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@  Thickened  water-based  hydraulic  fluids. 

@  In  accordance  with  the  instant  invention,  a  water- 
based  hydraulic  fluid,  having  improved  vvcosity  can  be 
obtained  by  blending  a  carljoxylic  acid  with  a  thickened 
hydraulic  fluid  compositiog>employing  a  thickener  ob- 
tained  by  modifying  a  conventional  polyether  polyol 
thickening  agent  with  an  alpha-olefin  epoxide  or  glycidyl 
ether  having  about  10  to  22  carbon  atoms  or  mixtures 
thereof.  Small  amounts  of  higher  molecular  weight  gly- 
cols  may  also  be  incorporated  into  the  chain. 
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I n   accordance  with  the  instant  invention,  a  water- 
based  hydraulic  fluid,  having-  improved  viscosity  can  be 
obtained  by  blending  a  carboxylic  acid  with  a  thickened 
hydraulic  fluid  compositiop employing  a  thickener  ob- 
tained  by  modifying  a  conventional  polyether  polyol 
thickening  agent  with  an  alpha-olefin  epoxide  or  glycidyl 
ether  having  about  10  to  22  carbon  atoms  or  mixtures 
thereof.  Small  amounts  of  higher  molecular  weight  gly- 
cols  may  also  be  incorporated  into  the  chain. 



T h i s   i n v e n t i o n   r e l a t e s   to   w a t e r - b a s e d   h y d r a u l i c  

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

by  i m p r o v e d   v i s c o s i t y .  

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

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

f l u i d "   in   t h e   f o r m   of   p r e s s u r e   by  m e a n s   of  a  h y d r a u l i c  

p u m p .   P o w e r   i s   u t i l i z e d   w h e r e   d e s i r e d   by  t a p p i n g   a  s o u r c e  

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

p r e s s u r e   b a c k   to   m e c h a n i c a l   m o t i o n   by  a  m e c h a n i s m   c a l l e d  a  

h y d r a u l i c   m o t o r .   The  h y d r a u l i c   f l u i d   i s   u t i l i z e d   as  a  

p r e s s u r e   and  v o l u m e   t r a n s m i t t i n g   m e d i u m .   Any  n o n - c o m p r e s -  

s i b l e   f l u i d   c a n   p e r f o r m   t h i s   f u n c t i o n .   W a t e r   i s   t h e   o l d e s t  

f l u i d   u s e d   f o r   t h i s   p u r p o s e   and  i s   s t i l l   s o m e t i m e s   u s e d  

a l o n e   f o r   t h i s   p u r p o s e .   In  t h e   p r i o r   a r t ,   t h e r e   h a s   b e e n   a  

h e a v y   e m p h a s i s   on  t h e   d e v e l o p m e n t   of   p e t r o l e u m   o i l s   f o r   u s e  

as  h y d r a u l i c   f l u i d s   a n d ,   c o n s e q u e n t l y ,   much  of   t h e   e q u i p m e n t  

u t i l i z e d . w i t h   h y d r a u l i c   f l u i d s   h a s   b e e n   d e s i g n e d   a n d  

m a n u f a c t u r e d   s p e c i f i c a l l y   f o r   u se   w i t h   p e t r o l e u m   o i l s .   A 

p e t r o l e u m   o i l   in   c o m p a r i s o n   w i t h   w a t e r   as  a  h y d r a u l i c   f l u i d  

p o s s e s s e s   t h e   a d v a n t a g e   of  i n h i b i t i n g   t h e   d e v e l o p m e n t   o f  

r u s t   of  t h e   f e r r o u s   c o m p o n e n t s   of  t h e   m e c h a n i c a l   e q u i p m e n t  

u t i l i z e d   in  c o n j u n c t i o n   w i t h   h y d r a u l i c   f l u i d s ,   ( i . e . ,  

h y d r a u l i c   p u m p s ,   m o t o r s ,   e t c . )   and  in  p r e v e n t i n g   w e a r   of  t h e  



m a c h i n e r y   s i n c e   t he   h y d r a u l i c   f l u i d   m u s t   l u b r i c a t e   t h e  

e q u i p m e n t .   P e t r o l e u m   o i l s   have   a  s e c o n d   a d v a n t a g e   o v e r   t h e  

use   of  w a t e r  a s   a  h y d r a u l i c   f l u i d   in  t h a t   t h e   p e t r o l e u m   o i l s  

n o r m a l l y   e x h i b i t   a  s u b s t a n t i a l l y   h i g h e r   v i s c o s i t y   t h a n   w a t e r  

and  t h u s   c o n t r i b u t e   to   r e d u c t i o n   of   t he   l e a k a g e   of  t h e   f l u i d  

in  the   m e c h a n i c a l   e q u i p m e n t   u t i l i z e d .   In  a d d i t i o n ,   t h e  

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

d e v e l o p e d   to  s u c h   an  e x t e n t   t h a t   t he   v i s c o s i t y ,   f o a m  

s t a b i l i t y ,   w e a r   p r e v e n t i o n   and  c o r r o s i o n   p r e v e n t i o n   p r o p e r -  

t i e s   of  s u c h   p e t r o l e u m   o i l - b a s e d   h y d r a u l i c   f l u i d s   can  b e  

f u r t h e r   e n h a n c e d   by  t h e   u se   of  s a i d   a d d i t i v e s .  

Ove r   t h e  p a s t   25  y e a r s ,   v a r i o u s   s u b s t i t u t e s   f o r  

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

o r d e r   to  o v e r c o m e   one  of   t he   m a j o r   d e f i c i e n c i e s   of  p e t r o l e u m  

o i l s ,   n a m e l y ,   f l a m m a b i l i t y .   R e c e n t   i n t e r e s t   in  t h e   u s e   o f  

h y d r a u l i c   f l u i d s   h a v i n g   up  to  99  p e r c e n t   or   more  of  w a t e r  

has   r e s u l t e d   f rom  t he   h i g h e r   c o s t   of   p e t r o l e u m   o i l s   a n d  

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

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

h y d r a u l i c   f l u i d s .  

M t a l w o r k i n g   f l u i d s   of  t he   s o - c a l l e d   " s o l u b l e   o i l *  

t y p e   have   been   c o n s i d e r e d   f o r   use   as  h y d r a u l i c   f l u i d s .   S u c h  

f l u i d s   c o n t a i n   m i n e r a l   o i l   and  e m u l s i f i e r s   as  w e l l   a s  

v a r i o u s   a d d i t i v e s   to  i n c r e a s e   c o r r o s i o n   r e s i s t a n c e   a n d  

i m p r o v e   a n t i w e a r   and  d e f o a m i n g   p r o p e r t i e s .   Such  f l u i d s ,  

when  u s e d   as  h y d r a u l i c   f l u i d s ,   a r e   no t   g e n e r a l l y   s u i t a b l e  

f o r   use   in  o r d i r y  i n d u s t r i a l   e q u i p m e n t   d e s i g n e d   s p e c i -  



f i c a l l y   f o r   u se   w i t h   t h e   p e t r o l e u m   o i l - b a s e d   h y d r a u l i c  

f l u i d s   s i n c e   s u c h   f l u i d s   do  n o t   a d e q u a t e l y   p r e v e n t   w e a r  

d a m a g e   i n  s o m e   t y p e s   of  pumps  and  v a l v e s   of  s u c h   e q u i p -  

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

s p e c i a l l y   d e s i g n e d ,   h i g h   c o s t ,   l a r g e   s i z e   e q u i p m e n t   w h i c h ,  

b e c a u s e   of  s a i d   l a r g e   s i z e   and  t h u s   i n f l e x i b i l i t y ,   is  n o t  

s u i t a b l e   f o r   use   in  m o s t   i n d u s t r i a l   p l a n t s .   The  s o l u b l e   o i l  

h y d r a u l i c   f l u i d   u s a g e   has   t h u s   b e e n   q u i t e   l i m i t e d ;   u s a g e   h a s  

b e e n   l a r g e l y   c o n f i n e d   to  l a r g e   i n s t a l l a t i o n s   w h e r e   f l e x -  

i b i l i t y   and  s i z e   a r e   n o t   c r i t i c a l ,   s u c h   as  in  s t e e l   m i l l s .  

I t   is   a l s o   known  to  u s e ,   in  e q u i p m e n t   d e s i g n e d   f o r  

use   in  m i n e r a l   o i l - b a s e d   h y d r a u l i c   f l u i d s ,   f l a m e - r e s i s t a n t :  
.  

g l y c o l - w a t e r   b a s e d   h y d r a u l i c   f l u i d s   s u c h   as  a r e   d i s c l o s e d   i n  

U.S .   P a t e n t   No.  2 , 9 4 7 , 6 9 9 .   Up  u n t i l   r e c e n t l y ,   w a t e r - b a s e d  

h y d r a u l i c   f l u i d s   c o n t a i n i n g   a b o u t   70  to  99+  p e r c e n t   w a t e r ,  

have   had  v e r y   p o o r   l u b r i c a t i n g   c h a r a c t e r i s t i c s .   W h i l e  

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

is  n e c e s s a r y   t h a t   t h e y   p r o v i d e   l u b r i c a t i o n   f o r   t he   i m p e l l e r ,  

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

m e c h a n i c a l   p a r t s   of  h y d r a u l i c   pumps  in  such   s y s t e m s   in  o r d e r  

to  p r e v e n t  e x c e s s i v e   w e a r   on  s u c h   p a r t s .  

