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F i e l d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a z e o t r o p e - l i k e   m i x t u r e s  

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

h e x a n e .   T h e s e   m i x t u r e s   a r e   u s e f u l   in  a  v a r i e t y   of   v a p o r  

d e g r e a s i n g   or  s o l v e n t   c l e a n i n g   a p p l i c a t i o n s   i n c l u d i n g  

d e f l u x i n g .  

BACKGROUND  OF  THE  INVENTION 

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

c a r b o n   b a s e d   s o l v e n t s   have   found   w i d e s p r e a d   u se   i n  

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

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

to   r e m o v e   s o i l s .  

In   i t s   s i m p l e s t   f o rm ,   v a p o r   d e g r e a s i n g   or  s o l v e n t  

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

t o   be  c l e a n e d   to  t he   v a p o r s   of  a  b o i l i n g   s o l v e n t .  

V a p o r s   c o n d e n s i n g   on  t he   o b j e c t   p r o v i d e   c l e a n   d i s t i l l e d  

s o l v e n t   to  wash  away  g r e a s e   or  o t h e r   c o n t a m i n a t i o n .  

F i n a l   e v a p o r a t i o n   of  s o l v e n t   from  t h e   o b j e c t   l e a v e s  

b e h i n d   no  r e s i d u e   as  would  be  the   c a s e   w h e r e   t h e   o b j e c t  
i s   s i m p l y   washed   in  l i q u i d   s o l v e n t .  

F o r   d i f f i c u l t   to  remove   s o i l s   w h e r e   e l e v a t e d   t e m -  

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

t h e   s o l v e n t ,   or  f o r   l a r g e   vo lume   a s s e m b l y   l i n e   o p e r a -  
t i o n s   w h e r e   t he   c l e a n i n g   of  m e t a l   p a r t s   and  a s s e m b l i e s  

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

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

p a r t   to   be  c l e a n e d   in  a  sump  of  b o i l i n g   s o l v e n t   w h i c h  

r e m o v e s   t h e   bu lk   of  the   s o i l ,   t h e r e a f t e r   i m m e r s i n g   t h e  

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

room  t e m p e r a t u r e ,   and  f i n a l l y   e x p o s i n g   t h e   p a r t   to  s o l -  

v e n t   v a p o r s   o v e r   the   b o i l i n g   sump  w h i c h   c o n d e n s e   on  t h e  

c l e a n e d   p a r t .   In  a d d i t i o n ,   t he   p a r t   can   a l s o   be  s p r a y e d  

w i t h   d i s t i l l e d   s o l v e n t   b e f o r e   f i n a l   r i n s i n g .  



V a p o r   d e g r e a s e r s   s u i t a b l e   in  t h e   a b o v e - d e s c r i b e d  

o p e r a t i o n s   a r e   w e l l   known  in   t h e   a r t .   For  e x a m p l e ,  
S b e r l i k e r   e t   a l .   in   U . S .   P a t e n t   3 , 0 8 5 , 9 1 8   d i s c l o s e   s u c h  

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

e q u i p m e n t .  

F l u o r o c a r b o n   s o l v e n t s ,   s u c h   as  t r i c h l o r o t r i f l u o r o -  

e t h a n e ,   h a v e   a t t a i n e d   w i d e s p r e a d   use   in  r e c e n t   y e a r s   a s  

e f f e c t i v e ,   n o n t o x i c ,   and  n o n f l a m m a b l e   a g e n t s   u s e f u l   i n  

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

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

p o w e r   f o r   g r e a s e s ,   o i l s ,   w a x e s   and  t h e   l i k e .   I t   h a s  

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

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

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

a l u m i n u m   p a r t s   and  t h e   l i k e .   For  c e r t a i n   s o l v e n t   p u r -  

p o s e s ,   h o w e v e r ,   t r i c h l o r o t r i f l u o r o e t h a n e   a l o n e   may  h a v e  

i n s u f f i c i e n t   s o l v e n t   p o w e r .   S i n c e   t r i c h l o r o t r i f l u o r o -  

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

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

c h l o r o t r i f l u o r o e t h a n e   h a s   b e e n   m i x e d   w i t h   p o l a r   c o m p o n -  
e n t s   s u c h   as   a l i p h a t i c   a l c o h o l s   or  c h l o r o c a r b o n s   such   a s  

m e t h y l e n e   c h l o r i d e .   As  e x a m p l e ,   U . S .   P a t e n t   No.  

3 , 8 8 1 , 9 4 9   d i s c l o s e s   t h e   u s e   of   m i x t u r e s   of  1 , 1 , 2 - t r i -  

c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e   and  e t h a n o l   as  s o l v e n t s   f o r  

v a p o r   d e g r e a s e r s .  

The   a r t   has   l o o k e d ,   in   p a r t i c u l a r ,   t o w a r d s   a z e o -  

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

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

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

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

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

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

p o i n t   and  do  no t   f r a c t i o n a t e   upon  b o i l i n g .   Th i s   i s  

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

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

e m p l o y e d ,   r e d i s t i l l e d   m a t e r i a l   i s   g e n e r a t e d   fo r   f i n a l  



