
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  @  Publication  number:  0   0 7 5   4 7 8  

Office  europeen  des  brevets  ^ 2  

@  EUROPEAN  PATENT  A P P L I C A T I O N  

©  Application  number:  82304950.7  ©  Int.  CI.3:  C  10  M  1/54,  C  10  L  1 / 3 0  

@  Date  of  filing:  21.09.82 

©  Priority:  22.09.81  US  304482  @  Applicant:  MOBIL  OIL  CORPORATION,  150  East  42nd 
Street,  New  York  New  York  10017  (US) 

®  ^ate  of  publication  of  application:  30.03.83  @  ,nventor:  Horodysky,  Andrew  Gene,  139  Weston  Drive, Bulletin  B3/1  J  Chefry  Hi||  New  Jersey  08003  {US) 

@  Designated  Contracting  States:  AT  BE  CHDEFRGB  IT  @  Representative:  Cooper,  John  Anthony  etal,  Mobil 
LI  LU  NL  SE  Court  3  Clements  Inn,  London  WC2A  2EB  (GB) 

i 
@  Borated  hydroxyl-containing  composition  and  lubricants  containing  same. 

Multifunctional  additives  are  provided  for  fuel  and  lu- 
bricant  compositions.  The  additives  are  borated  hydrocar- 
byl  vicinal  diols,  made  by  reacting  the  diol  with  a  boron- 
containing  compound  such  as  boric  acid  or  trialkyl  borate. 



The  i n v e n t i o n   r e l a t e s   to  l u b r i c a n t   and  l i q u i d   f u e l  

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

d e r i v a t i v e s   of  h y d r o c a r b y l   v i c i n a l   d i o l s   in  l i q u i d   f ue l s   and 

l u b r i c a n t s   to  reduce  f r i c t i o n   and  fuel   consumpt ion   in  i n t e r n a l  

combust ion  e n g i n e s .  

It  p r o v i d e s   for  a  l i q u i d   fuel   or  l u b r i c a n t   c o m p o s i t i o n  

compr i s ing   a  major  amount  of  fuel   or  l u b r i c a n t   and  a  f r i c t i o n - r e d u c i n g  

or  a n t i - o x i d a n t   amount  of  a  b o r a t e d   h y d r o c a r b y l   v i c i n a l   d i o l  

c o n t a i n i n g   from  10  to  30  carbon  a t o m s .  

Alcohols   are  well   known  for  t h e i r   l u b r i c i t y   p r o p e r t i e s   when 

fo rmu la t ed   in to   l u b r i c a t i n g   o i l s   and  for  t h e i r   w a t e r - s c a v e n g i n g  ,  

c h a r a c t e r i s t i c s   when  b lended  in to   f u e l s .   The  use  of  v i c i n a l  

h y d r o x y l - c o n t a i n i n g   a lky l   c a r b o x y l a t e s   such  as  g l y c e r o l   m o n o o l e a t e  

have  a lso  found  w idesp read   use  as  l u b r i c i t y   a d d i t i v e s .   U.S.  2 , 7 8 8 , 3 2 6  

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

g l y c e r o l   monoolea te ,   as  minor  components  of  l u b r i c a t i n g   o i l  

c o m p o s i t i o n s .   U.S.  3 ,235 ,498   d i s c l o s e s ,   among  o t h e r s ,   the  same  e s t e r  

as  j u s t   ment ioned ,   as  an  a d d i t i v e   to  o ther   o i l s .   U.S.  2 , 4 4 3 , 5 7 8  

t e a c h e s   e s t e r s   wherein  the  f ree   hydroxyl   is  f o u n d  i n   the  acid  p o r t i o n ,  

as  for  example  in  t a r t a r i c   a c i d .  

The  above  p a t e n t s ,   as  are  numerous  o t h e r s ,   are  d i r e c t e d   t o  

the  use  of  such  e s t e r s   as  a d d i t i v e s .   Other  p a t e n t s ,   such  as  U .S .  

p a t e n t s   2 , 7 9 8 , 0 8 3 ;   2 , 8 2 0 , 0 1 4 ;   3 ,115 ,519 ;   3 ,282 ,971 ;   and  3 , 309 ,318   a s  

well   as  an  a r t i c l e   by  R.  R.  Barnes  et  a l .   e n t i t l 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 s "   in  L u b r i c a t i o n   E n g i n e e r i n g ,   August,   1975,  pp.  4 5 4 - 4 5 7 ;  

teach  l u b r i c a n t s   p r epa red   from  p o l y h y d r i c   a l c o h o l s   and  acid  c o n t a i n i n g  

no  hydroxyl   o ther   than  those   a s s o c i a t e d   with  the  acid  f u n c t i o n .  