Many  p r i o r   a r t   f l u i d s ,   such   as  t he   p e t r o l e u m   o i l  

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

w h e r e   such   f l u i d s   have   f r e q u e n t l y   been   the   s o u r c e   of  f i r e .  

Where   t h e s e   f l u i d s   a r e   u s e d   to  c o n t r o l   s u c h   i n d u s t r i a l  

o p e r a t i o n s   as  h e a v y   c a s t i n g   m a c h i n e s ,   w h i c h   a re   o p e r a t e d  

l a r g e l y   by  h y d r a u l i c   m e a n s ,   d a n g e r   of  f i r e   e x i s t s .   T h e r e -  



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

c h a r a c t e r i z e d   by  r e d u c e d   f l a m m a b i l i t y .  

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

b a s e   a r e   d i s c l o s e d   in  U . S .   P a t e n t s   Nos .   4 , 1 5 1 , 0 9 9   a n d  

4 , 1 3 8 , 3 4 6 .   T h e s e   p a t e n t s   d i s c l o s e   f l u i d s   c o m p r i s i n g   1)  a  

s u l f u r   c o n t a i n i n g   c o m p o u n d   and  2)  a  p h o s p h a t e   e s t e r   s a l t .  

The  U . S .   4 , 1 5 1 , 0 9 9   p a t e n t   a l s o   i n c l u d e s   a  w a t e r - s o l u b l e  

p o l y o x y e t h y l a t e d   e s t e r   of  an  a l i p h a t i c   a c i d   and  a  m o n o h y d r i c  

or   p o l y h y d r i c   a l i p h a t i c   a l c o h o l ,   e i t h e r   one  or   b o t h   s a i d  

a c i d   and  s a i d   a l c o h o l   b e i n g   p o l y o x y e t h y l a t e d .   T h e s e  

h y d r a u l i c   f l u i d s   a r e   o p t i o n a l l y   t h i c k e n e d   w i t h   a  p o l y g l y c o l  

t h i c k e n e r .  

In  U.S  2 , 5 5 8 , 0 3 0   a  h y d r a u l i c   f l u i d   is  d i s c l o s e d  

h a v i n g   an  o r g a n i c   p o l y m e r i c   t h i c k e n e r   s u c h   as  c o p o l y m e r s   o f  

e t h y l e n e   o x i d e   and  p r o p y l e n e   o x i d e   h a v i n g   h i g h   m o l e c u l a r  

w e i g h t .  

U . S .   2 , 6 0 2 , 7 8 0   d i s c l o s e s   h y d r a u l i c   f l u i d s   w i t h  

s o l u b l e   p o l y m e r i c   t h i c k e n e r s   s u c h   as  c o p o l y m e r s   of  e t h y l e n e  

o x i d e   and  p r o p y l e n e   o x i d e   h a v i n g   m o l e c u l a r   w e i g h t s   of   1 5 , 0 0 0  

to  2 0 , 0 0 0 .  

From  t h e   a b o v e   i t   can   be  s e e n   t h a t   i t   is   w e l l  

known  in  t he   a r t   to  e m p l o y   in  h y d r a u l i c   f l u i d s   o r g a n i c  

p o l y m e r i c   t h i c k e n e r s   s u c h   as  c o p o l y m e r s   of  e t h y l e n e   o x i d e  

and  p r o p y l e n e   o x i d e   h a v i n g   h i g h   m o l e c u l a r   w e i g h t .  



U.S .   3 , 3 4 6 , 5 0 1   d i s c l o s e s   h y d r a u l i c   f l u i d s   c o n t a i n -  

ing   a  c o n v e n t i o n a l   p o l y o x y a l k y l e n e  t h i c k e n e r ,   i . e . ,   c o -  

p o l y m e r s   of  e t h y l e n e   o x i d e   and  1 , 2 - p r o p y l e n e   o x i d e   h a v i n g  

m o l e c u l a r   w e i g h t s   of  a b o u t   1 0 , 0 0 0   to  2 5 , 0 0 0   a l o n g   w i t h  

l a u r i c   a c i d   and  c a p r i c   a c i d   as  a n t i f o a m i n g   a g e n t s   in  a  

c o n v e n t i o n a l   a q u e o u s   h y d r a u l i c   f l u i d .  

U .S .   3 , 5 8 0 , 8 4 7   d i s c l o s e s   h y d r a u l i c   f l u i d   c o m p o s i -  

t i o n s   e m p l o y i n g   h i g h   m o l e c u l a r   w e i g h t   p o l y o x y a l k y l e n e  

p o l y m e r s   as  t h i c k e n e r s   a l o n g   w i t h   a c i d s   s u c h   as  l a u r i c .  

T h i s   p a t e n t   c a l l s   f o r   a  t w o - p h a s e   h y d r a u l i c   f l u i d   w i t h   o n e .  

p h a s e   f l o a t i n g   on  the   o t h e r ,   t he   f l o a t i n g   p h a s e   b e i n g   a  

m i n e r a l   o i l   or   s o m e t h i n g   s i m i l a r .  

U . S .   3 , 6 5 7 , 1 3 3   d i s c l o s e s   a  f u n c t i o n a l   f l u i d   s u c h  

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

a c i d   in  c o m b i n a t i o n   w i t h   p o l y o x y a l k y l e n e   g l y c o l s .  

U . S .   3 , 6 2 9 , 1 1 1   d i s c l o s e s   h y d r a u l i c   f l u i d s   c o n t a i n -  

ing  p o l y o x y a l k y l e n e   g l y c o l s   a l o n g   w i t h   c a p r i c   and  l a u r i c  

a c i d s .   T h i s   p a t e n t   is   d i r e c t e d   to  use   of  a  n o v e l   i n h i b i t o r  

c o m p o s i t i o n   c o m p r i s i n g   a  h y d r a z i n e   c o m p o u n d   w i t h   t he   o r g a n i c  

a c i d .  

T h i s   i n v e n t i o n   r e l a t e s   to  t h i c k e n e d   w a t e r - b a s e d  

h y d r a u l i c   f l u i d s .   Such  f l u i d s   a r e   p r e p a r e d   by  b l e n d i n g  

w a t e r ,   o r g a n i c   t h i c k e n e r   and  c o n v e n t i o n a l   h y d r a u l i c   f l u i d  



a d d i t i v e s .   In  a c c o r d a n c e   w i t h   t he   i n s t a n t   i n v e n t i o n ,   i t   h a s  

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

a  h y d r a u l i c  f l u i d .   t h i c k e n e d   w i t h   a  s p e c i f i e d   t y p e   o f  

t h i c k e n e r   is  a c h i e v e d   by  b l e n d i n g   w i t h   t h e   f l u i d   a  v e r y  

s m a l l   a m o u n t   of  a  c a r b o x y l i c   a c i d   h a v i n g   a b o u t   5  to  20  

c a r b o n   a t o m s .   The  a d d i t i o n   of  a  c a r b o x y l i c   a c i d   has   b e e n  

f o u n d   to  s u b s t a n t i a l l y   i n c r e a s e   t h e   v i s c o s i t y   of   a  h y d r a u l i c  

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

t i o n a l   p o l y e t h e r   p o l y o l   t h i c k e n i n g   a g e n t   w i t h   an  a l p h a -  

o l e f i n   e p o x i d e   or   g l y c i d y l   e t h e r   h a v i n g   a b o u t   10  to  2 2  

c a r b o n   a t o m s   o r   m i x t u r e s   t h e r e o f .   S m a l l   a m o u n t s   of   h i g h e r  

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

c h a i n .   The  h y d r a u l i c   f l u i d   may  be  p r e p a r e d   by  f i r s t  

p r e p a r i n g   a  c o n c e n t r a t e   c o n t a i n i n g   f rom  a b o u t   0  to  8 5  

p e r c e n t   by  w e i g h t   of  w a t e r   w h i c h   is   a  mos t   c o n v e n i e n t   f o r m  

f o r   s h i p p i n g   and  w h i c h   a f t e r   s h i p p i n g   is   t h e n   f u r t h e r  

d i l u t e d   w i t h   a b o u t   25  to  99  p e r c e n t   by  w e i g h t   w a t e r .   T h e  

p r e p a r a t i o n   and  s h i p p i n g   of  s u c h   c o n c e n t r a t e s   is  p r e f e r r e d  

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

f l u i d s   a r e   p r e f e r a b l y   p r e p a r e d   and  s h i p p e d   in  t he   f i n a l   o r  

r e a d y   to  u s e  f o r m .  

The  a b o v e   c a r b o x y l i c   a c i d s   w h i c h   a r e   a d d e d   t o  

i n c r e a s e   v i s c o s i t y   in  c o m b i n a t i o n   w i t h   t he   s p e c i f i e d  

t h i c k e n e r   may  be  a d d e d   to  t h e   t h i c k e n e r ,   t he   c o n c e n t r a t e   o r  

to  a  f i n a l l y   p r e p a r e d   h y d r a u l i c   f l u i d .  



