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©TRACTION  FLUID. 
(p)  A  traction  fluid  which  is  prepared  by  compounding  0.1  to 

70  wt  %  of  branched  poly-cx-olefin  in  a  diester  compound  re- 

presented  by  general  formula  (I) 

8, 
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(wherein  A'  represents  an 

ester  bond  of-COC  ̂ or-OOC-,  n  is  1  to  6.  R,  represents  one 

or  two  members  selected  from  among  a  hydrogen  atom  and 

C  -„  alkyl  groups,  and  R2  represents  one  or  two  members 
i e c S r o m   among  C,3  alkyl  groups)  is  dtac.o-d.Thj  ,  jjo- 
tion  fluid  is  used  with  a  power  transm.ss.on,  particularly  a 
traction  drive  unit. 
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S P E C I F I C A T I O N  

T r a c t i o n   F l u i d  

FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  a  t r a c t i o n   f l u i d .   M o r e  

p a r t i c u l a r l y ,   the   p r e s e n t   i n v e n t i o n   is  c o n c e r n e d   w i t h   a  t r a c t i o n  

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

two  c y c l o h e x y l   r i n g s   w i t h   a  b r a n c h e d   po  1  y-  a  - o l   ef  i  n  as  the   b a s e  

o i l .  

BACKGROUND  OF  THE  INVENTION 

In  the   f i e l d   of  a u t o m o b i l e s   and  i n d u s t r i a l   m a c h i n e r y ,  

t r a c t i o n   d r i v e   power   t r a n s m i s s i o n s ,   wh ich   t r a n s m i t   power   to  a 

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

a t t r a c t e d   a t t e n t i o n ,   and  r e s e a r c h   and  d e v e l o p m e n t   has  r e c e n t l y  

been  p r o c e e d i n g .   A  t r a c t i o n   d r i v e   m e c h a n i s m   is  a  p o w e r  

t r a n s m i t t i n g   m e c h a n i s m   u s i n g   a  r o l l i n g   f r i c t i o n .   U n l i k e  

c o n v e n t i o n a l   d r i v e   m e c h a n i s m s   i t   does   not  use  any  g e a r s .   T h i s  

r e s u l t s   in  r e d u c e d   v i b r a t i o n s   and  n o i s e ,   as  w e l l   as  a  ve ry   s m o o t h  

s p e e d   c h a n g e   in  h i g h - s p e e d   r o t a t i o n .   An  i m p o r t a n t   goa l   in  t h e  

a u t o n o b i l e   i n d u s t r y   is  i m p r o v e m e n t   in  the  f u e l   c o n s u m p t i o n   o f  

a u t o m o b i l e s .   It   has  been  s u g g e s t e d   t h a t   if  the   t r a c t i o n   d r i v e  

were  to  be  a p p l i e d   to  the  a u t o m o b i l e   t r a n s m i s s i o n   to  c o n v e r t   t h e  

t r a n s m i s s i o n   to  the  c o n t i n u o u s   v a r i a b l e - s p e e d   t r a n s m i s s i o n ,   f u e l  

c o n s u m p t i o n   c o u l d   be  r e d u c e d   by  at  l e a s t   20%  o v e r   c o n v e n t i o n a l  

t r a n s m i s s i o n   s y s t e m s ,   s i n c e   the  d r i v e   can  a l w a y s   be  in  t h e  
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optim.um  s p e e d   r a t i o .   R e c e n t   s t u d i e s   have   r e s u l t e d   in  t h e  

d e v e l o p m e n t   of  m a t e r i a l s   h a v i n g   h i g h   f a t i g u e   r e s i s t a n c e   as  w e l l  

as  r e s u l t e d   in  a  t h e o r e t i c a l   a n a l y s i s   of  t r a c t i o n   m e c h a n i s m s .   As 

r e g a r d s   the  t r a c t i o n   f l u i d ,   the   c o r r e l a t i o n   of  t r a c t i o n  

c o e f f i c i e n t s   is  g r a d u a l l y   b e i n g   u n d e r s t o o d   at  the   m o l e c u l a r  

s t r u c t u r e   l e v e l   of  the   c o m p o n e n t s .   The  t e rm  " t r a c t i o n  

c o e f f i c i e n t "   as  u s e d   h e r e i n   is  d e f i n e d   as  the  r a t i o   of  t h e  

t r a c t i o n a l   f o r c e   w h i c h   is  c a u s e d   by  s l i p p i n g ,   at  the  c o n t a c t  

p o i n t s ,   b e t w e e n   r o t a t o r s   t h a t   c o n t a c t   e ach   o t h e r   in  the   p o w e r  

t r a n s m i s s i o n   of  t he   r o l l i n g   f r i c t i o n   t y p e   to  the  no rma l   l o a d .  

The  t r a c t i o n   f l u i d   s h o u l d   be  a  l u b r i c a t i n g   o i l   h a v i n g   a  h i g h  

t r a c t i o n   c o e f f i c i e n t .   I t   has  been  c o n f i r m e d   in  t h i s   c o n n e c t i o n  

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

n a p h t h e n e   r i n g   e x h i b i t s   h i g h   p e r f o r m a n c e .   "  S a n t o t r a c k ® ,   " 

m a n u f a c t u r e d   by  t he   M o n s a n t o   C h e m i c a l   Company,   is  w i d e l y   known  a s  

a  c o m m e r c i a l l y   a v a i l a b l e   t r a c t i o n   f l u i d .   J a p a n e s e   P a t e n t  