So  far   as  is  known,  no  e f f o r t   has  been  made  to  employ  b o r a t e d  

h y d r o c a r b y l   v i c i n a l   d i o l s   as  a  fuel   or  l u b r i c a n t   a d d i t i v e .   It  i s  

known  tha t   bo r a t ed   h y d r o c a r b y l   and  bo ra t ed   a l i p h a t i c   d i o l s   are  known 



for  o the r   uses.   For  example,  U.S.  3 ,740 ,358   t e a c h e s   a  p h e n o l - a l d e h y d e  

foamable  compos i t i on   c o n t a i n i n g   a  boron  compound,  e .g .   a  m a t e r i a l  

formed  by  r e a c t i n g   bo r i c   acid  or  bor ic   oxide  with  such  a l i p h a t i c  

h y d r o x y l - c o n t a i n i n g   compound.  

It  has  now  been  found  t h a t   b o r a t i o n   of  these   l o n g - c h a i n   a l k y l  

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

p r o p e r t i e s   and  impar t s   an  a n t i - o x i d a n t   component  to  these   n o v e l  

c o m p o s i t i o n s .   In  a d d i t i o n   to  the  f r i c t i o n - r e d u c i n g   p r o p e r t i e s  

d e s c r i b e d ,   the  a lky l   t e r m i n a l   v i c i n a l   d io l   bo ra t e   e s t e r s   possess   much 

improved  s o l u b i l i t y   c h a r a c t e r i s t i c s ,   e s p e c i a l l y   in  s y n t h e t i c   f l u i d s ,  

over  those   of  the  n o n - b o r a t e d   d e r i v a t i v e s .   These  b o r a t e s   a r e  

n o n - c o r r o s i v e   to  copper ,   possess   a n t i - o x i d a n t   and  p o t e n t i a l  

a n t i - f a t i g u e   c h a r a c t e r i s t i c s .   F u r t h e r m o r e ,   the  c o m p o s i t i o n s   a lso  h a v e  

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

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

c h a r a c t e r i s t i c s   when  used  in  low  a d d i t i v e   c o n c e n t r a t i o n s   than  do  o t h e r  

known  a d d i t i v e s .  

The  h y d r o c a r b y l   v i c i n a l   d i o l s   c o n t e m p l a t e d   for  use  in  t h i s  

i n v e n t i o n   are  h y d r o c a r b y l   d i o l s   having  v i c i n a l   hyd roxy l s .   They  have  

the  f o r m u l a :  

R(-OH)2 
wherein  R  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   10  to  30  carbon  atoms.  As 

used  h e r e i n ,   " h y d r o c a r b y l "   i n c l u d e s ,   but  is  not  l i m i t e d   to  d e c y l ,  

dodecyl ,   t e t r a d e c y l ,   p e n t a d e c y l ,   h e x a d e c y l ,   o c t a d e c y l ,   e i c o s y l   and  t h e  

l i k e .   R  can  be  l i n e a r   or  b ranched ,   s a t u r a t e d   or  u n s a t u r a t e d   w i t h  

l i n e a r   s a t u r a t e d   members  being  p r e f e r r e d   to  maximize  f r i c t i o n  

r e d u c t i o n .   The  two  hydroxyl   groups  can  be  anywhere  along  t h e  

h y d r o c a r b y l   chain  as  long  as  they  are  on  a d j a c e n t   carbon  a toms  

( v i c i n a l ) ,   but  the  t e r m i n a l   d i o l s   are  much  p r e f e r r e d .  

The  v i c i n a l   d i o l s   can  be  s y n t h e s i z e d   us ing  s e v e r a l   me thods  

known  to  the  a r t   such  as  t h a t   d e s c r i b e d   in  J.  Am.  Chem.  Soc. ,   68,  1504 

(1946)  which  i n v o l v e s   the  h y d r o x y l a t i o n   of  1 - o l e f i n s   with  p e r a c i d s .  

V i c i n a l   d i o l s   can  a l so   be  p repa red   by  the  p e r o x y t r i f l u o r o a c e t i c   a c i d  

method  for  the  h y d r o x y l a t i o n   of  o l e f i n s   as  d e s c r i b e d   in  J.  Am.  Chem. 

Soc. ,   76,  3472  (1954) .   S i m i l a r   p r o c e d u r e s   can  be  found  in  U .S .  

2 , 4 1 1 , 7 6 2 ,   U.S.  2 , 4 5 7 , 3 2 9 ,   U.S.  2 , 4 5 5 , 8 9 2 .  



The  d i o l s   can  a lso   be  p r epa red   via  c a t a l y t i c   e p o x i d a t i o n   o f  

an  a p p r o p r i a t e   o l e f i n   fo l lowed  by  h y d r o l y s i s   to  form  the  a p p r o p r i a t e  

v i c i n a l   d i o l .  

The  p r e f e r r e d   bo ra t ed   v i c i n a l   d i o l s   c o n t a i n   12  to  20  c a r b o n  

atoms.  Below  a  carbon  number  of  12,  f r i c t i o n - r e d u c i n g   p r o p e r t i e s   a s  

s i g n i f i c a n t l y   reduced .   Above  a  carbon  number  of  20,  s o l u b i l i t y  

c o n s t r a i n t s   become  s i g n i f i c a n t .   P r e f e r r e d   are  the  C14-C17 

h y d r o c a r b y l   groups  in  which  s o l u b i l i t y ,   f r i c t i o n a l   c h a r a c t e r i s t i c s   a n d  

other   p r o p e r t i e s   are  m a x i m i z e d .  

