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@  Hydraulic  fluids  containing  water  and  hydroxyalkyiated  isocyanurates. 

Disclosed  are  fire-resistant  hydraulic  fluids  which 
comprise: 

(a)  about  20%  to  about  60%  by  weight  water; 
(b)  a  sufficient  amount  of  a  hydroxyalkylated  isocyanu- 

rate  to  form  a  hydraulic  fluid  with  a  viscosity  from  about  100 
SUS  to  about  400  SUS  at  100°F,  aid  hydroxyalkylated 
isocyanurate  having  the  formula: 

wherein  x,  y  and  z  are  each  from  about  3  to  about  15,  and 
each  R  is  Individually  selected  from  hydrogen  and  methyl; 

(c)  about  0.01% to  about  5%  by  weight  of  a  liquid  phase 
corrosion  inhibitor;  and 

(d)  about  0.01%  to  about  5%  weight  of  a  vapor  phase 
corrosion  inhibitor. 

isocyanurate  fluids  are  comparable  to  known  water- 
based  glycol  fluids  in  important  operating  properties  such  a 

lubricity  and  fire  resistance,  and  have  the  additional  advan- 
tage  of  offering  a  substantial  reduction  in  the  flammability  of 
the  residual  material  resulting  from  loss  of  water  content. 



B a c k g r o u n d  o f   t h e   I n v e n t i o n  

1.  F i e l d   o f   t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

f i r e - r e s i s t a n t   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   water  and 

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

2.  D e s c r i p t i o n   o f   t h e   P r i o r   A r t  

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   h a v i n g  

f i r e - r e s i s t a n t   p r o p e r t i e s   a r e   w e l l   k n o w n .  

See  R.  E.  H a t t o n ,   I n t r o d u c t i o n   t o   H y d r a u l i c   F l u i d s ,  

C h a p t e r   13,  " W a t e r - B a s e d   F l u i d s " ,   p a g e s   2 7 3 - 2 8 7 ,  

R e i n h o l d   P u b l i s h i n g   C o r p o r a t i o n   ( 1 9 6 2 ) .  

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

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

a x i a l - p i s t o n   p u m p s .   The  f i r e  r e s i s t a n c e   of  t h e s e  

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

c o n t e n t ,   and   t h e y   w e r e   g e n e r a l l y   c o n s i d e r e d   to   b e  

s a t i s f a c t o r i l y   f i r e   r e s i s t a n t   a s . l o n g   as  t h e   w a t e r  

c o n t e n t   was  m a i n t a i n e d .   I f   t h e   w a t e r   i s   a l l o w e d   t o  

b o i l   away  o r   t o   e v a p o r a t e   by  p r o l o n g e d   e x p o s u r e   t o  

e l e v a t e d   t e m p e r a t u r e s ,   t h e   r e s i d u a l   m a t e r i a l   w i l l   b u r n  

when  i g n i t e d .  



Much  of   t h e   w o r k   on  t h e   d e v e l o p m e n t   o f  

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

b a s e  s t o c k s   s u c h   as  e t h y l e n e   g l y c o l .   See  J .  E .   B r o p h y  

e t   a l ,   " A q u e o u s   N o n f l a m m a b l e   H y d r a u l i c   F l u i d s " ,  

I n d u s t r i a l  a n d  E n g i n e e r i n g   C h e m i s t r y ,   V o l .   43 ,   N o .  4 ,  

p a g e s   8 8 4 - 8 9 6   ( A p r i l   1 9 5 4 ) .   T h e s e   w a t e r - b a s e d   g l y c o l  

f l u i d s   r e q u i r e   a  w a t e r - s o l u b l e   t h i c k e n e r   to   i n c r e a s e  

t h e   v i s c o s i t y   to   an  a c c e p t a b l e   l e v e l ,   as  w e l l   a s  

r e q u i r i n g   a d d i t i v e s   t o   i m p a r t   c o r r o s i o n - p r e v e n t i v e  

p r o p e r t i e s   and   to   e n h a n c e   a n t i - w e a r   and  l u b r i c i t y  

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

T h e r e f o r e ,   t h e r e   i s   a  n e e d   i n   t h e   a r t   to   f i n d  

a  w a t e r - b a s e d   h y d r a u l i c   f l u i d   w h i c h   w i l l   l e a v e  

a  r e s i d u e   t h a t   r e s i s t s   b u r n i n g   when   s u b j e c t e d   t o  

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

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

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

p r o c e d u r e s .  

S e p a r a t e l y ,   h y d r o x y a l k y l a t e d   i s o c y a n u r a t e s  

h a v e   b e e n   known   as  f u n c t i o n a l   f l u i d s .   See  U . S .   P a t e n t  

No.  3 , 8 5 9 , 2 8 4 ,   w h i c h   i s s u e d   to   F o r m a i n i   e t   a l   o n  

J a n u a r y   7,  1 9 7 5 .   H o w e v e r ,   t h e i r   d e s i r a b l e   c h a r a c t e r i s -  

t i c s   o f   (1)  b e i n g   f i r e   r e s i s t a n t   in   w a t e r - b a s e d   f l u i d s  

e v e n   a f t e r   t h e   w a t e r   i s   r e m o v e d   and  (2)  p o s s e s s i n g   g o o d  

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

w e r e   n o t   known  p r i o r   to   t h e   p r e s e n t   i n v e n t i o n .  

I 



B r i e f   S u m m a r y   o f   t h e   I n v e n t i o n  

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

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

(a)  a b o u t   20%  to   a b o u t   60%  by  w e i g h t   w a t e r ;  

(b)  a  s u f f i c i e n t   a m o u n t   o f  

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

a  h y d r a u l i c   f l u i d   w i t h   a  v i s c o s i t y   f r o m  

a b o u t   100  S a y b o l t   U n i v e r s a l   S e c o n d s  

(SUS)  to   a b o u t   400  S a y b o l t   U n i v e r s a l  

S e c o n d s   (SUS)  a t   1 0 0 ° F ,   s a i d   h y d r o x y a l k y -  

l a t e d  i s o c y a n u r a t e .   h a v i n g  t h e   f o r m u l a   ( A ) :  

w h e r e i n   x,  y  and   z  a r e   e a c h   f r o m   a b o u t   3  t o  

a b o u t   15  and   e a c h   R  i s   i n d i v i d u a l l y   s e l e c t e d  

f r o m   h y d r o g e n   and   m e t h y l ;  

(c)  a b o u t   0 .01%  to   a b o u t   5%  by  w e i g h t   o f  

a  l i q u i d   p h a s e   c o r r o s i o n   i n h i b i t o r ;   a n d  

(d)  a b o u t   0 .01%  to   a b o u t   5%  by  w e i g h t   o f  

a  v a p o r   p h a s e   c o r r o s i o n   i n h i b i t o r .  

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

p r o c e s s   o f   u s i n g   these  f l u i d s   in  hydraul ic   o p e r a t i o n s .  



