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0   Thickened-water  based  hydraulic  fluids. 

@  This  invention  relates  to  thickened  high-viscosity  water 
based  hydraulic  fluids.  Such  fluids  are  prepared  by  blending 
water,  organic  thickener  and  conventional  hydraulic  fluid 
additives.  Organic  thickeners  tend  to  lose  their  thickening 
effect  with  time,  and  particularly  when  subjected  to  oxidizing 
agents,  heat,  prolonged  use  in  a  pump,  etc.  In  accordance? 
with  the  instant  invention,  preservation  of  the  thickener, 
particularly  with  respect  to.  viscosity  loss,  is  achieved  by 
blending  with  the  final  fluid  a  fluid  concentrate,  or  the 

@̂1  thickener  itself,  a  compound  selected  from  the  group 
^   consisting  of  ethylene  glycol,  propylene  glycol,  propylene 

glycol  polymers  and  copolymers  containing  at  least  50 
r*°  percent  by  weight  of  oxypropylene  groups,  a  dimercap- 
G)  tothiadiazole,  neodecanoic  acid,  a  hindered  phenol  antiox- 
00*  idantand  mixtures  thereof. 
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This invention  relates  to  thickened  high-viscosity  water 
based  hydraulic  fluids.  Such  fluids  are  prepared  by  blending 
water,  organic  thickener  and  conventional  hydraulic  fluid 
additives.  Organic  thickeners  tend  to  lose  their  thickening 
effect  with  time,  and  particularly  when  subjected  to  oxidizing 
agents,  heat,  prolonged  use  in  a  pump,  etc.  In  accordance 
with  the  instant  invention,  preservation  of  the  thickener. 
particularly  with  respect  to. viscosity  loss,  is  achieved  by 
blending  with  the  final  fluid  a  fluid  concentrate,  or  the 
thickener  itself,  a  compound  selected  from  the  group 
consisting  of  ethylene  glycol,  propylene  glycol,  propylene 
glycol  polymers  and  copolymers  containing  at  least  50 
percent  by  weight  of  oxypropylene  groups,  a  dimercap- 
tothiadiazole,  neodecanoic  acid,  a  hindered  phenol  antiox- 
idant  and  mixtures thereof. 



T h i s   i n v e n t i o n   r e l a t e s   to  v i s c o s i t y  s t a b i l i z a t i o n  

in  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 .  

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   power   is  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 he   fo rm  of  p r e s s u r e   by  means   of  a  h y d r a u l i c  

pump.  Power   i s   u t i l i z e d   w h e r e   d e s i r e d   b y  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 he   p o w e r   a s  

p r e s s u r e   back   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   is  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 he   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   has   b e e n   a  

h e a v y   e m p h a s i s   on  the   d e v e l o p m e n t   o f   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   and ,   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   has   been   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 s e  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   pumps ,   m o t o r s ,   e t c . )   and  in  p r e v e n t i n g   wear   of   t h e  



m a c h i n e r y   s i n c e   t h e   h y d r a u l i c   f l u i d   mus 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   as  a  h y d r a u l i c   f l u i d   in  t h a t   t he   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   o f   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 h e   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   use   of  s a i d   a d d i t i v e s .  

Over   t he   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   h a v e   been   d e v e l o p e d  i n  

o r d e r  t o   o v e r c o m e  o n e   of  the   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   o r   more  of  w a t e r  

has   r e s u l t e d   f rom  t h e   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   o f   c o n t a m i n a t e d   or   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 e t a l w o r k i n g   f l u i d s   of   t h e   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   n o 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 n a 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  

damage   in  some  t y p e s   of   pumps  and  v a l v e s   of   such   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   have   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 ,   i s   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   not   c r i t i c a l ,   such   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   such   a s - 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  

i s   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 h e   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  o f   h y d r a u l i c   pumps  in  s u c h   s y s t e m s   in  o r d e r  

t o   p r e v e n t   e x c e s s i v e -   wear   on  such   p a r t s .  

Many  p r i o r   a r t   f l u i d s ,   such   as  the   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   b e e n   t he   s o u r c e   of  f i r e .  

Where   t h e s e   f l u i d s   a re   used   to  c o n t r o l   such   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 r e   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   is  a  g r o w i n g   demand  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 re   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   i s  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   such   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   w h i c h   i n c l u d e s  e t h y l e n e   g l y c o l   a s  w e l l  a s  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 .   H o w e v e r ,   t h e r e  i s   no  d i s c l o s u r e   o f  

d i m e r c a p t o t h i a d i a z o l e .  

U .S .   3 , 9 0 9 , 4 4 8   and  2 , 8 0 3 , 1 4 0   d i s c l o s e   2 , 5 - d i -  

m e r c a p t o t h i a d i a z o l e   as   an  a n t i o x i d a n t   f o r   o r g a n i c  

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

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 .  o f   e t h y l e n e  

o x i d e s   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 .   In  c o m b i n a t i o n   t h e r e w i t h   i t   d i s c l o s e s   t he   use   o f  

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 .   H o w e v e r ,   t h e   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   e m p l o y e d   as  f r e e z i n g   p o i n t  

d e p r e s s a n t s   and  a r e   i n c l u d e d   in  a  l i s t   of  many  f r e e z i n g  

p o i n t   d e p r e s s a n t s .   The  p a t e n t   a l s o   d i s c l o s e s   t he   i n c l u s i o n  

of  t h i a z o l e s   and  s u b s t i t u t e d   t h i a z o l e   s a l t s   such   as  a l k a l i  

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

U .S .   2 , 7 5 1 , 3 5 6   d i s c l o s e s  a   h y d r a u l i c   p r e s s u r e  

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

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

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

t h i a z o l e .   T h e s e   l a t t e r   p r o d u c t s   a r e   p r o v i d e d   in  a  l i s t   o f  

d i l u e n t s   or   s o l v e n t s .  