P u b l i c a t i o n   No.  4 7 - 3 5 7 6 3   d i s c l o s e s   di  (eye   1  ohexy  1  )  a l k a n e   a n d  

d  i  cy  c  1  o h e x a n e   as  t r a c t i o n   f l u i d s   h a v i n g   a  n a p h t h e n e   r i n g .   T h i s  

p a t e n t   p u b l i c a t i o n   d i s c l o s e s   t h a t   a  f l u i d   o b t a i n e d   by 

i n c o r p o r a t i n g   the   a b o v e - m e n t i o n e d   a l k a n e   compound   in  a 

p e r h y d r o g e n a t e d   (  a  -me  thy  1  )  s t y   r ene   p o l y m e r ,   h y d r i n d a n e   c o m p o u n d ,  

or  the  l i k e ,   has  a  h i g h   t r a c t i o n   c o e f f i c i e n t .   F u r t h e r ,   J a p a n e s e  

P a t e n t   L a i d - O p e n   No.  5 9 - 1 9 1 7 9 7   d i s c l o s e s   a  t r a c t i o n   f l u i d  

c o n t a i n i n g   an  e s t e r   c o m p o u n d   h a v i n g   a  n a p h t h e n e   r i n g .   I t  

d i s c l o s e s   t h a t   an  e s t e r   o b t a i n e d   by  the   hy  dr  oge  n a t i   on  of  t h e  

a r o m a t i c   n u c l e u s   of  d i c y c l o h e x y l   eye  1  ohexy   1  d  i  c a r b o x y   1  a t e   o r  
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d i c y c l o h e x y l   p h t h a l a t e   is  p r e f e r r e d   as  the  t r a c t i o n   f l u i d .  

As  m e n t i o n e d   a b o v e ,   in  r e c e n t   y e a r s   in  the   a u t o m o b i l e  

i n d u s t r y   t h e r e   has  been   p r o g r e s s   in  the  d e v e l o p m e n t   of  c o n t i n u o u s  

v a r i a b l e - s p e e d   t r a n s m i s s i o n s .   The  h i g h e r   the   t r a c t i o n  

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

t r a n s m i s s i o n   f o r c e   in  the  same  d e v i c e .   Th i s   a l l o w s   a  r e d u c t i o n  

in  s i z e   of  the  e n t i r e   d e v i c e   w i t h   a  c o n c o m i t a n t   r e d u c t i o n   i n  

t h o s e   e x h a u s t   g a s e s   t h a t   p o l l u t e .   T h e r e f o r e ,   t h e r e   is  a  d e m a n d  

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

H o w e v e r ,   even  the  use  of  S a n t o t r a c k ® ,   wh ich   is  the   t r a c t i o n   f l u i d  

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

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

u n s a t i s f a c t o r y   p e r f o r m a n c e   w i t h   r e s p e c t   to  the   t r a c t i o n  

c o e f f i c i e n t ,   and  i t   has  a  p r o b l e m   is  t h a t   i t   is  a l s o   e x p e n s i v e .  

The  t r a c t i o n   f l u i d   wh ich   has  been   p r o p o s e d   in  J a p a n e s e   P a t e n t  

P u b l i c a t i o n   No.  4 6 - 3 5 7 6 3   c o n t a i n s   S a n t o t r a c k ®   or  i t s   a n a l o g u e   a s  

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

to  i t s   p e r f o r m a n c e   and  c o s t .  

DISCLOSURE  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t o r s   have   made  e x t e n s i v e   s t u d i e s   w i t h   a 

view  to  d e v e l o p i n g   a  t r a c t i o n   f l u i d   wh ich   not  o n l y   e x h i b i t s   a 

h i g h   t r a c t i o n   c o e f f i c i e n t   but   is  a l s o   r e l a t i v e l y   i n e x p e n s i v e .   As 

a  r e s u l t ,   the   i n v e n t o r s   have  f o u n d   t h a t   the   a d d i t i o n   of  a 

s p e c i f i c   amoun t   of  a  b r a n c h e d   p o l y - t f   - o l e f   in  to  a  d i e s t e r   or  i t s  

d e r i v a t i v e   h a v i n g   two  c y c l o h e x y l   r i n g s   can  p r o v i d e   a  h i g h -  
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p e r f o r m a n c e   base   o i l   f l u i d   ,  t h a t   is  e c o n o m i c ,   and  t h e y   h a v e  

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

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

c h a r a c t e r i z e d   by  c o m p o u n d i n g   0.1  to  70%  by  w e i g h t   of  a  b r a n c h e d  

p o l y - a   - o l e f i n   w i t h   a  d i e s t e r   r e p r e s e n t e d   by  the  f o l l o w i n g  

g e n e r a l   f o r m u l a :  

R  i  .  R  2  R  t 
v   —   \   i  /   —   v  
{ _ J -   A ' - 4 C H 2 - j V C H 2 - A   

'  
— \ _ )  

R  2 

w h e r e i n   A  is  an  e s t e r   l i n k a g e   of  -COO-  or  - 0 0 C - ,   n  is  a n  

i n t e g e r   of  1  to  6,  R  i  is  one  or  two  members   s e l e c t e d   f rom  a  

h y d r o g e n   atom  and  a l k y l   g r o u p s   h a v i n g   1  to  8  c a r b o n   a t o m s ,   a n d  

R  z  is  one  or  two  m e m b e r s   s e l e c t e d   f rom  a l k y l   g r o u p s   h a v i n g   1  t o  

3  c a r b o n   a toms ,   or  i t s   d e r i v a t i v e .  

