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54)  Water-based  energy  transmitting  fluid  composition. 

Aqueous  composition  having  a  viscosity  of  at  least 
10.10-6  m2/s  centistokes  at  40°C  which  contain  up  to  about  80 
percent  by  weight  of  water,  at  least  0.1  percent  by  weight  of 
an  acidic  lubricity  agent  and  an  effective  amount  of  an 
anti-wear  additive  which  is  the  combination  of  a  nitroaroma- 
tic  compound  component  and  a  hydroxyl  substituted  aroma- 
tic  acid  component  exhibit  enhanced  anti-wear  and  lubricity 
properties. 



BACKGROUND  OF  THE  INVENTORY 

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

u s e f u l   e s p e c i a l l y   for  t r a n s m i t t i n g   energy  in  m e c h a n i c a l  

systems  and,  more  p a r t i c u l a r l y ,   to  w a t e r - b a s e d  

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

having  enhanced  l u b r i c i t y   and  a n t i - w e a r   p r o p e r t i e s .  

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   are  well  known  a n d  

have  been  used  commerc ia l ly   for  a  number  of  y e a r s  

e s p e c i a l l y   in  a p p l i c a t i o n s   where  f i r e   r e s i s t a n c e   i s  

d e s i r e d . .   One  commonly  used  c l a s s   of'  such  w a t e r - b a s e d  

f l u i d s ,   as  d i s c l o s e d ,   for  example,  in  U.S.  Pa ten t   No. 

2 ,602 ,780   to  Zisman  et  a l .   and  U.S.  Pa t en t   No.  2 , 7 6 8 , 1 4 1  

to  Langer  et  a l . ,   c o n t a i n   water  s o l u b l e   g l y c o l s   o r  

g lyco l   e t h e r s   for  low  t e m p e r a t u r e   p r o t e c t i o n   and  a  h i g h  

mo lecu la r   weight   po lymer ic   t h i c k e n e r   such  as  w a t e r  

s o l u b l e   p o l y ( a l k y l e n e   oxide)  polymers   for  v i s c o s i t y  

c o n t r o l .   Such  c o m p o s i t i o n s   a l so   c o n t a i n   a  v a r i e t y   o f  

a d d i t i v e s   in  "packages"   tha t   are  added  to  e n h a n c e  

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

c h a r a c t e r i s t i c s   n e c e s s a r y   for  h y d r a u l i c   dev ices   a n d  

l u b r i c a n t s .  

W a t e r   based   h y d r a u l i c   f l u i d s   commonly  have  h i g h  

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

- r e l a t i v e l y   low  cos t ,   but  g e n e r a l l y   have  poore r   a n t i - w e a r  

c h a r a c t e r i s t i c s   than  p e t r o l e u m - b a s e d   f l u i d s .   F l u i d s  

used  in  energy  t r a n s m i s s i o n   systems  must  p o s s e s s  

s u f f i c i e n t   l u b r i c i t y   and  mechanica l   s t a b i l i t y   to  e n a b l e  

them  to  be  used  in  the  s e l f - l u b r i c a t e d   pumps,  v a l v e s  

etc.   employed  in  commercial   h y d r a u l i c   sys tems.   Good 

l u b r i c a t i n g   p r o p e r t i e s ,   e s p e c i a l l y   good  l u b r i c i t y   a n d  



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

the  wear  of  moving  components  of  h y d r a u l i c   systems  w h e r e  

the  c l e a r a n c e   between  f r i c t i o n a l   s u r f a c e s   may  be  v e r y  

small  and  p r e s s u r e s   may  be  very  h i g h .  

H e r e t o f o r e ,   va r ious   a t t e m p t s   have  been  made  t o  

improve  the  l u b r i c a t i n g   p r o p e r t i e s   a n d / o r   poor  a n t i - w e a r  

p r o p e r t i e s   of  t h e s e   f l u i d s   i n c l u d i n g ,   for  example ,  

modifying  the  p o l y ( a l k y l e n e   oxide)   po lymers   g e n e r a l l y  

added  as  v i s c o s i t y   c o n t r o l   a g e n t s ;   i n c o r p o r a t i n g  

a d d i t i v e s   such  a s  c o n v e n t i o n a l   o i l   i m p r o v e r s ,   E . P .  

agen t s ,   c o r r o s i o n   i n h i b i t o r s ,   and  s e q u e s t e r i n g   a g e n t s ;  

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

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

U.S.  P a t e n t   No.  3 ,992 ,312   to  Gen j ida   e t  a l .   However ,  

none  of  t h e s e   methods  have  been  found  to  be  c o m p l e t e l y  

e f f e c t i v e ,   p a r t i c u l a r l y   where  a n t i - w e a r   r e s i s t a n c e   u n d e r  

high  p r e s s u r e   c o n d i t i o n s   is  d e s i r e d ,   and  the  d e v e l o p m e n t  

of  w a t e r - b a s e d   f l u i d s   t ha t   would  m e e t  t h e s e   r e q u i r e m e n t s  

would  be  h i g h l y   d e s i r a b l e .   Moreover ,   i t   would  a lso   b e  

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

c o n t a i n   more  water   than  the  50  p e r c e n t   to  which  s u c h  

known  f l u i d s   are  g e n e r a l l y   l i m i t e d   in  c o m m e r c i a l  

a p p l i c a t i o n s .  