F r o m - t h e   a b o v e   i t   can  be  s e e n   t h a t   i t   i s   w e l l  

known  in  t h e   a r t   t o   e m p l o y   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   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 .   H o w e v e r ,   such   t h i c k e n i n g   a g e n t s ,  

p a r t i c u l a r l y   when  h e a t e d ,   a r e   s u b j e c t e d   to  o x i d i z i n g  

c o n d i t i o n s   wh ich   r e s u l t   in  t he   l o s s   of  t h e   t h i c k e n i n g  

e f f e c t ,   i . e .   a  l o s s   of   v i s c o s i t y   in  the   h y d r a u l i c  f l u 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   h i g h - v i s c o s i t 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 .   Such  f l u i d s  a r e   p r e p a r e d   b y  

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 .   As  p r e v i o u s l y   s t a t e d ,   o r g a n i c   t h i c k e n e r s  

t e n d   to  l o s e   t h e i r   t h i c k e n i n g   e f f e c t   w i t h  t i m e ,   and  p a r t i c u -  

l a r l y   when  s u b j e c t e d   to  o x i d i z i n g   a g e n t s ,   h e a t ,   p r o l o n g e d  

use   in  a  p u m p ,   e t c .   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 ,   p r e s e r v a t i o n   of  t he   t h i c k e n e r ,   p a r t i c u l a r l y   w i t h  



r e s p e c t   to  v i s c o s i t y   l o s s ,   i s   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  compound   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  

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 ,   p r o p y l e n e   g l y c o l   p o l y m e r s  

and  c o p o l y m e r s   c o n t a i n i n g   at   l e a s t   50  p e r c e n t   by  w e i g h t   o f  

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

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

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 r o m   a b o u t   0  to  85  p e r c e n t  b y   w e i g h t  

of   w a t e r   w h i c h   is  a  m o s 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   a n d  

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   60  

to  99  p e r c e n t   by  w e i g h t   w a t e r .   The  above   c o m p o u n d s   w h i c h  

a r e   a d d e d   to  p r e s e r v e   t he   t h i c k e n e r   and  p a r t i c u l a r l y   t o  

r e d u c e   v i s c o s i t y   l o s s   may  be  a d d e d   to  t he   t h i c k e n e r ,   t h e  

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 .   W h e n  

a d d e d   to  t h e   t h i c k e n e r   i t s e l f ,   i t   h e l p s   p r e s e r v e   t h e  

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

i t s e l f   p r i o r   to  any  b l e n d i n g   of   t h e  t h i c k e n e r   w i t h   t h e   o t h e r  

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

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

a t   l e a s t  5 0   p e r c e n t   by  w e i g h t   o x y p r o p y l e n e   g r o u p s ,  a  

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

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

c o n c e n t r a t e .   In  a n o t h e r  p r e f e r r e d   e m b o d i m e n t   of   t h e  

i n v e n t i o n ,   a  compound   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  

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 ,   p r o p y l e n e   g l y c o l   p o l y m e r s  



and  c o p o l y m e r s   c o n t a i n i n g   50  p e r c e n t   by  w e i g h t   o x y p r o p y l e n e  

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

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

w i t h   t h e   t h i c k e n e r   p r i o r   t o  b l e n d i n g   t he   t h i c k e n e r   w i t h  

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

In  a c c o r d a n c e   w i t h   t h e - 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   may  be  of  t he   p o l y g l y c o l   t y p e .   Such  t h i c k e n e r s  

a re   w e l l   known  in  t he   a r t   and  a re   p o l y o x y a l k y l e n e   p o l y o l s ,  

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   2 , 0 0 0   to  4 0 , 0 0 0 ,   p r e p a r e d  

by  r e a c t i n g   an  a l k y l e n e  o x i d e   w i t h  a  l i n e a r   or   b r a n c h e d  

c h a i n   p o l y h y d r i c   a l c o h o l .  

P r e f e r r 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   u t i l i z e d  t o  

t h i c k e n   t h e   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   c a n   b e  

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   such   as  d e s c r i b e d   a b o v e  w i t h   a n  a l p h a -  

o l e f i n   e p o x i d e   o r  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  t o   2 2  

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 .   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  m a y   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  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  

c a n  b e  a n  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  h e t e r i c  o r   b l o c k  

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  at  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  t o   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   i s  

u sed   in  t h e   p r o p o r t i o n . o f   a t  l e a s t   a b o u t  6 0   p e r c e n t   b y  

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   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   b y  w e i g h t  

e t h y l e n e   o x i d e   i s   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   b y  

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 .  



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  u t i l i z 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   c o m p o u n d   h a v i n g   1 , 2 , 3   o r   m o r e  

a c t i v e   h y d r o g e n s   in  t h e   p r e s e n c e   o f   an  a c i d   o r   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  a n d   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  t h e   r a n g e   o f   a b o u t   50°C  to  1 5 0 ° C  

u n d e r   an  i n e r t   g a s   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  

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   o f   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  t o  

a b o u t   3 0 , 0 0 0   w i t h   s a i d   a l p h a - o l e f i n   e p o x i d e   so  as  to   p r o v i d e  

an  a l p h a - o l e f i n   e p o x i d e   cap  on  t h e - p o l y e t h e r   p o l y o l .   T h e  

a m o u n t   o f   a l p h a - o l e f i n   e p o x i d e   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   o f .  t h e   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   o f   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   o f   a  m i x t u r e  

o f   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   a n  a l p h a - o l e f i n  

e p a x i d e  h a v i n g   a b o u t   12  t o  1 8   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   o f   t he   p r e p a r a t i o n   o f  t h e  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  t h e  p r e p a r a t i o n  o f   t h e   h y d r a u l i c   f l u i d s   o f   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   o n  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,   1979,   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   10  to  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   t he   c o n c e n t r a t e ,   or  1  t o  

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

w i l l   p r o v i d e   t he   d e s i r e d   v i s c o s i t y .  