D e t a i l e d   D e s c r i p t i o n  
of  P r e f e r r e d   Embodiments 

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

o f   t h e   p r e s e n t   i n v e n t i o n   may  be  p r e p a r e d   e i t h e r   (1)  b y  

t h e   c a t a l y t i c   a l k o x y l a t i o n   o f   c y a n u r i c   a c i d   o r   (2)  b y  

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

i s o c y a n u r a t e   ( T H E I C ) .   The  f o r m e r   m e t h o d   i s   d e s c r i b e d  

i n   U . S .   P a t e n t   No.  3 , 2 6 5 , 6 9 4 ,   w h i c h   i s s u e d   t o   W a l l e s   e t  

a l   on  A u g u s t   9,  1 9 6 6 .   The  l a t t e r   s y n t h e s i s   i s  

d e s c r i b e d   i n   U . S .   P a t e n t   No.  3 , 7 4 1 , 9 6 6 ,   w h i c h   i s s u e d   t o  

W e e d o n   e t   a l   on  J u n e   26 ,   1 9 7 3 ,   and   i n   U . S .   P a t e n t   N o .  

3 , 8 5 9 , 2 8 4 ,   w h i c h   i s s u e d   to   F o r m a i n i   e t   a l   on  J a n u a r y   7 ,  

1 9 7 5 .   F u r t h e r m o r e ,   a  t w o - s t e p   m e t h o d   f o r   m a k i n g   t h e s e  

h y d r o x y a l k y l a t e d   i s o c y a n u r a t e s   i s   d e s c r i b e d   i n   U . S .  

P a t e n t   No.  3 , 8 7 0 , 7 1 6 ,   w h i c h   i s s u e d   t o   B e l s k y   e t   a l   o n  

M a r c h   11,   1 9 7 5 ,   w h e r e i n   a  f i r s t   s t e p   o f   f o r m i n g   THEIC 

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

an  a l k a l i n e   c a t a l y s t   f o l l o w e d   by  a  s e c o n d   s t e p   o f  

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

an  a c i d   c a t a l y s t .  

When  THEIC  i s   u s e d   as  t h e   p r e c u r s o r   f o r   t h e  

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

to   e m p l o y   b o r o n   t r i f l u o r i d e   e t h e r a t e   as   an  a c i d i c  

c a t a l y s t   and   r e a c t i o n   t e m p e r a t u r e s   o f   a b o u t   130°C  t o  

a b o u t   1 4 0 ° C   and   r e a c t i o n   p r e s s u r e s   f r o m   a t m o s p h e r i c  

p r e s s u r e   to   a b o u t   50  p s i g .   Of  c o u r s e ,   t h e   p r e s e n t  

i n v e n t i o n   i s   n o t   t o   be  l i m i t e d   to   any   s p e c i f i c   m e t h o d  

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

u s e d .  

The  o x i d e   p r e c u r s o r s   of   t h e s e  

h y d r o x y a l k y l a t e d   i s o c y a n u r a t e s   a r e . c o m m e r c i a l l y   a v a i l -  

a b l e   c h e m i c a l s   w h i c h   may  be  o b t a i n e d   f r o m   many  s o u r c e s .  

M i x t u r e s   of   d i f f e r e n t   o x i d e s   [ e . g .   e t h y l e n e   o x i d e   (EO) 

and   p r o p y l e n e   o x i d e   (PO)]   may  a l s o   be  e m p l o y e d   a s  

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



I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   n u m b e r   o f  

m o l e s   of   o x i d e   r e a c t e d   a t   e a c h   of  t h e   t h r e e   r e a c t i v e  

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

t h e   s a m e .   F o r   e x a m p l e ,   i f   12  m o l e s   of   EO  w e r e   r e a c t e d  

to   1  m o l e   of   THEIC,   i t   d o e s   n o t   n e c e s s a r i l y   f o l l o w   t h a t  

4  m o l e s   of  EO  w e r e   a d d e d   a t   e a c h   s i t e .   I n s t e a d ,   i t  

may  be  i n   some  i n s t a n c e s   t h a t   o n l y  3   m o l e s ,   o r   n o n e ,  
w i l l   r e a c t   a t   one   s i t e   a n d  5 ,   or   m o r e ,   m o l e s   may  r e a c t  

a t   a n o t h e r   s i t e .   F u r t h e r m o r e ,   i t   s h o u l d   be  u n d e r s t o o d  

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

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

t r i b u t e d .   T h u s ,   t h e   v a l u e s   f o r   x,  y  and  z  i n  

F o r m u l a   (A)  e a c h   r e p r e s e n t   t h e   a v e r a g e   a m o u n t   o f  

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

a c t u a l   n u m b e r   may  be  l e s s   o r   g r e a t e r   t h a n   t h a t   a m o u n t .  

T h e s e   h y d r o x y a l k y l a t e d   ( i . e .   h y d r o x y e t h y l a t e d  

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

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

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

t h i c k e n e r s   to   make   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   o f  

a c c e p t a b l e   v i s c o s i t i e s   and  l u b r i c i t y .   G e n e r a l l y ,   t h e  

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

f rom  a b o u t   500  c e n t i s t o k e s   ( c S t )   to   a b o u t   800  c e n t i -  

s t o k e s   ( c S t )   a t   1 0 0 ° F ,   w h i c h   when  c o n v e r t e d   to   SUS 

v a l u e s   by  t h e   a p p r o p r i a t e   t a b l e s   in   ANSI/ASTM  2 1 6 1 - 7 9 ,  

e q u a l s   f r o m   a b o u t   2300  SUS  to   a b o u t   3700  SUS.  F o r   t h e  

m o s t   common  u s e s   of   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  w i t h   v a n e - t y p e   p u m p s ,   t h e   h y d r a u l i c   f l u i d   may  h a v e  

v i s c o s i t i e s   in   t h e   r a n g e   f r o m   a b o u t   100  SUS  to   a b o u t  

400  SUS,  p r e f e r a b l y   f r o m   a b o u t   150  SUS  t o   a b o u t   300  S U S .  

A c c o r d i n g l y ,   h y d r a u l i c   f l u i d s   h a v i n g   v i s c o s i t i e s   a n y -  
w h e r e   in   t h e   100  SUS  to   400  SUS  r a n g e   ( a t   1 0 0 ° F )   may  b e  

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

to  w a t e r .   P r e f e r a b l y ,   t h e s e   v i s c o s i t i e s   a r e   m o r e   e a s i l y  

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

a b o u t   22%  to   a b o u t   50%  by  w e i g h t   and  t h e   p r e f e r r e d  

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



80%  t o   a b o u t   25%  by  w e i g h t ,   d e p e n d i n g   u p o n   t h e   s p e c i f i c  

t h i c k e n e r s   and   a d d i t i v e s   p r e s e n t .   F u r t h e r m o r e ,   i t   i s  

p r e f e r r e d   t h a t   x ,   y  a n d   z  i n   F o r m u l a   (A) ,   a b o v e ,   b e  

f r o m   a b o u t   4  t o   a b o u t   1 0 .  