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

as  a  s t i l l .   U n l e s s   t h e   s o l v e n t   c o m p o s i t i o n   e x h i b i t s   a  

c o n s t a n t   b o i l i n g   p o i n t ,   i . e . ,   i s   an  a z e o t r o p e   or   i s  

a z e o t r o p e - l i k e ,   f r a c t i o n a t i o n   w i l l   o c c u r   and  u n d e s i r a b l e  

s o l v e n t   d i s t r i b u t i o n   may  a c t   to  u p s e t   t he   c l e a n i n g   a n d  

s a f e t y   of  p r o c e s s i n g .   P r e f e r e n t i a l   e v a p o r a t i o n   of  t h e  

more  v o l a t i l e   c o m p o n e n t s   o f   t h e   s o l v e n t   m i x t u r e s ,   w h i c h  

would  be  t h e   c a s e   i f   t h e y   we re   n o t   a z e o t r o p e   or  a z e o -  

t r o p e - l i k e ,   w o u l d   r e s u l t   in  m i x t u r e s   w i t h   c h a n g e d   c o m p o -  
s i t i o n s   wh ich   may  h a v e   l e s s   d e s i r a b l e   p r o p e r t i e s ,   s u c h  

as  l ower   s o l v e n c y   t o w a r d s   s o i l s ,   l e s s   i n e r t n e s s   t o w a r d s  

m e t a l ,   p l a s t i c   or  e l a s t o m e r   c o m p o n e n t s ,   and  i n c r e a s e d  

f l a m m a b i l i t y   and  t o x i c i t y .  

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

t r o p e   c o m p o s i t i o n s   h a v e   b e e n   d i s c o v e r e d   which   have   b e e n  

t e s t e d   and  in  some  c a s e s   e m p l o y e d   as  s o l v e n t s   f o r   m i s -  

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

U.S.   P a t .   No.  2 , 9 9 9 , 8 1 5   d i s c l o s e s   the   a z e o t r o p e   o f  

1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e   and  a c e t o n e ;   U . S .  

P a t .   No.  3 , 5 7 3 , 2 1 3   d i s c l o s e s   t h e   a z e o t r o p e   of  1 , 1 , 2 -  

t r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e   and  n i t r o m e t h a n e ;   U . S .  

P a t   No.  4 , 0 4 5 , 3 6 6   d i s c l o s e s   t e r n a r y   a z e o t r o p i c - l i k e  

m i x t u r e s   w h i c h   c o n t a i n   1 , 1 , 2 - t r i c h l o r o t r i f l u o r o e t h a n e ,  

n i t r o m e t h a n e   and  a c e t o n e ;   and  U .S .   P a t .   No.  4 , 2 7 9 , 6 6 4  

d i s c l o s e s   an  a z e o t r o p e - l i k e   c o m p o s i t i o n   c o n s i s t i n g   o f  

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

The  a r t   i s   c o n t i n u a l l y   s e e k i n g   new  f l u o r o c a r b o n  

b a s e d   a z e o t r o p i c   m i x t u r e s   or  a z e o t r o p e - l i k e   m i x t u r e s  

which  o f f e r   a l t e r n a t i v e s   fo r   new  and  s p e c i a l   a p p l i c a -  

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

t i o n s .  

I t   is  a c c o r d i n g l y   an  o b j e c t   of  t h i s   i n v e n t i o n   t o  

p r o v i d e   n o v e l   a z e o t r o p e - l i k e   c o m p o s i t i o n s   b a s e d   o n  

l , l , 2 - t r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e   which   have   g o o d  

s o l v e n c y   power   and  o t h e r   d e s i r a b l e   p r o p e r t i e s   fo r   v a p o r  

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

A n o t h e r   o b j e c t   of   t h e   i n v e n t i o n   i s   to  p r o v i d e   n o v e l  

c o n s t a n t   b o i l i n g   or   e s s e n t i a l l y   c o n s t a n t   b o i l i n g   s o l -  



v e n t s   w h i c h   a r e   l i q u i d   a t   room  t e m p e r a t u r e ,   w i l l   n o t  
f r a c t i o n a t e   u n d e r   c o n d i t i o n s   of  use   and  a l s o   h a v e   t h e  

f o r e g o i n g   a d v a n t a g e s .  

A  f u r t h e r   o b j e c t   i s   to   p r o v i d e   a z e o t r o p e - l i k e   c o m -  

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

b o t h   in   t h e   l i q u i d   p h a s e   and  t he   v a p o r   p h a s e .  

T h e s e   and   o t h e r   o b j e c t s   and  f e a t u r e s   of   t h e   i n v e n -  

t i o n   w i l l   b e c o m e   m o r e   e v i d e n t   f rom  t h e   d e s c r i p t i o n   w h i c h  

f o l l o w s .  

DESCRIPTION  OF  THE  INVENTION 

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   n o v e l   a z e o t r o p e -  
l i k e   c o m p o s i t i o n s   h a v e   b e e n   d i s c o v e r e d   c o m p r i s i n g   t r i -  

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

w i t h   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e   b e i n g   t h e  

t r i c h l o r o t r i f l u o r o e t h a n e   of   c h o i c e .   In  t he   i n v e n t i o n ,  

t h e   a z e o t r o p e - l i k e   c o m p o s i t i o n s   c o m p r i s e   f r o m   7 2 . 7   t o  

8 7 . 8   w e i g h t   p e r c e n t   of   l , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 -  

t r i f l u o r o e t h a n e ,   f rom  1 0 . 0   to   1 6 . 6   w e i g h t   p e r c e n t   o f  

a c e t o n e ,   f r o m   0 . 0 0 5   t o   1 . 5   w e i g h t   p e r c e n t   of   n i t r o -  

m e t h a n e ,   and   f rom  0 . 2   to   1 0 . 6   w e i g h t   p e r c e n t   of  a  

h e x a n e .   In  p r e f e r r e d   e m b o d i m e n t s   of  t he   i n v e n t i o n ,   t h e  

a z e o t r o p e - l i k e   c o m p o s i t i o n s   c o m p r i s e   f rom  7 7 . 9   to   8 7 . 6  

w e i g h t   p e r c e n t   o f   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e ;  

f rom  1 0 . 0   t o   1 4 . 2   w e i g h t   p e r c e n t   of  a c e t o n e ;   f rom  .05  t o  

