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DESCRIPTION  0 2 1   7 1   8 1  
AZEOTROPE-LIKE  COMPOSITIONS  OF  TRI  CHLOROTRI  FLUORO- 

ETHANE,  METHANOL,  ACETONE  y  NITROMETHANE  AND  HEXANE 
F i e l d   of  t he   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  
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 ,   m e t h a n o l ,   n i t r o m e t h a n e ,  
h e x a n e   a n d ,   o p t i o n a l l y ,   a c e t o n e .   These   m i x t u r e s   a r e  
u s e f u l   as  v a p o r   d e g r e a s i n g   a g e n t s   and  as  s o l v e n t s   t o  

5  r emove   r o s i n   f l u x e s   f rom  p r i n t e d   c i r c u i t   b o a r d s .  

BACKGROUND  OF  THE  INVENTION 
F l u o r o c a r b o n   s o l v 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 ,   have   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  

10  d e g r e a s i n g   a p p l i c a t i o n s .   Tr 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   has   been   f o u n d   to  have  s a t i s f a c t o r y   s o l v e n t  

power   f o r   g r e a s e s ,   o i l s ,   waxes   and  the   l i k 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   a l s o   f i n d s   wide  use  in  r e m o v i n g   s o l d e r  
f l u x e s   f rom  p r i n t e d   w i r i n g   b o a r d s   and  p r i n t e d   w i r i n g  

15  a s s e m b l i e s   in  the   e l e c t r o n i c s   i n d u s t r y .   Such  c i r c u i t  

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

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

t h e r e o f .   The  c i r c u i t   t r a c e s   a re   t h i n   f l a t   s t r i p s   o f  
20  c o n d u c t i v e   m e t a l ,   u s u a l l y   c o p p e r ,   wh ich   s e r v e   t o  

i n t e r c o n n e c t   the   e l e c t r o n i c   c o m p o n e n t s   a t t a c h e d   to  t h e  

p r i n t e d   w i r i n g   b o a r d .   The  e l e c t r i c a l   i n t e g r i t y   of  t h e  
c o n t a c t s   b e t w e e n   t he   c i r c u i t   t r a c e s   and  the   c o m p o n e n t s  
is  a s s u r e d   by  s o l d e r i n g .  

25  C u r r e n t   i n d u s t r i a l   p r o c e s s e s   of  s o l d e r i n g   c i r c u i t  

b o a r d s   i n v o l v e   c o a t i n g   the   e n t i r e   c i r c u i t   s i d e   of  t h e  
b o a r d   w i t h   a  f l u x   and  t h e r e a f t e r   p a s s i n g   the   c o a t e d   s i d e  
of  t he   b o a r d   t h r o u g h   m o l t e n   s o l d e r .   The  f l u x   c l e a n s   t h e  
c o n d u c t i v e   m e t a l   p a r t s   and  p r o m o t e s   a  r e l i a b l e   i n t e r -  

30  m e t a l l i c   bond  b e t w e e n   c o m p o n e n t   l e a d s   and  c i r c u i t   t r a c e s  
and  l a n d s   on  the   p r i n t e d   w i r i n g   b o a r d .   The  p r e f e r r e d  
f l u x e s   c o n s i s t ,   f o r   t he   mos t   p a r t ,   of  r o s i n   u sed   a l o n e  

or  w i t h   a c t i v a t i n g   a d d i t i v e s   such   as  d i m e t h y l a m i n e  



1 0  

1 5  

2 0  

2 5  

3 0  

3 5  

"2"   
0 2 1 7 1 8 1  

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

o x a l i c   a c i d   d e r i v a t i v e .  

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

t h e   r o s i n ,   t he   f l u x   i s   r e m o v e d   f rom  t h e   b o a r d   by  m e a n s  

of   an  o r g a n i c   s o l v e n t .   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 e i n g  

n o n - p o l a r ,   a d e q u a t e l y   c l e a n s   r o s i n   f l u x e s ;   h o w e v e r ,   i t  

d o e s   no t   e a s i l y   r emove   p o l a r   c o n t a m i n a n t s   s u c h   as  t h e  

a c t i v a t i n g   a d d i t i v e s .  

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

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   s u c h   as  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.  2 , 9 9 9 , 8 1 6  

d i s c l o s e s   t he   use  of  m i x t u r e s   of  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   and  m e t h a n o l   as  d e f l u x i n g   s o l v e n t 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   the   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 ,   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   ,  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 t y .   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  min imum  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 .   T h i s   is  d e s i r a b l e  

b e c a u s e   in  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   is  g e n e r a t e d  

f o 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   is  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   a n d  

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 h e  

c l e a n i n g   and  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 he   more  v o l a t i l e   c o m p o n e n t s   of  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 he   c a s e   i f   t h e y   w e r e  

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   i n  

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   w h i c h   may  have  l e s s  

d e s i r a b l e   p r o p e r t i e s ,   such   as  l o w e r   s o l v e n c y   f o r   r o s i n  