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

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

p r o p 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   p o l y m e r s   and  c o p o l y m e r s  

c o n t a i n i n g   a t   l e a s t   5 0  p e r c e n t  b y   w e i g h t   o x y p r o p y l e n e  

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

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

p r o t e c t i n g   the   p u r e   t h i c k e n e r  a r e   4 , 4 ' - ( 1 - m e t h y l e t h y l -  

i d e n e ) b i s p h e n o l   b e t t e r   known  as  B i s p h e n o l  A ,   3 , 5 - b i s ( 1 , 1 -  

d i m e t h y l e t h y l ) - 4 - h y d r o x y b e n z e n e   p r o p a n o i c  a c i d ,  

o c t a d e c y l e s t e r  s o l d   u n d e r  t h e   t r a d e m a r k   IRGANOX  1076 ,   b i s -  

2 , 6 - d i t e r t - b u t y l p h e n o l   d e r i v a t i v e   w i t h   a  m o l e c u l a r   w e i g h t   o f  

640  s o l d   u n d e r   t he   t r a d e m a r k   IRGANOX  L109 ,   t h i o d i e t h y l e n e  

b i s - ( 3 , 5 - d i - t e r t - b u t y l - 4 - h y d r o x y ) h y d r o c i n n a m a t e   s o l d   u n d e r  

t h e   t r a d e m a r k   IRGANOX  1 0 3 5 ,  a n d   2 , 6 - b i s ( 1 , 1 - d i m e t h y l e t h y l ) -  

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

t r a d e m a r k   IONOL.  

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 h e   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 re   r e l a t i v e l y  

new.  The  "neo"   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 :  



C o m m e r c i a l l y   p r o d u c e d   n e o d e c a n o i c   a c i d   i s   c o m p o s e d  

of   a  n u m b e r   of   C10  i s o m e r s   c h a r a c t e r i z e d   by  t h e   p r e s e n c e   o f  

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

c h a i n .   I t   is  g e n e r a l l y   a  l i q u i d   w i t h   a  low  f r e e z i n g  p o i n t ,  

i . e . ,   l e s s   t h a n   - 4 0 ° C ,   w h e r e a s   d e c a n o i c   ( c a p r i c )   a c i d  i s   a  

s o l i d   m e l t i n g   a t   3 1 . 4 ° C .   N e o d e c a n o i c  a c i d   is  s y n t h e s i z e d  

s t a r t i n g   w i t h   an  o l e f i n   of  m i x e d   n o n e n e s   ( a t   e q u i l i b r i u m )  

y i e l d i n g   a  C10  n e o a c i d   c o n t a i n i n g   many  i s o m e r s - .   T h i s   v e r y  

h i g h l y   b r a n c h e d   and  m u l t i - i s o m e r  a c i d   c o m b i n a t i o n   y i e l d s   a. 

l i q u i d   C10  n e o a c i d   w i t h   a  t y p i c a l   h y d r o c a r b o n - t y p e   o d o r .   A 

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

a c i d   is:  s e t   f o r t h   b e l o w .  

T y p i c a l   I s o m e r   D i s t r i b u t i o n  f o r   N e o d e c a n o i c  A c i d  



T h i s   p r o d u c t   is   d e s c r i b e d   in   t h e   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 ,   Vo l .   55,  No.  4 ,  

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

The  m o l e c u l a r   w e i g h t   of  t he   p r o p y l e n e   g l y c o l  

p o l y m e r s   or   c o p o l y m e r s   is  a b o u t   75  to  5 0 0 0 .  

The  p r e f e r r e d   p r o p y l e n e   g l y c o l   c o p o l y m e r s   may  b e  

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

of  a  l i n e a r   or  b r a n c h e d   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  

h a v i n g   f rom  1  to  6  c a r b o n   a toms   w i t h   a l k y l e n e   o x i d e s   h a v i n g  

f rom  3  to  6  c a r b o n   a t o m s   and  an  o x y g e n / c a r b o n   atom  r a t i o   o f  

l e s s   t h a n   0 .4   and  w i t h   a l k y l e n e   o x i d e s   h a v i n g   a n  

o x y g e n / c a r b o n   atom  r a t i o   of  g r e a t e r   t h a n   0 . 4 .   S u i t a b l 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 s   i n c l u d e   p r o p y l e n e  

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

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

t he   l i k e .   S u i t a b l e  a l k y l e n e   o x i d e s   h a v i n g   an  o x y g e n / c a r b o n  

r a t i o   of   l e s s   t h a n   0 . 4   a r 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  

and  a m y l e n e   o x i d e .   S u i t a b l e   a l k y l e n e  o x i d e s   h a v i n g   a n  

o x y g e n / c a r b o n   atom  r a t i o   g r e a t e r   t h a n  0 . 4   a r e   e t h y l e n e  

o x i d e ,   b u t a d i e n e   d i o x i d e   and  g l y c i d o l .   The  g r e f e r r e d  b l o c k  

c o p o l y m e r s   a re   c o - g e n e r i c   m i x t u r e s   of   c o n j u g a t e d   p o l y o x y -  



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

of   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   c o m p o u n d   h a v i n g   f rom  1  to  6 

c a r b o n   a t o m s ;   a t   l e a s t   one  h y d r o p h o b i c   o x y a l k y l e n e   c h a i n   i n  

w h i c h   t h e   o x y g e n / c a r b o n   a tom  r a t i o   d o e s   n o t   e x c e e d   0 . 4   a n d  

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

o x y g e n / c a r b o n   a tom  r a t i o   is   g r e a t e r  t h a n   0 . 4 .   P o l y m e r s   o f  

o x y a l k y l e n e   g r o u p s   o b t a i n e d   f rom  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 ,   a m y l e n e   o x i d e ,   m i x t u r e s   of  such   o x y a l k y l e n e   g r o u p s  

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

o b t a i n e d   f rom  e t h y l e n e   o x i d e ,   b u t a d i e n e   d i o x i d e   and  g l y c i d o l  

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

o x y g e n / c a r b o n   a tom  r a t i o   no t   e x c e e d i n g   0 . 4 .   P o l y m e r s   o f  

o x y a l k y l e n e   g r o u p s   o b t a i n e d   f rom  e t h y l e n e   o x i d e ,   b u t a d i e n e  

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

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

o b t a i n e d   f rom  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 ,   a m y l e n e   o x i d e  

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

o x y a l k y l e n e   c h a i n s   h a v i n g   an  o x y g e n / c a r b o n   a tom  r a t i o  

g r e a t e r   t h a n   0 . 4 .  