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

f l u i d s   o f   t h e   p r e s e n t   i n v e n t i o n   o v e r   t h e   known  w a t e r -  

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

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

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

of  a n t i - w e a r   and   l u b r i c i t y   a d d i t i v e s   a r e   n e e d e d   t o  

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

B e s i d e s   w a t e r   and  t h e   h y d r o x y a l k y l a t e d  

i s o c y a n u r a t e   b a s e   s t o c k ,   i t   i s   n e c e s s a r y   to   a d d  

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

p r e s e n t   i n v e n t i o n .   At  l e a s t   one   l i q u i d   p h a s e   and  a t  

l e a s t   one   v a p o r   p h a s e   c o r r o s i o n   i n h i b i t o r   a r e   n e e d e d  

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

T h e s e   c o r r o s i o n   i n h i b i t o r s   a r e   n e c e s s a r y   b e c a u s e   t h e  

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

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

Any  c o n v e n t i o n a l   l i q u i d   p h a s e   c o r r o s i o n  

i n h i b i t o r   may   be  e m p l o y e d .   M e r c a p t o b e n z o t h i a z o l e   o r  
i t s   a l k a l i   m e t a l   s a l t s   s u c h   as  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 ,   t o l u t r i a z o l e ,   s e c o n d a r y   and   t e r t i a r y   a m i n e s  

and  a l k a l i   m e t a l   b o r a t e s ,   p h o s p h a t e s ,   n i t r i t e s ,   p h o s -  

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

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 .   P r e f e r a b l y ,   t h e  

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

a b o u t   0.1%  to   a b o u t   1%  by  w e i g h t   o f   t h e   t o t a l   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 .   More  p r e f e r a b l y ,   t h e   a m o u n t   o f  

l i q u i d   p h a s e   c o r r o s i o n   i n h i b i t o r s   i s   f r o m   a b o u t   0 . 2 %  
to   a b o u t   0 .5%  by  w e i g h t   of   t h e   t o t a l   f l u i d   f o r m u l a t i o n .  

Any  c o n v e n t i o n a l   v a p o r   p h a s e   c o r r o s i o n  

i n h i b i t o r   may  be  u s e d .   V a p o r   p h a s e   c o r r o s i o n   i n h i b i t o r s  

s u c h   as  m o r p h o l i n e ,   o r g a n i c   b a s e s   s u c h   as  c y c l o h e x y l a m i n e ,  

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

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



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

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

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

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

a b o u t   0.5%  to   a b o u t   2%  o f   t h e   t o t a l   f o r m u l a t i o n .   M o r e  

p r e f e r a b l y ,   t h i s   a m o u n t   may  be  f r o m   a b o u t   0.7%  to   a b o u t  

1 ,25%  by  w e i g h t   o f   t h e   t o t a l   f l u i d   f o r m u l a t i o n .  

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

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

t h r o u g h o u t   t h e   t e m p e r a t u r e   r a n g e   f r o m   a b o u t   - 2 0 ° C   t o  

a b o u t   65°C  a t   a t m o s p h e r i c   p r e s s u r e   ( h i g h e r   t e m p e r a t u r e s  

may  be  u s e d   u n d e r   p r e s s u r i z e d   c o n d i t i o n s )   and   a r e  

h o m o g e n e o u s   a t   a l l   t e m p e r a t u r e s   b e t w e e n   a b o u t   - 4 5 ° C   t o  

a b o u t   80°C .   They   r e q u i r e   no  s p e c i a l   p a c k i n g s   o r   s e a l s  

or   f i l t e r s .   T h e s e   f l u i d s ,   b e s i d e s   b e i n g   f i r e   r e s i s t a n t ,  

a r e   n o n - e x p l o s i v e ,   w i l l   n o t   a t t a c k   r u b b e r   p a c k i n g s ,   a r e  

c o r r o s i o n - i n h i b i t e d ,   n o n t o x i c ,   o x i d a t i o n   r e s i s t a n t ,   a n d  

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

s e r v i c e .   F u r t h e r m o r e ,   t h e y   a r e   e c o n o m i c a l   to   m a k e .  

The  h y d r a u l i c - t y p e   f l u i d   s y s t e m s   in   w h i c h   t h e  

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

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

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

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

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

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

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

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

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

j a c k s   and  h y d r a u l i c   l i f t s ,   e s p e c i a l l y   t h o s e   t h a t   r e q u i r e  

a  h i g h   d e g r e e   of  f i r e   r e s i s t a n c e .   I n c l u d e d   among  t h e s e  

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

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



V a r i o u s   a d d i t i v e s . ,   b e s i d e s   t h e   a b o v e -  

m e n t i o n e d   c o r r o s i o n   i n h i b i t o r s ,   may  be  a d d e d   to   t h e  

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

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

v a r i o u s   t y p e s   o f   a d d i t i v e s   w h i c h   c a n   be  a d d e d   to   t h e  

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

a n t i o x i d a n t s ,   v i s c o s i t y   i n d e x   i m p r o v e r s ,   p o u r   p o i n t  

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

s t a b i l i z e r s ,   r u b b e r   s w e l l i n g   a d j u s t e r s ,   d e m u l s i f i e r s ,  

d y e s   and   o d o r   s u p p r e s s a n t s .   G e n e r a l l y ,   t h e   t o t a l  

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

f l u i d   c o m p o s i t i o n   w i l l   v a r y   b e t w e e n   0%  t o   a b o u t   3 0 % ,  

p r e f e r a b l y   f r o m   a b o u t   0.1%  to   20%  and   more   p r e f e r a b l y  

f r o m   a b o u t   0.2%  t o   a b o u t   10%  by  w e i g h t ,   b a s e d   on  t h e  

t o t a l   w e i g h t   o f   t h e   f l u i d   f o r m u l a t i o n .  

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

t h i c k e n e r s   s u c h   as   t h e   w a t e r - i n i t i a t e d   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   a n d   p r o p y l e n e   o x i d e   may  o p t i o n a l l y   b e  

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

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

G e n e r a l l y ,   t h e   a m o u n t   of   t h i c k e n e r s   a d d e d   may  be  f r o m  

a b o u t   0%  to   a b o u t   20%,  p r e f e r a b l y   f r o m   a b o u t   0%  t o  

a b o u t   15%,  by  w e i g h t   o f   t h e   t o t a l   f l u i d   f o r m u l a t i o n .  

H o w e v e r ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   a d d i t i o n   o f  

t h i c k e n e r s   r e d u c e s   b o t h   f i r e - r e s i s t a n c e   of   t h e   r e s i d u a l  

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

B u f f e r s   o r   pH  c o n t r o l   a g e n t s   m a y  
o p t i o n a l l y   be   e m p l o y e d   i n   an  a m o u n t   s u f f i c i e n t   t o  

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

e . g .   a t   an  a p p a r e n t   pH  v a l u e   o f   a b o u t   7  to   a b o u t   1 1 . 5 ,  

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

r e n d e r   some  c o r r o s i o n   i n h i b i t o r s   i n e f f e c t i v e .  