0 . 9   w e i g h t   p e r c e n t   o f   n i t r o m e t h a n e ,   and  f rom  1 .0   to   7 . 9  

w e i g h t   p e r c e n t   of   t h e   h e x a n e .   Such  c o m p o s i t i o n s   p o s s e s s  

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

4 4 . 0 ° C   a t   760  mm  Hg.  The  p r e c i s e   a z e o t r o p e   c o m p o s i t i o n  

h a s   n o t   b e e n   d e t e r m i n e d   b u t   has   been  a s c e r t a i n e d   to  b e  

w i t h i n   t h e   a b o v e   r a n g e s .   R e g a r d l e s s   of  w h e r e   t h e   t r u e  

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

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

i n d i c a t e d   r a n g e s ,   a r e   a z e o t r o p e - l i k e ,   as  d e f i n e d   m o r e  

p a r t i c u l a r l y  b e l o w .  

I t   h a s   b e e n   f o u n d   t h a t   t h e s e   a z e o t r o p e - l i k e   c o m p o -  
s i t i o n s   a r e   s t a b l e ,  s a f e   t o   use   and  t h a t   t h e   p r e f e r r e d  

c o m p o s i t i o n s   o f   t h e   i n v e n t i o n   a r e   n o n f l a m m a b l e   ( e x h i b i t  

n o  f l a s h   p o i n t   when  t e s t e d   by  t h e   Tag  Open  Cup  t e s t  



m e t h o d  -   ASTM  Dl  3 1 0 - 1 6 )   and  e x h i b i t   e x c e l l e n t   s o l v e n c y  

p o w e r .   T h e s e   c o m p o s i t i o n s   have   been   f o u n d   to  b e  

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

d e g r e a s i n g   u n i t s   for   t h e   d i s s o l u t i o n   of  l u b r i c a t i n g   a n d  

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

s o l i d   s u r f a c e s .  

For   t he   p u r p o s e   of  t h i s   d i s c u s s i o n ,   by  a z e o t r o p e -  

l i k e   c o m p o s i t i o n   is   i n t e n d e d   to   mean  t h a t   t h e   c o m p o s i -  

t i o n   b e h a v e s   l i k e   a  t r u e   a z e o t r o p e   in  t e r m s   of   i t s   c o n -  

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

t i o n a t e   upon  b o i l i n g   or  e v a p o r a t i o n .   Such  c o m p o s i t i o n  

m a y  o r   may  n o t   be  a  t r u e   a z e o t r o p e .   T h u s ,   in  s u c h  

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

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

i d e n t i c a l   to  t h e   o r i g i n a l   l i q u i d   c o m p o s i t i o n .   H e n c e ,  

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

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

n e g l i g i b l e   e x t e n t .   T h i s   i s   to  be  c o n t r a s t e d   to  n o n -  

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

e v a p o r a t i o n ,   t h e   l i q u i d   c o m p o s i t i o n   c h a n g e s   to  a  s u b -  

s t a n t i a l   d e g r e e .  

As  is   w e l l   known  in  t h i s   a r t ,   a n o t h e r   c h a r a c t e r i s -  

t i c   of  a z e o t r o p e - l i k e   c o m p o s i t i o n s   i s   t h a t   t h e r e   i s   a  

r a n g e   of  c o m p o s i t i o n s   c o n t a i n i n g   the   same  c o m p o n e n t s   i n  

v a r y i n g   p r o p o r t i o n s   which   a r e   a z e o t r o p e - l i k e .   A l l   s u c h  

c o m p o s i t i o n s   a r e   i n t e n d e d   to  be  c o v e r e d   by  t h e   t e r m  

a z e o t r o p e - l i k e   as  used  h e r e i n .   As  an  e x a m p l e ,   i t   i s  

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

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

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

s l i g h t l y ,   t he   d i s t i l l a t i o n   t e m p e r a t u r e s .   T h u s ,   an  a z e o -  

t r o p e   of  A  and  B  r e p r e s e n t s   a  u n i q u e   t y p e   of   r e l a t i o n -  

s h i p   bu t   w i t h   a  v a r i a b l e   c o m p o s i t i o n   d e p e n d i n g   on  t e m -  

p e r a t u r e   a n d / o r   p r e s s u r e .  

The  1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e ,   a c e t o n e ,  

n i t r o m e t h a n e ,   and  h e x a n e   c o m p o n e n t s   of  t h e   n o v e l   s o l v e n t  

a z e o t r o p e - l i k e   c o m p o s i t i o n s   of  t h e   i n v e n t i o n   a r e   a l l  

c o m m e r c i a l l y   a v a i l a b l e .   P r e f e r a b l y   t h e y   s h o u l d   be  u s e d  



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

p r o p e r t i e s   or   c o n s t a n t   b o i l i n g   p r o p e r t i e s   of  t he   s y s t e m .  
A  s u i t a b l e   g r a d e   of  1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i -  

f l u o r o e t b a n e ,   f o r   e x a m p l e ,   i s   s o l d   by  A l l i e d   C o r p o r a t i o n  
u n d e r   t h e   t r a d e   name  "GENESOL®  D " .  