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

s o l d e r e d   on  t he   p r i n t e d   c i r c u i t   b o a r d ,   and  i n c r e a s e d  

f  l a m m a b i l i t y   . 
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A  n u m b e r   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   have   b e e n   d i s c o v e r e d   w h i c h   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   and  d e f l u x 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.  3 , 5 7 3 , 2 1 3   d i s c l o s e s   t h e  

5  
a z e o t r o p e   of  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   a n d  
n i t r o m e t h a n e ;   U.S .   P a t .   No.  2 , 9 9 9 , 8 1 6   d i s c l o s e s   a n  

a z e o t r o p i c   c o m p o s i t i o n   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  m e t h y l   a l c o h o l ;   U .S .   P a t .   N o .  
3 , 9 6 0 , 7 4 6   d i s c l o s e s   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   o f  

10  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 ,   m e t h a n o l ,   a n d  

n i t r o m e t h a n e ;   J a p a n e s e   P a t .   Nos  .  8 1 - 3 4 , 7 9 8   and  8 1 - 3 4 , 7 9 9  
d i s c l o s e   a z e o t r o p 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 ,   e t h a n o l ,   n i t r o m e t h a n e   and  2  , 2 - d i m e t h y l b u t a n e   o r  
2,  3 - d i m e t h y l b u t a n e   or  3 - m e t h y l p e n t a n e ;   and  J a p a n e s e   P a t .  

15  No.  8 1 , 1 0 9 , 2 9 8   d i s c l o s e s   an  a z e o t r o p 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 h a n e ,   e t h a n o l ,   n - h e x a n e   a n d  

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 h e  

t e r n a r y   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 ,   n i t r o m e t h a n e   and  a c e t o n e ;   J a p a n e s e   P a t .   No .  
20  7 3 - 7 , 3 3 3 , 8 7 8   d i s c l o s e s   t he   t e r n a r y   a z e o t r o p 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 h a n e ,   m e t h a n o l   and  a c e t o n e ;  
U .S .   P a t .   No.  4 , 2 7 9 , 6 6 4   d i s c l o s e s   t h e   t e r n a r y   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 ,   a c e t o n e   a n d  

h e x a n e ,   and  U .S .   P a t .   No.  4 , 4 7 6 , 3 0 6   d i s c l o s e s   t h e  
25 

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   , 
a c e t o n e ,   h e x a n e   and  n i t r o m e t h a n e .  

The  a r t   is  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  

w h i c h   o f f e r   a l t e r n a t i v e s   f o r   new  and  s p e c i a l   a p p l i c a -  
^   t i o n s   f o 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  

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   w h i c h   have   g o o d  
*5  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   f o r   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   and  f o r   t he   r e m o v a l   of  s o l d e r  

f l u x e s   f rom  p r i n t e d   c i r c u i t   b o a r d s .  

20  
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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   is   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 re   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   have  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 h e   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   become  more  e v i d e n t   f rom  the   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   have   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 ,   m e t h a n o l ,   n i t r o m e t h a n e ,   h e x a n e  
and ,   o p t i o n a l l y ,   a c e t o n e ,   w i t h   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   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   o f  
c h o i c   e .  

In  a  p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n   w i t h o u t  

a c e t o n e ,   t he   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  
a b o u t   8 6 . 5   to  a b o u t   9 3 . 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 ,   f rom  a b o u t   5 .0   to  a b o u t  
6 .2   w e i g h t   p e r c e n t   of  m e t h a n o l ,   f rom  a b o u t   0 . 0 3   to  a b o u t  
0 .6   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 ,   f rom  a b o u t   0 .3   t o  
a b o u t   6 .0   w e i g h t   p e r c e n t   of  h e x a n e   and  f rom  a b o u t   0 .6   t o  
4 .5   w e i g h t   p e r c e n t   a c e t o n e .  

In  a n o t h e r   p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n  
w i t h o u t   a c e t o n e ,   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  a b o u t   9 1 . 0   to   a b o u t   91 .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 - l   ,  2,  2 - t r i f   l u o r o e t h a n e ,   f rom  a b o u t   5 .6  t o  
a b o u t   6 .1   w e i g h t   p e r c e n t   of  m e t h a n o l ,   from  a b o u t   0 . 0 5   t o  
a b o u t   0 .3   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 ,   f rom  a b o u t   0 . 3  
to  a b o u t   4 .1  w e i g h t   p e r c e n t   of  h e x a n e   and  f rom  a b o u t   0 . 6  
to  a b o u t   4 .2  w e i g h t   p e r c e n t   a c e t o n e .  

The  most   p r e f e r r e d   e m b o d i m e n t   of  the   i n v e n t i o n  
w i t h o u t   a c e t o n e   c o m p r i s e s   f rom  a b o u t   9 0 . 2   to  a b o u t   9 1 . 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 - l   ,  2,  2 - t r i f   l u o r o e t h a n e   , 
f rom  a b o u t   5.7  to  a b o u t   6 .0   w e i g h t   p e r c e n t   of  m e t h a n o l ,  
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f r o m   a b o u t   0 . 0 5   to  a b o u t   0 .2   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 ,   f rom  a b o u t   1.6  to  a b o u t   2 .1  w e i g h t   p e r c e n t   o f  
h e x a n e   and  f rom  a b o u t   0 .6   to  2 .1   w e i g h t   p e r c e n t  
a c e t o 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   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   p o i n t s   of  a b o u t   3 y . 8 ° C   a t   760  mm 
H g .  