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

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

l i k e .   T h e s e   b u f f e r s   may  g e n e r a l l y   be  a d d e d   to   t h e  

f l u i d s   i n   a m o u n t s   f r o m   a b o u t   0%  to   a b o u t   5%  by  w e i g h t  
of   f l u i d   f o r m u l a t i o n ,   p r e f e r a b l y   f r o m   a b o u t   0.1%  t o  
a b o u t   1%  by  w e i g h t   o f   t h e   m i x t u r e .  



An  a n t i o x i d a n t   may  o p t i o n a l l y   be  u s e d ,   i f  

d e s i r e d .   T y p i c a l   a n t i o x i d a n t s   i n c l u d e   2 , 2 - d i ( 4 -  

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

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

d i b u t y l   c r e s o l .   G e n e r a l l y ,   t h e   a m o u n t   of   a n t i o x i d a n t  

u s e d   w i l l   v a r y   f r o m   0%  to   a b o u t   3%  by  w e i g h t ,  

p r e f e r a b l y   f r o m   a b o u t   0 . 001%  to   a b o u t   2%  by  w e i g h t ,  

b a s e d   on  t h e   t o t a l   w e i g h t   of   t h e   f l u i d   f o r m u l a t i o n .  

A  d e f o a m e r   s u c h   as  a  s i l i c o n e   t y p e   may  b e  

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

d e f o a m e r   u s e d   w i l l   v a r y   f r o m   0%  to   a b o u t   0.1%  by  w e i g h t  

of  t h e   f l u i d   f o r m u l a t i o n ;   p r e f e r a b l y ,   t h e   a m o u n t   w i l l  

be  f r o m   a b o u t   0 . 01%  to   a b o u t   0 .1%  by  w e i g h t   of   t h e  

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

A d d i t i o n a l l y ,   o t h e r   a d d i t i v e s ,   i f   d e s i r e d ,  

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

For   e x a m p l e ,   r u b b e r   s w e l l i n g   a d j u s t e r s   s u c h   as  d o d e c y l  

b e n z e n e   may  be  u s e d .  

The  a b o v e - n o t e d   i n h i b i t o r s   and  a d d i t i v e s   a r e  

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

l i s t i n g   of  t h e   many   w e l l - k n o w n   m a t e r i a l s   w h i c h   c an   b e  

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

p r o p e r t i e s .   O t h e r   i l l u s t r a t i o n s   o f   a d d i t i v e s  

w h i c h   may  be  u s e d   c an   be  f o u n d   i n   U . S .   P a t e n t  

No.  3 , 3 7 7 , 2 8 8 ,   and   in   I n t r o d u c t i o n  t o   H y d r a u l i c   F l u i d s  

by  R o g e r   E.  H a t t o n ,   R e i n h o l d   P u b l i s h i n g   C o r p o r a t i o n  

( 1 9 6 2 ) .  

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

e m b o d i m e n t s   o f   t h e   p r e s e n t   i n v e n t i o n ;   t h e y   a r e   i n t e n d e d  

to  be  i l l u s t r a t i v e   and  n o t   l i m i t i n g   i n   n a t u r e .  

A l l   p a r t s   and  p e r c e n t a g e s   a r e   by  w e i g h t   u n l e s s  

o t h e r w i s e   s p e c i f i e d .  



E x a m p l e   1  

To  a  o n e - l i t e r   s t e e l   a u t o c l a v e ,   1 9 5 . 9   g r a m s  

( 0 . 7 5   m o l e s )   o f   t r i s ( 2 - h y d r o x y e t h y l )   i s o c y a n u r a t e  

(THEIC)  and   2 . 0   g r a m s   of   b o r o n   t r i f l u o r i d e   e t h e r a t e  

w e r e   a d d e d .   The  l a t t e r   c o m p o u n d   was  u s e d   as  a  c a t a l y s t  

in   an  a m o u n t   e q u a l   t o   a b o u t   1 .0%  of   t h e   w e i g h t   of  t h e  

THEIC.  The  a u t o c l a v e   was  s e a l e d   and   t h e   r e a c t i o n  

m i x t u r e   was   h e a t e d   t o   a b o u t   1 4 0 ° C   t o   m e l t   t h e   T H E I C .  

The  r e a c t i o n   p r e s s u r e   was  m a i n t a i n e d   a t   a b o u t   50  p s i g .  

E t h y l e n e   o x i d e   (EO)  was  t h e n   a d d e d   t o   t h e   a u t o c l a v e  

o v e r   a  p e r i o d   o f   a b o u t   3  h o u r s   u n t i l   436  g r a m s   ( 9 . 9  

m o l e s )   EO  was   c h a r g e d .   The  r e a c t i o n   m i x t u r e   was  t h e n  

p o s t - r e a c t e d   f o r   1  h o u r   a t   1 3 8 ° - 1 5 0 ° C .   A f t e r   t h i s  

p o s t - r e a c t i o n   t i m e ,   t h e   r e a c t o r   was  c o o l e d   to   r o o m  

t e m p e r a t u r e ,   v e n t e d   t o   r e m o v e   a n y   u n r e a c t e d   EO,  a n d  

t h e   c o n t e n t s   w e r e   w e i g h e d   ( 4 4 0 . 3  g r a m s )   and   OH  n u m b e r  

d e t e r m i n e d   (234)   w h i c h   c o r r e s p o n d s   t o   a  c a l c u l a t e d  

m o l e c u l a r   w e i g h t   o f   7 1 9 .   The  a p p r o x i m a t e   s t r u c t u r a l  

f o r m u l a  o f   t h e   p r o d u c t ,   as  c a l c u l a t e d   f r o m   t h e   u p t a k e  

of  EO,  was  C 3 N 3 O 3 [ ( C H 2 C H 2 O ) 4 . 1 H ] 3  w h o s e   f o r m u l a   w e i g h t  

i s   6 8 0 .  

A  w a t e r - b a s e d   h y d r a u l i c   f l u i d   h a v i n g   a  2 0 0  

SUS  v i s c o s i t y   a t   1 0 0 ° F ,   c o m p r i s i n g   73 .0%  by  w e i g h t   o f  

t h e   a b o v e   h y d r o x y a l k y l a t e d   i s o c y a n u r a t e   and   2 7 . 0 %  

d i s t i l l e d   w a t e r ,   was  p r e p a r e d   and   t e s t e d   f o r   v a r i o u s  

p r o p e r t i e s .   See   T a b l e   I  f o r   t h e   r e s u l t s   o f   t h e s e  

t e s t s .  



E x a m p l e   2 

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

made   in   E x a m p l e   1  was  b l e n d e d   w i t h   w a t e r   and   a  

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

b a s e - c a t a l y z e d ,   w a t e r - i n i t i a t e d   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   of   75%  EO  and   25%  PO  by  w e i g h t   ( 3 6 , 0 0 0   c S t  

a t   1 0 0 ° F )   t o   f o r m   a  h y d r a u l i c   f l u i d   h a v i n g   a  v i s c o s i t y  

of   200  SUS  a t   1 0 0 ° F .   T h i s   f l u i d   c o m p r i s e d   3 9 . 0 %  

of  t h e   i s o c y a n u r a t e   p r o d u c t ,   50 .0%  w a t e r   and  1 1 . 0 %  

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

p r o p e r t i e s .   See   T a b l e   I  f o r   t h e   r e s u l t s .  