The  t e r m   " h e x a n e "   i s   used   h e r e i n   as  to   mean  any  C6 
p a r a f f i n   h y d r o c a r b o n   (C6H14)  ( s e e   H a c k h ' s   C h e m i c a l  

D i c t i o n a r y ,   3 rd   E d . ,   McGraw  H i l l   Book  Co.  ( 1944)   p .  
4 0 8 ) .   T h u s ,   t h e   t e r m   " h e x a n e "   i n c l u d e s   n - h e x a n e ,   2 -  

m e t h y l p e n t a n e ,   3 - m e t h y l p e n t a n e ,   2 , 2 - d i m e t h y l b u t a n e ,   2 , 3 -  

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

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

t y p i c a l l y   c o n t a i n s   from  a b o u t   35  to   a b o u t   100  w e i g h t  

p e r c e n t   of   2 - m e t h y l p e n t a n e   a d m i x e d   w i t h   o t h e r   h e x a n e  

i s o m e r s .   I t   h a s   been   f o u n d   t h a t   e a c h   h e x a n e   i s o m e r ,  

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

f o r m   a z e o t r o p e - l i k e   c o m p o s i t i o n s   w i t h   1 , 1 , 2 - t r i c h l o r o -  

1 , 2 , 2 - t r i f l u o r o e t h a n e ,   a c e t o n e ,   and  n i t r o m e t h a n e   i n  

a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  

I t   w i l l   be  a p p a r e n t   to   t h o s e   s k i l l e d   in  the   a r t  

t h a t   for   s p e c i a l i z e d   p u r p o s e s ,   v a r i o u s   a d d i t i v e s   can  b e  

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

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

t h e   l i k e .   T h e s e   a d d i t i v e s   a r e   c h o s e n   so  as  no t   t o  

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

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

EXAMPLE  1 

A p p r o x i m a t e l y   5000  g a s   of  a  s o l v e n t   m i x t u r e   w e r e  

p r e p a r e d   c o n t a i n i n g   a b o u t   84  w e i g h t   p e r c e n t   of   1 , 1 , 2 -  

t r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e ,   a b o u t   12  w e i g h t   p e r c e n t  
o f   a c e t o n e ,   a b o u t   2  w e i g h t   p e r c e n t   of   n - h e x a n e   and  a b o u t  

1  w e i g h t   p e r c e n t   n i t r o m e t h a n e   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   m i x t u r e .   T h i s   m i x t u r e   was  d i s t i l l e d   u t i l i z i n g   a  
f i v e   l i t e r ,   t h r e e - n e c k e d   d i s t i l l a t i o n   f l a s k   c o n t a i n i n g   a  
f o u r   p l a t e   c o l u m n ,   a  d i s t i l l a t i o n   h e a d   and  a  ASTM 

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

c o n s i s t e d   of  r e f l u x i n g   t h e   s o l v e n t   m i x t u r e   fo r   a b o u t   o n e  



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

and  l a s t   f r a c t i o n s   of  a b o u t   300  ml  e a c h   were   d i s c a r d e d  

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

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

A g a i n ,   t h e   f i r s t   and  l a s t   f r a c t i o n s   w e r e   d i s c a r d e d .   T h e  

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

l a t i o n s   a t   a b o u t   7 5 4 . 2   mm  Hg.  The  d i s t i l l a t i o n   r a t e   w a s  

a b o u t  1 0   m l / m i n u t e .   Four   f r a c t i o n s   w e r e   c o l l e c t e d   a t  

44°C  w h i c h   had  an  a v e r a g e   d e n s i t y   of   a b o u t   1 . 3 6 6   g / m l   a t  

( 7 7 ° F )   25°C .   A n a l y s i s   of  t he   f i v e   f r a c t i o n s   by  g a s  

c h r o m a t o g r a p h   is   s e t   f o r t h   in  t he   f o l l o w i n g   T a b l e   I :  

EXAMPLE  2 

The  p r o c e d u r e   of  Example   1  was  r e p e a t e d   w i t h   a  

s o l v e n t   m i x t u r e   c o n t a i n i n g   a b o u t   84%  w e i g h t   p e r c e n t  

1 , 1 , 2 - t r i c h l o r o - i , 2 , 2 - t r i f l u o r o m e t h a n e ,   a b o u t   12  w e i g h t  

p e r c e n t   of  a c e t o n e ,   a b o u t   2  w e i g h t   p e r c e n t   of  n - h e x a n e  

and  a b o u t   1  w e i g h t   p e r c e n t   n i t r o m e t h a n e .   A l l   w e i g h t  

p e r c e n t s   a r e   b a s e d   on  the   t o t a l   w e i g h t   of   t he   m i x t u r e .  

The  b a r o m e t r i c   p r e s s u r e   was  a b o u t   7 4 4 . 4   mm  Hg.  T h e  

d i s t i l l a t i o n   r a t e   was  a b o u t   20  m l / m i n u t e ,   and  t h e  

d i s t i l l a t i o n   t e m p e r a t u r e   was  a b o u t   4 3 . 8 ° C .   The  s p e c i f i c  

g r a v i t y   was  a b o u t   1 . 3 6 8   g / m l   a t   ( 7 4 ° F )   2 3 ° C .   The  f o u r  

f r a c t i o n s   were  a n a l y z e d   by  gas  c h r o m a t o g r a p h ,   and  t h e  

r e s u l t s   a r e   s e t   f o r t h   in  the   f o l l o w i n g   T a b l e   I I .  