In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   w i t h  

a c e t o n e ,   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  
a b o u t   8 4 . 3   to   a b o u t   9 3 . 8   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  a b o u t   5 .6   to  a b o u t  
6 .6   w e i g h t   p e r c e n t   of  m e t h a n o l ,   f rom  a b o u t   0 . 0 5   to   a b o u t  
0 .8   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  a b o u t   0 . 1  

to  a b o u t   8 .7   w e i g h t   p e r c e n t   of  h e x a n e .  

In  a n o t h e r   p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n  
w i t h   a c e t o n e ,   t he   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  a b o u t   9 1 . 2   to  a b o u t   9 3 . 8   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 ,   f rom  a b o u t   5 .8   to  a b o u t  
6 .2   w e i g h t   p e r c e n t   of  m e t h a n o l ,   f rom  a b o u t   0 . 0 5   to  a b o u t  
0 .4   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  a b o u t   0 . 1  
to  a b o u t   2.4  w e i g h t   p e r c e n t   of  h e x a n e .  

The  mos t   p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n   w i t h  
a c e t o n e   c o m p r i s e s   f rom  a b o u t   9 1 . 3   to  a o o u t   9 2 . 0   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 ,   f r o m  

a b o u t   6 .0   to  a b o u t   6 .2  w e i g h t   p e r c e n t   of  m e t h a n o l ,   f r o m  
a b o u t   0 .2   to  a b o u t   0 .4   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  a b o u t   1.8  to  a b o u t   2 .0   w e i g h t   p e r c e n t   o f  

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   3 9 . 6 ° C   a t  
760  mm  H g .  

A l l   c o m p o s i t i o n s   w i t h i n   t h e   a b o v e - 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 he   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   more  p a r t i c u l a r l y  
b e l o w   . 

I t   has  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   to  use  and  t h a t   t he   p r e f e r r e d  
c o m p o s i t i o n s   of  t he   i n v e n t i o n   a r e   n o n f l a m m a b l e   ( e x h i b i t  

no  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  D  1310  or   ASTM  Dl  3 1 0 - 1 6 )   and  e x h i b i t  
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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   b e e n  
f o u n d   to  be  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   i n  
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   f o r   t h e   d i s s o l u t i o n   o f  
r o s i n   f l u x e s   and  t he   c l e a n i n g   of  s u c h   f l u x e s   f r o m  

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

For   t h e   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 he   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 rms   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   not   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  

may  or  may  no t   be  a  t r u e   a z e o t r o p e .   Thus ,   in  s u c h  

c o m p o s i t i o n s ,   t he   c o m p o s i t i o n   of  t he   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   is   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 he   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  w h i c h   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 he   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   is   t h a t   t h e r e   is  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   t h e   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   w h i c h   a r e   a z e o t r o p e - l i k e .   Al 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  the   t e r m  
a z e o t r o p e - l i k e   as  u sed   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 ,   the   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 .   Thus ,   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   b u 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 - l   ,  2  ,  2 - t r i f   l u o r o e t h a n e ,  

m e t h a n o l ,   n i t r o m e t h a n e ,   a c e t o n e ,   and  h e x a n e   c o m p o n e n t s  
of  the   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 .   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 - l ,   2,  2 - t r i f   l u o r o e t h a n e ,   f o r  
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e x a m p l e ,   is   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  "GENESOLV®  D"  . 
The  t e r m   " h e x a n e "   is   used   h e r e i n   as  to  mean  any  Cg 

p a r a f f i n   h y d r o c a r b o n   ( c 6 H i 4 )   ( 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 ,   3rd  E d . ,   McGraw  H i l l   Book  Co.  ( 1 9 4 4 )   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 .   2 -  

M e t h y l p e n t a n e   is  c o m m o n l y   r e f e r r e d   to  as  i s o h e x a n e .  

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   i s  

a  m i x t u r e   of  i s o h e x a n e   w i t h   o t h e r   h e x a n e   i s o m e r s ,  

t y p i c a l l y   c o n t a i n i n g   a t   l e a s t   a b o u t   35  w e i g h t   p e r c e n t  
i s o h e x a n e   and  u s u a l l y   f rom  a b o u t   4 0 - 4 5   w e i g h t   p e r c e n t  
i s o h e x a n e .   I t   has  b e e n   f o u n d   t h a t   e ach   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 ,  
form  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 ,   m e t h a n o l ,   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 he   i n v e n t i o n .  