SUMMARY  OF  INVENTION 

In  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n   t h e r e  

is  p r o v i d e d   a  w a t e r - b a s e d   energy  t r a n s m i t t i n g   a n d  

l u b r i c a t i n g   f l u i d   having  enhanced  a n t i - w e a r   p r o p e r t i e s  

which  compr i se s   an  aqueous  c o m p o s i t i o n   having  a  
1 0 - 6   m 2 / s  

v i s c o s i t y   of  at  l e a s t   about  10  c e n t i s t o k e s   at  40'C  wh ich  



c o n t a i n s   u p  t o   about  80  p e r c e n t   by  weight   of  water   a n d  

has  i n c o r p o r a t e d   t h e r e i n   at  l e a s t   0.1  p e r c e n t   by  w e i g h t  

of  an  a c i d i c   l u b r i c i t y   agent   and  an  amount  of  a n  

a n t i - w e a r   a d d i t i v e   which  is  e f f e c t i v e   in  enhancing  t h e  

a n t i - w e a r   c h a r a c t e r i s t i c s   of  s a i d   c o m p o s i t i o n ,   s a i d  

a n t i - w e a r   a d d i t i v e   compr i s ing   the  combina t i on   of  a  

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

n i t r o a r o m a t i c   compound  component.   Compos i t ions   of  t h e  

i n v e n t i o n   may  a l so   c o n t a i n   from  0  to  about  50  p e r c e n t  b y  

weight   of  a  water   s o l u b l e   g l y c o l   or  g lyco l   e ther   h a v i n g  

2  to  about   14  carbon  atoms  used  as  a  f r e e z i n g   p o i n t  

d e p r e s s a n t   and  from  about  5  to  about  50  p e r c e n t   by  

weight   of  a  w a t e r - s o l u b l e   po lymer i c   v i s c o s i t y   c o n t r o l  

a g e n t .  

Also  p r o v i d e d   in  a c c o r d a n c e - w i t h   the  p r e s e n t  

i n v e n t i o n   is  a  method  for  enhancing   the  a n t i - w e a r  

p r o p e r t i e s   of  w a t e r - b a s e d   energy  t r a n s m i t t i n g   f l u i d s  

c o n t a i n i n g   an  a c i d i c   l u b r i c i t y   agent   which  c o m p r i s e s  

i n c o r p o r a t i n g   i n  s a i d   w a t e r - b a s e d   energy  t r a n s m i t t i n g  

f l u i d   an  a n t i - w e a r   a d d i t i v e   c o m p r i s i n g   the  c o m b i n a t i o n  

of  a  h y d r o x y l   s u b s t i t u t e d   a roma t i c   ac id   component  and  a 

n i t r o a r o m a t i c   compound  component  in  an  amount  which  i s  

e f f e c t i v e   in  enhancing  the  a n t i - w e a r   c h a r a c t e r i s t i c s  o f  

s a i d   f l u i d   c o m p o s i t i o n s .  

It  has  been  found  tha t   the  p a r t i c u l a r  

c o m b i n a t i o n   of  a n t i - w e a r   a d d i t i v e   components  h e r e i n  

d i s c l o s e d   is  e f f i c i e n t   in  enhancing  the  a n t i - w e a r   a n d  

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

c o m p o s i t i o n s   which  a l so   c o n t a i n   c o n v e n t i o n a l   a c i d i c  

l u b r i c i t y   agen t s   and  makes  p o s s i b l e   the  p r e p a r a t i o n   o f  



such  c o m p o s i t i o n s   with  as  much  as  80  p e r c e n t   by  w e i g h t  

of  wate r ,   a  s i g n i f i c a n t l y   g r e a t e r   amount  of  water   t h a n  

may  be  used  in  w a t e r - b a s e d   c o m p o s i t i o n s   h e r e t o f o r e  

employed  as  energy  t r a n s m i s s i o n   f l u i d s .  

-  DESCRIPTION  OF  THE  INVENTION 

In  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,   t h e  

w a t e r - b a s e d   energy  t r a n s m i t t i n g   f l u i d   is  an  a q u e o u s  

c o m p o s i t i o n   having  a  v i s c o s i t y   of  at  l e a s t   10 
10-6  m 2 / s  

c e n t i s t o k e s   at  40*C  which  c o n t a i n s   up  to  80  p e r c e n t   by  

weight   of  water  and  a  c o n v e n t i o n a l   a c i d i c   l u b r i c i t y  

agent   to  which  has  been  added  an  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   which  is  the  c o m b i n a t i o n   of  a  h y d r o x y l  

s u b s t i t u t e d   a roma t i c   ac id   component  and  a  n i t r o a r o m a t i c  

compound  c o m p o n e n t .  

The  a c i d i c   l u b r i c i t y   agen t s   s u i t a b l e   for  use  i n  

c o m p o s i t i o n s   of  the  i n v e n t i o n   are   well  known  m a t e r i a l s  

which  are   c o n v e n t i o n a l l y   used  as  l u b r i c i t y   improver s   i n  

w a t e r - b a s e d   h y d r a u l i c   and  the  l i k e   f l u i d s .   Such  

s u i t a b l e   a c i d i c   m a t e r i a l s   i n c l u d e ,   for  e x a m p l e ,  

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

p o l y c a r b o x y l i c   ac ids   having  at  l e a s t   6  carbon   atoms  s u c h  

as  c a p r o i c   ac id ,   c a p r y l i c   ac id ,   p e l a r g o n i c   ac id ,   c a p r i c  

ac id ,   l a u r i c   ac id ,   m y r i s t i c   ac id ,   p a l m i t i c   ac id ,   s t e a r i c  

ac id ,   o l e i c   ac id ,   l i n o l i c   ac id ,   undecano ic   ac id ,   o x a l i c .  