EXAMPLE  3 

A  s e r i e s   o f   e x p e r i m e n t s   w e r e   c o n d u c t e d   to   d e t e r m i n e  

t h e   f l a s h   p o i n t   of   t h e   n o v e l   a z e o t r o p e   c o m p o s i t i o n   o f  

t h i s   i n v e n t i o n .   The  a n a l y s e s   of   t h e   c o m p o s i t i o n  

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

T a b l e   I I I .  

The  a b o v e - d e s c r i b e d   c o m p o s i t i o n   was  s u b j e c t e d   to  f l a s h  

p o i n t   d e t e r m i n a t i o n   a c c o r d i n g   to   ASTM  M e t h o d   D 1 3 1 0 ,  

" F l a s h   P o i n t   of  L i q u i d s   by  Tag  O p e n - C u p   A p p a r a t u s . "   T h e  

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

f o r   t h i s   t e s t   was  (50°F)   1 0 ° C .   T h i s   t e s t   was  c o n d u c t e d  

t w i c e ,   w i t h   t h e   same  r e s u l t s   t h a t   t h i s   f o u r   c o m p o n e n t  
m i x t u r e   h a s   no  f l a s h   p o i n t   to   b o i l ,   wh ich   was  ( l l 4 ° F )  

4 6 ° C .  

EXAMPLE  4 

A  r e p r e s e n t a t i v e   e m b o d i m e n t   of  t he   c o m p o s i t i o n   o f  

t h i s   i n v e n t i o n   was  e v a l u a t e d   in  a  s t a b i l i t y   t e s t .   T h e  

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

f o r t h   in   t h e   f o l l o w i n g   T a b l e   I V .  

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

r e f l u x e d   a t   a u t o g e n o u s   p r e s s u r e   in  t h e   p r e s e n c e   of  z i n c  

and  a l u m i n u m   m e t a l   for   a  p e r i o d   of  48  h o u r s .   The  c o m p o -  
s i t i o n   was  t h e n   a n a l y z e d   f o r   t h e   p r e s e n c e   of   c h l o r i d e  

i o n .   The  g r e a t e r   t h e   a m o u n t   of   c h l o r i d e   i o n ,   t h e  

g r e a t e r  t h e   a m o u n t   of  s o l v e n t   b r e a k d o w n .   For   c o m p a r i s o n  

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



u s i n g   an  a z e o t r o p e   c o m p o s i t i o n   c o n t a i n i n g   f r o m  a b o u t  8 3  

to   a b o u t   85  w e i g h t   p e r c e n t   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 -  

t r i f l u o r o e t h a n e ,   from  a b o u t   1 2 . 5   t o   a b o u t   1 3 . 5   w e i g h t  

p e r c e n t   a c e t o n e   and  from  a b o u t   2 . 5   to   a b o u t   3 . 5   w e i g h t  

p e r c e n t   n - h e x a n e   wh ich   is   m a n u f a c t u r e d   and  s o l d   b y  

A l l i e d   C o r p o r a t i o n   u n d e r   t he   t r a d e   name  "GENESOLVO  4 0 4 " .  

The  r e s u l t s   of  t h e s e   t e s t s   a r e   s e t   f o r t h   in  t h e  

f o l l o w i n g   T a b l e   V.  

EXAMPLE 5 

Us ing   t h e   p r o c e d u r e   of  E x a m p l e   4,  t h e   s t a b i l i t y   o f  

a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n   was  e v a l u a t e d .   T h e  

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

f o l l o w i n g   T a b l e   V I .  

The  r e s u l t s   of  t h i s   t e s t   a r e   s e t   f o r t h   in  t h e  

f o l l o w i n g   T a b l e   V I I .  



EXAMPLE  6 

The  a z e o t r o p e - l i k e   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  be  d e t e r m i n e d   t h r o u g h   t h e   use   of  d i s t i l l a t i o n  

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

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

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

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

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

T y p i c a l l y ,   a p p r o x i m a t e l y   350  cc  of   l i q u i d   were   c h a r g e d  

t o   t h e   d i s t i l l a t i o n   p o t .   The  l i q u i d   was  a  m i x t u r e  

c o m p r i s e d   o f   v a r i o u s   c o m b i n a t i o n s   of  1 , 1 , 2 - t r i c h l o r o -  

l , 2 . 2 - t r i f l u o r o e t h a n e .   a c e t o n e ,   n i t r o m e t h a n e   and  h e x a n e .  

The  m i x t u r e   was  h e a t e d   a t   t o t a l   r e f l u x   for   a b o u t  

o n e   hour   to  e n s u r e   e q u i l i b r a t i o n .   For  mos t   of   t he   r u n s ,  
t h e   d i s t i l l a t e   was  o b t a i n e d   u s i n g   a  2 :1   r e f l u x   r a t i o   a t  

a  b o i l - u p   r a t e   of  4 0 0 - 5 0 0   g r a m s   pe r   h r .   A p p r o x i m a t e l y  

300  cc  of  p r o d u c t   w e r e   d i s t i l l e d   and  6  a p p r o x i m a t e l y  

e q u i v a l e n t   s i z e d   o v e r h e a d   c u t s   were   c o l l e c t e d .   T h e  

v a p o r   t e m p e r a t u r e   (o f   t h e   d i s t i l l a t e ) ,   p o t   t e m p e r a t u r e ,  

and  b a r o m e t r i c   p r e s s u r e   we re   m o n i t o r e d ,   A  c o n s t a n t  

b o i l i n g   f r a c t i o n   was  c o l l e c t e d   and  a n a l y z e d   by  g a s  

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

i t s   c o m p o n e n t s .   A  m i x t u r e   was  t h e n   made  up  a c c o r d i n g   t o  

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

f r a c t i o n   and  was  r e d i s t i l l e d   a t   t h e   same  c o n d i t i o n s .  