Among  the  d i o l s   c o n t e m p l a t e d   for  r e a c t i o n   with  the  b o r o n  

compound  are  1 , 2 - h e x a n e d i o l ,   1 , 2 - d e c a n e d i o l ,   1 , 2 - d o d e c a n e d i o l ,  

1 , 2 - t e t r a d e c a n e d i o l ,   1 , 2 - p e n t a d e c a n e d i o l ,   1 , 2 - o c t a d e c a n e d i o l ,  

1 ,2-mixed   C 1 5 - C 1 8 - a l k a n e d i o l s   and  m ix tu r e s   t h e r e o f .  

The  bo rona t ed   compound  used  in  t h i s   i n v e n t i o n   can  be  made 

using  a  s i n g l e   d io l   or  two  or  more  d i o l s .   A  mix ture   of  d i o l s   c an  

c o n t a i n   from  about  5%  to  about  95%  by  weight   of  any  one   d i o l ,   t h e  

o the r   d io l   or  d i o l s   being  s e l e c t e d  s u c h   t ha t   i t   or  they  t o g e t h e r  

comprise   from  about  95%  to  about  5%  by  weight   of  the  m ix tu r e .   Such 

mix tu res   are  o f t en   p r e f e r r e d   to  the  s i n g l e   d i o l .  

Reac t ion   with  the  boron  compound  of  the  f o r m u l a  

(RO)xB(OH)y 
where  R  i s  a   C1  to  C6  a l k y l ,   x  i s   0  to  3 

and  y  i s   0  to  3,  the   sum  of  x  and  y  being  3 ,  

can  be  performed  in  the  p r e sence   of  an  a l c o h o l i c   s o l v e n t ,   such  a s  

bu t ano l   or  p e n t a n o l ,   or  a  hyd roca rbon   s o l v e n t   such  as  benzene,   t o l u e n e  

or  xy lene ,   or  m ix tu re s   of  such  s o l v e n t s .   Reac t ion   t e m p e r a t u r e s   o f  

90°C  to  2600C  or  more  can  be  used,   but  110  to  200°C  is  p r e f e r r e d .  

Reac t ion   t imes  can  be  1  to  24  hours  and  more.  Up  to  a  s t o i c h i o m e t r i c  

amount  of  bor ic   acid  can  be  used,   or  an  excess   t h e r e o f   can  be  used  t o  

produce  a  d e r i v a t i v e   c o n t a i n i n g   from  about  0.1%  to  about   10%  o f  

boron.  At  l e a s t   5  to  10%  of  the  a v a i l a b l e   hydroxyl   groups  of  the  d i o l  

should  be  bo ra t ed   to  de r i ve   s u b s t a n t i a l   b e n e f i c i a l   e f f e c t .  

C o n v e r s e l y ,   a  s t o i c h i o m e t r i c   excess   of  bor ic   acid  (more  than  an  

e q u i v a l e n t   amount  of  b o r o n a t i n g   agent  compared  to  d io l   h y d r o x y l  

groups)   can  a lso   be  charged  to  the  r e a c t i o n   medium  r e s u l t i n g   in  a 



produc t   c o n t a i n i n g   the  s t a t e d   amount  of  boron.  The  bo rona ted   d i o l s  

can  a lso  be  bo ra t ed   with  a  t r i a l k y l   bo ra te   such  as  t r i b u t y l   b o r a t e ,  

o f t en   in  the  p r e sence   of  bo r i c   ac id .   P r e f e r r e d   r e a c t i o n   t e m p e r a t u r e s  
for  b o r a t i o n   with  the  bo ra t e   w i l l   range  from  180°C  to  280°C.  Times 

can  be  from  2  to  12  hours ,   or  more .  

As  d i s c l o s e d   h e r e i n a b o v e ,   the  bo ra t ed   e s t e r s   are  used  w i t h  

l u b r i c a t i n g   o i l s   to  the  e x t e n t   of  from  0.1%  to  10%  by  weight   of  t h e  

t o t a l   c o m p o s i t i o n .   F u r t h e r m o r e ,   o the r   a d d i t i v e s ,   such  as  d e t e r g e n t s ,  

a n t i - o x i d a n t s ,   a n t i - w e a r   agen ts   may  be  p r e s e n t .   These  can  i n c l u d e  

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

ca lc ium  and  magnesium  s a l t s .  

