ived   from  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 l e y l  

a l coho l ,   and  mixtures   t h e r e o f .   Fur the r   inc luded  are  a l k a r y l   g r o u p s  
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,  I IB 

and  VIII  of  the  P e r i o d i c   Table.  Some  tha t   may  be  mentioned  a r e  

l i t h ium,   sodium,  calcium,  zinc,   cadmium,  s i l v e r   and  g o l d .  
Non-meta l l i c   ions  inc lude   organic   groups  der ived  from  vinyl   e s t e r s  

such  as  vinyl   a c e t a t e ,   v inyl   e the r s   such  as  bu ty l   vinyl   e ther   and 

epoxides  such  as  propylene  oxide  and  1 , 2 - e p o x y d o d e c a n e .  

The  phosphorus  and  s u l f u r   can  a lso  be  supp l ied   from  t h e  

combinat ion  of  two  s e p a r a t e   compounds,  such  as  the  combinat ion  of  (1 )  

a  d ihyd roca rby l   phosphi te   having  2  to  10  carbon  atoms  in  each  

hydrocarbyl   group  or  mixtures   of  phosph i t e s   and  (2)  a  s u l f i d e   such  a s  

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 ,  



1.  A  grease  composi t ion  c o n s i s t i n g   e s s e n t i a l l y   of  (1)  a  

major  amount  of  a  grease  and  at  l e a s t   about  15%  by  weight  of  a  

h y d r o x y l - c o n t a i n i n g   soap  t h i c k e n e r   (2)  from  0.01%  to  10%  by  weight  o f  .  

a  r e a c t i o n   product   made  by  r e a c t i n g   an  epoxide  of  the  f o r m u l a  

wherein  R,  R1,  R2 and  R3  are  hydrogen  or  a  hydrocarby l   g roup 

c o n t a i n i n g   from  8  to  30  carbon  atoms  at  l e a s t   1  of  which  i s  

hyd roca rby l ,   with  at  l e a s t   a  molar  amount  of  a  boron  compound  s e l e c t e d  

from  bor ic   ac id ,   bor ic   oxide  and  an  a lky l   bora te   of  the  f o r m u l a  

wherein  x  is  1  to  3,  y  is  0  to  2,  t h e i r   sum being  3,  and  R4  is  an  

a lky l   group  having  1  to  6  carbon  atoms  and  (3)  from  about  0.01%  t o  

about  10%  by  weight  of  a  phosphorus  and  s u l f u r   compound  or  a  m i x t u r e  

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  a  
l ike   amount  of  phosphorus  and  s u l f u r .  

2.  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   metal  or  an  a l k a l i n e   ea r th   metal  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   acid,   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   con t a in ing   12  to  30  c a r b o n  

a toms .  

3.  The  composi t ion   of  Claim  2  wherein  the  metal  is  sodium, 

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

4.  The  composi t ion  of  Claim  2-wherein   t h e  t h i c k e n e r   i s  

der ived  from  1 2 - h y d r o x y s t e a r i c   a c i d .  



5 .   The  composi t ion  of  Claim  1  wherein  the  epoxide  i s  

1 ,2 -epoxyoc tane ,   1 ,2-epoxydecane ,   1 , 2 - e p o x y d o d e c a n e ,  

1 , 2 - e p o x y t e t r a d e c a n e ,   1 ,2 -epoxypen tadecane ,   1 , 2 - e p o x y h e x a d e c a n e ,  

1 ,2 -epoxyoc tadecane ,   1 , 2 - epoxye i cosane ,   epoxides  of  mixtures   of  C22 
to  C30  o l e f i n s ,   epoxides  of  mixtures   of  C24  to  C28  o l e f i n s ,  

epoxides  from  decene  t r imers   or  epoxides  from:  dimers  of  o c t e n e ;  

dimers  of  decene;  or  dimers  of  mixed  octene  and  decene .  

6.  The  composi t ion   of  Claim  1  wherein  the  phosphorus  and 

s u l f u r   moie t ies   are  suppl ied   by  a  p h o s p h o r o t h i o a t e   of  the  f o rmu la  

wherein  R5  is  a  hydrocarbyl   group  con t a in ing   3  to  18  carbon  atoms,  M 

is  a  metal  or  non-meta l ,   n  is  the  valence  of  M  and  X  is  oxygen  o r  

s u l f u r .  

7.  The  composi t ion  of  Claim  6  wherein  R5  is  an  a lkyl   g r o u p .  
8.  The  composi t ion   of  Claim  7  wherein  R5  is  a  p r o p y l ,  

buty l ,   pen ty l ,   hexyl,   oc ty l ,   dodecyl ,   t e t r a d e c y l ,   oc tadecy l   or  o l e y l  

group  or  mixtures   t h e r e o f .  

9.  The  composi t ion  of  Claim  8  wherein  R5  is  der ived  from 

i sop ropano l ,   bu tanol ,   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  mixtures   t h e r e o f .  

10.  The  composi t ion  of  Claim  6  wherein  M  is  a  metal  from 

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

11.  The  composi t ion  of  Claim  10  wherein  the  metal  i s  

l i t h i u m ,   sodium,  calcium,  zinc,   cadmium  or  g o l d .  
12.  The  composi t ion  of  Claim  6  wherein  M  is  der ived  from 

vinyl   a c e t a t e ,   butyl   vinyl   e the r ,   propylene  oxide  or  1 , 2 - e p o x y d o d e c a n e .  



13.  The  composi t ion   of  Claim  1  wherein  the  phosphorus  and 

s u l f u r   moie t ies   are  supp l ied   by  a  combination  of  (1)  a  d i h y d r o c a r b y l  

phosphi te   having  2  to  6  carbon  atoms  in  each  hydrocarbyl   g roup ,  
mixtures   of  such  p h o s p h i t e s ,   or  a   phosphate  e s t e r   having  4  to  20 

carbon  atoms  in  each  hydrocarbyl   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 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 .  

14.  The  composi t ion  of  Claim  13  wherein  the  phosphi te   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  mixtures   t h e r e o f .  

15.  The  composi t ion  of  Claim  13  wherein  the  phosphate  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 .  

16.  The  composi t ion  of  Claim  13  wherein  the  epoxide  i s  

1 , 2 - e p o x y h e x a d e c a n e , t h e   boron  compound  is  boric   acid  and  t h e  

phosphorus-   and  s u l f u r - c o n t a i n i n g   compound  is  zinc  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   wherein  the  a lkyl   group  is  der ived  from  mixed  C3 
secondary  and  C6  primary  a l c o h o l s .  

17.  The  composi t ion  of  Claim  1  wherein  the  grease  veh ic le   i s  

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