T h e   a b o v e   p o l y o x y a l k y l e n e   c o p o l y m e r s   h a v e   a  

m o l e c u l a r   w e i g h t   o f   t h e   3  to   6  c a r b o n   atom  o x y a l k y l e n e  

g r o u p s   f rom  a b o u t   950  to  5000  and  t h e   m o l e c u l a r   w e i g h t   o f  

t h e   3  to  6  c a r b o n   a tom  g r o u p s   i s   f r o m   a b o u t   50  to  100 

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

Among  t h e   c o n j u g a t e d  p o l y o x y a l k y l e n e   c o m p o u n d s  

w h i c h   can  be  u s e d   in  t h e  c o m p o s i t i o n s   of   t he   i n v e n t i o n   a r e  

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



w h e r e i n   Y  is  t h e   r e s i d u e   of  an  o r g a n i c   c o m p o u n d   h a v i n g   f r o m  

a b o u t   1  to  6  c a r b o n   a t o m s   and  c o n t a i n i n g   x  r e a c t i v e   h y d r o g e n  

a t o m s ,   in  w h i c h   x  has   a  v a l u e   of  a t   l e a s t   o n e ,   m  has   a  v a l u e  

s u c h   t h a t   t he   o x y p r o p y l e n e   c o n t e n t   of  t h e   m o l e c u l e   is  f r o m  

a b o u t   50  to  100  w e i g h t   p e r c e n t   and  t h e   t o t a l   m o l e c u l a r  

w e i g h t   o f   t he   p o l y o x y p r o p y l e n e   g r o u p s   is  f rom  a b o u t   950  t o  

5 0 0 0 .   C o m p o s i t i o n s   of   t h i s   t y p e   a r e   more   p a r t i c u l a r l y  

d e s c r i b e d   in  U . S .   P a t e n t s   Nos .   2 , 6 7 4 , 6 1 9   a n d  2 , 6 7 7 , 7 0 0 .  

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

f o r m u l a :  

w h e r e i n   Y,  n ,   m  a n d  x   h a v e   v a l u e s   as  s e t   f o r t h   a b o v e .  

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

U.S. .   P a t e n t   No.  3 , 0 3 6 ,  1 1 8 .   In  e i t h e r   of   t h e   a b o v e   f o r m u l a s ,  

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

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

d i 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 ,   g l y c e r i n e ,   p e n t a e r a -  

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

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

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

t he   o x y e t h y l e n e   c h a i n s   a l s o   o p t i o n a l l y ,   b u t   a d v a n t a g e o u s l y ,  

c o n t a i n   s m a l l   a m o u n t s   of  p r o p y l e n e   o x i d e .  



P r e f e r r e d   c o m p o u n d s   of   t h e   a b o v e   t y p e   a r e   t h o s e  

w h e r e i n   Y  is  t he   r e s i d u e   o f   p r o p y l e n e   g l y c o l   or  e t h y l e n e  

g l y c o l   and  x  is   2 .  

O t h e r   s u i t a b l e   c o p o l y m e r s   a re   c o p o l y m e r s   o f  

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

Each   of  t he   a b o v e   v i s c o s i t y   l o s s   r e d u c i n g  

c o m p o u n 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   o r  

more   o f   t h e   o t h e r   c o m p o u n 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 o m p o u n d s   w o u l d   r a n g e   f rom  a b o u t   0.1  t o  

50  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 .   Where   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   5  to  75  p e r c e n t   b a s e d   on  the   w e i g h t   of   t h e  

c o n c e n t r a t e .   In  g e n e r a l   t h e r e   i s   l i t t l e   o r   no  a d v a n t a g e   t o  

a  f i n a l   f l u i d   c o n t a i n i n g   more  t h a n   10  p e r c e n t   by  w e i g h t   o f  

t h e   v i s c o s i t y   r e d u c i n g   c o m p o u n d s .   S i n c e  c o m p o u n d s  w h i c h  

r e d u c e   v i s c o s i t y   l o s s   may  be  u s e d   in  c o m b i n a t i o n   w i t h   e a c h  

o t h e r   or  s i n g l y ,   t h e   a m o u n t   of  each   one  in  t h e  f i n a l  

h y d r a u l i c   f l u i d   m a y  r a n g e   f rom  a b o u t   1.0  to  50  p e r c e n t  

e t h y l e n e   g l y c o l ,   a b o u t   0 .5   to  50  p e r c e n t   of  p r o p y l e n e  

g l y c o l ,   a b o u t   0 . 1  t o   50  p e r c e n t   p r o p y l e n e   g l y c o l   p o l y m e r   o r  

c o p o l y m e r ,   a b o u t   0 . 0 5   t o   3  p e r c e n t   d i m e r c a p t o t h i a d i a z o l e ,  

a b o u t   0 . 0 5   t o  3   p e r c e n t   n e o d e c a n o i c  a c i d ,   and  a b o u t   0 . 0 5  t o  

3  p e r c e n t   of   h i n d e r e d   p h e n o l   a n t i o x i d a n t .   In  any  e v e n t ,   t h e  

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

t h e   c o n c e n t r a t e   w o u l d   n o t   e x c e e d   50  p e r c e n t   by  w e i g h t   o f   t h e  

f i n a l   f l u i d   or   75  p e r c e n t   by  w e i g h t   o f  t h e   c o n c e n t r a t e  w i t h  

a.  min imum  of   0 .5   p e r c e n t  b y   w e i g h t   o f   the   c o n c e n t r a t e .   The ;  



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

c o m p o u n d s   in  t he   c o n c e n t r a t e   i s   f rom  a b o u t   5  to  75  p e r c e n t  

e t h y l e n e   g l y c o l ,  5   to  75  p e r c e n t   p r o p y l e n e   g l y c o l ,   a b o u t   1 

to  75  p e r c e n t   p r o p y l e n e   g l y c o l   p o l y m e r   or  c o p o l y m e r ,   a b o u t  

0 .5   to  20  p e r c e n t   d i m e r c a p t o t h i a d i a z o l e ,   a b o u t   0 .5   to  2 0  

p e r c e n t   n e o d e c a n o i c   a c i d ,   and  a b o u t   0 .5   to  20  p e r c e n t  

h i n d e r e d   p h e n o l   a n t i o x i d a n t   by  w e i g h t   of  t h e   c o n c e n t r a t e .  