A  f i r s t   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a 

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

c o e f f i c i e n t .   A  s e c o n d   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  t o  

p r o v i d e   a  t r a c t i o n   f l u i d   w h i c h   is  not   on ly   e c o n o m i c a l   but   is  a l s o  

r e a d i l y   a v a i l a b l e   and  e a s i l y   a p p l i c a b l e   to  d e v i c e s .  

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

o i l   c o m p r i s e d   of  two  c o m p o n e n t s ,   i . e . ,   i t   is  o b t a i n e d   by 

c o m p o u n d i n g   a  s p e c i f i c   a m o u n t   of  a  b r a n c h e d   po  1  y-  a  -o  1  ef  i  n  a s  

c o m p o n e n t   B  w i th   a  d i e s t e r   or  i t s   d e r i v a t i v e   as  c o m p o n e n t   A. 

In  the   p r e s e n t   i n v e n t i o n   c o m p o n e n t   A  is  a  d i e s t e r   or  i t s  

d e r i v a t i v e   h a v i n g   two  c y c l o h e x y l   r i n g s   and  is  r e p r e s e n t e d   by  t h e  
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a b o v e - m e n t i o n e d   s t r u c t u r a l   f o r m u l a .   A '   of  the   e s t e r   l i n k a g e   i s  

-COO-  or  - 0 0 C - ,   and-  the   n u m b e r ,   n,  of  the   r e p e a t i n g   u n i t s   of  t h e  

g e s - d i a l k y l   s t r u c t u r e   is  1  to  6,  p r e f e r a b l y   1  to  3.  When  n  i s  

z e r o   the   t r a c t i o n   c o e f f i c i e n t   is  u n f a v o r a b l y   low,  w h i l e   when  n  i s  

7  or  more  the  v i s c o s i t y   is  u n f a v o r a b l y   h i g h .   Th i s   d i e s t e r   o r  

d e r i v a t i v e   t h e r e o f   p r e f e r a b l y   has  a  v i s c o s i t y   of  20  to  50  c s t ,  

p r e f e r a b l y   24  to  30  c s t   at  40*C,  and  4  to  10  c s t .   p r e f e r a b l y   4  t o  

6  c s t   at  100*  C.  F u r t h e r ,   the   v i s c o s i t y   i n d e x   is  p r e f e r a b l y   i n  

the   r a n g e   of  40  to  100,  p a r t i c u l a r l y   p r e f e r a b l y   in  the   r a n g e   o f  

50  to  8 0 .  

The  c o m p o n e n t   A  can  be  p r e p a r e d   by  the   f o l l o w i n g   m e t h o d .  

S p e c i f i c a l l y ,   the  c o m p o n e n t   A  can  be  o b t a i n e d   by  t h e  

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

c y c l o h e x a n e c a r b o x y   1  ic  a c i d   c o m p o u n d .   The  g l y c o l   compound   to  be  

u-sed  has  1  to  6  g e m - d i a l k y l   s t r u c t u r a l   u n i t s .   A  p r e f e r r e d   g l y c o l  

compound   is  n e o p e n t y l   g l y c o l .   E x a m p l e s   of  t h e  

eye  l o h e x a n e c a r b o x y   1  ic  a c i d   c o m p o u n d   i n c l u d e ,   b e s i d e s  

c y c l o h e x a n e c a r b o x y   1  ic  a c i d ,   t h o s e   h a v i n g   an  a l k y l   g r o u p   wi th   1  t o  

8  c a r b o n   a t o m s ,   e . g . ,   me  thy  1  eye  l o h e x a n e c a r b o x y   1  i  c  a c i d ,  

e t h y l c y c l o h e x a n e c a r b o x y   1  ic  a c i d ,   e t c .   Cy  c  1  o h e x a n e c a r b o x y   1  i  c  a c i d  

is  p a r t i c u l a r l y   p r e f e r r e d .   The  e s t e r   if  i c a t   i  on  r e a c t i o n   i s  

c o n d u c t e d   u s i n g   s u b s t a n t i a l l y   s t o   i  chi   o rae t r   i  c  a m o u n t s   of  t h e  

r e a c t a n t s   or  in  the   p r e s e n c e   of  an  e x c e s s   amoun t   of  the   a c i d .  

The  f o r m e r   me thod   r e q u i r e s   the   use  of  a  c a t a l y s t   and,  f u r t h e r ,  

has  a  p r o b l e m   in  t h a t   a  m o n o a l c o h o l   is  p r o d u c e d   as  the  b y -  

p r o d u c t .   T h e r e f o r e ,   i t   is  p r e f e r r e d   t h a t   the   es  t e r   i  f  i  c a t   i  on 
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r e a c t i o n   be  c o n d u c t e d   in  t he   p r e s e n c e   of  an  e x c e s s   amount  of  t h e  

a c i d .   S p e c i f i c a l l y ,   1  mol  of  the   g l y c o l   compound   Es  r e a c t e d   w i t h  

the  a c i d   in  2  to  5 - f o l d   by  mol  e x c e s s   ( p a r t i c u l a r l y ;   p r e f e r a b l y   i n  

2.5  to  4 - f o l d   by  mol  e x c e s s .   The  r e a c t i o n   t e m p e r a t u r e   is  a b o u t  

150  to  250  *  C,  p r e f e r a b l y   170  to  230°C.   and  the   r e a c t i o n   t ime   i s  

10  to  40  h r s ,   p r e f e r a b l y   15  to  15  h r s . -   A l t h o u g h   t h e  

e s t e r   if  i c a t i o n   r e a c t i o n   may  be  c o n d u c t e d   u n d e r   e i t h e r   e l e v a t e d   o r  

r e d u c e d   p r e s s u r e s ,   i t   is  p r e f e r r e d   t h a t   the  r e a c t i o n   he  c o n d u c t e d  

at  a t m o s p h e r i c   p r e s s u r e   f rom  the   s t a n d p o i n t   of  e a s e   of  r e a c t i o n  

o p e r a t i o n .   Under   t h i s   c o n d i t i o n ,   the   e x c e s s   a c i d   s e r v e s   as  a 

c a t a l y s t .   An  a l k y l b e n z e n e   s u c h   as  x y l e n e   or  t o l u e t a e c a n   be  a d d e d  

in  a  s u i t a b l e   a m o u n t   as  a  s o l v e n t .   The  a d d i t i o n   of  the  s o l v e n t  

e n a b l e s   the   r e a c t i o n   and  t he   t e m p e r a t u r e   to  be  e a s S l y   c o n t r o l l e d .  