The  l u b r i c a n t s   c o n t e m p l a t e d   for  use  with  the  e s t e r s   h e r e i n  

d i s c l o s e d   i n c l u d e   minera l   and  s y n t h e t i c   hydrocarbon   o i l s   o f  

l u b r i c a t i n g   v i s c o s i t y   m ix tu r e s   of  mine ra l   o i l s   and  s y n t h e t i c   o i l s   and  

g r e a s e s   from  any  of  t h e s e ,   i n c l u d i n g   m i x t u r e s .   The  s y n t h e t i c  

hydroca rbon   o i l s   i n c l u d e   l o n g - c h a i n   a lkanes   such  as  c e t a n e s   and  o l e f i n  

polymers  such  as  o l i gomers   of  hexane,   oc tene ,   decene,   and  d o d e c e n e ,  

e tc .   These  v i c i n a l   d i o l s   are  e s p e c i a l l y   e f f e c t i v e   in  s y n t h e t i c   o i l s  

f o r m u l a t e d   using  m i x t u r e s   of  s y n t h e t i c   hydrocarbon   o l e f i n   o l i g o m e r s  

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

s y n t h e t i c   o i l s ,   which  can  be  used  a lone  with  the  bora ted   compounds  o f  

t h i s   i n v e n t i o n ,   or  which  can  be  mixed  with  a  mine ra l   or  s y n t h e t i c  

hydroca rbon   o i l ,   i n c l u d e   (1)  f u l l y   e s t e r i f i e d   e s t e r   o i l s ,   with  no  f r e e  

h y d r o x y l s ,   such  as  p e n t a e r y t h r i t o l   e s t e r s   of  monocarboxy l i c   a c i d s  

having  2  to  20  carbon  atoms,  t r i m e t h y l o l p r o p a n e   e s t e r s   o f  

monocarboxy l i c   ac ids   having  2  to  20  carbon  atoms,  (2)  p o l y a c e t a l s   and  

(3)  s i l o x a n e   f l u i d s .   E s p e c i a l l y   u s e f u l   among  the  s y n t h e t i c   e s t e r s   a r e  

those   made  from  p o l y c a r b o x y l i c   ac ids   and  monohydric  a l c o h o l s .   More 

p r e f e r r e d   are  the  e s t e r   f l u i d s   made  by  f u l l y   e s t e r i f y i n g  

p e n t a e r y t h r i t o l ,   or  m i x t u r e s   t h e r e o f   with  d i -   and  t r i p e n t a e r y t h r i t o l ,  

with  an  a l i p h a t i c   monoca rboxy l i c   acid  c o n t a i n i n g   from  1  to  20  c a r b o n  

atoms,  or  m i x t u r e s   of  such  a c i d s .  

A  wide  v a r i e t y   of  t h i c k e n i n g   agents   can  be  used  in  t h e  

g r e a s e s   of  t h i s   i n v e n t i o n .   Inc luded   among  the  t h i c k e n i n g   agents   a r e  

a l k a l i   and  a l k a l i n e   e a r t h   metal   soaps  of  f a t t y   ac ids   and  f a t t y  



m a t e r i a l s   having  from  12  to  30  carbon  atoms  per  molecu le .   The  m e t a l s  

are  t y p i f i e d   by  sodium,  l i t h i u m ,   ca lc ium  and  barium.  Fa t ty   m a t e r i a l s  

are  i l l u s t r a t e d   by  s t e a r i c   ac id ,   h y d r o x y s t e a r i c   ac id ,   s t e a r i n ,  

c o t t o n s e e d   o i l   a c id s ,   o l e i c   ac id ,   p a l m i t i c   ac id ,   m y r i s t i c   acid  and  

hyd rogena t ed   f i sh   o i l s .  

Other  t h i c k e n i n g   agen t s   i nc lude   s a l t   and  s a l t - s o a p   c o m p l e x e s  

as  calc ium  s t e a r a t e - a c e t a t e   (U.S.  P a t e n t   No.  2 , 1 9 7 , 2 6 3 ) ,   b a r i u m  

s t e a r a t e   a c e t a t e   (U.S.  Pa t en 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.  P a t e n t   No.  2 , 9 9 9 , 0 6 5 ) ,  

ca lc ium  c a p r y l a t e - a c e t a t e   (U.S.  Pa t en t   No.  2 , 9 9 9 , 0 6 6 ) ,   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 i g h - m o l e c u 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 c k e n i n g   agen ts   compr i ses   s u b s t i t u t e d  

u reas ,   p h t h a l o c y a n i n e s ,   i n d a n t h r e n e ,   p igments   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  ammel ine .  

The  p r e f e r r e d   t h i c k e n i n g   g e l l i n g   agen ts   employed  in  t h e  

g rease   c o m p o s i t i o n s   are  e s s e n t i a l l y   hydrophobic   c l a y s .   Such 

t h i c k e n i n g   agen ts   can  be  p repa red   from  c lays   which  are  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 ,  b u t   which  have  been  c o n v e r t e d   in to   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  long  chain   h y d r o c a r b o n  

r a d i c a l s   in to   the  s u r f a c e   of  the  clay  p a r t i c l e s ;   p r i o r   to  t h e i r   use  a s  

a  component  of  a  g rease   c o m p o s i t i o n ,   as,  for  example,   by  b e i n g  

s u b j e c t e d   to  a  p r e l i m i n a r y   t r e a t m e n t   with  an  o rgan i c   c a t i o n i c   s u r f a c e  

a c t i v e   agent ,   such  as  an  onium  compound.  Typ ica l   onium  compounds  a r e  

t e t r a a l k y l a m m o n i u m   c h l o r i d e s ,   such  as  d imethy l   d i o c t a d e c y l   ammonium 

c h l o r i d e ,   d imethyl   d ibenzy l   ammonium  c h l o r i d e   and  mix tu re s   t h e r e o f .  