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

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

d i r e c t l y   to  t he   f i n a l   f l u i d   o r   t h e  c o n c e n t r a t e .   F u r t h e r ,  

a l l   of  t h e   c o m p o u n d s   s e t   f o r t h   above   m a y  b e   a d d e d ' t o   t h e  

t h i c k e n e r   e i t h e r   p r i o r   to  a d d i t i o n   t o  t h e   c o n c e n t r a t e   o r  

p r i o r   to  d i r e c t   a d d i t i o n   to  t he   f i n a l   f l u i d .  

The  v i s c o s i t y  l o s s   r e d u c i n g   c o m p o u n d s   d e s c r i b e d  

a b o v e   may  be  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 i g h - w a t e r  

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 he   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 .   For   e x a m p l e ,   t h e  h y d r u a l i c   f l u i d  m a y  

c o n t a i n ,   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  a n d  a n  

a l k y l d i a l k a n o l a m i d e .   O p t i o n a l l y ,   t he   f l u i d s   o f  t h e  

i n v e n t i o n  c a n   i n c l u d e   an  a d d i t i o n a l   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 h a t i n g  a g e n t   a s  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 ,   such  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  t he   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  

o f   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  3 0  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 ,  a n d   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  i s   a  number   f rom  1  to  50.  M e t a l s   such   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 h e   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 r m   of  t h e  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  

fo rm  may  be  c o n v e r t e d   t o  t h e   s a l t   f o rm  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 h e   i n v e n t i o n .  

A l t e r n a t i v e l y ,   t he   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 h e   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 re   t h o s e   of  t h e   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   or  p o l y h d y r i c   a l c o h o l s   o r   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   mos t   d e s i r a b l e   a d d u c t s   a r e   i n  

the   r a n g e   of  13  to  18  c a r b o n s .   S u i t a b l e   e s t e r s   o f  

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   i n  

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   pe r   m o i e  

a r e   the   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   the   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   compound   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 h e   h y d r a u l i c   f l u i d   s u c h   as  the   a m m o n i a ,  

amine   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   o r   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   o f   t h e   f r e e  a c i d   form  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  co lumn   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  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 .  

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   .are   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 h e   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 h e   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   a n d R 2   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 h e  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  

by  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   as  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   a n d  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  the   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   a s  t o   t he   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  such   f l u i d s .   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  

T h e   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   g e n e r a l l y  

c o n s i s t   of  a b o u t   6 0  p e r c e n t   t o  a b o u t   99  p e r c e n t  w a t e r  a n d  

a b o u t  4 0   p e r c e n t   t o   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   m a y  c o m p r i s e   t h e   v i s c o s i t y   l o s s   r e d u c i n g  

compound   and  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   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  

and ,   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 ,   s a i d   f l u i d s   c o n s i s t   of  a b o u t  7 5   p e r c e n t   to  99  

p e r c e n t   w a t e r   and  abou . t   25  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   u s i n g   t a p   w a t e r   a l t h o u g h   d i s t i l l e d ,  o r   d e i o n i z e d  

w a t e r   can  a l s o  b e   u s e d .  

The  a m o u n t  o f   s u l f u r - c o n t a i n i n g   compound   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  t h e   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  10  p e r c e n t   by  w e i g h t   and  when  e m p l o y e d   is  a t   a  

min imum  of  1.0  p e r c e n t .   The  c o n c e n t r a t i o n   of  t h e   p h o s p h a t e  

e s t e r   in  t he   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  o f   t h e   i n v e n t i o n   i s  

g e n e r a l l y  a b o u t   1.0  to  7 .0  p e r c e n t   by  w e i g h t   o f   t h e   c o n c e n -  

t r a t e .   The  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  o f   t h e  

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  

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 he   i n v e n t i o n   i s  

g e n e r a l l y   a b o u t  1 . 0   p e r c e n t   to  a b o u t   7 .0   p e r c e n t   b y  

w e i g h 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   o f  

t h e s e ;   t h r e e  c o m p o n e n t s   i s ,  1 . 0   to  5 .0   p e r c e n t . .  

T h e  p e r c e n t   b y  w e i g h t   a l k y l d i a l k a n o l a m i d e   in  t h e  

c o n c e n t r a t e  i s   a b o u t  1  t o   7,  p r e f e r a b l y   a b o u t   1  t 0  5   b a s e d  

u p o n .  t h e   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 .   Most  p r e f e r a b l y ,  

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

a l c o h o l  a n d   the   a l k y l d i a l k a n o l a m i d e   a r e   u s e d .  

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  the-  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  t h e   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   o r   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   of   t he   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 ,   d - - a n d   r - 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   form  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 t   to  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  used   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 re   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   o r   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  

t h e   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 toms   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 oms   w h e r e   t h e  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 h e   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 h e   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 re   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   f 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  o f   a b o u t   Z  t o  

25  p e r c e n t  b y   w e i g h t ,   p r e f e r a b l y   a b o u t   5  t o  1 5  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  i s   p r e f e r r e d   to  e m p l o y  

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

a m i n e s   in  a m o u n t   o f   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   o f   t h e  