ac id ,   malonic   ac id ,   s u c c i n i c   ac id ,   g l u t a r i c   ac id ,   a d i p i c  

ac id ,   male ic   ac id ,   fumaric   ac id ,   g l u t a c o n i c   a c i d ,  

b u t e n e t r i c a r b o x y l i c   ac id ;   a roma t i c   c a r b o x y l i c   ac ids   s u c h  

as  benzo ic   ac id ,   d i m e t h y l b e n z o i c   a c i d ,   p h t h a l i c   a c i d ,  

t e r e p h t h a l i c   ac id ,   i s o p h t h a l i c   ac id   and  t r i m e l l i t i c  



ac id ;   a l k a l i   metal  or  o rgan i c   amine  s a l t s   of  s a i d  

a l i p h a t i c   and  aromated  c a r b o x y l i c   ac ids   such  as  

morpho l ine ;   po lymer i zed   f a t t y   ac ids   (dimer  a c i d s ) ;  

o x y c a r b o x y l i c   ac ids   such  as  malic  and  t a r t a r i c   ac id ;   and 

l e c t o - d i c a r b o x y l i c   ac ids   such  as  a c e t o n e d i c a r b o x y l i c  

a c i d .  

As  a  g e n e r a l   r u l e ,   the  a c i d i c   l u b r i c i t y   a g e n t  

may  be  p r e s e n t   in  an  amount  between  about   0.1  and  10 

p e r c e n t   by  weight   and  are  c o n v e n t i o n a l l y   used  in  an 

amount  between  about  0.5  and  2  p e r c e n t   by  weight   of  t h e  

w a t e r - h a s e d   c o m p o s i t i o n ,   but  g r e a t e r   amounts  of  s a i d  

agent   may  be  employed  if  d e s i r e d   for  p a r t i c u l a r  

a p p l i c a t i o n s .  

An  e s s e n t i a l   component  of  the  c o m p o s i t i o n s   o f  

the  i n v e n t i o n   is  an  a n t i - w e a r   a d d i t i v e   which  is  t h e  

combina t ion   of  a  hydroxyl   s u b s t i t u t e d   a r o m a t i c   a c i d  

component  and  a  n i t r o a r o m a t i c   compound  c o m p o n e n t .  

N i t r o a r o m a t i c   compounds  which  are  s u i t a b l e   f o r  

use  as  an  a n t i - w e a r   a d d i t i v e   component  in  c o m p o s i t i o n s  

of  the  i n v e n t i o n   are  mononuclear  a r o m a t i c   compounds 

h a v i n g   at  l e a s t   one  s u b s t i t u e n t   n i t r o   group.   Such 

s u i t a b l e   n i t r o a r o m a t i c   compounds  are  t h e  

n i t r o - s u b s t i t u t e d   a romat ic   ac ids   and  compounds  such  a s  

n i t r o a r o m a t i c   s a l t s ,   e s t e r s ,   and  the  l i k e ,   t h a t ,   i n  

s i t u ;   e f f e c t   the  fo rmat ion   of  the  acid  an ion .   Exempla ry  

s u i t a b l e   n i t r o a r o m a t i c   compounds  are  3-  n i t r o b e n z o i c  

ac id ,   4-  n i t r o p h t h a l i c   ac id ,   4-  n i t r o i s o p h t h a l i c   a c i d ,  

3,5-   d i n i t r o b e n z o i c   acid,   p - n i t r o c i n n a m i c   ac id ,   and  t h e  

l i k e ,   and  a l k a l i   metal ,   amine,  or  ammonium  s a l t s   t h e r e o f .  

Hydroxyl  s u b s t i t u t e d   a roma t i c   ac ids   which  a r e  



s u i t a b l e   for  use  in  c o m b i n a t i o n   with  s a i d   n i t r o a r o m a t i c  

compounds  are  the  mononuclear   h y d r o x y l - s u b s t i t u t e d  

a r o m a t i c   ac ids   such  as,  for  example,   s a l i c y l i c   ac id ,   a n d  

d ihydroxy   s u b s t i t u t e d   benzo ic   a c i d   and  the  b r i d g e d   d imer  

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

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

o r  

where in   X  is  a  s u l f u r   atom  or  a  c h e m i c a l l y   s t a b l e   g r o u p  

s e l e c t e d   from  lower  a l k y l e n e ,   s u l f o n y l ,   and  amino  

groups ,   and  Y  and  Y'  may  be  the  same  or  d i f f e r e n t ,   a n d  

are   a  hydrogen  atom,  h y d r o x y l   group,   amino  group,  a l k y l  

group,   or  s u l f o n y l   g r o u p .  

Exemplary  s u i t a b l e   b r i d g e d   dimer  ac ids   a r e  

me thy lene   or  s u l f u r   b r i d g e d ,   h y d r o x y l - s u b s t i t u t e d  

a roma t i c   c a r b o x y l i c   ac ids   such  as  5 , 5 '  



m e t h y l e n e d i s a l i c y l i c   ac id ,   pamoic  ac id ,   and  

t h i o d i s a l i c y l i c   ac id .   The  compound  may  b e  p r e s e n t   i n  

the  c o m p o s i t i o n   as  a  s a l t   such  as  an  a l k a l i   m e t a l ,  

amine,  or  ammonium  s a l t .  