EXAMPLES  1 - 7  

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 he   i n v e n t i o n  

were   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   to  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  

the   d i s t i l l a t e   t h a n   f o u n d   in  t he   most   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 .   For   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  used   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  

to  t he   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   of  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 -  

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

h e x a n e ,   w i t h   and  w i t h o u t   a c e t o n e .   The  m i x t u r e   w a s  

h e a t e d   at   t o t a l   r e f l u x   f o r   a b o u t   one  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 ,   the   d i s t i l l a t e   w a s  
o b t a i n e d   u s i n g   a  5:1  r e f l u x   r a t i o   at   a  b o i l - u p   r a t e   o f  

2 5 0 - 3 0 0   g r ams   p e r   h r .   A p p r o x i m a t e l y   150  cc  of  p r o d u c t  

we re   d i s t i l l e d   and  5  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 .   The  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  
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p r e s s u r e   were   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  

*as  c o l l e c t e d   and  a n a l y z e d   by  gas   c h r o m a t o g r a p h y   t o  

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

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

c e r t a i n   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 ,   a  s e r i e s   o f  

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

t h i r t y   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   a t   a  1 0 : 1   r e f l u x   r a t i o   and  b o i l - u p   r a t e   o f  

a b o u t   270  g rams  p e r   h o u r .   S t a r t i n g   w i t h   an  i n i t i a l  

c h a r g e   of  a b o u t   350  cc  of  l i q u i d   in  t h e   d i s t i l l a t i o n  

p o t ,   a p p r o x i m a t e l y   75  g rams   of  p r o d u c t   we re   d i s t i l l e d  

and  c o l l e c t e d   in  a p p r o x i m a t e l y   5  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 .   S a m p l e   h a n d l i n g ,  

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

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

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   days   to   760  mm  of  m e r c u r y   p r e s s u r e ,   t h e  

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   we re   e s t i m a t e d   b y  

a p p l y i n g   a  b a r o m e t i c   c o r r e c t i o n   f a c t o r   of  aDou t   2b  mm 

H g / ° C ,   to  the   o b s e r v e d   v a l u e s .   H o w e v e r ,   i t   is   to  b e  

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   is   g e n e r a l l y  

a c c u r a t e   up  to  ±  0 . 4 ° C   and  s e r v e s   o n l y   as  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  the   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   3 9 . 9   ±  0 . 2 ° C  

a t   760  mm  Hg  was  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  

a b o u t   8 1 . 7   to  a b o u t   9 1 . 0   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   6 .1   to  a b o u t   5 . 9  

w e i g h t   p e r c e n t   m e t h a n o l   (MeOH),  a b o u t   0 . 0 3   to   a b o u t   0 . 3  

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 b o u t   2 .2   to  a b o u t   2 . 6  

w e i g h t   p e r c e n t   2 - m e t h y l p e n t a n e   (2-MP)  and  a b o u t   0 .8  t o  

4 . 5   w e i g h t   p e r c e n t   a c e t o n e   and  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   at   3 9 . 6   ±  0 . 1 °C   a t   760  mm  Hg  was  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   a b o u t   9 1 . 2   to  a b o u t   9 3 . 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  

( F C - 1 1 3 ) ,   a b o u t   6 .0   to  a b o u t   6 .2  w e i g h t   p e r c e n t   m e t h a n o l  

(MeOH),  a b o u t   0 .5   to   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 -  



j t h a n e ,   and  a b o u t   u . i   to  a u o u t   w*=*y»-  v  

- m e t h y l p e n t a n e   ( 2 - M P ) .   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  

or  t h e   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   I .  
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- 1 0 -   0 2 1 7 1 8 1  

Vapor  Barometic  Cor rec ted   B.P.  
Example  Temp  (°C)  P ressure   (mm  Hg)  to  760  mm 

1  39.6  747.3  40 .1  
2  39.2  747.8  3 9 . 7  
3  39.1  750.9  3 9 . 5  
4  39.2  750.9  3 9 . 6  
5  38.7  736.4  3 9 . 6  
6  38.8  740.2  3 9 . 6  
7  39.1  747.4  3 9 . 6  

Average  39.6  ±  0 . 2 °C .  

EXAMPLES  8-14  

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

15  and ,   o p t i o n a l l y ,   a c e t o n e ,   a  5 - p l a t e   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   w e r e   u t i l i z e d   as  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 s   1  and  7.  I n t o   t he   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   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   ( F C - 1 1 3 ) ,   m e t h a n o l ,   n i t r o m e t h a n e ,   a n d  

20  h e x a n e   and  in  a n o t h e r   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   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   ( F C -  
1 1 3 ) ,   m e t h a n o l ,   n i t r o m e t h a n e ,   h e x a n e   and  a c e t o 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  

25  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 - l ,   2,  2 - t r i -  
f  l u o r o e t h a n e ,   m e t h a n o l ,   n i t r o m e t h a n e   and  o p t i o n a l l y  
a c e t o 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  
fo rm  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  
3 9 . 8   ±  0 . 3 ° C   w i t h   s u c h   c o m p o n e n t s   i n c l u d i n g   a c e t o n e   a n d  