1 P o l y - G ®   p o l y a l k y l e n e   g l y c o l   t h i c k e n e r  
c o n c e n t r a t e   m a n u f a c t u r e d   by  O l i n   C o r p o r a t i o n   o f  
S t a m f o r d ,   C o n n e c t i c u t .  



E x a m p l e   3  

To  a  250  ml  g l a s s   f l a s k   e q u i p p e d   w i t h   a  

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

c o n d e n s e r ,   5 2 . 2   g r a m s   ( 0 . 2   m o l e s )   o f   THEIC  was  a d d e d .  

The  f l a s k   was  h e a t e d   to   m e l t   t h e   THEIC  ( a t   a b o u t  

1 3 1 ° C )   a t   a t m o s p h e r i c   p r e s s u r e .   T h e n ,   0 . 5 2   g r a m s   o f  

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

f o l l o w e d   by  t h e   d r o p w i s e   a d d i t i o n   of   1 1 6 . 3   g r a m s  

( 2 . 6 4   m o l e s )   of  EO  a t   a b o u t   1 3 3 ° C   to   a b o u t   1 4 0 ° C   o v e r  

a  p e r i o d   of   6 .5   h o u r s .   T h e n ,   t h e   r e a c t i o n   m i x t u r e  

was  h e a t e d   a t   a b o u t   125°C   f o r   an  a d d i t i o n a l   16  h o u r s ,  

c o o l e d   t o   room  t e m p e r a t u r e   and  t h e   c o n t e n t s   w e i g h e d  

( 1 5 9 . 0   g r a m s )   and  t h e   OH  n u m b e r   was  d e t e r m i n e d   ( 2 0 8 ) ,  

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

of   8 0 9 .   The  a p p r o x i m a t e   s t r u c t u r a l   f o r m u l a   of   t h e  

p r o d u c t ,   as  c a l c u l a t e d   by  t h e   u p t a k e   of   EO,  w a s  

C3N303 j   (CH2CH2O)5H]3   w h o s e   f o r m u l a   w e i g h t   i s   7 9 0 .  

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

200  SUS  v i s c o s i t y   a t   1 0 0 ° F   c o m p r i s i n g   73 .0%  b y  

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

27.0%  d i s t i l l e d   w a t e r   was  p r e p a r e d   and  t e s t e d   f o r  

v a r i o u s   p r o p e r t i e s .   See  T a b l e   I  f o r   t h e   r e s u l t s .  



E x a m p l e   4 

To  a  500  ml  g l a s s   f l a s k   e q u i p p e d   w i t h   a  

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

was  c h a r g e d   3 1 . 3   g r a m s   ( 0 . 1 2   m o l e s )   o f   THEIC.   T h e  

f l a s k   was  h e a t e d   t o   m e l t   t h e   THEIC  a t   a t m o s p h e r i c  

p r e s s u r e .   B o r o n   t r i f l u o r i d e   e t h e r a t e   ( 0 . 1   g ram)   w a s  

t h e n   a d d e d   to   t h e   f l a s k ,   1 5 6 . 8   Grams  ( 3 . 5 6   m o l e s )   o f  

EO  was  a d d e d   o v e r   a  p e r i o d   of   16  h o u r s   w h i l e   m a i n -  

t a i n i n g   t h e   t e m p e r a t u r e   a t   a b o u t   1 3 1 ° C   t o   a b o u t  

137°C   a t   a t m o s p h e r i c   p r e s s u r e .   B o r o n   t r i f l u o r i d e  

e t h e r a t e   c a t a l y s t   was  a d d e d   d u r i n g   t h e   EO  a d d i t i o n  

as  r e q u i r e d   to   s u s t a i n   t h e   r e a c t i o n .   The  t o t a l   a m o u n t  

of   c a t a l y s t   was  2.8%  of   t h e   THEIC  a d d e d   ( 0 . 8 9   g r a m s ) .  

A f t e r   a d d i t i o n   o f   EO  was  o v e r ,   t h e   r e a c t i o n   m i x t u r e   w a s  

h e a t e d   a t   a b o u t   1 2 5 ° C   f o r   a b o u t   16  h o u r s ,   c o o l e d   t o  

room  t e m p e r a t u r e   and   t h e   c o n t e n t s   w e i g h e d   ( 1 7 3 . 5   g r a m s )  

and  t h e   OH  n u m b e r   was  d e t e r m i n e d   (152)   w h i c h  

c o r r e s p o n d e d   to   a  m o l e c u l a r   w e i g h t  o f   1 1 0 7 .   T h e  

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

c a l c u l a t e d   by  t h e   u p t a k e   of   EO,  w a s  

C 3 N 3 O 3 [ ( C H 2 C H 2 O ) 9 . 9 H ] 3   w h o s e   f o r m u l a   w e i g h t   i s   1 4 3 9 .  

A  w a t e r - b a s e d   h y d r a u l i c   f l u i d   h a v i n g   a  2 0 0  

SUS  v i s c o s i t y   of   1 0 0 ° F   c o m p r i s i n g   75 .0%  by  w e i g h t   o f  

t h i s   i s o c y a n u r a t e   p r o d u c t   and  25.0%  by  w e i g h t   o f  

d i s t i l l e d   w a t e r   was  t h e n   p r e p a r e d   and   t e s t e d .   T h e  

r e s u l t s   of  t h o s e   t e s t s   a r e   in   T a b l e   I .  



E x a m p l e   5 

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

p r e p a r e d   by  t h e   c o n t i n u o u s   a d d i t i o n   of   4 1 . 4   l b s .   of   EO 

to   1 5 . 4   l b s .   of   THEIC  a n d   60  g r a m s   of  BF3  e t h e r a t e   i n  

a  1 0 - g a l l o n   r e a c t o r .   The  r e a c t o r   was  h e a t e d   t o  

2 9 5 ° F   t o   m e l t   t h e   THEIC  a t   w h i c h   p o i n t   a g i t a t i o n   a n d  

EO  a d d i t i o n   w e r e   b e g u n .   O n l y   h a l f   o f   t h e   EO  h a d   b e e n  

a d d e d   when   t h e   p r e s s u r e   r e a c h e d   i t s   max imum  of   65  p s i g .  