In  a c c o r d a n c e   w i t h   t he   i n s t a n t   i n v e n t i o n   t h e  

t h i c k e n e r   is  o b t a i n e d   by  m o d i f y i n g   a  c o n v e n t i o n a l   p o l y e t h e r  

p o l y o l   t h i c k e n i n g   a g e n t   w i t h   an  a l p h a - o l e f i n   e p o x i d e   h a v i n g  

a b o u t   10  to  22  c a r b o n   a t o m s   or  m i x t u r e s   t h e r e o f .   A c t u a l l y ,  

any  e p o x i d e   w i t h   a  m o l e c u l a r   w e i g h t   of  a b o u t   150  to  300  m a y  

be  e m p l o y e d .   Any  a l c o h o l   or   a l i p h a t i c   ( o r   p o s s i b l y   e v e n  

a r o m a t i c )   g r o u p   of  10  to  24  c a r b o n s   t h a t   can  be  p l a c e d   a t  

t he   end  of  t he   p o l y o l   c h a i n   may  be  e m p l o y e d   in  l i e u   of  t h e  

a l p h a - o l e f i n   e p o x i d e .   G l y c i d y l   e t h e r s   make  e x c e l l e n t  

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

o x i d e   b e y o n d   t he   cap   may  be  e m p l o y e d .   S m a l l   a m o u n t s   o f  

h i g h e r   m o l e c u l a r   w e i g h t   g l y c o l s   may  be  i n c o r p o r a t e d   i n t o   t h 4  

c h a i n .   The  c o n v e n t i o n a l   p o l y e t h e r   p o l y o l   t h i c k e n i n g   a g e n t  

can  be  an  e t h y l e n e   o x i d e   h o m o p o l y m e r   or   a  s t r a i g h t   o r  

b r a n c h e d   c h a i n   h e t e r i c   or   b l o c k   c o p o l y m e r   of  e t h y l e n e   o x i d e  

and  a t   l e a s t   one  l o w e r   a l k y l e n e   o x i d e   h a v i n g   3  to  4  c a r b o n  

a t o m s .   S a i d   e t h y l e n e   o x i d e   is  u s e d   in  t he   p r o p o r t i o n   of  a t  

l e a s t   a b o u t   60  p e r c e n t   by  w e i g h t   b a s e d   upon  the   t o t a l   w e i g h t  

of  t he   p o l y e t h e r   p o l y o l .   G e n e r a l l y ,   a b o u t   70  to  100  p e r c e n t  

by  w e i g h t   e t h y l e n e   o x i d e   is  u t i l i z e d   w i t h   a b o u t   30  to  0 

p e r c e n t   by  w e i g h t   of  l o w e r   a l k y l e n e   o x i d e   h a v i n g   3  to  4 

c a r b o n   a t o m s .  

Such  p o l y e t h e r   p o l y o l s   a r e   g e n e r a l l y   p r e p a r e d   b y  

r e a c t i n g   an  a c t i v e   h y d r o g e n - c o n t a i n i n g   compound   h a v i n g   1 , 2 , 3  

or   more  a c t i v e   h y d r o g e n s   w i t h   t he   e t h y l e n e   o x i d e   or   e t h y l e n e  

o x i d e   and  s a i d   l o w e r   a l k y l e n e   o x i d e   in  the   p r e s e n c e   of  a n  



a c i d   or   b a s i c   o x y a l k y l a t i o n   c a t a l y s t   and  an  i n e r t   o r g a n i c  

s o l v e n t   a t   e l e v a t e d   t e m p e r a t u r e s   in  the   r a n g e   of  a b o u t   5 0 ° C  

to   150°C  u n d e r   an  i n e r t   gas   p r e s s u r e   g e n e r a l l y   f r o m   a b o u t   20  

to  a b o u t   100  p o u n d s   p e r   s q u a r e   i n c h   g a u g e .   P o l y e t h e r  

p o l y o l s   s u i t a b l e   as  t h i c k e n e r s   can   be  p r e p a r e d   by  f u r t h e r  

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

h a v i n g   a  m o l e c u l a r   w e i g h t   of  a b o u t   1000  to  a b o u t   4 0 , 0 0 0 ,  

p r e f e r a b l y   2000  to  a b o u t   3 0 , 0 0 0   w i t h   t he   a b o v e - d e s c r i b e d  

e p o x i d e s ,   a l c o h o l s ,   g l y c i d y l   e t h e r s ,   e t c . ,   so  as  to  p r o v i d e  

a  cap   on  t he   p o l y e t h e r   p o l y o l .   The  a m o u n t   of  e p o x i d e ,  

a l c o h o l ,   g l y c i d y l   e t h e r s ,   e t c . ,   r e q u i r e d   to  o b t a i n   t h e  

m o d i f i e d   p o l y e t h e r   p o l y o l   t h i c k e n i n g   a g e n t s   of  t he   i n v e n t i o n  

i s   a b o u t   1  to  a b o u t   20  p e r c e n t   by  w e i g h t   b a s e d   upon  t h e  

t o t a l   w e i g h t   of  t h e   m o d i f i e d   p o l y e t h e r   p o l y o l   t h i c k e n e r s .  

A l t e r n a t i v e l y ,   t h e   m o d i f i e d   p o l y e t h e r   p o l y o l   t h i c k e n i n g  

a g e n t s   can  be  o b t a i n e d   by  the   c o p o l y m e r i z a t i o n   of  a  m i x t u r e  

of  e t h y l e n e   o x i d e   and  a t   l e a s t   one  o t h e r   l o w e r   a l k y l e n e  

o x i d e   h a v i n g   3  to  4  c a r b o n   a t o m s   w i t h   an  a l p h a - o l e f i n  

e p o x i d e   h a v i n g   a b o u t   12  to  18  c a r b o n   a t o m s   or   m i x t u r e s  

t h e r e o f .   F u r t h e r   d e t a i l s   of  t he   p r e p a r a t i o n   of  t he   a l p h a -  

o l e f i n   e p o x i d e   m o d i f i e d   p o l y e t h e r   p o l y o l   t h i c k e n i n g   a g e n t s  

u s e f u l   in  the   p r e p a r a t i o n   of  t he   h y d r a u l i c   f l u i d s   of  t h e  

i n v e n t i o n   can   be  o b t a i n e d   f rom  c o - p e n d i n g   a p p l i c a t i o n s  

S e r i a l   No.  8 6 , 8 3 7   f i l e d   on  O c t o b e r   22,   1979  and  S e r i a l   N o .  

8 6 , 8 4 0   f i l e d   O c t o b e r   22,  1 9 7 9 ,   b o t h   i n c o r p o r a t e d   h e r e i n   b y  

r e f e r e n c e .  



G e n e r a l l y ,   a b o u t   1 0  t o   60  p e r c e n t   of  s u c h  

t h i c k e n e r s   b a s e d   on  t he   w e i g h t   of  the   c o n c e n t r a t e ,   or   1  t o  

20  p e r c e n t   b a s e d   on  t he   w e i g h t   of  t he   f i n a l   h y d r a u l i c   f l u i d  

is   e m p l o y e d .  

In  o r d e r   to  s u b s t a n t i a l l y   i n c r e a s e   v i s c o s i t y   in  a  

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

c a r b o x y l i c   a c i d   h a v i n g   5  to  20  c a r b o n   a t o m s   p e r   COOH  g r o u p  

and  m i x t u r e s   t h e r e o f   a r e   b l e n d e d   w i t h   s a i d   f l u i d .  

P r e f e r r e d   c a r b o x y l i c   a c i d s   f o r   i n c r e a s i n g  

v i s c o s i t y   in  t he   p r e s e n c e   of  t he   a b o v e - d e s c r i b e d   t h i c k e n e r  

a r e   l a u r i c   a c i d ,   c a p r i c   a c i d ,   n e o d e c a n o i c   a c i d ,   s t e a r i c  

a c i d ,   p a l m i t i c   a c i d ,   o l e i c   a c i d ,   s e b a c i c   a c i d ,   4 - o c t y l -  

b e n z o i c   a c i d   and  a d d u c t s   of  o r g a n i c   a c i d s .  

W h i l e   d e c a n o i c ,   a l s o   known  as  c a p r i c ,   a c i d   h a s  

b e e n   w e l l   known  in  t he   a r t   f o r   y e a r s ,   t he   n e o a c i d s ,   w h i c h  

a r e   s y n t h e t i c   h i g h l y - b r a n c h e d   o r g a n i c   a c i d s ,   a r e   r e l a t i v e l y  

new.  The  " n e o "   s t r u c t u r e   is   g e n e r a l l y   c o n s i d e r e d   to  be  a s  

f o l l o w s :  

T h i s   p r o d u c t   is   d e s c r i b e d   in  the   a r t i c l e   e n t i t l e d  

" N e o a c i d s :   S y n t h e t i c   H i g h l y   B r a n c h e d   O r g a n i c   A c i d s " ,  

J o u r n a l   of  A m e r i c a n   O i l   C h e m i s t s   S o c i e t y ,   V o l .   55,  No.  4 ,  

pp.   342A  to  345A  ( 1 9 7 8 ) .  