30  fo rm  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   of  a b o u t  
39.  6±  05°C  w i t h   s u c h   c o m p o n e n t s   w i t h o u t   a c e t o n e .   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   in  v iew  of  t he   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   among  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   and  t h e i r   b o i l i n g   p o i n t s  

35  a r e   shown  in  t he   f o l l o w i n g   T a b l e   I I .  
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TABLE  II  0 2 1 7 1 8 1  

H e x a n e   I s o m e r   Normal   B o i l i n g   P o i n t  

2 . 2 -   d i m e t h y l b u t a n e   4 9 . 7 5  

2 . 3 -   d i m e t h y l b u t a n e   5a.  1 

2-  m e t h y l p e n t a n e   ( i s o h e x a n e )   6 0 . 1 3  

3-  m e t h y l p e n t a n e   64  

n - h e x a n e   6 8 . 7 4  

A  number   of  d i s t i l l a t i o n s   were   p e r f o r m e d .   I s o m e r i c  

r a t i o s   and  c o n c e n t r a t i o n s   of  the   o t h e r   m i x t u r e   c o m p o n -  
e n t s   were   v a r i e d   in  t h e   d i s t i l l a t i o n   s t a r t i n g   m a t e r i a l .  

I s o m e r s   were   u s e d   e i t h e r   in  t h e i r   p u r e   s t a t e   as  m i x t u r e s  

p r o p o r t i o n a l   to  t h e i r   c o n c e n t r a t i o n   f o u n d   in  i n e x p e n s i v e  
c o m m e r c i a l   g r a d e   m a t e r i a l ,   or   were   s y n t h e s i z e d   b y  

b l e n d i n g   i s o m e r s   in  v a r i o u s   p r o p o r t i o n s .   C o m m e r c i a l  

g r a d e   i s o h e x a n e   as  s o l d   by  P h i l l i p s   P e t r o l e u m   C o m p a n y  

(46%  i s o h e x a n e )   was  a n a l y z e d   by  gas  c h r o m a t o g r a p h y   a n d  

f o u n d   to  t y p i c a l l y   c o n t a i n :  

wt .   % 

2-  m e t h y l p e n t a n e   4 6 . 5  

3-  m e t h y l p e n t a n e   2 3 . 5  

2 , 3 - d i m e t h y l b u t a n e   1 4 . 4  

2 , 2 - d i m e t h y l b u t a n e   1 3 . 5  

n - h e x a n e   0 . 9  

i s o p e n t a n e   0 . 2  

n - p e n t a n e   0 . 1  

Unknown  l i g h t s   0 . 9  

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

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

t u r e   and  b a r o m e t i c   p r e s s u r e   were   r e c o r d e d .   N o r m a l i z i n g  

t h e   o b s e r v e d   b o i l i n g   p o i n t s   to  760  mm  of  m e r c u r y  

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

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

a p p r o x i m a t e l y   3 9 . 8   ±  0 . 3 ° C   were   found   to  be  f o r m e d  

c o m p r i s i n g   a b o u t   8 6 . 5   to   a b o u t   9 1 . 6   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 - l ,   2,  2 - t r i f   l u o r o e t h a n e ,   a b o u t   5.8  t o  



- 1 2 -   i  n o i  

Dout  6 .0   w e i g h t   p e r c e n t   m e t h a n o l   ,  a b o u t   0 . 0 5   to  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 b o u t   3 .8  to   a b o u t   5 . 2  

e i g h t   p e r c e n t   h e x a n e   i s o m e r   a t   r andom  i s o m e r i c   r a t i o s  

nd  c o n c e n t r a t i o n s   and  a b o u t   0 .6   to   2.3  w e i g h t   p e r c e n t  

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

o i l i n g   p o i n t   of  a p p r o x i m a t e l y   39 .6   ±  0 . 5 ° C   we re   f o u n d  

o  be  f o r m e d   c o m p r i s i n g   a b o u t   84 .3   to  a b o u t   9 3 . 8   w e i g h t  

e r c e n t   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   6 . 0  

o  a b o u t   6 .6   w e i g h t   p e r c e n t   m e t h a n o l ,   a b o u t   0 . 0 5   t o  

b o u t   0 .8   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  a b o u t   0 .1   t o  

b o u t   8 .7   w e i g h t   p e r c e n t   h e x a n e   i s o m e r   a t   r a n d o m  

s o m e r i c   r a t i o s   and  c o n c e n t r a t i o n s .   S u p p o r t i n g  

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

.he  f o l l o w i n g   T a b l e   I I I .   The  r e s u l t s   f rom  E x a m p l e s   1 - 7  

ire  a l s o   i n c l u d e d .   The  r e s u l t s   show  t h a t   t h e   m i x t u r e s  

s t u d i e d   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  

> o i l i n g   in  t h e   same  c o n t e x t   as  d e s c r i b e d   in  c o n n e c t i o n  

*i th   E x a m p l e s   1 - 5 .   The  w e i g h t   p e r c e n t a g e s   shown  in  t h e  

Cable  have   b e e n   r o u n d e d   to  t he   n e a r e s t   s i g n i f i c a n t   d i g i t  

and,  t h e r e f o r e ,   may  no t   n e c e s s a r i l y   t o t a l   100%.  F i g u r e s  

shown  as  -  XX  -  b r i d g i n g   two  c o l u m n s   mean  t h a t   t h e  

f i g u r e s   r e p r e s e n t   t h e   sum  of  the   c o m p o s i t i o n s   in  b o t h  

co lumns   . 