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   may  be  used   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 h e   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  

from  the   b r o a d   c l a s s e s   o f   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  

such   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  

amine   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 h e   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   such   as  t he   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  

such  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  b e   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  the   t o t a l   a m o u n t   o f  

c o n c e n t r a t e .   The  c o n c e n t r 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 a h t i c   a c i d s   and  a l c o h o l s   a re   w a t e r - s o l u b l e   in  t h e   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  keep   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   o f   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 h e   w a t e r   in  the   f l u i d s   of   t he   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  mos 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 h e   f l u i d   c o n c e n t r a t e s  

is   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 ,   ammonia   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  t o   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   or   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 h e   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  u p  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   b u t   p r e f e r a b l y   c o n t a i n   up  to  8 5  

p e r c e n t   by  w e i g h t   o f   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 :99   to  4 0 : 6 0   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   o f   t h e  

i n v e n t i o n   may  i n c l u d e   by  w e i g h t   one  or  more   o f  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 .01  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 ,  

0 .01   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 o 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 .01  to  3  p e r c e n t   a l k y l d i 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   a d d i t i o n a l   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   a b o u t   0 .01  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  2  p e r c e n t   amine   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 2   to  1  p e r c e n t  

d e f o a m e r s   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   such   as  d y e s   a n d  

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 h e   i n v e n t i o n   and  show  t h e   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 .  

In  t he   e x a m p l e s :  

The  Vane  Pump  T e s t   p r o c e d u r e   u s e d   h e r e i n   e m p l o y s   a  

V i c k e r s   104C  vane   pump  w i t h   a  5  g a l l o n   sump.   T h i s   c o m p r i s e s  

c h a r g i n g   t h e   s y s t e m   w i t h   5  g a l l o n s   o f   t he   t e s t   f l u i d   a n d  

p u m p i n g  a t  a   r a t e   o f - 8   gpm  at  a  t e m p e r a t u r e   of   100°F   a t   1 0 0 0  

p s i  p u m p   d i s c h a r g e   p r e s s u r e .   Wear  d a t a   we re   o b t a i n e d   b y  

w e i g h i n g   t he   c a m - r i n g  a n d   the   v a n e s   of  the   "pump  c a r t r i d g e "  

b e f o r e   and   a f t e r   t h e   t e s t .  

T h i c k e n e r   #1  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   h a v i n g   a  m o l e c u l a r  

w e i g h t   of  1 5 , 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   o f   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  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   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  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 f  

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 1 , 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 0  

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   20  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  

7 0 0 0 .   -  

T h i c k e n e r   #4  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 ,   a n d  1 5   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 f  

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   1 5  t o   18  c a r b o n   a t o m s .   T h e  

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 .  

The  p r o p y l e n e   o x i d e   p o l y m e r   is   p o l y o x y p r o p y l e n e  

g l y c o l   h a v i n g   a  m o l e c u l a r   w e i g h t   o f   a p p r o x i m a t e l y   4 1 0 .  

P o l y o x y a l k y l e n e   c o p o l y m e r   N o .  1  -   d e f i n e s   t h e  

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

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



a b o u t   1750  w h e r e i n   t he   o x y p r o p y l e n e   c o n t e n t   is   a b o u t   90  

w e i g h t   p e r c e n t   of  t he   m o l e c u l e .   T h i s   p r o d u c t   is   r e a d i l y  

a v a i l a b l e   on  t h e   m a r k e t   u n d e r   t he   t r a d e m a r k   PLURONIC  L 6 1 .  

P o l y o x y a l k y l e n e   c o p o l y m e r   N o .  2   d e f i n e s   t h e  

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

b a s e ,   s a i d   b a s e   h a v i n g   a  m o l e c u l a r   w e i g h t   a b o u t   1750  w h e r e i n  

t h e   o x y p r o p y l e n e   c o n t e n t   is   a b o u t   60  p e r c e n t   by  w e i g h t   o f  

the   m o l e c u l e .   T h i s   p r o d u c t   is  r e a d i l y   a v a i l a b l e   on  t h e  

m a r k e t   u n d e r   t h e   t r a d e m a r k   PLURONIC  L 6 4 .  

The  p e n t a e r y t h r i t o l   p r o p y l e n e   o x i d e   p o l y m e r   has   a  

m o l e c u l a r   w e i g h t   of  a p p r o x i m a t e l y   4 5 0 .  

A n t i o x i d a n t   #1  is  a  h i n d e r e d   p h e n o l   a n t i o x i d a n t  

and  may  be  d e s c r i b e d   as  3 , 5 - b i s ( 1 , 1 - d i m e t h y l e t h y l ) - 4 -  

h y d r o x y b e n z e n e   p r o p a n o i c   a c i d ,   o c t a d e c y l   e s t e r .   T h i s  

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

t r a d e m a r k   IRGANOX  1 0 7 6 .  

A n t i o x i d a n t   #2  i s   a  b u t y l a t e d   r e a c t i o n   p r o d u c t   o f  

p - c r e s o l   and  d i c y c l o p e n t a d i e n e   and  is  a v a i l a b l e   on  t h e  

m a r k e t   u n d e r   t h e   t r a d e m a r k   WINGSTAY  L .  

THIOKOL  i s   a  p o l y s u l f i d e .   r u b b e r .  

In  t h e   e x a m p l e s   t h e  p h o s p h a t e   e s t e r   u t i l i z e d   i s .  

r e p u t e d   to  be  t h e   r e a c t i o n   p r o d u c t   of  one  mole   of   p h o s p h o r u s  

p e n t o x i d e   w i t h   a  c o n d e n s a t i o n   p r o d u c t   of   one  mole   o f  

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

in  a c c o r d a n c e   w i t h   t h e   m e t h o d s   d i s c l o s e d   in  U . S .   P a t e n t s  

Nos.   3 , 0 0 4 , 0 5 6   and  3 , 0 0 4 , 0 5 7 .  