As  the  r e a c t i o n   p r o c e e d s   w a t e r   f o r m e d   d u r i n g   the   r e a c t i o n  

e v a p o r a t e s .   The  r e a c t i o n   is  t e r m i n a t e d   when  the   amount  of  w a t e r  

r e a c h e s   t w i c e   by  mol  t h a t   of  the   a l c o h o l .   The  e x c e s s   a c i d   i s  

n e u t r a l i z e d   w i t h   an  a q u e o u s   a l k a l i n e   s o l u t i o n   and  r e n « v e d   by  

w a s h i n g   w i t h   w a t e r .   When  an  a c i d   w h i c h   is  d i f f i c u l t   to  e x t r a c t  

w i t h   an  a l k a l i   w a s h i n g   is  u s e d   the  r e a c t i o n   is  c o n d u c t e d   u s i n g  

the  a c i d   in  an  a m o u n t   of  2  to  2 . 5 - f o l d   mol  e x c e s s   over  t h e  

a l c o h o l   in  the   p r e s e n c e   of  a  c a t a l y s t .   As  the  c a t a l y s t ,  

p h o s p h o r i c   a c i d ,   p - t o   1  u e n e s   u  1  f  on  i  c  a c i d ,   s u l f u r i c   a c i l ,   e t c . ,   c a n  

be  u sed .   The  most   p r e f e r r e d   c a t a l y s t   is  p h o s p h o r i c   ac id ,   b e c a u s e  

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

e s t e r .   The  r e a c t i o n   p r o d u c t   is  f i n a l l y   d i s t i l l e d   under  r e d u c e d  

p r e s s u r e   to  r emove   w a t e r   and  the   s o l v e n t ,   and  t h e r e b y   the  d i e s t e r  
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c o m p o u n d   of  the   p r e s e n t   i n v e n t i o n   is  o b t a i n e d .  

The  c o m p o n e n t   A  of  the   p r e s e n t   i n v e n t i o n   can  a l s o   b e  

p r e p a r e d   by  the  e s t e r   i  f i c a t i   on  r e a c t i o n   of  a  c y c l o h e x a n o l  

compound   w i t h   a  d i c a r b o x y l i c   a c i d   h a v i n g   a  q u a t e r n a r y   c a r b o n  

a tom.   In  t h i s   c a s e ,   c y c l o h e x a n o l ,   me  thy  1  eye  l o h e x a n o   1  ,  or  t h e  

l i k e ,   is  used   as  the   c y c l o h e x a n o l   c o m p o u n d ,   w h i l e  

n e o p e n   thy  1  d  i  c a r b o x y   1  i  c  a c i d   or  the   l i k e   is  used  as  t h e  

d  i  c a r b o x y   l i e   a c i d .  

The  p o l y - a   - o l e f   in  c o m p o n e n t   B  has  a  q u a t e r n a r y   c a r b o n   a t o m  

or  a  t e r t i a r y   c a r b o n   atom  in  i t s   main  c h a i n   and  is  a  p o l y m e r   o f  

an  a  - o l e f   in  h a v i n g   3  to  5  c a r b o n   a toms   or  the  h y d r o g e n a t   i  on 

p r o d u c t   t h e r e o f .   E x a m p l e s   of  the   po  1  y-  a  -o  1  ef  i  ns  i n c l u d e  

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

h y d r o g e n a t   i  on  p r o d u c t s   t h e r e o f .   P a r t i c u l a r l y   p r e f e r r e d   a r e  

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

t h e r e o f .   The  p o l y i s o b u t y l e n e   is  r e p r e s e n t e d   by  the  f o l l o w i n g  

s t r u c t u r a l   f o r m u l a :  

C H o   C H o   C H g  
I  3  I  3  I  3 

C  H  o  —  C  *~v  C  H  tl  —  C  7  C  H  ;j  O  ==  O  H   ̂j>  j  /  |  n  /  /  

C  H  3  
C  H  3 

The  hy  d roge   na t   i  on  p r o d u c t   of  the   p o l y i s o b u t y l e n e   is  r e p r e s e n t e d  

by  the  f o l l o w i n g   s t r u c t u r a l   f o r m u l a :  

C H 2   C  H  a  C H 2  
I  3  I  3  I  3 

C  H  —   C - f C H j j —   C - ^ - C H t j —   C H   —  C H 3  

C  H  3  C  H  3 
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In  the   a b o v e - m e n t i o n e d   f o r m u l a   the  d e g r e e   of  p o l y m e r i z a t i o n ,   n,  _ 

is  6  to  2 0 0 .  