Each   of   t he   a b o v e   c a r b o x y l i c  a c i d s   may  be  u s e d  

s i n g l y   or   in  c o m b i n a t i o n   w i t h   one  or   more  of  t he   o t h e r  

c a r b o x y l i c  a c i d s   s e t   f o r t h   a b o v e .   G e n e r a l l y   t h e   t o t a l  

a m o u n t   of  s a i d   c a r b o x y l i c   a c i d s   w o u l d   r a n g e   f rom  a b o u t   0 . 1  

to  2  p e r c e n t   by  w e i g h t   in  t h e   f i n a l   h y d r a u l i c   f l u i d .   W h e r e  

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

c o m p o u n d s   w o u l d   be  a b o u t   0 .5   to   20  p e r c e n t   b a s e d   on  t h e  

w e i g h t   of  t he   c o n c e n t r a t e .  

The  c a r b o x y l i c   a c i d s   d e s c r i b e d   a b o v e   may  b e  

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

any   or   a l l   of  t h e   f o l l o w i n g   p r i o r   a r t   c o m p o n e n t s .   F o r  

e x a m p l e ,   t he   h y d r a u l i c   f l u i d   may  c o n t a i n   one  or   more   of  t e h .  

f o l l o w i n g ,   as  d i s c l o s e d   in  U . S .   P a t e n t s   Nos .   4 , 1 5 1 , 0 9 9   a n d  

4 , 1 3 8 , 3 4 6 ;   a  p h o s p h a t e   e s t e r ,   a  s u l f u r   c o m p o u n d ,   a  w a t e r -  

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

a l k y l d i a l k a n o l a m i d e .   The  f l u i d   may  be  a  h i g h   w a t e r   f l u i d   o r  

a  w a t e r - g l y c o l   t y p e   f l u i d .   O p t i o n a l l y ,   t h e   f l u i d s   of  t h e  

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

a  m e t a l   d e a c t i v a t o r   ( c h e l a t i n g   a g e n t )   as  w e l l   as  o t h e r  

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

The  p h o s p h a t e   e s t e r   may  be  s e l e c t e d   f rom  the   g r o u p  

c o n s i s t i n g   o f  



and  m i x t u r e s   t h e r e o f   w h e r e i n   e t h y l e n e   o x i d e   g r o u p s   a r e  

r e p r e s e n t e d   by  EO;  R  is  s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  

of  l i n e a r   or  b r a n c h e d   c h a i n   a l k y l   g r o u p s   w h e r e i n   s a i d   a l k y l  

g r o u p s   h a v e   a b o u t   6  to  30  c a r b o n   a t o m s ,   p r e f e r a b l y   a b o u t   8 

to  20  c a r b o n   a t o m s ,   or   a l k y l a r y l   g r o u p s   w h e r e i n   t h e   a l k y l  

g r o u p s   h a v e   a b o u t   6  to   30  c a r b o n   a t o m s ,   p r e f e r a b l y   a b o u t   8 

to  18  c a r b o n   a t o m s ,   and  X  p r e f e r a b l y   is   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  h y d r o g e n ,   a l k a l i   or   a l k a l i n e   e a r t h  

m e t a l ,   t h e   r e s i d u e   of  ammonia   or   an  a m i n e   and  m i x t u r e s  

t h e r e o f ,   and  n  is  a  n u m b e r   f rom  1  to  50.  M e t a l s   s u c h   a s  

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

s t r o n t i u m ,   and  b a r i u m   a r e   e x a m p l e s   of  t he   a l k a l i   or   a l k a l i n e  

e a r t h   m e t a l . .  

The  f r e e   a c i d   f o rm  of  the   p h o s p h a t e   e s t e r   i s  

p r e f e r a b l y   u t i l i z e d   in  p r e p a r i n g   h y d r a u l i c   f l u i d s   i n  

a c c o r d a n c e   w i t h   c o m p o s i t i o n s   of  t h e   i n v e n t i o n .   T h e s e   a r e  

more  f u l l y   d i s c l o s e d   in  U.S .   P a t e n t   3 , 0 0 4 , 0 5 6   and  U . S .  

3 , 0 0 4 , 0 5 7 ,   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   The  f r e e   a c i d  

' f o r m   may  be  c o n v e r t e d   to  t he   s a l t   form  in  s i t u   in  t h e  

p r e p a r a t i o n   of  t h e   h y d r a u l i c   f l u i d s   of  t he   i n v e n t i o n .  

A l t e r n a t i v e l y ,   the   p h o s p h a t e   e s t e r   s a l t s   can  be  u s e d  

d i r e c t l y .  

W a t e r - s o l u b l e   e s t e r s   of  e t h o x y l a t e d   a l i p h a t i c  

a c i d s   a n d / o r   w a t e r   s o l u b l e   e t h e r s   of  e t h o x y l a t e d   a l c o h o l s  

may  be  i n c o r p o r a t e d   in  t he   h y d r a u l i c   f l u i d   as  an  a n t i - w e a r  

l u b r i c a n t   c o m p o n e n t .   P r e f e r r e d   w a t e r - s o l u b l e   e s t e r s   o r  

e t h e r s   a r e   t h o s e   of  t he   e t h o x y l a t e d   CS-C36  a l i p h a t i c  



m o n o h y d r i c   o r   p o l y h d y r i c   a l c o h o l s   or   a l i p h a t i c   a c i d s ,   a n d  

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

t h e   r a n g e   of  10  to  20  c a r b o n s .   S u i t a b l e   e s t e r s   of   e t h o x y -  

l a t e d   a l i p h a t i c   a c i d s   or   a l c o h o l s   a r e   d i s c l o s e d   in  U . S .  

P a t e n t   4 , 1 5 1 , 0 9 9   p a r t i c u l a r l y   b e g i n n i n g   in  c o l u m n   3  t h e r e o f  

w h i c h   is   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e .  

R e p r e s e n t a t i v e   w a t e r - s o l u b l e   p o l y o x y e t h y l a t e d  

e s t e r s   h a v i n g   a b o u t   5  to  a b o u t   20  m o l e s   of  o x i d e   p e r   m o l e  

a r e   t h e   p o l y o x y e t h y l e n e   d e r i v a t i v e s   of  t h e   f o l l o w i n g   e s t e r s ;  

s o r b i t a n   m o n o o l e a t e ,   s o r b i t a n   t r i o l e a t e ,   s o r b i t a n   m o n o -  

s t e a r a t e ,   s o r b i t a n   t r i s t e a r a t e ,   s o r b i t a n   m o n o p a l m i t a t e ,  

s o r b i t a n   m o n o i s o s t e a r a t e ,   and  s o r b i t a n   m o n o l a u r a t e .  ' '  

C o n v e n t i o n a l   s u l f u r   c o m p o u n d   a d d i t i v e s   may  a l s o   b e  

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

a m i n e   or   m e t a l   s a l t s   o f  2 - m e r c a p t o b e n z o t h i a z o l e   or   5 - ,   6 -  

and  7 - s u b s t i t u t e d   2 - m e r c a p t o b e n z o t h i a z o l e ,   s a i d   s a l t s   b e i n g  

f o r m e d   on  n e u t r a l i z a t i o n   of  t h e   f r e e   a c i d   fo rm  of  2 - m e r c a p -  

t o b e n z o t h i a z o l e   w i t h   a  b a s e .   Such   s u l f u r   c o m p o u n d s   a r e  

d i s c l o s e d   p a r t i c u l a r l y   b e g i n n i n g   in  c o l u m n   5  of  U . S .   P a t e n t  

4 , 1 3 8 , 3 4 6   w h i c h   is   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e .  

The  s u l f u r - c o n t a i n i n g   c o m p o u n d   may  a l s o   b e  

s u l f u r i z e d   o x y m o l y b d e n u m   and  o x y a n t i m o n y   c o m p o u n d s  

r e p r e s e n t e d   b y :  



w h e r e i n   M  is  m o l y b d e n u m   or   a n t i m o n y   and  R  is  o r g a n i c   and  i s  

s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  C3-C20  a l k y l ,   a r y l ,  

a l k y l a r y l   r a d i c a l s   and  m i x t u r e s   t h e r e o f .  

R e p r e s e n t a t i v e   u s e f u l   m o l y b d e n u m   and  a n t i m o n y  

c o m p o u n d s   a r e   s u l f u r i z e d   o x y m o l y b d e n u m   or   o x y a n t i m o n y  

o r g a n o - p h o s p h o r o d i t h i o a t e   w h e r e   t he   o r g a n i c   p o r t i o n   i s  

a l k y l ,   a r y l   or   a l k y l a r y l   and  w h e r e i n   s a i d   a l k y l   has   a  c h a i n  

l e n g t h   of  3  to  20  c a r b o n   a t o m s .  

The  p r e f e r r e d   a l k y l d i a l k a n o l a m i d e   has   t he   f o r m u l a  

w h e r e i n   R1  is  a l k y l   of  a b o u t   4  to  a b o u t   54,  p r e f e r a b l y   a b o u t  

. 4   to  a b o u t   30,  c a r b o n   a t o m s   and  R2  i s   a l k y l   of   a b o u t   2  t o  

. a b o u t   6  c a r b o n   a t o m s .  