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

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

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

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

a b o v e   d i s c r i b e d   d i s t i l l a t i o n   t e c h n i q u e s   i s   shown  i n  

T a b l e   V I I I .  



EXAMPLES  7 - 9  

To  e x p l o r e   t h e   c o n s t a n t - b o i l i n g   c o m p o s i t i o n   r a n g e  
of  m i x t u r e s   c o m p r i s e d   of  1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i -  

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

d i s t i l l a t i o n   a p p a r a t u s   and  p r o c e d u r e   were   u t i l i z e d   a s  

p r e v i o u s l y   d e s c r i b e d   in  E x a m p l e   6.  I n t o   t h e   d i s t i l -  

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

1 , 2 , 2 - t r i f l u o r o e t h a n e   ( F C - l 1 3 ) ,   a c e t o n e ,   n i t r o m e t h a n e ,  

and  h e x a n e .  

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

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

a z e o t r o p e - l i k e   m i x t u r e s   w i t h   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i -  

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

h e x a n e   i s o m e r   and  m i x t u r e s   t h e r e o f   form  a z e o t r o p e - l i k e  

c o n s t a n t   b o i l i n g   m i x t u r e s   a t   a b o u t   4 4 . 0   ±  0 . 2 ° C   w i t h  

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

v i ew   of  t h e   s i g n i f i c a n t   v a r i a t i o n   in  b o i l i n g   p o i n t   a m o n g  
t h e   v a r i o u s   h e x a n e   i s o m e r s .   The  h e x a n e   i s o m e r s   a n d  

t h e i r   b o i l i n g   p o i n t s   a r e   shown  in  t h e   f o l l o w i n g   T a b l e  

I X .  



A  n u m b e r   of   d i s t i l l a t i o n s   were  u n d e r t a k e n   w h e r e   t h e  

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

a b l y ,   r e s u l t a n t   c o n s t a n t - b o i l i n g   f r a c t i o n s   we re   c o l l e c t -  

ed  and  a n a l y z e d   by  gas   c h r o m o t o g r a p h y ,   and  t h e   v a p o r  

t e m p e r a t u r e   and   b a r o m e t r i c   p r e s s u r e   were   r e c o r d e d .   To 

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

t o   760  mm  o f   m e r c u r y   p r e s s u r e ,   t he   a p p r o x i m a t e   n o r m a l  

b o i l i n g   p o i n t s   of   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e  

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

c o r r e c t i o n   f a c t o r   of   a b o u t   26 mm  Hg / °C ,   to   t h e   o b s e r v e d  

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

b o i l i n g   p o i n t   i s   g e n e r a l l y   a c c u r a t e   up  t o   ±  0 . 4 ° C   a n d  

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

d e t e r m i n e d   on  d i f f e r e n t   d a y s .   By  t he   a b o v e - d e s c r i b e d  

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

m i x t u r e   b o i l i n g   a t   a b o u t   4 4 . 0   ±  0 . 2 ° C   a t   760  mm  Hg  w a s  

f o r m e d   f o r   c o m p o s i t i o n s   c o m p r i s i n g   7 7 . 9   to   8 1 . 3   w e i g h t  

p e r c e n t   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e ,   12 .9   t o  

1 4 . 2   w e i g h t   p e r c e n t   a c e t o n e ,   0 . 0 5   to   0 . 2   w e i g h t   p e r c e n t  

n i t r o m e t h a n e ,   and   5 .6   t o   7 .9   w e i g h t   p e r c e n t   h e x a n e .  

S u p p o r t i n g   d i s t i l l a t i o n   d a t a   fo r   the  m i x t u r e s   s t u d i e d  

a r e   shown  in   T a b l e   X.  



From  t h e   a b o v e ,   i t   i s   r e a d i l y   a p p a r e n t   t h a t  

a d d i t i o n a l   c o n s t a n t   b o i l i n g   or  e s s e n t i a l l y   c o n s t a n t  

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

i d e n t i f i e d   by  a n y o n e   of  o r d i n a r y   s k i l l   in  t h i s   a r t   b y  

the   method   d e s c r i b e d .   No  a t t e m p t   was  made  to  f u l l y  

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

c o m p r i s i n g   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e ,  

a c e t o n e ,   n i t r o m e t h a n e   and  h e x a n e ,   nor   the  o u t e r   l i m i t s  

of  i t s   c o m p o s i t i o n a l   of  r a n g e s   which  a re   c o n s t a n t  

b o i l i n g   or  e s s e n t i a l l y   c o n s t a n t   b o i l i n g .   As  i n d i c a t e d ,  

a n y o n e   of  o r d i n a r y   s k i l l   in  t h e   a r t   can  r e a d i l y   a s c e r -  

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

b o i l i n g   m i x t u r e s ,   i t   b e i n g   kep t   in  mind  t h a t   " c o n s t a n t  

b o i l i n g "   or  " e s s e n t i a l l y   c o n s t a n t   b o i l i n g "   fo r   t h e   p u r -  

p o s e s   of  t h i s   i n v e n t i o n   means   c o n s t a n t   b o i l i n g   or   e s s e n -  

t i a l l y   c o n s t a n t   b o i l i n g   in  the   e n v i r o n m e n t   of  a  v a p o r  

d e g r e a s e r   s y s t e m   s u c h   as  u t i l i z e d   in  the   a r t .   A l l   s u c h  

m i x t u r e s   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n   which   a r e   c o n -  

s t a n t   b o i l i n g   or   e s s e n t i a l l y   c o n s t a n t   b o i l i n g   a r e  

" a z e o t r o p e - l i k e "   w i t h i n   t he   mean ing   of  t h i s   i n v e n t i o n .  