15 

30 

35  
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TABLE  I I I  

S t a r t i n g   Ma te r i a l   Composi t ions   (wt  %) 

N i t r o -   2,3-   2,2-  T o t a l  
Examples  FC-113  MeOH  Acetone  methane  2-MP  3  -MP  EMB  DMB  n-hex  Hexane 
( 5 - p l a t e  
d i s t i l l a t i o n s )  

W   8 1 . / -   5.8-  9.8-   0 .3-   2.4-   2 . 4 -  
90.2  5.9  1.2  0.15  2.5  -  2 . 5  

3-7  81.8-  5.8-  -  0.1-   0 . 1 -  
94.0  8.2  -  2.0  8.0  -  0 . 1 - 8 . 0  

8  84.3  5.0  4.1  0.6  3.0  -  3.0  -  -  6 . 0  
9  91.0  6.0  0.8  -  -  3.5  -  0.3  0.3  0.02  4 .1  

10  84.3  4.9  -  1.0  -  -  9.8  -  -  9.8  , 
11  91.3  6.0  -  0.4  -  1.6  -  0.3  0.3  0 . 0 2 ^ 2 . 3  
12  91.0  6.5  -  0.5  2.0  -  2 . 0  
13  90.5  6.5  -  0.5  -  2.5  2 . 5  
14  85.5  6.6  -  0.6  4.0  -  -  4.0  -  ~ 8 . 0  

Constant  Boi l ing   D i s t i l l a t i o n   F r ac t i on   (wt.  %) 

Ni t ro -   2,3-  2,2-  T o t a l  Ni t ro -   2,3-  2 , 2 -  
Examples  FC-113  MeOH  Acetone  methane  2-MP  3-MP  DMB  DMB 

( 5 - p l a t e  
d i s t i l l a t i o n s )  

1-2  87.8-  5.1-  4.5-  0.03-  2 . 6 -  
91.0  5.9  0.8  0.1  2.2  -  

3-7  91.2-  6.0  -  0 .05-  0 . 1 -  
93.8  6.2  -  0.2  2.4  -  

8  86.5  5.9  2.3  0.1  2.4  -  2.8  -  
9  91.6  5.9  0.6  0.05  -  3.0  -  0.3  0 .4  

10  84.9  6.5  -  0.8  -  -  7.8  -  
11  91.3  6.2  -  0.3  -  1.3  -  0.3  0 . 5  

12  92.2  6.2  -  0.3  1.3  -  
13  92.8  6.1  -  0.3  -  

14  84.3  6.6  -  0.4  2.6  -  -  6 .1  

2.6-  2 . 2  

0 . 1 - 2 . 4  

5 . 2  

3 .8  

7 . 8  

2 . 2  

1 . 3  

0 . 8  

8 . 7  

(3 
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Vapor  Baromet r ic   CorrectecpB^pt   ^  ^  

Examples  Temp  (°C)  P r e s s u r e   (mm  Hg)  to  760  mm 

1-2  39 .2-39 .6   747 .3 -747 .8   3 9 . 9  

3-7  3 9 . 6  

8  39.5  745.1  4 0 . 0  

5  9  38.9  745.5  3 9 . 5  

10  -  -  39 .8  

11  -  -  39 .5  

12  -  -  3 9 . 5  

13  -  3 9 . 6  

.0  14  -  -  39 .1  

From  t h e   above   e x a m p l e s ,   i t   is   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  

L5  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  

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

20  w i t h o u t   a c e t o n e ,   nor   t he   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   r a n g e s   wh ich   a r e   c o n s t a n t   b o i l i n g   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 .   As  i n d i c a t e d ,   a n y o n e   o f  

o r d i n a r y   s k i l l   in  t he   a r t   c an   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  

25  m i x t u r e s ,   i t   b e i n g   k e p 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 "   f o r   t h e   p u r p o s e s   o f  

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  t he   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  t he   a r t .   A l l   s u c h   m i x t u r e s  

30  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   w h i c h   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   the   m e a n i n g   of  t h i s   i n v e n t i o n .  

EXAMPLE  15  

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

35  m i x t u r e s   of  t h i s   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  

use   in  v a p o 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 t h   p r e f e r r e d   a z e o t r o p e -  



0 2 1 7 1 8 1  
l i k e   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  
c o m p r i s i n g   a b o u t   9 1 . 1   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   5 .8   w e i g h t   p e r c e n t  
m e t h a n o l ,   a b o u t   1 .0   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   2 . 0  
w e i g h t   p e r c e n t   c o m m e r c i a l   g r a d e   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 .   The  m i x t u r e   was  e v a l u a t e d  
f o r   i t s   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   c h a r a c -  
t e r i s t i c s .   S o l v e n t s   were   t e s t e d   in  a  B r a n s o n   B - 4 0 0  
r e f r i g e r a t i o n   c o o l e d   2 - s u m p   VPD.  The  s o l v e n t   c h a r g e   w a s  
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   sump  c o m p o s i t i o n s  
were   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   5890  G a s  
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   63  h o u r s   a n d  
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   if   t he   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 % .  