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

A  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 ,   i n d i c a t e d   h e r e i n   a s  

C o n c e n t r a t e   A,  was  p r e p a r e d   by  b l e n d i n g   7 6 . 4 5   p a r t s   b y  

w e i g h t   of   w a t e r ,   3  p a r t s   by  w e i g h t   of   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 ,   3  p a r t s   by  w e i g h t   of   a  C21  d i e t h o x y l a t e d   d i a c i d   m i x e d  

w i t h   a  C21  d i e t h a n o l   d i a m i d e .   5  p a r t s   by  w e i g h t   of  2 - a m i n o -  

2 - m e t h y l - 1 - p r o p a n o l   (95  p e r c e n t   a q u e o u s   s o l u t i o n ) ,   4 .5   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   o f  

t o l y l t r i a z o l e ,   4  p a r t s   by  w e i g h t   of  a  95  p e r c e n t   2 - h e p t y l - 1 -  

( e t h o x y p r o p i o n i c   a c i d )   i m i d a z o l i n e ,   s o d i u m   s a l t   in  5  p e r c e n t  

o f   e t h a n o l ,   2  p a r t s   by  w e i g h t   of  b e n z o i c   a c i d ,   2  p a r t s   b y  

w e i g h t   p o l y o x y a l k y l e n e   c o p o l y m e r   #1  and  0 .05   p e r c e n t   b y  

w e i g h t   d y e .  

From  C o n c e n t r a t e   A  a  s t o c k   s o l u t i o n   o f   t h e  

f o l l o w i n g   c o m p o s i t i o n   was  p r e p a r e d :  

P a i r s   o f   d u p l i c a t e   s a n p l e s  o f   t he   a b o v e   s t o c k  

s o l u t i o n  w e r e   p r e p a r e d   c o n t a i n i n g   each   of  t he   a d d i t i v e s   o f  

T a b l e   I  b e l o w .   One  m i l l i l i t e r   of   p e r o x i d e   s o l u t i o n   w a s  

added   to  one   s a m p l e   of  e a c h   p a i r   and  one  m i l l i l i t e r   o f   w a t e r  

was  added   to  t h e   o t h e r .   T h e  p e r c e n t   v i s c o s i t y   l o s s   ( S . U . S . )  

f o r   e a c h   p a i r   of   s a m p l e s   as  a  r e s u l t   of   t he   p e r o x i d e  

a d d i t i o n   is  shown  in  T a b l e   I  b e l o w :  





E x a m p l e   2 

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

f o l l o w i n g   c o m p o s i t i o n   was  p r e p a r e d :  

In  m a k i n g   the   t e s t   of  E x a m p l e   1  i t   was  n o t e d   t h a t  

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

dye  d e c o l o r i z a t i o n   in  t he   t e s t   s o l u t i o n .   S i n c e   o b s e r v a t i o n  

of   dye  d e c o l o r i z a t i o n   i s   q u i c k e r   to  d e t e r m i n e   t h a n   v i s c o s i t y  

l o s s ,   dye  d e c o l o r i z a t i o n   was  t h e n   u s e d   as  a  m e a s u r e   o f  

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

P a i r s   of  d u p l i c a t e   s a m p l e s   of   t h e   a b o v e   s t o c k  

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

T a b l e   I I   b e l o w .   One  m i l l i l i t e r   of  p e r o x i d e   s o l u t i o n   w a s  

a d d e d   to  one   s a m p l e   of  e ach   p a i r   and  one  m i l l i l i t e r   of  w a t e r  

was  a d d e d   to  t he   o t h e r .   The  d e g r e e   of  dye  d e c o l o r i z a t i o n  

f o r   e a c h   p a i r   o f   s a m p l e s   as  a  r e s u l t   of  t he   p e r o x i d e  

a d d i t i o n   is  shown  in  T a b l e   I I   b e l o w .  







E x a m p l e   3 

A c c e l e r a t e d   pump  t e s t s   we re   run   on  t h e   c o m p o s i t i o n  

of  T a b l e   I I I   b e l o w   w i t h   r e s u l t s   as  shown  t h e r e i n .  

E x a m p l e   4 

A  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 ,   i n d i c a t e d   h e r e i n   a s  

C o n c e n t r a t e   B,  was  p r e p a r e d   by  b l e n d i n g   4 4 . 4 5   p a r t s   b y  

w e i g h t   of   w a t e r ,   3  p a r t s   by  w e i g h t   of  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 ,   5  p a r t s   by  w e i g h t   of   2 - a m i n o - 2 - m e t h y l - 1 - p r o p a n o l   ( 9 5  

p e r c e n t   a q u e o u s   s o l u t i o n ) ,   4 . 5   p a r t s   by  w e i g h t   o f  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   t o l y l t r i a z o l e ,   4  p a r t s  

by  w e i g h t   of  a  9 5   p e r c e n t   2 - h e p t y l - 1 - ( e t h o x y p r o p i o n i c   a c i d )  

i m i d a z o l i n e ,   s o d i u m   s a l t   in  5  p e r c e n t   o f   e t h a n o l ,   2  p a r t s   b y  

w e i g h t   o f   b e n z o i c   a c i d ,   4  p a r t s   by  w e i g h t   2 - e t h y l h e x a n o l ,   6 

p a r t s   by  w e i g h t   n e o d e c a n o i c   a c i d ,   20  p a r t s   by  w e i g h t  

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

in  a m o u n t   s u f f i c i e n t   to  a d j u s t   t h e   pH  to  a p p r o x i m a t e l y   1 0 . 4 .  

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

p r e p a r e d :  



A c c e l e r a t e d   pump  t e s t s   were   run  on  t h e   a b o v e  

c o m p o s i t i o n s   f o r   17  to  20  h o u r s   w i t h   t h e  f o l l o w i n g   r e s u l t s :  

The  e x a m p l e   d e m o n s t r a t e s   t h a t   p o l y o x y a l k y l e n e  

c o p o l y m e r   #1  in  v e r y   s m a l l   a m o u n t   s u b s t a n t i a l l y   r e d u c e s  

v i s c o s i t y   l o s s   in  t h e   pump  t e s t .  