In  c o m p o s i t i o n s   of  th i s   i n v e n t i o n ,   i t   i s  

e s s e n t i a l   tha t   both  a  n i t r o a r o m a t i c   compound  and  a  

hyd roxy l   s u b s t i t u t e d   acid  be  p r e s e n t   in  order   to  p r e p a r e  

w a t e r - b a s e d   c o m p o s i t i o n s   tha t   e x h i b i t   enhanced  a n t i - w e a r  

and  l u b r i c i t y   p r o p e r t i e s .   As  a  genera l   r u l e ,   t h e  

c o m b i n a t i o n   of  a n t i - w e a r   a d d i t i v e   components  h e r e i n a b o v e  

d e s c r i b e d   should  be  p r e s e n t   in  a  combined  amount  

s u f f i c i e n t   to  impart   the  d e s i r e d   degree  of  a n t i - w e a r  

p r o p e r t i e s   and  l u b r i c i t y   to  the  compos i t i on ,   d e p e n d i n g  

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

for  a  p a r t i c u l a r   a p p l i c a t i o n .   The  amount  of  t h e  

combina t i on   of  a n t i - w e a r   a d d i t i v e   components  t ha t   s h o u l d  

be  p r e s e n t   wi l l   be  c a l l e d   he re in   an  " e f f e c t i v e   a m o u n t , "  

which  is  d e f i ned   as  being  the  minimum  amount  r e q u i r e d   t o  

ach ieve   the  a n t i - w e a r   p r o p e r t i e s   and  l u b r i c i t y   r e q u i r e d  

for  a  p a r t i c u l a r   a p p l i c a t i o n .   While  the  amount  of  e a c h  

of  the  a n t i - w e a r   a d d i t i v e   components  and  the  " e f f e c t i v e  

amount"  of  the  combina t ion   t h e r e o f   may  vary  somewhat  

depending   on  the  a p p l i c a t i o n ,   the  amount  of  each  of  t h e  

a d d i t i v e   components  p r e s e n t   should  be  at  l e a s t   a b o u t  

0.0025  gram-moles  per  l i t e r   ( g e n e r a l l y   aboutO.003  w e i g h t  

p e r c e n t )   and  p r e f e r a b l y   from  about  0.01  to  about  0.50  o r  

even  more,  gram-moles  per  l i t e r   of  aqueous  c o m p o s i t i o n  

( g e n e r a l l y   between  about  0.01  to  about  10  p e r c e n t   by 

w e i g h t ) .   The  r e l a t i v e   p r o p o r t i o n s   of  and  the  maximum 

amount  of  each  of  the  a d d i t i v e   components  and  t h e  



c o m b i n a t i o n   t h e r e o f   tha t   should   be  p r e s e n t   is  n o t  

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

the  use  of  amounts  g r e a t l y   in  excess   of  t h a t   a c t u a l l y  

r e q u i r e d .  

The  w a t e r - b a s e d   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  
1 0 - 6   m  / s  

shou ld   have  a  v i s c o s i t y   of  at  l e a s t   10  c e n t i s t o k e s   a t  

40*C  and  may  c o n t a i n   up  to  about  80  p e r c e n t   by  weight  o f  

wate r .   In  g e n e r a l ,   the  v i s c o s i t y   of  the  a q u e o u s  

c o m p o s i t i o n   of  the  i n v e n t i o n   may  vary  depending  upon  t h e  

energy  t r a n s m i s s i o n   a p p l i c a t i o n   for  which  i t   is  i n t e n d e d  

and  the  t e m p e r a t u r e   range  over  which  i t   w i l l   be  u s e d .  

For  example,  energy  t r a n s m i t t i n g   f l u i d s   such  a s  

h y d r a u l i c   f l u i d s   may  have  v i s c o s i t i e s   in  the  range  o f  
1 0 - 6   m 2 / s  

about  25  to  150  c e n t i s t o k e s   at  40°C,  and  p r e f e r a b l y - i n  

the  range  of  about  30  to  85  c e n t i s t o k e s ,   and  l u b r i c a t i n g  

f l u i d s   may  be  used  with  s i m i l a r   v i s c o s i t y   r e q u i r e m e n t s .  

While  i t   is  d e s i r a b l e   to  be  able   to  p r o v i d e   an  e n e r g y  

t r a n s m i t t i n g   f l u i d   which  c o n t a i n s   the  g r e a t e s t   amount  o f  

water  in  o rder   to  p r o v i d e   f i r e   r e s i s t a n c e  

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

have  a  v i s c o s i t y   range  tha t   is  c a p a b l e   of  o p e r a t i n g   i n  

e x i s t i n g   equipment ,   as  well  as  p r o v i d i n g   a d e q u a t e  

boundary  l u b r i c a t i o n   and  l u b r i c a t i o n   for  m e c h a n i c a l  

components .   A c c o r d i n g l y ,   the  water  c o n t e n t   of  t h e  

c o m p o s i t i o n s   of  the  i n u e n t i o n   may  vary  in  the  range  o f  

from  about  20  p e r c e n t   to  about  80  p e r c e n t ,   a n d  

p r e f e r a b l y   from  about  30  p e r c e n t   to  about   70  p e r c e n t   by  

w e i g h t .  

To  a c h i e v e   the  range  of  v i s c o s i t i e s   tha t   may  b e  

d e s i r e d   for  a  p a r t i c u l a r   a p p l i c a t i o n   and  wherein   t h e  



water   c o n t e n t   of  such  c o m p o s i t i o n s   may  be  v a r i e d   over  a 

b road   r ange ,   a  w a t e r - s o l u b l e   p o l y m e r i c   v i s c o s i t y   c o n t r o l  

and /o r   t h i c k e n i n g   agent  is  g e n e r a l l y   employed  in  an  

amount  t h a t '  r a n g e s   from  about  5  p e r c e n t   to  50  p e r c e n t ,  

and  p r e f e r a b l y   from  about  10  to  20  p e r c e n t   by  weight   o f  

the  c o m p o s i t i o n .  W a t e r - s o l u b l e   polymers   tha t   a r e  

s u i t a b l e   for  use  as  v i s c o s i t y   c o n t r o l   agen t s   in  t h e  