The  a l k y l d i a l k a n o l a m i d e s   a r e   known  c o m p o s i t i o n s   i n  

t he   p r i o r   a r t .   In  g e n e r a l ,   t h e s e   c o m p o s i t i o n s   a r e   p r e p a r e d  

b y   e s t e r i f y i n g   a  d i a l k a n o l a m i n e   w i t h   an  a l k y l   d i c a r b o x y l i c  

a c i d   and  r e m o v i n g   w a t e r   of  e s t e r i f i c a t i o n .   U s e f u l   a l k y l  

d i c a r b o x y l i c   a c i d s   i n c l u d e   b r a n c h e d   or   s t r a i g h t   c h a i n  

s a t u r a t e d   or  u n s a t u r a t e d   a l i p h a t i c   m o n o c a r b o x y l i c   o r  

d i c a r b o x y l i c   a c i d s   a s  d e s c r i b e d   b e l o w .   P r e f e r a b l y ,   t h e  

s a t u r a t e d   s t r a i g h t   c h a i n   a c i d s   a r e   u s e d   and  the   p r e f e r r e d  

a m i d e s   a r e   d i e t h a n o l a m i d e s .   E x a m p l e s   of  u s e f u l   a l k y l d i -  



a l k a n o l a m i d e s   a r e   t h e   a l k y l   d i e t h a n o l a m i d e s   and  a l k y l  

d i p r o p a n o l   a m i d e s   w h e r e   t he   a l k y l   g r o u p   is  d e r i v e d   f r o m  

a  C8-C54   d i c a r b o x y l i c   a c i d .  

The  a d v a n t a g e o u s   p r o p e r t i e s   c o n t r i b u t e d   to  t h e  

h y d r a u l i c   f l u i d   by  t h e   a l k y l d i a l k a n o l a m i d e   c o m p o n e n t   of  t h e  

h y d r a u l i c   f l u i d   of  t h e   i n v e n t i o n   a r e   r e s i s t a n c e   to  p r e c i p i -  

t a t i o n   in  t he   p r e s e n c e   of  h a r d   w a t e r ,   t h a t   i s ,   in  t h e  

p r e s e n c e   of  l a r g e   a m o u n t s   of  c a l c i u m   and  m a g n e s i u m   i o n s   i n  

t he   w a t e r   u t i l i z e d   to   p r e p a r e   t h e   h y d r a u l i c   f l u i d   of  t h e  

i n v e n t i o n .   In  a d d i t i o n ,   t h e  a l k y l d i a l k a n o l a m i d e s   c o n t r i b u t e  

to  t h e   a n t i w e a r   and  e x t r e m e   p r e s s u r e   p e r f o r m a n c e   of  t h e  

c o m p o s i t i o n   as  w e l l   as  to  t h e   m e t a l   c o r r o s i o n   r e s i s t a n c e  

w h i c h   is  d e s i r a b l e   in  s u c h   f l u i d s n   The  a l k y l d i a l k a n o l a m i d e s  

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

a l k a l i n e   c o n d i t i o n s   and  show  l i t t l e   t e n d e n c y   to  h y d r o l y z e   o r  

d e c o m p o s e   on  s t o r a g e .  

The  h y d r a u l i c   f l u i d s   of  t h e   i n v e n t i o n   may  c o n s i s t  

of  a b o u t   25  p e r c e n t   to  a b o u t   99  p e r c e n t   w a t e r   and  a b o u t   7 5  

p e r c e n t   to  a b o u t   1  p e r c e n t   c o n c e n t r a t e .   T h e s e   c o n c e n t r a t e s  

may  c o m p r i s e   w a t e r ,   t he   v i s c o s i t y   i n c r e a s i n g   c o m p o u n d   a n d  

t h i c k e n e r   p o s s i b l y   in  c o m b i n a t i o n   w i t h   a  l o w e r   a l c o h o l ,   t h e  

w a t e r - s o l u b l e   e s t e r s   of  e t h o x y l a t e d   a l i p h a t i c   a c i d   a n d / o r  

e t h o x y l a t e d   a l c o h o l   e t h e r s   a n d / o r   s u l f u r   c o n t a i n i n g  

c o m p o u n d ;   a n d / o r   p h o s p h a t e   e s t e r ,   a n d / o r   a l k y l d i a l k a n o l a m i d e  

a n d ,   in  a d d i t i o n ,   can  c o n t a i n   d e f o a m e r s ,   c o r r o s i o n  

i n h i b i t o r s   and  m e t a l   d e a c t i v a t o r s   or  c h e l a t i n g   a g e n t s .  

P r e f e r a b l y ,   t h e   f i n a l   f l u i d s   c o n s i s t   of  a b o u t   50  p e r c e n t   t o  



99  p e r c e n t   w a t e r   and  a b o u t   50  p e r c e n t   to  a b o u t   1  p e r c e n t  

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

t e m p e r a t u r e .   G e n e r a l l y ,   d i s t i l l e d   or   d e - i o n i z e d   w a t e r   i s  

u s e d   f o r   w a t e r - g l y c o l   f l u i d s   and  t ap   w a t e r   is  u s e d   f o r   h i g h  

w a t e r   f l u i d s .  

The  a m o u n t   of   s u l f u r - c o n t a i n i n g   c o m p o u n d   i n ' t h e  

h y d r a u l i c   f l u i d   c o n c e n t r a t e   of  t h e   i n v e n t i o n   (when  a  

c o n c e n t r a t e   is   u s e d )   i s   g e n e r a l l y   a b o u t   0  to  10  p e r c e n t   b y  

w e i g h t .   The  c o n c e n t r a t i o n   of  the   p h o s p h a t e   e s t e r   in  t h e  

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

a b o u t   0  to  7 .0   p e r c e n t   by  w e i g h t   of  t he   c o n c e n t r a t e .   T h e  

c o n c e n t r a t i o n   of  t h e   w a t e r - s o l u b l e   e s t e r   of  t he   e t h o x y l a t e d  

a l i p a h t i c   a c i d   a n d / o r   e t h o x y l a t e d   a l c o h o l   e t h e r   in  t h e   ;  

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

a b o u t   0  p e r c e n t   to  a b o u t   7 .0   p e r c e n t   by  w e i g h t .   The  m i n i m u m  

a m o u n t   of  any  of  t h e   a b o v e   c o m p o n e n t s   when  i n c o r p o r a t e d   i n  

the   c o n c e n t r a t e   is   1 .0   p e r c e n t .   P r e f e r a b l y ,   t h e   p r o p o r t i o n  

by  w e i g h t   of  e a c h   of   t h e s e   t h r e e   c o m p o n e n t s   is  1 .0   to  5 . 0  

p e r c e n t   in  a  h i g h   w a t e r   f l u i d   c o n c e n t r a t e .   They  g e n e r a l l y  

a r e   n o t   p r e s e n t   in  a  w a t e r - g l y c o l   f l u i d .  

The  p e r c e n t   by  w e i g h t   a l k a n o l a m i d e   in  t he   c o n c e n -  

t r a t e   i s  a b o u t   1  to  7,  p r e f e r a b l y   a b o u t   1  to  5  b a s e d   u p o n  

the   t o t a l   w e i g h t   of  t he   c o n c e n t r a t e .  

The  m e t a l   d e a c t i v a t o r s   and  c o r r o s i o n   i n h i b i t o r s  

w h i c h   can  be  a d d e d   e i t h e r   to  t he   c o n c e n t r a t e   or  to  t h e  

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

t i o n   a r e   as  f o l l o w s :  



L i q u i d - v a p o r   c o r r o s i o n   i n h i b i t o r s   may  be  e m p l o y e d  

and  can   be  any  of  t h e   a l k a l i   m e t a l   n i t r i t e s ,   n i t r a t e s   a n d  

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

can   be  u s e d   i n d i v i d u a l l y   or   in  c o m b i n a t i o n s .   R e p r e s e n t a t i v e  

e x a m p l e s   o f   t h e   p r e f e r r e d   a l k a l i   m e t a l   n i t r a t e s   a n d  

b e n z o a t e s   w h i c h   a r e   u s e f u l   a r e   as  f o l l o w s :   s o d i u m   n i t r a t e ,  

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

n i t r a t e ,   s t r o n t i u m   n i t r a t e ,   s o d i u m   b e n z o a t e ,   p o t a s s i u m  

b e n z o a t e ,   c a l c i u m   b e n z o a t e ,  b a r i u m   b e n z o a t e ,  . l i t h i u m  

b e n z o a t e   and  s t r o n t i u m   b e n z o a t e .  

R e p r e s e n t a t i v e   a m i n e - t y p e   c o r r o s i o n   i n h i b i t o r s   a r e  
;  

as  f o l l o w s :   b u t y l a m i n e ,   p r o p y l a m i n e ,   n - o c t y l a m i n e ,   h e x y l -  

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

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

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

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

p y r i d i n e ,   4 - m e t h y l   p y r i d i n e ,   p i p e r a z i n e ,   d i m e t h y l  

m o r p h o l i n e ,   @-  and  γ - p i c o l i n e ,   i s o p r o p y l a m i n o e t h a n o l   and  2 -  

a m i n o - 2 - m e t h y l p r o p a n o l .   T h e s e   a m i n e s   a l s o   f u n c t i o n   t o  

n e u t r a l i z e   t h e   f r e e   a c i d   fo rm  of  t he   p h o s p h a t e   e s t e r  

c o n v e r t i n g   i e  t o   t h e   s a l t   f o r m .  

I m i d a z o l i n e s   can  be  u s e d   f o r   t h e i r   known  c o r r o s i o n  

i n h i b i t i n g   p r o p e r t i e s   w i t h   r e s p e c t   to  c a s t   i r o n   and  s t e e l .  