A l t h o u g h   the   p o l y b u t e n e   and  pol  y  i s o b u t y   l e n e   are   g e n e r a l l y  

c o m m e r c i a l l y   a v a i l a b l e ,   t h e y   may  be  p r o d u c e d   by  c o n v e n t i o n a l  

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

p r o d u c e d   by  r e a c t i n g   p o l y   i s o b u t y   l e n e   or  the   l i k e   in  the  p r e s e n c e  

of  h y d r o g e n .   The  m o l e c u l a r   w e i g h t   of  t he   po  1  y-  a  -o l   ef  i  n  i s  

p r e f e r a b l y   in  t he   r a n g e   of  500  to  1 0 , 0 0 0 ,   more  p r e f e r a b l y   in  t h e  

r a n g e   of  900  to  5 , 0 0 0 .   The  m o l e c u l a r   w e i g h t   can  be  a d j u s t e d   by 

s u i t a b l e   m e t h o d s   s u c h   as  d e c o m p o s i t i o n   of  a  p o l y - a   - o l e f   in  h a v i n g  

a  h i g h   m o l e c u l a r   w e i g h t   and  m i x i n g   of  po  l y -   a  - o l e f   ins  h a v i n g   l ow  

m o l e c u l a r   w e i g h t s .   A l t h o u g h   an  a  - o l e f   in  c o p o l y m e r   (OCP)  is  a 

t y p e   of  a  p o l y -   a  - o l e f   in,  i t   is  u n s u i t e d   f o r   use  as  c o m p o n e n t   B 

in  the   p r e s e n t   i n v e n t i o n .   T h i s   is  b e c a u s e   OCP  is  o b t a i n e d   by  

p o l y m e r i z a t i o n   of  two  or  more  a  - o l e f   ins  and  has  such   a  s t r u c t u r e  

w h e r e i n   t h e s e   a - o l e f i n s   a re   i r r e g u l a r l y   l i n k e d ,   as  o p p o s e d   t o  

the   p o l y b u t e n e ,   e t c .   of  the   p r e s e n t   i n v e n t i o n ,   wh ich   has  a 

r e g u l a r   g e m - d i a l k y l   s t r u c t u r e .  

C o m p o n e n t   A  of  the   p r e s e n t   i n v e n t i o n ,   e . g . ,   n e o p e n t y l   g l y c o l  

c y c l o h e x a n e c a r b o x y l   ic  a c i d   d i e s t e r ,   e x h i b i t s   a  t r a c t i o n  

c o e f f i c i e n t   of  0 . 1 0 0   to  0 . 1 0 4 .   w h i l e   c o m p o n e n t   B,  e . g . ,  

p o l y b u t e n e ,   e x h i b i t s   a  t r a c t i o n   c o e f f i c i e n t   of  0 . 0 7 5   to  0 . 0 8 5 .  

S i n c e   c o m p o n e n t   A  of  the  p r e s e n t   i n v e n t i o n   e x h i b i t s   a  h i g h  

t r a c t i o n   c o e f f i c i e n t ,   i t s   use  a l o n e   in  a  t r a c t i o n   d r i v e   d e v i c e  

r e s u l t s   in  a  h i g h   p e r f o r m a n c e .   H o w e v e r ,   a  more  i m p r o v e d   t r a c t i o n  

f l u i d   can  be  o b t a i n e d   by  b l e n d i n g   c o m p o n e n t   A  w i t h   0.1  to  70%  by 
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w e i g h t   of  p o l y - a   - o l e f   in  of  c o m p o n e n t   B.  S p e c i f i c a l l y ,   a l t h o u g h  

c o m p o n e n t   B  has  a  l o w e r   t r a c t i o n   c o e f f i c i e n t   t h a n   c o m p o n e n t   A, 

the  g e m - d i m e t h y l   g r o u p   in  c o m p o n e n t   B  c o o p e r a t e s   w i t h   t h e  

c y c l o h e x y l   r i n g   in  c o m p o n e n t   A  to  e x h i b i t   a  s y n e r g i s t i c   e f f e c t   t o  

show  an  i m p r o v e m e n t   in  the   t r a c t i o n   c o e f f i c i e n t .   F u r t h e r ,   s i n c e  

c o m p o n e n t   B  is  i n e x p e n s i v e   and  e x h i b i t s   e x c e l l e n t   v i s c - o s i t y  

c h a r a c t e r i s t i c s ,   a  t r a c t i o n   f l u i d   can  be  e c o n o m i c a l l y   o b t a i n e d   by  

b l e n d i n g   c o m p o n e n t   A  w i t h   0 .1   to  70%  by  w e i g h t   of  c o m p o n e n t   B, 

w i t h o u t   l o w e r i n g   the   t r a c t i o n   c o e f f i c i e n t .  

V a r i o u s   a d d i t i v e s   may  a l s o   be  a d d e d   to  the   t r a c t i o n   f l u i d   o f  

the  p r e s e n t   i n v e n t i o n   d e p e n d i n g   upon  t h e i r   a p p l i c a t i o n s .  

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

t e m p e r a t u r e   and  a  l a r g e   l oad   at  l e a s t   one  a d d i t i v e   s e l e c t e d   f r o m  

among  an  a n t i o x i d a n t ,   a  wear  i n h i b i t o r ,   and  a  c o r r o s i o n  

i n h i b i t o r ,   may  be  a d d e d   in  an  a m o u n t   of  0 . 0 1   to  5%  by  w e i g h t .  

S i m i l a r l y ,   when  a  h i g h   v i s c o s i t y   i n d e x   is  r e q u i r e d   a  k n o w n  

v i s c o s i t y   i n d e x   i m p r o v e r   is  added   in  an  a m o u n t   of  1  to  10%  by  

w e i g h t .   H o w e v e r ,   s i n c e   the   use  of  po  1  y m e t h a c r y   1  a te   and  o l e f i n  

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

p r e f e r r e d   t h a t ,   if  t h e y   are   p r e s e n t ,   t h e y   be  used   in  an  a m o u n t   o f  

4%  by  w e i g h t   or  l e s s .  