EXAMPLE  10  

To  i l l u s t r a t e   t h e   a z e o t r o p e - l i k e   n a t u r e   of  t h e  

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

in  a  vapo r   p h a s e   d e g r e a s i n g   o p e r a t i o n ,   a  v a p o r   p h a s e  

d e g r e a s i n g   m a c h i n e   was  c h a r g e d   w i th   a  p r e f e r r e d  

a z e o t r o p e - l i k e   m i x t u r e   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n  

c o m p r i s i n g   a b o u t   8 1 . 3   w e i g h t   p e r c e n t   1 , 1 , 2 - t r i c h l o r o -  

1 , 2 , 2 - t r i f l u o r o e t h a n e   ( F C - 1 1 3 ) ,   a b o u t   1 3 . 1   w e i g h t  

p e r c e n t   a c e t o n e ,   a b o u t   5 .4   w e i g h t   p e r c e n t   of  c o m m e r c i a l  



i s o h e x a n e ,   and  a b o u t   0 . 2   w e i g h t   p e r c e n t   n i t r o m e t h a n e .  

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

n o n - s e g r e g a t i n g   c h a r a c t e r i s t i c s .   S o l v e n t s   we re   t e s t e d  

in  a  B a r o n   B l a k e s l e e   r e f r i g e r a t i o n   c o o l e d   3  sump  VPD 

( S e r i e s   5000  m a c h i n e  -   Model   No.  M L R - 2 1 6 ) .   The  s o l v e n t  

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

c o m p o s i t i o n s   w e r e   d e t e r m i n e d   w i t h   a  H e w l e t t   P a c k a r d   5 8 9 0  

Gas  C h r o m a t o g r a p h .   R e f l u x i n g   was  c o n t i n u e d   f o r   21  h o u r s  

and  sump  c o m p o s i t i o n s   were   m o n i t o r e d   t h r o u g h o u t   t h i s  

t i m e .   A  m i x t u r e   was  c o n s i d e r e d   c o n s t a n t   b o i l i n g   or   n o n -  

s e g r e g a t i n g   i f   t h e   maximum  c o n c e n t r a t i o n   d i f f e r e n c e  

b e t w e e n   sumps   f o r   any   m i x t u r e   c o m p o n e n t   was  l e s s   t h a n  

0 . 3 % .  

I f   the   m i x t u r e   were   no t   a z e o t r o p e - l i k e ,   t h e   h i g h  

b o i l i n g   c o m p o n e n t s   would   v e r y   q u i c k l y   c o n c e n t r a t e   in  t h e  

b o i l   sump  and  be  d e p l e t e d   in  t he   r i n s e   sump.   As  t h e  

d a t a   in   T a b l e   IV  s h o w ,   t h i s   d i d   no t   h a p p e n .   T h e s e  

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

w i l l   n o t   s e g r e g a t e   in  a  c o m m e r c i a l   v a p o r   d e g r e a s e r ,  

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

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

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

mended  p r o c e d u r e s   ASTM  D-56  (Tag  C l o s e d   Cup)  and  ASTM 

D - 1 3 1 0   (Tag  o p e n   C u p )  .  



EXAMPLE  1 1  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   use   of  t h e   p r e f e r r e d  

a z e o t r o p e - l i k e   c o m p o s i t i o n   of  t he   i n v e n t i o n   to  c l e a n  

m e t a l   p a r t s .  

C l e a n i n g   was  p e r f o r m e d   in  a  B r a n s o n   B-400  t w o - s u m p  

v a p o r   d e g r e a s e r .   A  f i r s t   sump  was  u s e d   as  t he   w o r k i n g  

sump  and  h e l d   b o i l i n g   s o l v e n t   c o m p r i s i n g   a b o u t   8 1 . 3  

w e i g h t   p e r c e n t   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f u l o r o e t h a n e ,  

a b o u t   13 .2   w e i g h t   p e r c e n t   a c e t o n e ,   a b o u t   5 .4   w e i g h t  

p e r c e n t   c o m m e r c i a l   i s o h e x a n e ,   and  a b o u t   0 .1   w e i g h t  

p e r c e n t   n i t r o m e t h a n e .  A   s e c o n d   sump  was  used   as  t h e  

r i n s e   sump.   R e f r i g e r a t e d   c o o l i n g   c o i l s   l i n e d   the   u p p e r  
i n n e r   w a l l   of  t he   a p p a r a t u s   to  m a i n t a i n   a  v a p o r  
b l a n k e t .   S o i l s   were   c o a t e d   on  two  k i n d s   of   ( 3 / 4 "   x  3 " )  

1 .9   cm  x  7 . 6   cm  m e t a l   c o u p o n s .   These   were  316  s t a i n l e s s  

s t e e l   and  1010  c o l d   r o l l e d   s t e e l .   S o i l s   were  s e l e c t e d  

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



The  m e t a l   c o u p o n s   were   s a n d e d   to  g i v e   a  t o t a l l y   c l e a n ,  

f r e s h l y   e x p o s e d   s u r f a c e .   F o l l o w i n g   a  d e i o n i z e d   w a t e r  