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

h a v i n g   t h e   f o r m u l a :  



w h e r e i n   R4  is   h y d r o g e n   or   a  m o n o v a l e n t   r a d i c a l   s e l e c t e d   f r o m  

the   g r o u p   c o n s i s t i n g   of  a l k y l   of  1  to  18  c a r b o n   a t o m s ,  

a l k y l e n e   of  1  to  18  c a r b o n   a t o m s ,   a r y l ,   and  a l k y l a r y l   h a v i n g  

1  to  18  c a r b o n   a t o m s   in  t h e   a l k y l   p o r t i o n ,   w h e r e i n   R3  is  a  

d i v a l e n t   r a d i c a l   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  a l k y l  

and  a l k o x y   h a v i n g   2  to  18  c a r b o n   a t o m s   w h e r e   t he   a l k o x y   i s  

d e r i v e d   f rom  a l k y l e n e   o x i d e s   s e l e c t e d   f rom  t he   g r o u p  

c o n s i s t i n g   of  e t h y l e n e   o x i d e ,   p r o p y l e n e ' o x i d e ,   b u t y l e n e  

o x i d e ,   t e t r a h y d r o f u r a n   and  m i x t u r e s   t h e r e o f   and  w h e r e i n   M  i s  

an  a l k a l i   m e t a l .  

I t   is  a l s o   c o n t e m p l a t e d   to  add  o t h e r   k n o w n  

c o r r o s i o n   i n h i b i t o r s .   B e s i d e s   t he   a m i n e s ,   a l k a l i   m e t a l  

n i t r a t e s ,   b e n z o a t e s   and  n i t r i t e s   l i s t e d   a b o v e ,   t h e   a l k o x y -  

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

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

h y d r a u l i c   t l u i d   c o n c e n t r a t e s   in  t o t a l   a m o u n t   of  a b o u t   2  t o  

25  p e r c e n t   by  w e i g h t ,   p r e f e r a b l y   a b o u t   5  to  15  p e r c e n t   b y  

w e i g h t .   More  s p e c i f i c a l l y ,   i t   is  p r e f e r r e d   to  e m p l o y   one  o r  

more   of  the   f o l l o w i n g   as  c o r r o s i o n   i n h i b i t o r :   b e n z o a t e s   o r  

b e n z o i c   a c i d   in  a m o u n t   of  a b o u t   1  to  5  p e r c e n t ,   a m i n e s   i n  

a m o u n t   of  a b o u t   2  to  10  p e r c e n t ,   and  i m i d a z o l i n e s   in  a m o u n t  

of  a b o u t   2  to  10  p e r c e n t   a l l   by  w e i g h t   of  the   t o t a l   a m o u n t  

of  c o n c e n t r a t e .  



M e t a l   d e a c t i v a t o r s  m a y   be  u s e d   p r i m a r i l y   t o  

c h e l a t e   c o p p e r   and  c o p p e r   a l l o y s .   Such  m a t e r i a l s   a r e   w e l l  

known  in  t he   a r t   and  i n d i v i d u a l   c o m p o u n d s   can   be  s e l e c t e d  

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

s u c h   as  t h e   v a r i o u s   t r i a z o l e s   and  t h i a z o l e s   as  w e l l   as  t h e  

a m i n e   d e r i v a t i v e s   of  s a l i c y l i d e n e s .   R e p r e s e n t a t i v e   s p e c i f i c  

e x a m p l e s   of   t h e s e   m e t a l   d e a c t i v a t o r s   a r e   as  f o l l o w s :  

b e n z o t r i a z o l e ,   t o l y l t r i a z o l e ,   2 - m e r c a p t o b e n z o t h i a z o l e ,  

s o d i u m   2 - m e r c a p t o b e n z o t h i a z o l e ,   and  N , N ' - d i s a l i c y l i d e n e - 1 , 2 -  

p r o p a n e d i a m i n e .   The  c o n c e n t r a t i o n   of  m e t a l   d e a c t i v a t o r   t o  

w a t e r   in  t h e   h y d r a u l i c   f l u i d   c o n c e n t r a t e s   of  t he   i n v e n t i o n  

is   g e n e r a l l y   a b o u t   2  to  10  p e r c e n t   by  w e i g h t   and  p r e f e r a b l y  

a b o u t   3  to  5  p e r c e n t   by  w e i g h t .  

C o n v e n t i o n a l   d e f o a m e r s   s u c h   as  t h e   w e l l   k n o w n  

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

s u c h   as  t h e   p o l y o x y a l k y l e n e   t y p e   n o n i o n i c   s u r f a c t a n t s ,   m a y  

a l s o   be  e m p l o y e d   in  n o r m a l   a m o u n t s .   P r e f e r r e d   a m o u n t s   a r e  

a b o u t   0 .5   to  5 .0   p e r c e n t   by  w e i g h t   of  t he   t o t a l   a m o u n t   o f  

c o n c e n t r a t e .  

Lower   a l c o h o l s ,   i . e . ,   t h o s e   w i t h   a b o u t   2  to  1 0  

c a r b o n   a t o m s ,   f o r   e x a m p l e ,   m e t h a n o l , e t h a n o l ,   p r o p a n o l ,  

e t h y l e n e   g l y c o l ,   p r o p y l e n e   g l y c o l ,   d i e t h y l e n e   g l y c o l ,  

t r i e t h y l e n e   g l y c o l   and  g l y c e r o l ,   may  a l s o   be  e m p l o y e d   i n  

n o r m a l   a m o u n t s .   E t h y l e n e   g l y c o l   and  p r o p y l e n e   g l y c o l   a r e  

p r e f e r r e d .   P r e f e r r e d   a m o u n t s   of  l o w e r   a l c o h o l s   w h e n  

e m p l o y e d   a r e   a b o u t   5  to  80  p e r c e n t   by  w e i g h t   of  t h e   c o n c e n -  

t r a t e .   Where   l a r g e   a m o u n t s   of  l o w e r   a l c o h o l s   a r e   u s e d ,   s u c h  



as  in  s o - c a l l e d   w a t e r - g l y c o l   f l u i d s ,   t he   f l u i d   is   n o t  

n o r m a l l y   s o l d   as  a  c o n c e n t r a t e   b u t   is   s o l d   as  a  r e a d y - t o - u s e  

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

h y d r a u l i c   f l u i d   a d d i t i v e s   and  p o s s i b l y   some  i m p u r i t i e s   i n  

n o r m a l   m i n i m a l   a m o u n t s .  

The  p h o s p h a t e   e s t e r s   and  e s t e r s   of  e t h o x y l a t e d  

a l i p h a t i c   a c i d s   and  a l c o h o l s   a r e   w a t e r - s o l u b l e   in  t he   s e n s e  

t h a t   no  s p e c i a l   m e t h o d   is   r e q u i r e d   to   d i s p e r s e   t h e s e  

m a t e r i a l s   in  w a t e r   and  k e e p   them  in  s u s p e n s i o n   o v e r   l o n g  

p e r i o d s   of  t i m e .   As  a  means   of  r e d u c i n g   c o r r o s i o n ,   t h e   pH 

of  t he   w a t e r   in  t he   f l u i d s   of  t h e   i n v e n t i o n   is  m a i n t a i n e d  

a b o v e   7 . 0 ,   p r e f e r a b l y   7 .0   to  a b o u t  1 1 . 0 ,   and  m o s t   p r e f e r a b l y .  

9  to  a b o u t   1 0 . 5 .   P r e f e r a b l y ,   pH  of  t he   f l u i d   c o n c e n t r a t e s  

i s   a d j u s t e d   w i t h   an  a l k a l i   m e t a l   or   a l k a l i n e   e a r t h   m e t a l  

h y d r o x i d e ,   or   c a r b o n a t e ,   ammon ia   or  an  a m i n e .   Where   t h e s e  

a r e   e m p l o y e d ,   b e n z o i c   a c i d   may  be  e m p l o y e d   in  l i e u   of  a l k a l i  

m e t a l   b e n z o a t e s .   The  s u l f u r i z e d   m o l y b d e n u m   or   a n t i m o n y  

c o m p o u n d s   on  t h e   o t h e r   hand   a r e   i n s o l u b l e   in  w a t e r   a n d  

r e q u i r e   e m u l s i f i c a t i o n   p r i o r   to  u s e ,   f o r   i n s t a n c e ,   w i t h  

a n i o n i c   or   n o n i o n i c   s u r f a c t a n t s .   U s e f u l   r e p r e s e n t a t i v e  

a n i o n i c   o r  n o n i o n i c   s u r f a c t a n t s   a r e :   s o d i u m   p e t r o l e u m  

s u l f o n a t e ,   i . e . ,   s o d i u m   d o d e c y l b e n z e n e   s u l f o n a t e ;   p o l y o x y -  

e t h y l a t e d   f a t t y   a l c o h o l   or   f a t t y   a c i d   and  p o l y o x y e t h y l a t e d  

a l k y l   p h e n o l .  