E x a m p l e   5 

A  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 ,   i n d i c a t e d   h e r e i n   a s  

C o n c e n t r a t e   C,  w a s  p r e p a r e d   by  b l e n d i n g   6 2 . 4 5   p a r t s   b y  

w e i g h t   o f  w a t e r ,   3  p a r t s   by  w e i g h t  o f   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 ,   3  p a r t s   by  w e i g h t   of  a  C21  d i e t h o x y l a t e d   d i a c i d   m i x e d  

w i t h   a  C21  d i e t h a n o l   d i a m i d e .   9  p a r t s   by  w e i g h t   of   2 - a m i n o -  

2 - m e t h y l - 1 - p r o p a n o l  ( 9 5   p e r c e n t   a q u e o u s   s o l u t i o n ) ,   4 .5   p a r t s  

by  w e i g h t   of  a  5 0  p e r c e n t   b y  w e i g h t   a q u e o u s   s o l u t i o n   o f  

t o l y t r i a z o l e ,  4   p a r t s   by  w e i g h t   of   a:  95  p e r c e n t   s o l u t i o n  

of   2 - h e p t y l - 1 - ( e t h a x y - p r o p i o n i o   a c i d )   i m i d a z o l i n e ,   s o d i u m  

s a l t   in  5  p e r c e n t   e t h a n o l ,   2  p a r t s   by  w e i g h t   of  b e n z o i c  

a c i d ,   0 . 0 5   p a r t s   b y  w e i g h t   dye ,   6  p a r t s   by  w e i g h t   n e o - '  

d e c a n o i c   a c i d ,   4  p a r t s   by  w e i g h t   2 - e t h y l h e x a n o l ,   2  p a r t s   b y  



w e i g h t   p o l y o x y a l k y l e n e   c o p o l y m e r   #1  and  s o d i u m   h y d r o x i d e   i n  

a m o u n t   s u f f i c i e n t   to  a d j u s t   t he   pH  to  a p p r o x i m a t e l y   1 0 . 4 .  

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

p r e p a r e d :  

A c c e l e r a t e d   pump  t e s t s   were   run   on  the   a b o v e  

c o m p o s i t i o n s   f o r   17  to  21  h o u r s   w i t h   t h e   f o l l o w i n g   r e s u l t s .  

T h i s   d e m o n s t r a t e s   t h a t   a  p e n t a e r y t h r i t o l   p r o p y l e n e  

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

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

E x a m p l e   6 

The   c o m p o s i t i o n s   of.  T a b l e .   IV  b e l o w   w e r e   p r e p a r e d  

and   d i v i d e d   i n t o   two  g a r t s .   O n e  p a r t   was   p u t   i n   an.  oven   a t  

140°F   f o r   12  d a y s   t o  d e g r a d e   t h e   t h i c k e n i n g   a g e n t .   T h e  

o t h e r   p a r t   was  p l a c e d   i n   a  f r e e z e r   f o r   12  d a y s .   From.  t h e s e  

c o m p o s i t i o n s   h y d r a u l i c   f l u i d  f o r m u l a t i o n s   c o n s i s t i n g   o f   3 

p e r c e n t   of  t he   c o m p o s i t i o n   of   T a b l e   IV,  5  p e r c e n t   o f   a  

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 ,   i n d i c a t e d   h e r e i n   as  c o n c e n t r a t e  

D',  a n d   92  p e r c e n t   w a t e r   we re   p r e p a r e d .  



C o n c e n t r a t e   D  was  p r e p a r e d   by  b l e n d i n g   7 7 . 4 5   p a r t s  

by  w e i g h t   of  w a t e r ,   2  p a r t s   by  w e i g h t   of  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 ,   3  p a r t s   by  w e i g h t   of  a  C21  d i e t h o x y l a t e d  

d i a c i d   mixed   w i t h   a  C21  d i e t h a n o l   d i a m i d e .   5  p a r t s   b y  

w e i g h t   of   2 - a m i n o - 2 - m e t h y l - 1 - p r o p a n o l   (95  p e r c e n t   a q u e o u s  

s o l u t i o n ) ,   4 .5   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  t o l y l t r i a z o l e ,   4  p a r t s   by  w e i g h t   of   a  9 5  

p e r c e n t   s o l u t i o n   o f   2 - h e p t y l - 1 - ( e t h o x y - p r o p i o n i c   a c i d )  

i m i d a z o l i n e ,   s o d i u m   s a l t   in  5  p e r c e n t   e t h a n o l ,   2  p a r t s   b y  

w e i g h t   of   b e n z o i c   a c i d   and  2  p a r t s   by  w e i g h t   p o l y o x y a l k y l e n e  

c o p o l y m e r   $ 1 .  

The  v i s c o s i t i e s   ( S . U . S . )   of   t he   h y d r a u l i c   f l u i d  

f o r m u l a t i o n s   were   t h e n   d e t e r m i n e d   on  a l l   s a m p l e s   and  t h e .  

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

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

f r o z e n   p a r t   of   e a c h  t h i c k e n e r   d e t e r m i n e d   and  s e t   f o r t h   i n  

T a b l e   IV  b e l o w .   The  p r o p y l e n e   o x i d e   p o l y m e r   c o n t a i n s   s m a l l  

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





1.  In  a  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of   a  

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

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

at   l e a s t   one  c o m p o u n d   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  

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 ,   p r o p y l e n e   g l y c o l   p o l y m e r  

and  c o p o l y m e r s   c o n t a i n i n g   at   l e a s t   50  p e r c e n t   by  w e i g h t  

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

a c i d ,   and  a  h i n d e r e d   p h e n o l   a n t i o x i d a n t   w i t h   s a i d   f l u i d .  

2 .   The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e   t o t a l  

a m o u n t   of  s a i d   v i s c o s i t y   l o s s   r e d u c i n g   c o m p o u n d   i s   a b o u t   0 . 1  

t o   50  p e r c e n t   and  s a i d   t h i c k e n e r   is   a b o u t   1  t o   10  p e r c e n t   b y  

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

f l u i d   o p t i o n a l l y  i n c l u d e s   at   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  t he   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 

.  t o   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 he   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  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   of   h y d r o g e n ,   a l k a l i   o r   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   a m m o n i a   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 h e  f o r m u l a :  

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

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

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

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   or  e s t e r s   of   e t h o x y l a t e d  

C 8 - C 3 6   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  

a n d  

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   o f   t h e   a m m o n i a ,   a m i n e  o r   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 ,   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  t h e   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 he   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 .  
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