c o m p o s i t i o n s   of  the  i n v e n t i o n   are  p o l y ( a l k y l e n e   o x i d e )  

po lymer s .   Such  polymers  are  known  compounds  which,  even  

though  of  h igh  molecu la r   we igh t ,   are  w a t e r - s o l u b l e .   I n  

g e n e r a l ,   t h e s e   polymers  wi l l   c o n t a i n   o x y e t h y l e n e   g r o u p s  

or  both   o x y e t h y l e n e   groups  and  h ighe r   o x y a l k y l e n e   g r o u p s  

such  as  o x y p r o p y l e n e   and  o x y b u t y l e n e   groups  e i t h e r   i n  

random  or  b lock  d i s t r i b u t i o n   in  t h e i r   m o l e c u l e s ,  a n d  

w i l l   have  a v e r a g e   molecu la r   weights   from  400  to  a b o u t  

40,000,   or  even  h ighe r .   The  amount  of  o x y e t h y l e n e  

groups  in  the  molecule   is  such  t ha t   the  p o l y ( a l k y l e n e  

oxide)   po lymers   are  s o l u b l e   in  water   at  o r d i n a r y  

t e m p e r a t u r e s ,   and  the  amount  of  oxyp ropy l ene   or  h i g h e r  

o x y a l k y l e n e   groups  is  such  tha t   the  p o l y ( a l k y l e n e   o x i d e )  

remains   l i q u i d   at  o r d i n a r y   t e m p e r a t u r e s   up  to  an  a v e r a g e .  

m o l e c u l a r   weight   of  40,000  and  h ighe r   or  may  melt  a t  

t e m p e r a t u r e s   below  about  60.C.  The  o x y p r o p y l e n e /  

o x y e t h y l e n e   r a t i o   may  vary  from  zero  to  about  u n i t y .  

These  p o l y ( a l k y l e n e   oxide)  polymers   may  be  made  by 

p r o c e s s e s   well   known  in  the  a r t   by  r e a c t i n g   e t h y l e n e  

oxides   or  m ix tu re s   of  e thy lene   oxide  and  p r o p y l e n e   o x i d e  

or  h i g h e r   a l k y l e n e   oxide  with  a  compound  having  at  l e a s t  

one  a c t i v e   hydrogen  atom  up  to  as  many  as  six  s u c h  

a c t i v e   hydrogen  atoms  i n c l u d i n g ,   for  example,  w a t e r ,  



monohydroxy l i c   a l c o h o l s   such  as  e t h a n o l   and  p r o p a n o l ,  

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

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

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

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

s o r b i t o l ,   and  mono-  or  po ly -   f u n c t i o n a l   amines  such  a s  

b u t y l a m i n e   and  e t h y l e n e   d iamine .   The  p o l y ( a l k y l e n e  

oxide)   p r o d u c t s   of  such  r e a c t i o n   w i l l   have  l i n e a r   o r  

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

cha ins   and  such  chains   w i l l   t e r m i n a t e   with  h y d r o x y l  

g roups .   Some  or  a l l   of  t he se   h y d r o x y l   groups   may  b e  

e t h e r i f i e d   by  r e a c t i o n   with  a  d i a l k y l   s u l f a t e   such  a s  

d i e t h y l   s u l f a t e .  

Another   known  c l a s s   of  w a t e r - s o l u b l e   p o l y m e r s  

t h a t   a re   s u i t a b l e   as  t h i c k e n e r s   or  v i s c o s i t y   c o n t r o l  

agen t s   a re   the  polymer  adduc t s   of  a l k y l   p h e n o l s   a n d  

a l k y l e n e   oxides   such  as,  for  example,  the  e t h y l e n e  

o x i d e / p r o p y l e n e   oxide  adduc t s   of  a l ky l   phenol   d i s c l o s e d  

in  U.S.  P a t e n t   No.  2 ,768 ,141   to  Langer  et  a l .   and  t h e  

e t h o x y l a t e d   d inonyl   phenol   d i s c l o s e d   in  U.S.  P a t e n t   No. 

3 , 3 7 9 , 6 4 4   to  K a t z e n s t e i n .  

Also  s u i t a b l e   as  v i s c o s i t y   c o n t r o l   agen t s   a r e  

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

example,  in  U.S.  Pa ten t   No.  3 , 3 5 2 , 7 8 3   to  McCord  w h i c h  

g e n e r a l l y   r e s u l t s   from  the   p o l y m e r i z a t i o n   of  a l k y l  

m e t h a c r y l a t e s   in  which  the  a l k y l   groups  can  have  a n  

a v e r a g e   of  from  about  3  to  10  carbon  atoms.  The 

u r e t h a n e   polymers   such  as  d i s c l o s e d   in  U.S.  Pa t en t   No. 

3 ,352 ,783   are   o ther   s u i t a b l e   w a t e r - s o l u b l e   polymers   f o r  

use  as  a  v i s c o s i t y   c o n t r o l   a g e n t .  



Other  s u i t a b l e   w a t e r - s o l u b l e   polymers   are,   f o r  

example,  po lyamide   e s t e r s   such  as  d i s c l o s e d   in  U .S .  

Pa ten t   No.  3 ,341 ,573   to  Shibe  and  po lyamide   a l k o x y l a t e s  

such  as  d i s c l o s e d   in  U.S.  Pa t en t   No.  3 ,992 ,312   t o  

Genj ida  et  a l .  