The  c o n c e n t r a t e s   of  t he   h y d r a u l i c   f l u i d s   of  t h i s  

i n v e n t i o n   can  be  made  up  c o m p l e t e l y   f r e e   of  w a t e r   or  c o n t a i n  

any  d e s i r e d   a m o u n t   of  w a t e r   bu t   p r e f e r a b l y   c o n t a i n   up  to  85  



p e r c e n t   by  w e i g h t   of   w a t e r   to  i n c r e a s e   f l u i d i t y   and  p r o v i d e  

e a s e   of   b l e n d i n g   a t   t h e   p o i n t   of  u s e .   As  p o i n t e d   o u t   a b o v e ,  

t h e s e   c o n c e n t r a t e s   a r e   t y p i c a l l y   d i l u t e d   w i t h   w a t e r   in   t h e  

p r o p o r t i o n   o f  1 : 9 9   to  7 5 : 2 5   to  make  up  t he   f i n a l   h y d r a u l i c .  

f l u i d .  

The  p r e f e r r e d   f i n a l   h y d r a u l i c   f l u i d   of   t h e  

i n v e n t i o n   may  i n c l u d e   25  to  99  p e r c e n t   by  w e i g h t   w a t e r   a n d  

by  w e i g h t   one  or   more  of  t h e   f o l l o w i n g   c o n v e n t i o n a l  

a d d i t i v e s :  

a b o u t   0 . 0 1   to  3 .0   p e r c e n t   w a t e r   s o l u b l e   e s t e r   o f  

e x o t h y l a t e d   a l i p h a t i c   a c i d   a n d / o r   e t h o x y l a t e d   a l c o h o l   e t h e r ,  

a b o u t   0 . 0 1   to  2 .0   p e r c e n t   s u l f u r - c o n t a i n i n g   c o m p o u n d ,   a b d u t  

0 . 0 1   to  3 .0   p e r c e n t   e t h o x y l a t e d   p h o s p h a t e   e s t e r ,   or   s a l t  

t h e r e o f ,   a b o u t   0 . 0 1   to   3  p e r c e n t   a l k a n o l a m i d e ,   a b o u t   0 . 0 5   t o  

10  p e r c e n t   c o r r o s i o n   i n h i b i t o r s ,   and  m o s t   p r e f e r a b l y   one  o r  

more   of   t he   f o l l o w i n g   t h r e e  c o r r o s i o n   i n h i b i t o r s   in  a m o u n t  

of   a b o u t   0 . 0 1   to  2  p e r c e n t   b e n z o i c   a c i d . a n d / o r   b e n z o a t e s ,  

a b o u t   0 . 0 2   to  3  p e r c e n t   a m i n e   t y p e   c o r r o s i o n   i n h i b i t o r s   a n d  

a b o u t   0 . 0 2   to  2  p e r c e n t   e t h o x y l a t e d   i m i d a z o l i n e ;   a b o u t   0 . 0 2  

to  5  p e r c e n t   m e t a l   d e a c t i v a t o r s ,   a b o u t   0 . 0 1   to  2 .0   p e r c e n t  

d e f o a m e r s   and  a b o u t   1  to  50  p e r c e n t   l o w e r   a l c o h o l ,   p l u s  

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

n o r m a l   a m o u n t s .  

The  f o l l o w i n g   e x a m p l e s   more  f u l l y   d e s c r i b e   t h e  

h y d r a u l i c   f l u i d s   of  t he   i n v e n t i o n   and  show  the   u n e x p e c t e d  

r e s u l t s   o b t a i n e d   by  t h e i r   u s e .  



T h i c k e n e r   #1  is   a  b r a n c h e d   h e t e r i c   c o p o l y m e r   o f  

e t h y l e n e   o x i d e ,   and  1 , 2 - p r o p y l e n e   o x i d e   h a v i n g   a  m o l e c u l a r  

w e i g h t   of  i 6 , 0 0 0   u s i n g  t r i m e t h y l o l p r o p a n e   as  an  i n i t i a t o r  

and  c o n t a i n i n g   85  p e r c e n t   o x y e t h y l e n e   u n i t s ,   and  15  p e r c e n t  

o x y p r o p y l e n e   u n i t s .   T h i s   b a s i c   h e t e r i c   c o p o l y m e r   is   f u r t h e r  

r e a c t e d   w i t h   a  m i x t u r e   of  a l p h a   o l e f i n   e p o x i d e s   h a v i n g   15  t o  

18  c a r b o n   a t o m s .  

T h i c k e n e r   #2  i s   a  b r a n c h e d   h e t e r i c   c o p o l y m e r   o f  

e t h y l e n e   o x i d e   and  1 , 2 - p r o p y l e n e   o x i d e   u s i n g   t r i m e t h y l o l  

p r o p a n e   as  an  i n i t i a t o r   and  c o n t a i n i n g   85  p e r c e n t   o x y -  

e t h y l e n e   u n i t s ,   and  15  p e r c e n t   o x y p r o p y l e n e   u n i t s .   T h i s  

b a s i c   h e t e r i c   c o p o l y m e r   i s   f u r t h e r   r e a c t e d   w i t h   a  m i x t u r e   o 6  

a l p h a - o l e f i n   e p o x i d e s   h a v i n g   15  to  18  c a r b o n   a t o m s .   T h e  

t o t a l   m o l e c u l a r   w e i g h t   is  a p p r o x i m a t e l y   1 7 , 0 0 0 .  

T h i c k e n e r   #3  is  a  b r a n c h e d   h e t e r i c   c o p o l y m e r   o f  

e t h y l e n e   o x i d e   and  1 , 2 - p r o p y l e n e   o x i d e   u s i n g   t r i m e t h y l o l  

p r o p a n e   as  an  i n i t i a t o r   and  c o n t a i n i n g   a p p r o x i m a t e l y   8 5  

p e r c e n t   o x y e t h y l e n e   u n i t s ,   and  a p p r o x i m a t e l y   15  p e r c e n t  

o x y p r o p y l e n e   u n i t s .   T h i s   b a s i c   h e t e r i c   c o p o l y m e r   is   f u r t h e r  

r e a c t e d   w i t h   a  m i x t u r e   of  a l p h a   o l e f i n   e p o x i d e s   h a v i n g   15  t o  

18  c a r b o n  a t o m s .   The  m o l e c u l a r   w e i g h t   is  a p p r o x i m a t e l y  

1 5 , 0 0 0 .  

The  e x a m p l e s   a r e   i n t e n d e d   f o r   t he   p u r p o s e   o f  

i l l u s t r a t i o n .   T h r o u g h o u t   the   a p p l i c a t i o n ,   a l l   p a r t s ,  

p r o p o r t i o n s ,   and  p e r c e n t a g e s   a r e   by  w e i g h t   and  a l l   t e m p e r a -  

t u r e s   a r e   in  d e g r e e s   c e n t i g r a d e   u n l e s s   o t h e r w i s e   n o t e d .  



E x a m p l e s   1  and  2 

A  h y d r a u l i c   f l u i d   i n h i b i t o r   c o n c e n t r a t e   w a s  

p r e p a r e d   by  b l e n d i n g   30  p a r t s   by  w e i g h t   m o r p h o l i n e   and  8 

p a r t s   by  w e i g h t   of   a  50  p e r c e n t   by  w e i g h t   a q u e o u s   s o l u t i o n  

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

From  t h e   c o n c e n t r a t e   two  s t o c k   s o l u t i o n s   of   t h e  

c o m p o s i t i o n   of  T a b l e   I  b e l o w   w e r e   p r e p a r e d :  

As  can   be  s e e n   f r o m   T a b l e   I ,   t h e   a d d i t i o n   of  j u s t  

1  p e r c e n t   l a u r i c   a c i d   i n c r e a s e d   t he   v i s c o s i t y   of  t h e  

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

E x a m o l e s   3 - 8  

E i g h t   h y d r a u l i c   f l u i d s   were   p r e p a r e d   by  f i r s t  

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

in  T a b l e   I I   b e l o w :  



From  t he   b a s e   f l u i d   of  T a b l e   I I   a b o v e ,   t h e  

h y d r a u l i c   f l u i d s   of  E x a m p l e s   3  to  8  were   p r e p a r e d   b y  

b l e n d i n g   the   c o m p o n e n t s   in  t h e   a m o u n t   s e t   f o r t h   in  T a b l e   I I I  

b e l o w .   The  v i s c o s i t i e s   of  t he   f l u i d s   we re   d e t e r m i n e d   a t  
;  

100°F   and  a r e   s e t   f o r t h   in  T a b l e   I I I   b e l o w :  

E x a m p l e s   9 - 1 6  

E i g h t   h y d r a u l i c   f l u i d s   we re   p r e p a r e d   by  b l e n d i n g  

t h e   f o l l o w i n g   c o m p o n e n t s   in  t he   a m o u n t s   s e t   f o r t h   i n  

T a b l e   IV  b e l o w .   The  v i s c o s i t i e s   of  t he   f l u i d s   w e r e  

d e t e r m i n e d   a t   100°F   and  a r e   s e t   f o r t h   in  T a b l e   IV  b e l o w :  





T h e s e   e x a m p l e s   d e m o n s t r a t e   t h a t   1)  in  a  w a t e r -  

g l y c o l   f o r m u l a t i o n ,   the   g r e a t e s t   e f f e c t   is  s e e n   w i t h  a c i d  

and  w i t h o u t , a m i n e s ;   2)  in  a  h i g h - w a t e r   f l u i d ,   t h e   g r e a t e s t  

e f f e c t   is   s e e n   in  t he   p r e s e n c e   of  b o t h   a m i n e s   and  a c i d .  