If   t h e   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  
s o i l i n g   c o m p o n e n t s   wou ld   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  
o o i l   sump  and  be  d e p l e t e d   in  t he   r i n s e   sump.  T h i s   d i d  
not  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 he   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   no t   s e g r e g a t e   in  a  
: 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 ,   and  h a n d l i n g   p r o b l e m s .   T h e  
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   was  a l s o   f o u n d   to  no 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 m e n d e d   p r o c e d u r e s   ASTM 
[>-56  (Tag  C l o s e d   Cup)  and  ASTM  D-1310  (Tag  Open  C u p ) .  

EXAMPLE  16 
To  i l l u s t r a t e   t he   a z e o t r o p e - l i k e   n a t u r e   of  t h e  

n i x t u r e s   of  t h i s   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  
ase  in  v a p o 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  
J 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 t h   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 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 ,  
; o m p r i s i n g   a b o u t   9 2 . 0   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 -  
L,  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   5 .8   w e i g h t   p e r c e n t  
m e t h a n o l ,   a b o u t   1 .9   w e i g h t   p e r c e n t   i s o h e x a n e   ( c o m m e r c i a l  
j r a d e ) ,   and  a b o u t   0 .3   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 .   T h e  
l i x t u r e   was  e v a l u a t e d   f o r   i t s   c o n s t a n t   b o i l i n g   or   n o n -  



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

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

o r   p h a s e   d e g r e a s e r   w i t h   an  a t t a c h e d   s t i l l ,   w h i c h  

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

h i n e   t y p e s   in  t h e   f i e l d   t o d a y   wh ich   wou ld   p r e s e n t   t h e  

lt  r i g o r o u s   t e s t   of  s o l v e n t   s e g r e g a t i n g   b e h a v i o r ,  

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

m e n t i o n   c o n t a i n s   two  o v e r f l o w i n g   r i n s e - s u m p s   and  a  

i l - s u m p .   The  b o i l - s u m p   and  t he   s t i l l   a r e   e l e c t r i c a l l y  

a t e d ,   and  e a c h   c o n t a i n s   a  l o w - l e v e l ,   s h u t - o f f  

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

i l l   a r e   c o n d e n s e d   on  w a t e r - c o o l e d ,   s t a i n l e s s - s t e e l  

i l s .   The  s t i l l   is   fed   by  g r a v i t y   from  t h e   b o i l -  

mp.  C o n d e n s a t e   f rom  the   s t i l l   is  r e t u r n e d   to  t h e  

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

l i t   is   a p p r o x i m a t e l y   3 .5  g a l l o n s .   This   d e g r e a s e r   i s  

•ry  s i m i l a r   to  B a r o n - B l a k e s l e e   2  LLV  3 - sump  d e g r e a s e r s  

. th   an  a t t a c h e d   s t i l l   w h i c h   a r e   q u i t e   c o m m o n l y   u s e d   i n  

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

Tne  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 m p o s i t i o n s   in  t he   r i n s e   sump  c o n t a i n i n g   t h e   c l e a r  

o n d e n s a t e   f rom  t h e   s t i l l ,   t h e   work  sump  c o n t a i n i n g   t h e  

v e r f l o w   f rom  t h e   r i n s e   sump,   t h e   b o i l   sump  w h e r e   t h e  

v e r f l o w   f rom  t h e   work   sump  i s   b r o u g h t   to  t h e   m i x t u r e  

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

■erk in   E l m e r   S igma  3  gas   c h r o m a t o g r a p h .   The  t e m p e r a t u r e  

,f  t h e   l i q u i d   in  t h e   b o i l   sump  and  s t i l l   was  m o n i t o r e d  

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

■o  +  0 . 2 ° C .   R e f l u x i n g   was  c o n t i n u e d   f o r   48  h o u r s   a n d  

3ump  c o m p o s i t i o n s   w e r e   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 .  

*  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   if   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  

3 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  ±  2  S i g m a  

a r o u n d   t he   mean  v a l u e .   S igma   is   a  s t a n d a r d   d e v i a t i o n  

u n i t   and  i t   is  o u r   e x p e r i e n c e   f rom  many  o b s e r v a t i o n s   o f  

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

l i k e "   v a p o r   p h a s e   d e g r e a s i n g   s o l v e n t s   e x h i b i t   a t   l e a s t   a  

±  2  s i g m a   v a r i a t i o n   in  c o m p o s i t i o n   w i t h   t i m e   and  y e t  
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p r o d u c e   v e r y   s a t i s f a c t o r y   n o n - s e g r e g a t i n g   c l e a n i n g   
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b e h a v i o r .   The  mean  v a l u e   r e f e r s   to  t he   a v e r a g e   of  a  
c o m p o n e n t   c o m p o s i t i o n   in  e a c h   sump  o v e r   t he   t i m e   p e r i o d  
a f t e r   r e f l u x i n g   has   s t a r t e d ,   w h e r e   t he   z e r o   t i m e ,   o r  
i n i t i a l   c o n c e n t r a t i o n ,   i s   no t   c o n s i d e r e d   in  t h e  
c a l c u l a t i o n   s i n c e   t h e   d y n a m i c   s y s t e m   is   no t   a t   a  s t e a d y -  
s t a t e   c o n d i t i o n .  