In  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,  

p r e f e r r e d   embodiments  of  the  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   may  a l so   c o n t a i n   a  w a t e r - s o l u b l e   f r e e z i n g  

po in t   d e p r e s s a n t .   The  w a t e r - s o l u b l e   f r e e z i n g   p o i n t  

d e p r e s s a n t s   c o n v e n t i o n a l l y   employed  are  g l y c o l s   o r  

g lyco l   e t he r s   hav ing   2  to  about  14  carbon  atoms  such  a s  

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

e t h y l e n e   g l y c o l   e t h e r s   s u c h . a s   the  e t h y l ,   methyl ,   p r o p y l  

and  bu ty l   e t h e r s   t h e r e o f ,   and  s i m i l a r   e t he r s   o f  

d i e t h y l e n e   and  t r i e t h y l e n e   g l y c o l .   In  g e n e r a l ,   it  i s  

p r e f e r r e d   to  use  the  s imp le r   p o l y o l s   as  r e p r e s e n t e d   by  

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 ,   b u t y l e n e   g l y c o l ,  

g l y c e r i n e ,   and  d i e t h y l e n e   g l y c o l .   As  the  b a s i s   of  t h e  

energy  t r a n s m i t t i n g   f l u i d   of  the  i n v e n t i o n ,   it  i s  

p r e f e r a b l e   to  use  p r o p o r t i o n s   of  s a i d   g l y c o l s   or  g l y c o l  

e the r s   which  w i l l   g ive ,   in  combina t ion   with  water,   t h e  

low  t e m p e r a t u r e   s e r v i c a b i l i t y   d e s i r e d .  

The  energy  t r a n s m i s s i o n   f l u i d s   of  t h i s  

i n v e n t i o n   may  a l so   c o n t a i n   o ther   componen t s  

c o n v e n t i o n a l l y   used  in  w a t e r - b a s e d   f l u i d s   such  a s  

c o r r o s i o n ,   o x i d a t i o n ,   and  foam  i n h i b i t o r s ,   pH 

c o n d i t i o n e r s ,   dyes,  s e q u e s t e r i n g   agen ts   and  the  l i k e  

which  may  be  used  in  small   amounts  from  about  0.01  t o  

about  5  to  10  p e r c e n t   by  weight  of  the  c o m p o s i t i o n .  

Exemplary  of  such  m a t e r i a l s   tha t   may.  be  used  a r e  



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

m o n o i s o p r o p a n o l a m i n e ,   d i 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 ,  

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

t r i a m i n e ,   c y c l o h e x y l a m i n e ,   m o r p h o l i n e ,   1 , 4 - b i s  

( 2 - a m i n o e t h y l ) p y p e r a d i n e ,   2 - h e p t a d e c y l - l -  

( 2 - h y d r o x y e t h y l ) i m i d a z o l i n e ,   d e r i v a t i v e s   t h e r e o f   such  a s  

a l k a l i n e   oxide   a d d u c t s ,   a l k a l i   metal   s a l t s   of  c a r b o x y l i c  

ac ids   and  the  l i k e :   pH  c o n d i t i o n e r s   i n c l u d i n g   o r g a n i c  

amines  as  men t ioned   as  c o r r o s i o n   i n h i b i t o r s   and  a l k a l i  

metal  h y d r o x i d e s ;   a n t i o x i d a n t s   i n c l u d i n g   b e n z o t r i a z o l e ,  

m e r c a p t o b e n z o i m i d a z o l e ,   and  m e r c a p t o b e n z o t h i a z o l e ;   foam 

i n h i b i t o r s   i n c l u d i n g   s i l i c o n e s   of  the  emulsion  t y p e ;  

dyes  i n c l u d i n g   b a s i c   dyes  and  ac id   dyes;  a n d  

s e q u e s t e r i n g   agen t s   such  as  a m i n o c a r b o x y l i c   ac ids   a n d  

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

ac id ,   d i e t h y l e n e t r i a m i n e p e n t a a c e t i c   ac id ,   sodium  o r  

copper  s a l t s   t h e r e o f ,   and  o x y c a r b o x y l i c   ac ids   a n d  

d e r i v a t e s   t h e r e o f   such  as  t a r t a r i c   ac id   and  sod ium 

g l u c o n a t e .  

In  p r e p a r i n g   the  w a t e r - b a s e d   c o m p o s i t i o n s   o f  

the  i n v e n t i o n ,   each  of  the  components  used  may  be  a d d e d  

in  any  o rder   of  a d d i t i o n ,   or  c o m b i n a t i o n s   of  some  o f  

them  may  be  p r e p a r e d   p r i o r   to  i n c o r p o r a t i n g   in  t h e  

c o m p o s i t i o n .   In  g e n e r a l ,   each  of  the  components  to  b e  

used  shou ld   be  w a t e r - s o l u b l e   or  p r e v i o u s l y   made  in to   a  

w a t e r - s o l u b l e   form  such  as  the  a l k a l i   metal   or  ammonium 

s a l t s   t h e r e o f ,   or  should   be  c a p a b l e   of  being  s o l u b i l i z e d  

in  s i t u .  

In  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,   t h e r e  

is  a l so   p r o v i d e d  a   method  whereby  the  a n t i - w e a r   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   of  a  w a t e r - b a s e d   e n e r g y  



t r a n s m i s s i o n   f l u i d   may  be  enhanced  by  adding  to  an  

aqueous  c o m p o s i t i o n   having  a  v i s c o s i t y   of  at  l e a s t   10 
1 0 - 6   m 2 / s  

c e n t i s t o k e s   at  40°C  which  c o n t a i n s   up  to  about  80 

p e r c e n t   by  weight  of  water  and  has  i n c o r p o r a t e d   t h e r e i n  

an  a c i d i c   l u b r i c i t y   agent  as  h e r e i n a b o v e   d e s c r i b e d ,   a n  

a n t i - w e a r   a d d i t i v e   which  compr i se s   the  combina t ion   o f  

n i t r o a r o m a t i c   compound  component  and  a  h y d r o x y l  

s u b s t i t u t e d   a romat i c   ac id   in  an  " e f f e c t i v e   amount"  t o  

enhance  the  a n t i - w e a r   and  l u b r i c i t y   p r o p e r t i e s   t h e r e o f .  