E x a m p l e s   1 7 - 2 2  

E i g h t   h y d r a u l i c   f l u i d s   we re   p r e p a r e d   by  f i r s t  

b l e n d i n g   t he   f o l l o w i n g   c o m p o n e n t s   in  t he   a m o u n t s   s e t   f o r t h  

in  T a b l e   V  b e l o w :  

From  t h e   b a s e   f l u i d   of  T a b l e   V  a b o v e ,   t h e  

h y d r a u l i c   f l u i d s   of  E x a m p l e s   17  to  22  were   p r e p a r e d   b y  

b l e n d i n g   t he   c o m p o n e n t s   in  t h e  a m o u n t s  s e t   f o r t h   in  T a b l e   V I  

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

a r e   s e t   f o r t h   in  T a b l e   VI  b e l o w :  



E x a m p l e s   2 3 - 2 6  

F o u r   h y d r a u l i c   f l u i d s   w e r e   p r e p a r e d   by  f i r s t  

b l e n d i n g   800  p a r t s   by  w e i g h t   of  b a s e   f l u i d   f r o m   T a b l e   V 

a b o v e   w i t h   4  p a r t s   by  w e i g h t   a d d i t i o n a l   t h i c k e n e r   # 2 ,  

c r e a t i n g   a  new  b a s e   f l u i d   t h a t   i s   0 .5   p e r c e n t   r i c h e r   i n  

t h i c k e n e r   c o n c e n t r a t i o n .   From  t h i s   b a s e   f l u i d ,   t h e .  

h y d r a u l i c   f l u i d s   of  E x a m p l e s   23  to  26  we re   p r e p a r e d   b y  

b l e n d i n g   t h e   c o m p o n e n t s   in  t he   a m o u n t s   s e t   f o r t h   in  T a b l e  

VII   b e l o w .   The  v i s c o s i t i e s   of  t he   f l u i d s   were   d e t e r m i n e d  

and  a r e   s e t   f o r t h   in  T a b l e   VI I   b e l o w :  



T h e s e   e x a m p l e s   show  t h a t :   1)  s m a l l   i n c r e a s e s   i n  

t he   c o n c e n t r a t i o n   of  t he   t h i c k e n e r   p r o d u c e   a  l a r g e   i n c r e a s e  

in  v i s c o s i t y   in  t he   p r e s e n c e   of  t he   o r g a n i c   a c i d   ( c o m p a r e  

E x a m p l e s   2 3 - 2 6   to  E x a m p l e s   1 7 - 1 9   and  2 2 ) ;   2)  t h e   s t r a i g h t  

c h a i n   a c i d s   show  t h e   e f f e c t   more  s t r o n g l y   b u t   b r a n c h e d   a c i d s  

a l s o   show  t h i s   e f f e c t .  



The  e m b o d i m e n t s   of   t h e   i n v e n t i o n   in  w h i c h   a n  

e x c l u s i v e   p r i v i l e g e   or   p r o p e r t y   is  c l a i m e d   a r e   d e f i n e d   a s  

f o l l o w s :  

1.  A  t h i c k e n e d   h y d r a u l i c   f l u i d   c o m p o s i t i o n  

c h a r a c t e r i z e d   by  i m p r o v e d   v i s c o s i t y   c o m p r i s i n g   w a t e r ,   a  

c a r b o x y l i c   a c i d   h a v i n g   a b o u t   5  to  20  c a r b o n   a t o m s ,   a  

t h i c k e n e r   w h i c h   is  a  p o l y e t h e r   p o l y o l   h a v i n g   a  m o l e c u l a r  

w e i g h t   of  a b o u t  1 0 0 0   to  a b o u t   4 0 , 0 0 0   p r e p a r e d   by  r e a c t i n g  

e t h y l e n e   o x i d e   or   e t h y l e n e   o x i d e   and  a t   l e a s t   one  l o w e r  

a l k y l e n e   o x i d e   h a v i n g   3  to  4  c a r b o n   a t j m s   w i t h   a t   l e a s t   o n e  

a c t i v e   h y d r o g e n - c o n t a i n i n g   c o m p o u n d   and  a t   l e a s t   one  a l p h a -  

o l e f i n   o x i d e   or   a l c o h o l   o r   g l y c i d y l   e t h e r   h a v i n g   a  c a r b o n   j  

c h a i n   l e n g t h   o f  a b o u t   10  to  a b o u t   24  a l i p h a t i c   c a r b o n   a t o m s  

w h e r e i n   s a i d   a l p h a - o l e f i n   o x i d e   o r   a l c o h o l   or   g l y c i d y l   e t h e r  

is   p r e s e n t   in  t h e   a m o u n t   of  1  to  a b o u t   20  p e r c e n t   by  w e i g h t  

b a s e d   upon  t h e   t o t a l   w e i g h t  o f   s a i d   t h i c k e n e r ,   and  c o n v e n -  

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

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

f l u i d   is  a  c o n c e n t r a t e   in  w h i c h   t h e   a m o u n t   of  c a r b o x y l i c  

a c i d   is   a t   l e a s t   a b o u t   0 .5   p e r c e n t   by  w e i g h t   of   t he   c o n c e n -  

t r a t e   and  t h e   a m o u n t   of  s a i d   t h i c k e n e r   i s   a b o u t   10  to  60  

p e r c e n t   by  w e i g h t   of  t he   c o n c e n t r a t e .  

3.  The  c o n c e n t r a t e   of  c l a i m   2  w h e r e i n   s a i d  

c a r b o x y l i c   a c i d   is   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

l a u r i c   a c i d ,   c a p r i c   a c i d ,   s t e a r i c   a c i d ,   p a l m i t i c   a c i d ,   o l e i c  

a c i d ,   s e b a c i c   a c i d ,   4 - o c t y l b e n z o i c   a c i d ,   and  a d d u c t s   o f  

o r g a n i c   a c i d s .  



4.  The  c o n c e n t r a t e   of  c l a i m   3  w h e r e i n   s a i d  

c a r b o x y l i c   a c i d   is  l a u r i c   a c i d .  

5 .   The  c o n c e n t r a t e   of  c l a i m   3  w h e r e i n   s a i d  

c a r b o x y l i c   a c i d   is  c a p r i c   a c i d .  

6.  The  c o n c e n t r a t e   of  c l a i m   3  w h e r e i n   s a i d  

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

7.  The  c o n c e n t r a t e   of  c l a i m   3  w h e r e i n   s a i d  

c a r b o x y l i c   a c i d   is   p a l m i t i c   a c i d .  

8.  The  c o n c e n t r a t e   of   c l a i m   2  w h e r e i n   s a i d  

c o n c e n t r a t e   i n c l u d e s   a t   l e a s t   one  a d d i t i v e   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   o f  

p h o s p h a t e   e s t e r s   or   s a l t s   t h e r e o f   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   o f  

and  m i x t u r e s   t h e r e o f   w h e r e i n   e t h y l e n e   o x i d e   g r o u p s   a r e  

r e p r e s e n t e d   by  EO;  R  is  s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g  

of   l i n e a r   o r  b r a n c h e d   c h a i n   a l k y l   g r o u p s   w h e r e i n   s a i d   a l k y l  

g r o u p s   have   a b o u t   6  to  30  c a r b o n   a t o m s ,   p r e f e r a b l y   a b o u t   8 

to  20  c a r b o n   a t o m s ,   or   a l k y l a r y l   g r o u p s   w h e r e i n   t h e   a l k y l  

g r o u p s   have   a b o u t   6  to  30  c a r b o n   a t o m s ,   p r e f e r a b l y   a b o u t   8 

to  18  c a r b o n   a t o m s ,   and  X  is  s e l e c t e d   f rom  t h e   g r o u p  

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

r e s i d u e   of  ammon ia   or   an  a m i n e   and  m i x t u r e s   t h e r e o f ,   and  n  

is  a  n u m b e r   f rom  1  to  5 0 ;  



an  a l k y l d i a l k a n o l a m i d e   of  t he   f o r m u l a  

w h e r e i n   R1  is   a l k y l   of  a b o u t   4  to  a b o u t   54  c a r b o n   a t o m s   a n d  

R2  i s   a l k y l   of  a b o u t   2  to   a b o u t   6  c a r b o n   a t o m s ,  

a  m e t a l   d e a c t i v a t o r ;  

a  c o r r o s i o n   i n h i b i t o r ;  

a  d e f o a m e r ;  

w a t e r - s o l u b l e   e t h e r s   o r   e s t e r s   of  e t h o x y l a t e d  

C8-C36   a l i p h a t i c   m o n o h y d r i c   o r   p o l y h y d r i c   a l c o h o l s   o r  

a c i d s ,  

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

c o n s i s t i n g   of  t he   a m m o n i a ,   a m i n e   or   m e t a l   s a l t s   of   2 -  

m e r c a p t o b e n z o t h i a z o l e   or   5 - ,   6-  and  7 - s u b s t i t u t e d   2 - m e r c a p t -  

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

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

w h e r e i n   M  is   m o l y b d e n u m   or   a n t i m o n y   and  R  is  o r g a n i c   and  i s  

s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  C3-C20  a l k y l ,   a r y l ,  

a l k y l a r y l   r a d i c a l s   and  m i x t u r e s   t h e r e o f ,   a n d  

l o w e r   a l c o h o l .  
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