A  s e c o n d   60  g ram  c a t a l y s t   c h a r g e   was  a d d e d   to   t h e   v a p o r  

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

c o n t i n u e d   u n t i l   t h e   EO  was  c o n s u m e d .   The  r e s u l t i n g  

f l u i d   h a d   an  OH  n u m b e r   o f   205 .   The  m o l e c u l a r   w e i g h t  

was  c a l c u l a t e d   f r o m   t h e   OH  n u m b e r   to   be  821 .   T h e  

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

was  C 3 N 3 O 3 [ C H 2 C H 2 O ) 5 . 2 H ] 3 .  
A  two  q u a r t   b a t c h   of  h y d r a u l i c   f l u i d   h a v i n g  

a  v i s c o s i t y   of  a p p r o x i m a t e l y   200  SUS  was  p r e p a r e d   b y  

m i x i n g   1 5 7 9 . 8   g r ams   o f   t h e   i s o c y a n u r a t e   b a s e   s t o c k ,  
6 3 0 . 2   g r a m s   of   d i s t i l l e d   w a t e r ,   1 1 . 0   g r a m s   o f  

m o r p h o l i n e   and  0 .4   g r a m s   of   SAG-10  s i l i c o n e   d e f o a m i n g  
a g e n t 2   in   a  b e a k e r .   The  pH  was  r a i s e d   to   9 .5   by  t h e  

a d d i t i o n   of   1 4 . 6   g r a m s   of   l - a m i n o - 2 - p r o p a n o l .   S e e  

T a b l e s   I  and   I I   f o r   t e s t   r e s u l t s .   The  f i n a l   c o m p o -  
s i t i o n   of   t h e   f l u i d   w a s :   /  

2 M a n u f a c t u r e d   by  U n i o n   C a r b i d e   Co.  o f  
New  Y o r k ,   New  Y o r k .  
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The  h y d r o x y a l k y l a t e d   i s o c y a n u r a t e   p r o d u c t  

f o r   t h i s   e x a m p l e   was  p r e p a r e d   by  a  r e a c t i o n   s i m i l a r  

t o   t h a t   of  E x a m p l e   5  e x c e p t   t h a t   o n l y   3 4 . 4   l b s .   of   EO 

was  a d d e d   and  t h e   60  g r a m s   of   c a t a l y s t   was  c h a r g e d   i n t o  

t h e   m e l t e d   THEIC.  No  f u r t h e r   c a t a l y s t   a d d i t i o n   w a s  

n e c e s s a r y .   The  r e s u l t i n g   f l u i d   had   an  OH  n u m b e r   o f  

199  and   as  in   E x a m p l e   5,  t h e   m o l e c u l a r   w e i g h t   w a s  

c a l c u l a t e d   to   be  845  w h i c h   c o r r e s p o n d e d   t o   an  a v e r a g e  

c o m p o s i t i o n   o f :   C 3 N 3 O 3 [ C H 2 C H 2 O ) 5 . 4 H ] 3 .  

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

v i s c o s i t y   of   a p p r o x i m a t e l y   200  SUS  w e r e   p r e p a r e d .   T h e  

same  p o l y o x y a l k y l e n e   g l y c o l   t h i c k e n e r   ( 3 6 , 0 0 0   cs  a t  

1 0 0 0 F )   as  u s e d   in   E x a m p l e   2  was  u s e d   to   i n c r e a s e   t h e  

v i s c o s i t y   i n d e x .   The  v i s c o s i t y   of   t h e   t h i c k e n e r  

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

u s e d .   C o r r o s i o n   i n h i b i t o r s ,   b u f f e r s   and   d e f o a m e r  

w e r e   a l s o   a d d e d .   Two  h u n d r e d   g r a m s   of  t h i c k e n e r   w e r e  

d i s s o l v e d   in   9 2 5 . 6   g r a m s   of   w a t e r   w i t h   s t i r r i n g   a n d  

h e a t i n g   f o l l o w e d   by  t h e  a d d i t i o n   of   7 8 8 . 4   g r a m s   of   t h e  

b a s e   s t o c k .   An  a d d i t i v e   p a c k a g e   was  p r e p a r e d   o n  

a d d i n g   4  g r ams   of   m e r c a p t o b e n z o t h i a z o l e ,   18  g r a m s  
of   m o r p h o l i n e   and  10  g r a m s   of   t r i e t h a n o l a m i n e   to   50  

g r a m s   of   20%  a q u e o u s   p o t a s s i u m   l a u r a t e   b u f f e r   s o l u t i o n .  

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

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

w a t e r .   F i n a l l y ,   6  d r o p s   ( 0 .4   g r a m s )   of   SAG-10  d e f o a m e r  

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



T h i s   f l u i d   was  a l s o   t e s t e d .   See  T a b l e s   I  and   I I .  
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The  h y d r o x y a l k y l a t e d   i s o c y a n u r a t e   p r o d u c t   f o r  

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

t h a t   d e s c r i b e d   i n   E x a m p l e   6.  The  r e s u l t i n g   p r o d u c t   h a d  

an  OH  n u m b e r   o f   2 0 9 .   I t s   m o l e c u l a r   w e i g h t   w a s  

c a l c u l a t e d   t o   be  805  w h i c h   c o r r e s p o n d s   t o   an  a v e r a g e  

c o m p o s i t i o n   o f :   C 3 N 3 O 3 [ ( C H 2 C H 2 O ) 5 . 1 H ] 3 .  
Two  q u a r t s   o f   h y d r a u l i c   f l u i d   h a v i n g  

a  v i s c o s i t y   of   a p p r o x i m a t e l y   275  SUS  a t   1 0 0 ° F   w e r e  

p r e p a r e d   as  i n   E x a m p l e   6  and   t e s t e d   ( s e e   T a b l e s   I  a n d  

I I ) .   The  f l u i d   h a d   t h e   f o l l o w i n g   c o m p o s i t i o n :  



E x a m p l e   8 

The  h y d r o x y a l k y l a t e d   i s o c y a n u r a t e   p r o d u c t   f o r  
t h i s   f o r m u l a t i o n   was  t h e   same  as  i n   E x a m p l e   7 .  

A b o u t   f o u r   q u a r t s   o f   h y d r a u l i c   f l u i d . h a v i n g   2 0 0 '  

SUS  v i s c o s i t y   a t   1 0 0 ° F   w e r e   p r e p a r e d   and  t e s t e d   ( s e e  

T a b l e s   I  and   I I ) .   The  f l u i d   had   t h e   f o l l o w i n g  

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

t h i s   f o r m u l a t i o n   was  t h e   same  as  i n   E x a m p l e   7 .  

A b o u t   f o u r   q u a r t s   o f   h y d r a u l i c   f l u i d   h a v i n g   1 5 0  

SUS  v i s c o s i t y   a t   1 0 0 ° F  w e r e   p r e p a r e d   and   t e s t e d   ( s e e  

T a b l e s   I  and   I I ) .   The  f l u i d   h a d   t h e   f o l l o w i n g  

c o m p o s i t i o n :  



E x a m p l e   1 0  

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

t h i s   f o r m u l a t i o n   was   t h e   same  as  i n   E x a m p l e   7.  A b o u t  
f o u r   q u a r t s  o f  h y d r a u l i c   f l u i d   h a v i n g  1 0 0   SUS  v i s c o s i t y  
a t   1 0 0 ° F   w e r e   p r e p a r e d   and   t e s t e d   ( s e e   T a b l e s   I  a n d  

I I ) .   The  f l u i d   had   t h e   f o l l o w i n g   c o m p o s i t i o n :  



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

E x a m p l e s   1 - 1 0   as   f i r e - r e s i s t a n t   h y d r a u l i c   f l u i d s   a n d  

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

w a t e r   g l y c o l   t y p e s   was  e s t a b l i s h e d   by  t h e   d e t e r m i n a t i o n  

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

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

H o u g h t o s a f e   620 ,   a  c o m m e r c i a l   w a t e r   g l y c o l   h y d r a u l i c  

f l u i d   m a n u f a c t u r e d   by  E.  F.  H o u g h t o n .   The  r e s u l t s   a r e  

s u m m a r i z e d   in   T a b l e s   I  and   I I .  