Such  a d d i t i v e   components  may  be  in  the  a l k a l i   metal   o r  

ammonium  s a l t   s o l u b i l i z e d   form  t h e r e o f   or  in  a  form  t h a t  

is  s o l u b i l i z e d   in  s i t u .  

In  an  a l t e r n a t e   embodiment,   in  the  event  t h a t  

the  w a t e r - b a s e   f l u i d   c o m p o s i t i o n   to  be  t r e a t e d   does  n o t  

c o n t a i n   an  a c i d i c   l u b r i c i t y   agent   as  h e r e i n   d e s c r i b e d ,  

such  component  may  be  added  to  the  f l u i d   when  t h e  

a n t i - w e a r   a d d i t i v e   components  are  a d d e d .  

The  i n v e n t i o n   wi l l   become  m o r e  c l e a r   when 

c o n s i d e r e d   t o g e t h e r   with  the  f o l l o w i n g   examples,  wh ich  

are  se t   f o r t h   as  being  merely  i l l u s t r a t i v e   of  t h e  

i n v e n t i o n   and  which  are  not  i n t e n d e d ,   in  any  manner,  t o  

be  l i m i t a t i v e   t h e r e o f .   Unless   o t h e r w i s e   i n d i c a t e d ,   a l l  

p a r t s   and  p e r c e n t a g e s   are  by  w e i g h t .  

Examnle  1 

Measurement  of  the  wear  and  l u b r i c a t i n g  

p r o p e r t i e s   of  the  w a t e r - b a s e d   energy  t r a n s m i t t i n g  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n ,   as  well  as  t h e  

c o m p o s i t i o n s   used  for  compar i son   pu rposes   are  p e r f o r m e d  

on  a  h y d r a u l i c   f l u i d   t e s t   s t a n d   as  d e s c r i b e d   in  ASTM 

D - 2 8 8 2 - 7 4   "Vam  Pump  Tes t ing   of  Pe t ro leum  H y d r a u l i c  



F l u i d s " .   The  o p e r a t i o n a l   c o n d i t i o n s   for  the   t e s t s   a r e  

as  f o l l o w s :  

The  a p p a r a t u s   and  p r o c e d u r e   d e s c r i b e d   above  a r e  

used  t o ' e v a l u a t e   the  wear  of  metal  pump  cam  r ing   a n d  

vanes  us ing  v a r i o u s   w a t e r - b a s e d   c o m p o s i t i o n s   of  t h i s  

i n v e n t i o n   in  compar i son   with  a  c o m p o s i t i o n   p r e p a r e d  

w i thou t   the  a n t i - w e a r   a d d i t i v e   of  the  i n v e n t i o n .   The 

p r o p o r t i o n   of  i n g r e d i e n t s   used  in  p r e p a r i n g   t h e  

c o m p o s i t i o n s   e v a l u a t e d   in  t h i s   Example  are  s u m m a r i z e d  

b e l o w :  

The  po lymer i c   t h i c k e n e r   used  in  t h e  

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



a v a i l a b l e   under  the  t r ademark   d e s i g n a t i o n   UCON 

75-H-380 ,000   from  Union  Carb ide   C o r p o r a t i o n .   The  c o p p e r  

wear  a d d i t i v e   is  a v a i l a b l e   commerc ia l ly   under  t h e  

t r ademark   d e s i g n a t i o n   REOMET  41  from  Ciba-Geigy  C o r p .  

The  r e s u l t s   of  the  wear  t e s t s   are  summarized  i n  

It   is  a p p a r e n t   from  the  data  shown  t ha t   t h e  

l u b r i c i t y   ( a n t i - w e a r )   p r o p e r t i e s   at  high  p r e s s u r e s   o f  

c o m p o s i t i o n s   B  to  D  is  v a s t l y   s u p e r i o r   to  the  l u b r i c i t y  

of  c o m p o s i t i o n   A-which  did  not  c o n t a i n   the  a n t i - w e a r  

a d d i t i v e   of  the  i n v e n t i o n .  

ExamDle  2 

The  a p p a r a t u s   and  p r o c e d u r e   d e s c r i b e d   i n  

Example  1  is  used  to  e v a l u a t e   the  l u b r i c i t y   ( a n t i - w e a r  

p r o p e r t i e s )   of  w a t e r - b a s e d   c o m p o s i t i o n s   c o n t a i n i n g   t h e  

a n t i - w e a r   a d d i t i v e   of  the  i n v e n t i o n   and  these   a r e  

compared  with  c o m p o s i t i o n s   p r e p a r e d   with  one  or  t h e  

o the r   of  the  a n t i - w e a r   a d d i t i v e   components  but  not  w i t h  

the  combina t i on   t h e r e o f .   The  p r o p o r t i o n s   of  i n g r e d i e n t s  

used  and  the  l u b r i c i t y   t e s t   r e s u l t s   are  summarized  i n  

Table  I I .   The  po lymer ic   t h i c k e n e r   of  Example  1  was  u s e d  



in  the  c o m p o s i t i o n s   of  t h i s   Example .  