The  t e rm  " t r a c t i o n   f l u i d "   as  used   in  the  p r e s e n t   i n v e n t i o n  

is  i n t e n d e d   to  mean  a  f l u i d   fo r   use  in  d e v i c e s   wh ich   t r a n s m i t   a 

r o t a t i o n a l   t o r q u e   t h r o u g h   p o i n t   c o n t a c t   or  l i n e   c o n t a c t ,   or  f o r  

use  in  t r a n s m i s s i o n s   h a v i n g   a  s i m i l a r   s t r u c t u r e .   The  t r a c t i o n  

f l u i d   of  the   p r e s e n t   i n v e n t i o n   e x h i b i t s   a  t r a c t i o n   c o e f f i c i e n t  
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h i g h e r   t h a n   t h o s e   of  c o n v e n t i o n a l l y   known  f l u i d s ,   i . j e . ,   e x h i b i t s  

a  t r a c t i o n   c o e f f i c i e n t   1  to  5%  h i g h e r   t h a n   t h o s e   of  t h e  

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

p r o p e r t i e s   such   as  the  v i s c o s i t y .   T h e r e f o r e ,   the   t r a c t i o n   f l u i d  

of  the  p r e s e n t   i n v e n t i o n   can  be  p r e f e r a b l y   used   f o r   l a r g e   p o w e r  

t r a c t i o n   d r i v e   d e v i c e s   such   as  i n d u s t r i a l   m a c h i n e s ,   e t c . ,   as  w e l l  

as  r e l a t i v e l y   low  power   d r i v e   t r a n s m i s s i o n s   i n c l u d i n g   i n t e r n a l  

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

and  f o o d - p r o d u c i n g   m a c h i n e s .  

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

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

c o n v e n t i o n a l   f l u i d s .   The  r e a s o n   why  the   t r a c t i o n   f l u i d   of  t h e  

p r e s e n t   i n v e n t i o n   e x h i b i t s   a  h i g h   t r a c t i o n   c o e f f i c i e n t   is  not   y e t  

f u l l y   u n d e r s t o o d .   H o w e v e r ,   t he   r e a s o n   is  b e l i e v e d   to  b a s i c a l l y  

r e s i d e   in  the   u n i q u e -   m o l e c u l a r   s t r u c t u r e   of  the  t r a c t i o n   f l u i d   o f  

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

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

d i e s t e r .   The  d i e s t e r   has  two  c y c l o h e x y l   r i n g s   in  i t s   m o l e c u l e ,  

and  t hey   are   b o n d e d   to  each   o t h e r   t h r o u g h   two  e s t e r   l i n k a g e s .  

The  two  e s t e r   l i n k a g e s   b r i n g   a b o u t   an  i n t e r d i p o l a r   f o r c e   b e t w e e n  

the   m o l e c u l e s .   I t   is  b e l i e v e d   t h a t   the   i n t e r d i p o l a r   f o r c e   s e r v e s  

to  b r i n g   the   f l u i d   i n t o   a  s t a b l e   g l a s s y   s t a t e   u n d e r   h i g h   l o a d  

c o n d i t i o n s ,   t h e r e b y   i n c r e a s i n g   the   s h e a r i n g   f o r c e .   F u r t h e r ,   t h e  

t r a c t i o n   f l u i d   of  the   p r e s e n t   i n v e n t i o n   has  a  q u a t e r n a r y   c a r b o n  

atom  of  the   g e m - d i a l k y l   t y p e   w h i c h   is  b o n d e d   to  the  two  

c y c l o h e x y l   r i n g s   t h r o u g h   a  m e t h o x y c a r b o n y   1  l i n k a g e .   T h i s  
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s u p p r e s s e s   i n t e r n a l   r o t a t i o n .   T h e r e f o r e ,   when  the  t r a c t i o n  

d e v i c e   is  u n d e r   h i g h   l o a d   c o n d i t i o n s   the  c y c l o h e x y l   r i n g s   a r e  

f i r n l y   e n g a g e d ,   l i k e   g e a r s ,   w i t h   the   g e m - d i a l k y l   p o r t i o n   of  t h e  

q u a t e r n a r y   c a r b o n   a tom,   w h i l e   when  the  d e v i c e   is  r e l e a s e d   f r o m  

the  l oad   t h i s   e n g a g e m e n t   is  q u i c k l y   d e t a c h e d ,   t h e r e b y   c a u s i n g  

f  1  u  id i   z a t   i o n .  

BEST  MODES  TO  EMPLOY  THE  INVENTION 

EXAMPLES  1 - 1 1  

The  d i e s t e r   of  n e o p e n t y l   g l y c o l   c y c l o h e x a n e   c a r b o x y l i c   a c i d  

compound   of  the   p r e s e n t   i n v e n t i o n   was  s y n t h e s i z e d   by  t h e  

f o l l o w i n g   m e t h o d :  