This  method  of  c o n v e r s i o n ,   being  well  known  to  those   s k i l l e d   in  t h e  

a r t ,   is  b e l i e v e d   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  

pa r t   of  the  p r e s e n t   i n v e n t i o n .   More  s p e c i f i c a l l y ,   the  c l ays   which  a r e  

u s e f u l   as  s t a r t i n g   m a t e r i a l s   in  forming  the  t h i c k e n i n g   agen t s   to  b e  

employed  in  the  g rease   c o m p o s i t i o n s ,   can  comprise   the  n a t u r a l l y  

o c c u r r i n g   chemica l l y   unmodif ied   c l ays .   These  c lays   are  c r y s t a l l i n e  

complex  s i l i c a t e s ,   the  exact   c o m p o s i t i o n   of  which  is  not  s u b j e c t   t o  

p r e c i s e   d e s c r i p t i o n ,   s ince   they  vary  widely  from  one  n a t u r a l   source   t o  

a n o t h e r .   These  c lays   can  be  d e s c r i b e d   as  complex  i n o r g a n i c   s i l i c a t e s  



such  as  aluminum  s i l i c a t e s ,   magnesium  s i l i c a t e s ,   barium  s i l i c a t e s ,   a n d  

the  l i k e ,   c o n t a i n i n g ,   in  a d d i t i o n   to  the  s i l i c a t e   l a t t i c e ,   v a r y i n g  

amounts  of  c a t i o n - e x c h a n g e a b l e   groups  such  as  sodium.  H y d r o p h i l i c  

c l ays   which  are  p a r t i c u l a r l y   u s e f u l   for  c o n v e r s i o n   to  d e s i r e d  

t h i c k e n i n g   agen ts   i n c l u d e   m o n t m o r i l l o n i t e   c l a y s ,   such  as  b e n t o n i t e ,  

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

v e r m i c u l i t e ,   z e o l i t e   c l a y s ,   and  the  l i k e .   The  t h i c k e n i n g   agent   i s  

employed  in  an  amount  from  0.5  to  30,  and  p r e f e r a b l y   from  3  p e r c e n t   t o  

15,  p e r c e n t   by  weight   of  the  t o t a l   g rease   c o m p o s i t i o n .  

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

f u e l s   such  as  fue l   o i l s ,   d i e s e l   o i l s   and  g a s o l i n e s   and  a l coho l   f u e l s  

such  as  methanol   and  e t h a n o l   or  m ix tu re s   of  these   f u e l s .  

In  a l l   r e a c t i o n s   d e s c r i b e d   h e r e i n a b o v e ,   a  s o l v e n t   i s  

p r e f e r r e d .   S o l v e n t s   tha t   can  be  used  i n c l u d e   the  h y d r o c a r b o n  

s o l v e n t s ,   such  as  t o l u e n e ,   benzene,   xy lene ,   and  the  l i k e ,   a l c o h o l  

s o l v e n t s   such  as  p r o p a n o l ,   b u t a n o l ,   pen t ano l   and  the  l i k e ,   as  well  a s  

mix tu re s   of  hydroca rbon   s o l v e n t s   or  a l c o h o l   s o l v e n t s   and  mix tu res   o f  

hyd roca rbon   and  a l c o h o l   s o l v e n t s .  

EXAMPLE  1 

1 , 2 - H e x a d e c a n e d i o l   B o r a t e  

86g  of  1 , 2 - h e x a d e c a n e d i o l   and  200g  t o l u e n e   s o l v e n t   was 

charged  to  a  1  l i t e r   r e a c t o r   equipped  with  a g i t a t o r ,   h e a t e r   and  Dean-  

Stark   tube  with  condense r .   The  c o n t e n t s   were  heated   up  to  80-90°C  t o  

d i s s o l v e   the  d io l   and  a p p r o x i m a t e l y   l l g   bor ic   acid  was  added.  The 

mix tu re   was  heated   up  to  155°C  u n t i l   water  e v o l u t i o n   s topped  over  a  

pe r iod   of  about  4  hours .   Approx imate ly   9  ml  water  was  removed  by 

a z e o t r o p i c   d i s t i l l a t i o n .   The  s o l v e n t   was  removed  by  vacuum 

d i s t i l l a t i o n   and  the  p roduc t   was  f i l t e r e d   at  100°C  t h r o u g h  

d i a tomaceous   e a r t h .   The  p roduc t   became  waxy  a f t e r   c o o l i n g .  

It  i s   b e l i e v e d   t h a t   the   b o r a t e d   p roduc t   i n c l u d e d   t h e  

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



where R =  C14H29. 