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

and  a i r   d r i e d   f o r   10  m i n u t e s .   Four   i d e n t i c a l   c o u p o n s  

were  t h e n   d i p p e d   i n t o   e a c h   o f   t h e   m e t a l   w o r k i n g  

f l u i d s .   C l e a n i n g   t e s t s   w e r e   run  on  two  of   t h e s e   c o u p o n s  

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

The  o t h e r   two  c o u p o n s   w e r e   t e s t e d   a f t e r   s t a n d i n g   f o r   2 4  

h o u r s .   For   c l e a n i n g ,   t h e   p a r t s   were  p l a c e d   on  r a c k s   i n  

a  s t a i n l e s s   s t e e l   w i r e   mesh   b a s k e t .   In  a  f i r s t   s t e p ,  

t h i s   a s s e m b l y   was  i m m e r s e d   in   t he   work  sump  f o r   t w o  

m i n u t e s ,   t h e n   t r a n s f e r r e d   to   t he   r i n s e   sump  f o r   t w o  

m i n u t e s ,   f o l l o w e d   by  a  two  m i n u t e   s o l v e n t   d i s t i l l a t e  

s p r a y   in  t h e   v a p o r   z o n e .   The  f i n a l   s t e p   was  a  o n e  

m i n u t e   h o l d   i n   t h e   v a p o r   z o n e .  

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

e v i d e n c e   o f   s o i l   r e s i d u e .   A  w a t e r - b r e a k   t e s t   was  a l s o  

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

a l l o w e d   t o   d r a i n   f o r   10  s e c o n d s .   The  c o u p o n   s u r f a c e   w a s  

e x a m i n e d   f o r   b r e a k s   in  t h e   w a t e r   f i l m   o v e r   t h e   10  s e c o n d  

d r a i n i n g   p e r i o d .   A  c o u p o n   was  c o n s i d e r e d   t o t a l l y   c l e a n  

i f   no  s o i l   r e s i d u e s   or  b r e a k s   in  t he   w a t e r   f i l m   d u r i n g  

t h e   w a t e r   b r e a k   t e s t   were   n o t i c e a b l e   on  t h e   s u r f a c e   o f  

t h e   c o u p o n .   In  t h e   a b o v e - d e s c r i b e d   m a n n e r ,   " 3 1 6 "  

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

w o r k i n g   f l u i d ,   and  " 1 0 1 0 "   c o l d   r o l l e d   s t e e l   c o u p o n s   w e r e  

s o i l e d   w i t h   H o c u t   711  m e t a l   w o r k i n g   f l u i d .   A l l   t h e s e  

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

a z e o t r o p e - l i k e   c o m p o s i t i o n s   of  t h e   i n v e n t i o n   a n d  

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

c o u p o n s   w e r e   j u d g e d   to   be  t o t a l l y   c l e a n .  



1.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   c o m p r i s i n g   t r i -  

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

h e x a n e .  

2.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to  c l a i m  

1  w h e r e i n   s a i d   t r i c h l o r o t r i f l u o r o e t h a n e   i s   1 , 1 , 2 - t r i -  

c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e .  

3.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to   c l a i m  

2  w h e r e i n   s a i d   h e x a n e   i s   n - h e x a n e .  

4.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to   c l a i m  

2  w h e r e i n   s a i d   h e x a n e   i s   2 - m e t h y l p e n t a n e .  

5.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to  c l a i m  

2  w h e r e i n   s a i d   h e x a n e   i s   3 - m e t h y l p e n t a n e .  

6.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to  c l a i m  

2  w h e r e i n   s a i d   h e x a n e   is   2 , 2 - d i m e t h y l b u t a n e .  

7.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to  c l a i m  

2  w h e r e i n   s a i d   h e x a n e   is   2 , 3 - d i m e t h y l b u t a n e .  

8.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to  c l a i m  

2  w h e r e i n   s a i d   h e x a n e   i s   i s o h e x a n e .  

9.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to  c l a i m  

2  c o m p r i s i n g   from  7 2 . 7   to  8 7 . 8   w e i g h t   p e r c e n t   1 , 1 , 2 -  

t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e ,   from  1 0 . 0   to   1 6 . 6  

w e i g h t   p e r c e n t   a c e t o n e ,   f rom  0 . 0 0 5   to   1 . 5   w e i g h t   p e r c e n t  

n i t r o m e t h a n e ,   and  f rom  0 .2   to   1 0 . 6   w e i g h t   p e r c e n t  

h e x a n e .  

10.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to  c l a i m  

2  c o m p r i s i n g   f rom  7 7 . 9   to   8 7 . 6   w e i g h t   p e r c e n t   of  1 , 1 , 2 -  

t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e ,   f rom  1 0 . 0   to   1 4 . 2  

w e i g h t   p e r c e n t   a c e t o n e ,   f r om  0 . 0 5   to   0 . 9   w e i g h t   p e r c e n t  

n i t r o m e t h a n e ,   and  from  1 .0   to   7 .9   w e i g h t   p e r c e n t   h e x a n e .  

11.  A z e o t r o p e - l i k e   c o m p o s i t i o n s   a c c o r d i n g   to  c l a i m  

2  c o m p r i s i n g   from  8 5 . 0   to   8 6 . 5   w e i g h t   p e r c e n t   of   1 , 1 , 2 -  

t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e ,   from  1 2 . 0   to  1 3 . 0  

w e i g h t   p e r c e n t   of  a c e t o n e ,   f rom  0 . 0 3   to   0 . 5   w e i g h t  

p e r c e n t   of  n i t r o m e t h a n e ,   and  f rom  1 . 0   to   2 .0   w e i g h t  

p e r c e n t   n - h e x a n e .  
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