F i r s t ,   1  mol  of  n e o p e n t y l   g l y c o l   is  m ixed   w i t h   3 - f o l d   m o l s  

of  c y c l o h e x a n e   c a r b o x y l i c   a c i d   and  r e a c t e d   f o r   20  h o u r s   at  a 

r e a c t i o n   t e m p e r a t u r e   of  200°C  u n d e r   a t m o s p h e r i c   p r e s s u r e .   S i n c e  

the  a c i d   is  in  e x c e s s   in  the  m i x t u r e   d u r i n g   the   r e a c t i o n ,   no 

c a t a l y s t   is  u sed   and  x y l e n e   is  added   as  a  s o l v e n t .   The  r e a c t i o n  

is  t e r m i n a t e d   when  the   w a t e r   wh ich   has  v a p o r i z e d   as  the   r e a c t i o n  

p r o c e e d s   has  r e a c h e d   2 - f o l d   raols  of  a l c o h o l .   The  r e a c t i o n  

p r o d u c t   is  w a s h e d   w i t h   an  a l k a l i n e   s o l u t i o n   ( c a u s t i c   s o d a )   t o  

r e a o v e   the  e x c e s s   a c i d ,   and  is  f u r t h e r   w a s h e d   w i t h   w a t e r   u n t i l   i t  

b e c o m e s   n e u t r a l ,   f o l l o w e d   by  vacuum  d i s t i l l a t i o n   so  as  to  r e m o v e  

w a t e r   and  x y l e n e ,   t h e r e b y   i s o l a t i n g   the  d i e s t e r   of  the   p r e s e n t  

i  n v e n t   i  on .  

The  d i e s t e r   t h u s   p r o d u c e d   was  b l e n d e d   w i t h   p o l y b u t e n e   h a v i n g  

an  a v e r a g e   m o l e c u l a r   w e i g h t   of  420  to  2 , 3 5 0 ,   f o l l o w e d   by 
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m e a s u r e m e n t   of  the   t r a c t i o n   c o e f f i c i e n t .   The  c o n d i t i o n s   o f  

m e a s u r e m e n t   of  the   t r a c t i o n   c o e f f i c i e n t   were  as  f o l l o w s :  

m e a s u r i n g   e q u i p m e n t :   Sod  a-  t y p e   f o u r - r o l l e r   t r a c t i o n  

t e s t   ing  m a c h i n e  

t e s t   c o n d i t i o n s :   a  f l u i d   t e m p e r a t u r e   of  2  0  *  C  ; 

a  r o l l e r   t e m p e r a t u r e   of  3 0 * C ;  

a  mean  H e r t z i a n   p r e s s u r e   o f  

1.2  GPa;  a  r o l l i n g   v e l o c i t y   o f  

3.6  m/s  ;  and  a  s l i p p i n g   r a t i o   o f  

3 . 0 % .  

The  t r a c t i o n   f l u i d   of  t he   p r e s e n t   i n v e n t i o n   was  f o u n d   to  be  

r e m a r k a b l y   s u p e r i o r   in  t r a c t i o n   p e r f o r m a n c e   to  c o n v e n t i o n a l  

t r a c t i o n   f l u i d s ,   as  is  shown  in  T a b l e   1. 

COMPARATIVE  EXAMPLES  1~7  

The  t r a c t i o n   c o e f f i c i e n t s   were  m e a s u r e d   u n d e r   the   s a m e  

c o n d i t i o n s   as  t h o s e   u s e d   in  the   above   e x a m p l e s   w i t h   r e s p e c t   to  a 

t r a c t i o n   f l u i d   c o n s i s t i n g   of  100%  by  w e i g h t   of  c o m p o n e n t   B,  a 

t r a c t i o n   f l u i d   o b t a i n e d   by  b l e n d i n g   90%  by  w e i g h t   of  B  c o m p o n e n t ,  

a  t r a c t i o n   f l u i d   o b t a i n e d   by  b l e n d i n g   c o m p o n e n t   A  w i t h   OCP  o r  

PMA,  and  a  c o m m e r c i a l l y   a v a i l a b l e   t r a c t i o n   f l u i d .  

The  r e s u l t s   a re   shown  in  T a b l e   1.  As  can  be  s een   f rom  t h e  

d a t a   in  T a b l e   1,  a l l   the   c o m p a r a t i v e   s a m p l e s   e x h i b i t e d   t r a c t i o n  

c o e f f i c i e n t s   1  to  5%  s m a l l e r   t h a n   t h o s e   of  the  d i e s t e r   c o m p o u n d  

of  the  p r e s e n t   i n v e n t i o n .   I t   s h o u l d   be  n o t e d   in  t h i s   c o n n e c t i o n  

t h a t   an  o l e f i n   c o p o l y m e r ,   i . e . ,   c o p o l y m e r   ( h a v i n g   an  a v e r a g e  
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@ o l e c u l a r   w e i g h t   of  1 5 0 , 0 0 0   to  3 0 0 , 0 0 0 )   of  e t h y l e n e   w i t h  

p r o p y l e n e ,   was  u sed   as  0CP,  w h i l e   po  1  y m e t h a c   ry  1  a te   h a v i n g   an  

a v e r a g e   m o l e c u l a r   w e i g h t   of  5 0 , 0 0 0   to  3 0 0 , 0 0 0   was  u sed   as  PMA. 
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AVAILABILITY  OF  INDUSTRIAL  USAGES 

The  t r a c t i o n   f l u i d   of  the   p r e s e n t   i n v e n t i o n ,   p r e p a r e d   by 

c o s p o u n d i n g   c o n p o n e n t   A  of  a  d i e s t e r ,   e t c .   h a v i n g   two  c y c l o h e x y l  

r i n g s   w i t h   a  s p e c i f i c   a m o u n t   of  c o m p o n e n t   B  of  a  b r a n c h e d   p o l y -  

a - o l e f i n ,   not   o n l y   e x h i b i t s   an  e x t r e m e l y   h i g h   t r a c t i o n  

c o e f f i c i e n t ,   bu t   is  a l s o   i n e x p e n s i v e   and  e x h i b i t s   e x c e l l e n t  

v i s c o s i t y   c h a r a c t e r i s t i c s .  