A)  V i s c o s i t y   ( m e a s u r e d   by  A N S I / A S T M  

D - 2 2 7 0 - 7 7 )  -   The  v i s c o s i t i e s   a t   1 0 0 ° F   i n d i c a t e   t h e  

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

b a s e   s t o c k   to   m e e t   t h e   v i s c o s i t y   s p e c i f i c a t i o n s   o f   t h e  

m o s t   c o m m o n l y   u s e d   p u m p s .   The  k i n e m a t i c   v i s c o s i t y   i n  

c e n t i s t o k e s   was  m e a s u r e d   and  c o n v e r t e d   to   SUS  v a l u e s  

by  t h e   a p p r o p r i a t e   t a b l e s   f o u n d   in   ANSI/ASTM  2 1 6 1 - 7 9 .  

B)  V i s c o s i t y   I n d e x   ( m e a s u r e d   by  A N S I / A S T M  

D - 2 2 7 0 - 7 9 )  -   The  v i s c o s i t y   o f   t h e   f l u i d s   w i l l   v a r y  

d u r i n g   u s e   due   to   c h a n g e s   in   t h e   f l u i d   t e m p e r a t u r e .  

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

f l u i d   b e c o m e s   t o o   t h i n   or   t o o   t h i c k .   The  v i s c o s i t y  

i n d e x   (VI)  p r e d i c t s   t h e   e x t e n t   of   t h e s e   c h a n g e s   w i t h  

a  h i g h e r   v a l u e   i n d i c a t i n g   l e s s   of   a  c h a n g e .   A  VI  o f   a t  

l e a s t   100  w o u l d   be  c o n s i d e r e d   s u i t a b l e .   O n l y   t h e   f l u i d  

of   E x a m p l e   3  f a i l e d   to   m e e t   t h e s e   c r i t e r i a .   A l s o ,   t h e  

f l u i d s   e m p l o y i n g   t h i c k e n e r   a r e   s e e n   to   h a v e   V I ' s  

s u p e r i o r   to   t h o s e   f l u i d s   w i t h o u t   i t .   The  V I ' s   w e r e  

c a l c u l a t e d   by  u t i l i z i n g   t h e   v a l u e   f o r   1 0 0 ° F   v i s c o s i t y  

and   an  e s t i m a t e d   v a l u e   f o r   2109F   v i s c o s i t y   o b t a i n e d   b y  

e x t r a p o l a t i o n   on  t h e   ASTM  S t a n d a r d   V i s c o s i t y  

T e m p e r a t u r e   c h a r t   u t i l i z i n g   t h e   v i s c o s i t y   v a l u e s   a t  

1 0 0 ° F   and  e i t h e r   130°F   o r   1 5 0 ° F .  



C)  P o u r   P o i n t   I m e a s u r e d   by  ANSI /ASTM 

D - 9 7 - 6 6   ( 1 9 7 1 ) ]  -   The  p o u r   p o i n t s   of   t h e   f l u i d s   a r e  

i m p o r t a n t   i f   t h e y   a r e   t o   be  s h i p p e d ,   s t o r e d   or  u t i l i z e d  

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

E x a m p l e   5  w h i c h   i n c l u d e d   a  t h i c k e n e r ,   a l l   of  t h e   t e s t e d  

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

s u i t a b l e   f o r   u s e   a t   t e m p e r a t u r e s   b e l o w   0 ° F .  

D)  F o u r   B a l l   Wear  T e s t   I m e a s u r e d   b y  

ANSI/ASTM  D - 2 2 6 6 - 6 7   ( 1 9 7 7 ) ]  -   L u b r i c i t y   t e s t i n g   o f   t h e  

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

s e p a r a t e   and   l u b r i c a t e   t h e   s u r f a c e s   of  s y s t e m  

c o m p o n e n t s   w h i c h   a r e   in   c l o s e   c o n t a c t .   E m p l o y i n g  

c o n d i t i o n s   o f   1  h o u r ,   1 3 0 ° F ,   1200  rpm  and  40  kg  l o a d  

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

b a s e d   f l u i d s   w e r e   e q u a l   to   o r   b e t t e r   t h a n   t h a t   o f  

H o u g h t o s a f e   6 2 0 .   The  f l u i d s   w i t h   h i g h e r   v a l u e s   t h a n  

H o u g h t o s a f e   620  s t i l l   e x h i b i t e d   a d e q u a t e   l u b r i c i t y  

p e r f o r m a n c e .  

E)  P o w e r   S t e e r i n g   Pump  T e s t  -   A  t e s t   s u c h  

as  t h e   F o u r   B a l l   Wear   T e s t   i s   u s e f u l   to  s c r e e n  

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

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

m u s t   be  r u n   t h r o u g h   a  pump  t e s t   u n d e r   e n d - u s e  

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

l u b r i c i t y .   The  f l u i d s   w e r e   t e s t e d   in   a  S a g i n a w   p o w e r  
s t e e r i n g   pump  h a v i n g   a  f l u i d   c a p a c i t y   of  1000  c c .  
The  r o t o r ,   r i n g   and  v a n e s   of   t h e   pump  a r e   w e i g h e d   p r i o r  
to   o p e r a t i o n .   The  pump  i s   t h e n   a s s e m b l e d   and  o p e r a t e d  
f o r   4  h o u r s   a t   a  f l u i d   e x i t   t e m p e r a t u r e   of  1 5 0 ° F   a n d  

a  pump  o u t l e t   p r e s s u r e   o f   500  p s i g .   An  e x t e r n a l  

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

p r e s s u r e .   At  t h e   end   of   t h e   4 - h o u r   p e r i o d ,   t h e   pump  i s  

d i s a s s e m b l e d ,   t h e   p a r t s   w e i g h e d   and  t h e   w e i g h t   l o s s  



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

t h e   same   c o n d i t i o n s   f o r   a n o t h e r   24  h o u r s .   The  w e i g h t  

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

i s   r e p o r t e d   as   a  m e a s u r e   of   w e a r   and   s h o u l d   be  l e s s  

t h a n   a b o u t   150  mg  f o r   a c c e p t a b l e   f l u i d s .   R e s u l t s   a r e  

g i v e n   i n   T a b l e   I .  

F)  Wick  F l a m m a b i l i t y   T e s t   ( m e a s u r e d   by  U . S .  

B u r e a u   o f   M i n e s   S c h e d u l e   30,   J u l y   1,  1 9 7 8 )  -   The  t e s t  

s i m u l a t e s   f l u i d   s o a k e d   i n   a b s o r b e n t ,   f l a m m a b l e  

m a t e r i a l   and   e x p o s e d   to   o p e n   f l a m e s .   I t   i s   p e r f o r m e d  

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

i n t o   a n d   o u t   o f  a   l a b o r a t o r y   b u r n e r   f l a m e   a t   2 5  

c y c l e s / m i n .   u n t i l   a  s e l f - s u s t a i n i n g   f l a m e   i s   a t t a i n e d .  