It  is  a p p a r e n t   from  the  data  in  Table  II  t h a t  

c o m p o s i t i o n s   A  and  B  which  c o n t a i n   the  a n t i - w e a r  

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

r e s i s t a n c e   p r o p e r t i e s   than  c o m p o s i t i o n   C  which  did  n o t  

c o n t a i n   any  a n t i - w e a r   a d d i t i v e   components   a n d  

Compos i t i ons   D  and  E,  which  did  not  c o n t a i n   t h e  

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





Example  3 

Using  the  a p p a r a t u s   and  p r o c e d u r e   d e s c r i b e d   i n  

Example  1,  the  l u b r i c i t y   ( a n t i - w e a r )   p r o p e r t i e s   of  a 

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

of  water   are  e v a l u a t e d .   The  p r o p o r t i o n   of  i n g r e d i e n t s  

in  each  of  the  c o m p o s i t i o n s   and  wear  data  o b t a i n e d  w i t h  

each  of  the  c o m p o s i t i o n s   is  summarized  in  Table  I I I .  



Example  4 

Using  the  a p p a r a t u s   and  p rocedu re   of  Example  1 ,  

the  l u b r i c i t y   of  a  s e r i e s   of  w a t e r - b a s e d   f l u i d  

c o m p o s i t i o n s   us ing  v a r i o u s  t y p e s   of  a c i d i c   l u b r i c i t y  

a g e n t s   and  a n t i - w e a r   a d d i t i v e   components  are  e v a l u a t e d .  

The  p r o p o r t i o n   of  i n g r e d i e n t s   used  in  each  of  t h e  

c o m p o s i t i o n s   and  pump-wear  t e s t   r e s u l t s   are  s u m m a r i z e d  

in  Table   IV.  The  Polymer ic   Th ickener   of  Example  1  i s  

used  in  the  c o m p o s i t i o n s   of  t h i s   Example .  

It  is  a p p a r e n t   from  the  r e s u l t s   shown  t ha t   e a c h  

of  the  c o m p o s i t i o n s   e v a l u a t e d   e x h i b i t e d   e n h a n c e d  

a n t i - w e a r   p r o p e r t i e s   though  Composi t ion   E  p r e p a r e d   w i t h  

l a u r i c   ac id   as  the  ac id   l u b r i c i t y   agent  e x h i b i t s  

somewhat  h i g h e r   w e a r .  





1.  A  w a t e r - b a s e d   e n e r g y   t r a n s m i t t i n g   f l u i d  

h a v i n g   e n h a n c e d   a n t i - w e a r   p r o p e r t i e s   which   c o m p r i s e s   a n  

a q u e o u s   c o m p o s i t i o n   h a v i n g   a  v i s c o s i t y   of  a t   l e a s t   10 
1 0 - 6   m 2 / s  
c e n t i s t o k e s   a t   40°C  wh ich   c o n t a i n s   up  to  a b o u t   8 0  

p e r c e n t   by  w e i g h t   of  w a t e r ,   a t   l e a s t   0 . 1   p e r c e n t   b y  

w e i g h t   of  an  a c i d i c   l u b r i c i t y   a g e n t   and  an  e f f e c t i v e  

amoun t   of  an  a n t i - w e a r   a d d i t i v e   which   c o m p r i s e s   t h e  

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

c o m p o n e n t   and  a  n i t r o a r o m a t i c   compound  c o m p o n e n t .  

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

c o n t a i n s   a t   l e a s t   a b o u t   20  p e r c e n t   by  w e i g h t   of  w a t e r .  

3.  The  w a t e r - b a s e d   f l u i d   of  c l a i m   1  w h e r e i n  

s a i d   a n t i - w e a r   a d d i t i v e   c o m p r i s e s   the   c o m b i n a t i o n   of  a t  

l e a s t  0 . 0 0 2 5   g r a m - m o l e s / l i t e r   of  s a i d   h y d r o x y l  

s u b s t i t u t e d   a r o m a t i c   a c i d   c o m p o n e n t   and  a t   l e a s t   0 . 0 0 2 5  

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

c o m p o n e n t .  

4.  T h e . w a t e r - b a s e d   f l u i d   of  c l a i m   1  w h e r e i n  

s a i d   n i t r o a r o m a t i c   compound  c o m p o n e n t   is  a  n i t r o  .  

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



5.  The  w a t e r - b a s e d   f l u i d   of  c l a i m   1  w h e r e i n  

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

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

b r i d g e d   d imer   of  a  h y d r o x y l - s u b s t i t u t e d   a r o m a t i c  

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

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

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

the   g r o u p   c o n s i s t i n g   of  s a t u r a t e d   and  u n s a t u r a t e d  

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

l e a s t   6  c a r b o n   a t o m s ,   a r o m a t i c   c a r b o x y l i c   a c i d s   a n d  

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

and  a r o m a t i c   a c i d s .  

7.  The  w a t e r - b a s e d   f l u i d   of  c l a i m   1  w h e r e i n  

s a i d   a q u e o u s   c o m p o s i t i o n   c o m p r i s e s   up  to  a b o u t   50 

p e r c e n t   by  w e i g h t   of  a  g l y c o l   or  g l y c o l   e t h e r   h a v i n g  2  

to  a b o u t   14  c a r b o n   a t o m s .  

8.  The  w a t e r - b a s e d   f l u i d   of  c l a i m   1  w h e r e i n  

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

p o l y m e r i c   v i s c o s i t y   c o n t r o l   a g e n t   in  an  amount   f r o m  

a b o u t   5  p e r c e n t   t o - 5 0   p e r c e n t   by  w e i g h t .  

9.  The  method  of  e n h a n c i n g   the   a n t i - w e a r   a n d  

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

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

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

an  e f f e c t i v e   amoun t   of  an  a n t i - w e a r   a d d i t i v e   c o m p r i s i n g  

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

c o m p o n e n t   and  a  n i t r o a r o m a t i c   compound  c o m p o n e n t .  
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