EXAMPLE  2 

1 , 2 - D o d e c a n e d i o l   Borate   (High  Boron  C o n t e n t )  

Approx imate ly   151g  of  1 , 2 - d o d e c a n e d i o l   and  150g  of  t o l u e n e  

were  charged  to  a  1  l i t e r   r e a c t o r   equipped  with  a g i t a t o r ,   h e a t e r   and 

Dean-Sta rk   tube  with  condense r   and  p r o v i s i o n   for  using  a  n i t r o g e n  

vapor  space  b l a n k e t .   The  c o n t e n t s   were  hea ted   up  to  75°C,  and  45g  o f  

bor ic   acid  was  added.  The  mix ture   was  heated   up  to  155°C  over  a 

per iod   of  5  hours  u n t i l   water  e v o l u t i o n   s topped .   The  s o l v e n t   was 

removed  by  vacuum  d i s t i l l a t i o n   and  the  p roduc t   was  f i l t e r e d   h o t  

through  d ia tomaceous   e a r t h .   The  p r o d u c t ' w a s   a  v i s c o u s ,   c l e a r   y e l l o w  
f l u i d .  

EXAMPLE  3 

1 , 2 - D o d e c a n d i o l  

Approximate ly   303g  of  1 , 2 - d o d e c a n e d i o l   and  250g  of  t o l u e n e  

were  charged  to  a  1  l i t e r   r e a c t o r   equipped  as  d e s c r i b e d   in  Example  2 .  

The  c o n t e n t s   were  hea ted   up  to  70°C  and  62g  of  bor ic   acid  was  added .  

The  mix ture   was  hea ted   up  to  160°C  over  a  pe r iod   of  6  hours  u n t i l  

water  e v o l u t i o n   s topped .   The  s o l v e n t   was  removed  by  vacuum 

d i s t i l l a t i o n   and  the  p roduc t   was  f i l t e r e d   hot  through  d i a t o m a c e o u s  

e a r t h .  



EXAMPLE  4 

1 ,2-Mixed  C15-C18  A l k a n e d i o l   Borate   (High  Boron  C o n t e n t )  

Approximate ly   155g  of  1 ,2 -mixed   C15-C18  a l k a n e d i o l s   and  

130g  of  t o l u e n e   were  charged  to  a  1  l i t e r   r e a c t o r   equipped  a s  

d e s c r i b e d   in  Example  2.  The  c o n t e n t s   were  hea ted   up  to  65°C  and  34g 

of  bor ic   acid  was  added.  The  mix ture   was  hea ted   up  to  160°C  over  a  

pe r iod   of  4  1/2  hours  u n t i l   water  e v o l u t i o n   s topped  The  s o l v e n t   was 

removed  by  vacuum  d i s t i l l a t i o n   and  the  p roduc t   was  f i l t e r e d   h o t  

through  d ia tomaceous   e a r t h ,   y i e l d i n g   a  white   waxy  s o l i d   a f t e r   c o o l i n g .  

EXAMPLE  5 

1 ,2-Mixed  C15-C18  A l k a n e d i o l   B o r a t e  

Approximate ly   265g  of  1 ,2 -mixed   C15-C18  a l k a n e d i o l s   and 

200g  of  t o l u e n e   were  charged  to  a  1  l i t e r   r e a c t o r   equipped  a s  

d e s c r i b e d   in  Example  2.  The  c o n t e n t s   were  hea ted   to  70°C  and  42g  o f  

bo r i c   acid  was  added .   The  mix ture   was  heated  up  to  155°C  over  a  

pe r iod   of  5  hours  u n t i l   water  e v o l u t i o n   s topped.   The  s o l v e n t   was 

removed  by  vacuum  d i s t i l l a t i o n   and  the  product   was  f i l t e r e d   at  100°C 

through  d ia tomaceous   e a r t h .  

The  p roduc t   of  the  Examples  were  b lended  in to   a  f u l l y  

f o r m u l a t e d   5W-20  s y n t h e t i c   au tomot ive   engine  o i l   c o n t a i n i n g   o t h e r  

a d d i t i v e s ,   such  as  d e t e r g e n t ,   d i s p e r s a n t ,   a n t i - o x i d a n t   and  the  l i k e  

a d d i t i v e s   and  e v a l u a t e d   us ing  the  Low  V e l o c i t y   F r i c t i o n   A p p a r a t u s  

(LVFA)  t e s t .  

EVALUATION  OF  PRODUCTS 

The  compounds  were  e v a l u a t e d   as  f r i c t i o n   m o d i f i e r s   i n  

accordance   with  the  f o l l owing   t e s t .  

LOW  VELOCITY  FRICTION  APPARATUS 

D e s c r i p t i o n  

The  Low  V e l o c i t y   F r i c t i o n   Appara tus   (LVFA)  is   used  to  m e a s u r e  

the  f r i c t i o n   of  t e s t   l u b r i c a n t s   under  va r ious   loads ,   t e m p e r a t u r e s ,   and 

s l i d i n g   speeds .   The  LVFA  c o n s i s t s   of  a  f l a t   SAE  1020  s t e e l   s u r f a c e  

(diam.  3.8  cm.)  which  is  a t t a c h e d   to  a  d r ive   s h a f t   and  r o t a t e d   over  a  

s t a t i o n a r y ,   r a i s e d ,   narrow  r inged   SAE  1020  s t e e l   s u r f a c e   of  51.6  mm2 

(a rea   0.08  i n . 2 ) .   Both  s u r f a c e s   are  submerged  in  the  t e s t  

l u b r i c a n t .   F r i c t i o n   between  the  s t e e l   s u r f a c e s   is   measured  as  a 



f u n c t i o n   of  the  s l i d i n g   speed  at  a  l u b r i c a n t   t e m p e r a t u r e   of  121°C.  