T h e r e f o r e ,   the   use  of  the   t r a c t i o n   f l u i d   of  the  p r e s e n t  

i n v e n t i o n   in  a  p o w e r   t r a n s m i s s i o n ,   p a r t i c u l a r l y   fo r   a  t r a c t i o n  

d r i v e   d e v i c e ,   r e s u l t s   in  a  r e m a r k a b l e   i n c r e a s e   in  s h e a r i n g   f o r c e  

u n d e r   a  h i g h   l o a d .   T h i s   e n a b l e s   a  r e d u c t i o n   in  s i z e   of  t h e  

d e v i c e ,   wh ich   l e a d s   to  a  l o w e r   c o s t   f o r   the   d e v i c e .  
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WHAT  IS  CLAIMED  I S :  

1.  A  t r a c t i o n   f l u i d   c h a r a c t e r i z e d   by  c o m p o u n d i n g   a  d i e s t e r  

r e p r e s e n t e d   by  the   f o r m u l a :  

v   —   \   i  /   X  

R  2 

w h e r e i n   A '   is  an  e s t e r   l i n k a g e   of  -COO-  or  -O0C- ,   n  is  a n  

i n t e g e r   of  1  to  6,  R i   is  one  or  two  members   s e l e c t e d   f r o m  

h y d r o g e n   and  a l k y l   g r o u p s   h a v i n g   f rom  1  to  8  c a r b o n   a t o m s ,   and  - 

R 2   is  one  or  two  m e m b e r s   s e l e c t e d   f rom  a l k y ]   g r o u p s   h a v i n g   f r o m  

1  to  3  c a r b o n   a t o m s ,   or  i t s   d e r i v a t i v e   w i t h   0.1  to  70  wt.  %  o f  

b r a n c h e d   p o l y - #   - o l e f   i n .  

2.  The  t r a c t i o n   f l u i d   of  c l a i m   1  w h e r e i n   s a i d   p o l y - a -  

o l e f i n   is  p o l y b u t e n e .  

3.  The  t r a c t i o n   f l u i d   of  c l a i m   1  w h e r e i n   the  c o m p o u n d i n g  

amoun t   of  po  1  y-  a  -o  1  ef  i  n  is  10  to  50%  by  w e i g h t .  

4.  The  t r a c t i o n   f l u i d   of  c l a i m   1  w h e r e i n   R  i  of  t h e  

d i e s t e r   c o m p o u n d   is  one  or  two  members   s e l e c t e d   from  h y d r o g e n   a n d  

a l k y l   g r o u p s   h a v i n g   f rom  1  to  4  c a r b o n   a t o m s .  

5.  The  t r a c t i o n   f l u i d   of  c l a i m   1  w h e r e i n   s a i d   po  1  y-  or  -o  1  ef  i  n 

has  an  a v e r a g e   m o l e c u l a r   w e i g h t   of  500  to  1 0 , 0 0 0 .  

6.  The  t r a c t i o n   f l u i d   of  c l a i m   1  w h e r e i n   n  of  the   d i e s t e r  

compound   is  an  i n t e g e r   of  from  1  to  3. 

7.  The  t r a c t i o n   f l u i d   of  c l a i m   1  w h e r e i n   R 2   of  t h e  

d i e s t e r   is  a  m e t h y l   g r o u p .  

: e r  
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ABSTRACT 

-A  t r a c t i o n   f l u i d   c h a r a c t e r i z e d   by  c o m p o u n d i n g   0.1  t o  

70  wt.  X  of  b r a n c h e d   po  1  y-  a  -o  1  ef  i  n  in  a  d i e s t e r   c o m p o u n d  

r e p r e s e n t e d   by  the   g e n e r a l   f o r m u l a :  

R  i  Ft  2  R  i 

O - "  C H 2 - C V C H 2 - A - L  

R  

( w h e r e i n   A '   r e p r e s e n t s   an  e s t e r   bond  of  -COO-  or  - 0 0 C - ,   n 

is  an  i n t e g e r   of  1  to  6,  R i   r e p r e s e n t s   one  or  two  m e m b e r s  

s e l e c t e d   f rom  a a o n g   a  h y d r o g e n   atom  and  C  ,  „ 

a l k y l   g r o u p s ,   and  R 2   r e p r e s e n t s   one  or  two  m e m b e r s  

s e l e c t e d   f rom  among  C  ,  _-  a l k y l   g r o u p s ) ,   or  i t s   d e r i v a t i v e .  

T h i s   t r a c t i o n   f l u i d   is  used   w i t h   a  power   t r a n s m i s s i o n ,  

p a r t i c u l a r l y   a  t r a c t i o n   d r i v e   u n i t .  
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V.  D  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WEHE  FOUND  UNSEARCHABLE' 

This  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  17(2)  (a)  for  the  following  reasons: 

1  .ID  Claim  numbers  because  they  relate  to  subject  matter  n  not  required  to  be  searched  by  this  Authority,  namely: 

2.D  Claim  numbers  ,  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  require- 
ments  to  such  an  extent  that  no  meaningful  international  search  can  be  carried  out  ",  specifically: 

V1.D  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING" 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

1  .C3  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable  claims  of  the 
international  application. 

2.D  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those 
claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.C]  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to  the 
invention  first  mentioned  in  the  claims:  it  is  covered  by  claim  numbers: 

4.CU  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not  Invite 
payment  of  any  additional  fee. 

Remark  on  Protest 
LJ  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
LJ  No  protest  accompanied  the  payment  of  additional  search  fees.  ' 
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