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

them  as  i s ,   and  a f t e r   v a r y i n g   a m o u n t s   o f   e v a p o r a t i v e  

w a t e r   l o s s .   T h u s ,   t h r e e   s a m p l e s   w e r e   p r e p a r e d ,   one   w a s  

l e f t   i n   an  o p e n   p e t r i   d i s h   a t   room  t e m p e r a t u r e ,   one   w a s  

p l a c e d   i n   an  o v e n   a t   1 5 0 ° F   f o r   2  h o u r s   a n d   one   w a s  

p l a c e d   i n   an  o v e n   a t   1 5 0 ° F   f o r   4  h o u r s .   The  B u r e a u   o f  

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

a t t a i n i n g   a  s e l f - s u s t a i n i n g   f l a m e   s h o u l d   be  18  o r  
more   f o r   t h e   2 - h o u r   s a m p l e   and  12  or   m o r e   f o r   t h e  
4 - h o u r   s a m p l e .   As  i s   s e e n   in   T a b l e   I I ,   t h e   r e s i d u e s   o f  
t h e   i s o c y a n u r a t e   b a s e d   f l u i d s   r e t a i n   a  s i g n i f i c a n t  
m e a s u r e   of   t h e i r   i g n i t i o n   r e s i s t a n c e   w h i l e   t h e   r e s i d u e  
of  t h e   g l y c o l - b a s e d   f l u i d   d o e s   n o t .  

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

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

l u b r i c i t y   c h a r a c t e r i s t i c s   to   t y p i c a l   w a t e r   g l y c o l  

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

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

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



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

t h e s e   may  be  d e s i r a b l e   f o r   i m p r o v i n g   s a f e t y   in   N a v a l  

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

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

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

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

c o a l   m i n e r s   and  m i n e   s h u t t l e   c a r s ,   and   many  o t h e r  

u s e s   w h e r e   t h e   t h r e a t   of   f i r e s   e x i s t s .  







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

(a)  a b o u t   20%  t o   a b o u t   60%  by  w e i g h t   w a t e r ;  

(b)  a  s u f f i c i e n t   a m o u n t   o f   a  h y d r o x y a l k y l a t e d  

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

a  v i s c o s i t y   f r o m   a b o u t   100  SUS  t o   a b o u t   4 0 0  

SUS  a t   1 0 0 ° F ,   s a i d   h y d r o x y a l k y l a t e d   i s o -  

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

w h e r e i n   x,  y  and   z  a r e   e a c h   f r o m   a b o u t   3  to   a b o u t  

15  and   e a c h   R  i s   i n d i v i d u a l l y   s e l e c t e d   f r o m  

h y d r o g e n   and   m e t h y l ;  

(c)  a b o u t   0 .01%  to   a b o u t   5%  by  w e i g h t   of   a  l i q u i d  

p h a s e   c o r r o s i o n   i n h i b i t o r ;   a n d  

(d)  a b o u t   0 .01%  to   a b o u t   5%  by  w e i g h t   of   a  v a p o r  

p h a s e   c o r r o s i o n   i n h i b i t o r .  

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

a b o u t   22%  to   a b o u t   50%  by  w e i g h t   w a t e r .  

3.  The  h y d r a u l i c   f l u i d   o f   c l a i m   l o r   2  wherein  each  R 

is  h y d r o g e n .  

4.  The  h y d r a u l i c   f l u i d   o f   c l a i m   1  or  2  wherein  each  R 

is  m e t h y l .  



5.  The  h y d r a u l i c   f l u i d   of  any  p reced ing   claim  wherein  x,  y  a n d  

z  are  each  from  4  to  about  10.  

6.  The  h y d r a u l i c   f l u i d   of  any  p reced ing   claim  wherein  s a i d  

h y d r o x y a l k y l a t e d   i s o c y a n u a r a t e   is   p r e sen t   in  the  amount  f rom 

about  25%  to  about  80% by  w e i g h t .  

7.  The  h y d r a u l i c   f l u i d   of  any  p reced ing   claim wherein  said  l i q u i d  

phase  c o r r o s i o n   i n h i b i t o r   compr ises   sodium  m e r c a p t o b e n z o t h i a z o l e .  

8.  The  h y d r a u l i c   f l u i d   of  any  one  of  c la ims  1  to  6  wherein  s a i d  

l i qu id   phase  c o r r o s i o n   i n h i b i t o r   comprises   t o l u t r i a z o l e .  

9.  The  h y d r a u l i c   f l u i d   of  any  one  of  c laims  1  to  6  wherein  s a i d  

l i qu id   phase  c o r r o s i o n   i n h i b i t o r   comprises   a  combina t ion   o f  

sodium  m e r c a p t o b e n z o t h i a z o l e   and  t o l u t r i a z o l e .  

10.  T h e . h y d r a u l i c   f l u i d   of  any  p reced ing   claim  wherein  s a i d  

vapor  phase  c o r r o s i o n  i n h i b i t o r  i s   m o r p h o l i n e .  

11.  The  h y d r a u l i c   f l u i d   of  a n y  p r e c e d i n g   claim  which  a d d i t i o n a l l y  

con ta in s   from  0%  to  about  15%  by  weight  of  a  t h i c k e n e r .  

12.  The  h y d r a u l i c   f l u i d   of  claim  11  wherein  said  t h i c k e n e r  

is  a  co-polymer  of  e thy lene   oxide  and  propylene  o x i d e .  

13.  The  h y d r a u l i c   f l u i d   of  any  p reced ing   claim  which  a d d i t i o n a l l y  

con ta in s   from  about  0.1%  to  about  1%  by  weight  of  at  l e a s t  

one  b u f f e r .  

14.  The  h y d r a u l i c   f l u i d   of  claim  13  wherein  said  buf fe r   i s  

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

t h e r e o f .  



15.  The  h y d r a u l i c   f l u i d   pf  any  p r e c e d i n g   claim  which 

a d d i t i o n a l l y   c o n t a i n s   from  about  0.01%  to  about  0.1% 

by  weight  of  a  d e f o a m e r .  

16.  A  method  wherein   a  f i r s t   mechanica l   e f f o r t   i s  

-  c o n v e r t e d   to  p r e s s u r e   at  a  f i r s t   l o c a t i o n ,   the  p r e s s u r e  
is   t r a n s m i t t e d   from  said  f i r s t   l o c a t i o n   to  a  s econd  

l o c a t i o n   via  a  h y d r a u l i c   f l u i d ,   and  said  p r e s su re   i s  

conve r t ed   to  a  second  mechanica l   e f f o r t   at  said  s econd  

l o c a t i o n ;   c h a r a c t e r i s e d   by  employing  the  f l u id   of  any  

p reced ing   claim  as  said  h y d r a u l i c   f l u i d .  
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