The  f r i c t i o n   between  the  rubbing  s u r f a c e s   is  measured  using  a  t o r q u e  

a r m - s t r a i n   gauge  system.  The  s t r a i n   gauge  ou tpu t ,   which  is  c a l i b r a t e d  

to  be  equal  to  the  c o e f f i c i e n t   of  f r i c t i o n ,   is  fed  to  the  Y  ax i s   of  an  
X-Y  p l o t t e r .   The  speed  s i g n a l   from  the  t a c h o m e t e r - g e n e r a t o r   is  fed  t o  

the  X-ax i s .   To  minimize  e x t e r n a l   f r i c t i o n ,   the  p i s t o n   is  s u p p o r t e d   by 

an  a i r   b e a r i n g .   The  normal  force   l oad ing   the  rubbing  s u r f a c e s   i s  

r e g u l a t e d   by  a i r   p r e s s u r e   on  the  bottom  of  the  p i s t o n .   The  d r i v e  

system  c o n s i s t s   of  an  i n f i n i t e l y   v a r i a b l e - s p e e d   h y d r a u l i c   t r a n s m i s s i o n  

dr iven   by  a  373W  (1/2  HP)  e l e c t r i c   motor.   To  vary  the  s l i d i n g   s p e e d ,  

the  ou tput   speed  of  the  t r a n s m i s s i o n   is  r e g u l a t e d   by  a  l eve r - cam  m o t o r  

a r r a n g e m e n t .  

P r o c e d u r e  

The  rubbing  s u r f a c e s   and  12-13  ml  of  t e s t   l u b r i c a n t   a r e  

placed  on  the  LVFA.  A  1756  kPa  (240  psig)   load  is   a p p l i e d ,   and  t h e  

s l i d i n g   speed  is  m a i n t a i n e d   at  12.2  m/s  (40  fpm)  at  a m b i e n t  

t e m p e r a t u r e   for  a  few  minutes .   A  p lo t   of  c o e f f i c i e n t s   of  f r i c t i o n  

(Uk)  over  the  range  of  s l i d i n g   speeds ,   1.5  to  12.2  m/s  (5  to  40  fpm, 

25-195  rpm),  is  o b t a i n e d .   A  minimum  of  t h r e e   measurements   is  o b t a i n e d  

for  each  t e s t   l u b r i c a n t .   Then,  the  t e s t   l u b r i c a n t   and  specimens  a r e  

heated   to  121°C,  ano the r   set   of  measurements   is  o b t a i n e d ,   and  t h e  

system  is  run  for  50  minutes   at  121°C,  240  psi   and  12.2  m/s  (40  fpm) 

s l i d i n g   speed.   Af t e rward ,   measurements   of  Uk  vs.  speed  are  taken  a t  

1756,  2170,  2859  and  3549  kPa  (240,  300,  400,  and  500  p s i g ) .   F r e s h l y  

p o l i s h e d   s t e e l   specimens  are  used  for  each  run.  The  s u r f a c e   of  t h e  

s t e e l   is   p a r a l l e l   ground  to  .1  to  .2 Am  (4-8  m i c r o i n c h e s ) .  

The  data   o b t a i n e d   are  shown  in  Table  1.  The  da ta   in  Table  1 

are  r e p o r t e d   as  p e r c e n t   r e d u c t i o n   in  c o e f f i c i e n t   of  f r i c t i o n   at  two 

speeds .   The  f r i c t i o n r e d u c i n g   e s t e r   a d d i t i v e s   were  e v a l u a t e d   in  a  

f u l l y   f o r m u l a t e d   5W-20  s y n t h e t i c   l u b r i c a t i n g   o i l   compr i s ing   an 

a d d i t i v e   package  i n c l u d i n g   a n t i - o x i d a n t ,   d e t e r g e n t   and  d i s p e r s a n t .  

The  o i l   had  the  f o l l owing   g e n e r a l   c h a r a c t e r i s t i c s :  





The  r e s u l t s   c l e a r l y   show  the  bo ra t ed   h y d r o c a r b y l   v i c i n a l   d i o l  

to  be  a  far   s u p e r i o r   f r i c t i o n   r e d u c e r .   For  example,  the  use  of  o n l y  

1/2%  of  Example  5,  bo ra t ed   1 ,2 -mixed   C15-C18  a l k a n e d i o l s   r e d u c e s  

the  c o e f f i c i e n t   of  f r i c t i o n   by  40%/28%. 

The  p roduc t s   of  t h i s   i n v e n t i o n   were  t e s t e d   in  a  c a t a l y t i c  
o x i d a t i o n   t e s t   for  l u b r i c a n t s ,   us ing  as  the  base  o i l   a  200"  s o l v e n t  

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

s u b j e c t e d   to  a  s t ream  of  a i r   bubbled  through  the  c o m p o s i t i o n   at  a  r a t e  

of  5  l i t e r s   per  hour  at  163°C  for  40  hours .   P r e s e n t   in  t h e  

c o m p o s i t i o n   are  meta ls   commonly  used  as  m a t e r i a l s   of  e n g i n e  

c o n s t r u c t i o n ,   name ly :  

a.  100.6  cm2  (15.6  sq.  i n . )   of  s a n d - b l a s t e d   i ron  w i r e ,  

b.  5.03  cm2  (0 .78  sq.  i n . )   of  p o l i s h e d   copper  w i r e ,  

c.  5.61  cm2  (0.87  sq.  i n . )   of  p o l i s h e d   aluminum  wire,   and 

d.  1.08  cm2  (0 .167  sq.  i n . )   of  p o l i s h e d   lead  s u r f a c e .  

I n h i b i t o r s   for  o i l   are  r a t e d   on  the  bas i s   of  p r e v e n t i o n   o f  

oi l   d e t e r i o r a t i o n   as  measured  by  the  i n c r e a s e   in  acid  fo rma t ion   o r  
n e u t r a l i z a t i o n   number  (NN)  and  k i n e m a t i c   v i s c o s i t y   (KV)  o c c a s i o n e d   by 
the  o x i d a t i o n .   The  r e s u l t s   of  the  t e s t s   are  r e p o r t e d   in  Table  2 .  



The  r e s u l t s   c l e a r l y   show  the  e f f e c t i v e n e s s   of  the  b o r a t e s   a t  

c o n t r o l l i n g   v i s c o s i t y   i n c r e a s e   and  n e u t r a l i z a t i o n   number  i n c r e a s e  

under  somewhat  severe   o x i d a t i o n   c o n d i t i o n s .  



1.  A  l i q u i d   fuel   or  l u b r i c a n t   c o m p o s i t i o n   compr i s ing   a 

major  amount  of  a  fuel   or  l u b r i c a n t   and  a  f r i c t i o n - r e d u c i n g   o r  

a n t i o x i d a n t   amount  of  a  b o r a t e d   h y d r o c a r b y l   v i c i n a l   d io l   c o n t a i n i n g  

from  10  to  30  carbon  a t o m s .  

2.  The  c o m p o s i t i o n   of  Claim  1  wherein  the  h y d r o c a r b y l   i s  

decyl ,   dodecyl ,   t e t r a d e c y l ,   p e n t a d e c y l ,   hexadecy l ,   o c t a d e c y l   o r  

e i c o s y l .  

3.  The  c o m p o s i t i o n   of  Claim  1  or  2  wherein  the  agent  u s e d  

to  bo ra te   the  v i c i n a l   d io l   has  the  f o r m u l a  

wherein  R  is   a  Cl-C6  a lky l   group,  x  is  0  to  3  and  y  is  0  to  3,  t h e  

sum  of  x  and  y  being  3 .  

4.  The  c o m p o s i t i o n   of  Claim  3  wherein  the  agent  c o m p r i s e s  

bor ic   a c i d .  

5.  The  c o m p o s i t i o n   of  any  p r eced ing   claim  wherein  the  f u e l  

compr i ses   a  l i q u i d   hydroca rbon   fue l ,   an  a l c o h o l   fue l   or  m i x t u r e s  

t h e r e o f .  

6.  The  c o m p o s i t i o n   of  Claim  5  wherein  the  l i q u i d  

hydrocarbon   fuel  compr i ses   a  fue l   o i l ,   d i e s e l   o i l ,   g a s o l i n e   o r  

mix tu re s   t h e r e o f .  

7.  The  c o m p o s i t i o n   of  Claim  5  wherein  the  a l c o h o l   f u e l  

compr i ses   methyl  a l c o h o l ,   e t hy l   a l c o h o l   or  m ix tu r e s   t h e r e o f .  



8.  The  c o m p o s i t i o n   of  Claim  1  wherein  the  l u b r i c a n t  

compr i ses   a  mine ra l   l u b r i c a t i n g   o i l ,   a  s y n t h e t i c   l u b r i c a t i n g   o i l ,  

m i x t u r e s   t h e r e o f   or  g r e a s e s   t h e r e o f .  

9.  The  c o m p o s i t i o n   of  any  p r e c e d i n g   claim  wherein  the  d i o l  

compr i se s   1 , 2 - h e x a n e d i o l .  

10.  The  c o m p o s i t i o n   of  any  p r e c e d i n g   claim  wherein  the  d i o l  

i s   1 , 2 - d o d e c a n e d i o l .  

11.  The  c o m p o s i t i o n   of  any  p r e c e d i n g   claim  wherein  the  d i o l  

compr i ses   1 ,2-mixed   C 1 5 - C 1 8 - a l k a n e d i o l s .  
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