I f   t he   m i x t u r e   we re   no t   a z e o t r o p e - l i k e ,   t he   h i g h  
b o i l i n g   c o m p o n e n t s   w o u l d   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  
s t i l l   and  be  d e p l e t e d   in  t he   r i n s e   sump.   T h i s   d id   n o t  
h a p p e n .   A l s o ,   t h e   c o n c e n t r a t i o n   of  e a c h   c o m p o n e n t   i n  
t he   sumps  s t a y e d   w e l l   w i t h i n   +  2  s i g m a .   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  
no t   s e g r e g a t e   in  any  t y p e s   of  l a r g e - s c a l e   c o m m e r c i a l  
v a p o r   d e g r e a s e r s ,   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 ,   and  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   was  a l s o   found   to  no t   have   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 m e n d e d   p r o c e d u r e s   ASTM  D-56  ( T a g  
C l o s e d   Cup)  and  ASTM  D-1310   (Tag  Open  C u p ) .  

EXAMPLE  17 
T h i s   e x a m p l e   i l l u s t r a t e s   t he   use  of  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   of  the   i n v e n t i o n   to  c l e a r  
( d e f l u x )   p r i n t e d   w i r i n g   b o a r d s   and  p r i n t e d   w i r i n g  
a s s e m b l i e s .  

T h r e e   c o m m e r c i a l   r o s i n - b a s e d   f l u x e s   were   used   i n  
the   t e s t   u s i n g   t he   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 h e  
i n v e n t i o n   w i t h o u t   a c e t o n e .   The  f l u x e s   were   A l p h a   6 1 1 f  
( m a n u f a c t u r e d   by  A l p h a   M e t a l s   I n c . ) ,   K e s t e r   1 5 8 5 - M I L  
( m a n u f a c t u r e d   by  K e s t e r   S o l d e r ) ,   and  Kenco   8 8 5  
( m a n u f a c t u r e d   by  Kenco  I n d u s t r i e s   I n c . ) .   P r e d e s i g n e d  
p r i n t e d   w i r i n g   b o a r d s   were   f l u x e d   in  a  H o l l i s   1 0 - i n c h  
rDL  wave  s o l d e r   m a c h i n e .   For  A l p h a   61  IF  and  K e s t e r  
1585-MIL  f l u x e s ,   a l t o g e t h e r   t w e l v e   s u c h   t e s t   b o a r d s   w e r e  
p r e p a r e d   f o r   d e f l u x i n g .   Of  t h e s e ,   s i x   c o n t a i n e d  
s l e c t r o n i c   c o m p o n e n t s   s o l d e r e d   to  t he   b o a r d   and  t h e  
3 t h e r   s i x   d id   no t   have   any  c o m p o n e n t s   on  t he   b o a r d .   F o r  
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j n c o   885,   e i g h t   b o a r d s   we re   r u n ;   f o u r   w i t h   c o m p o n e n t s  

id  t h e   o t h e r   f o u r   w i t h o u t   any  c o m p o n e n t s .  

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

D m p o n e n t s   ( u s e d   in  t h e s e   t e s t s )   were   h i g h   d e n s i t y  

D a r d s   e a c h   h a v i n g   a  one  s i d e d   s u r f a c e   a r e a   of  1 8 . 9 7  

g u a r e   i n c h e s   and  c o n t a i n i n g   two  36  p in   d u a l   in  l i n e  

a c k a g e s   ( D I P ) ,   two  24  p i n   D I P ' s ,   f i v e   16  p i n   D I P ' s  

nd  f o r t y - o n e   d i s c r e t e   c o m p o n e n t s   ( r e s i s t o r s   a n d  

a p a c   i t o r s   )  . 
P r i o r   to  f l u x i n g   and  s o l d e r i n g ,   a l l   s p e c i m e n s   w e r e  

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

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

l u x i n g .   In  our   e x p e r i m e n t s ,   t h e   d e t e r m i n a t i o n   of  t h e  

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

lade  w i t h   a  Kenco®  O m e g a - m e t e r ,   w h i c h   is   a  s t a n d a r d  

n d u s t r y   t e s t   m e t h o d   f o r   c l e a n l i n e s s .   The  Kenco  O m e g a -  

l e t e r   e m p l o y s   a  7 5 / 2 5   v o l u m e   %  m i x t u r e   of  i s o p r o p y l  

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

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

n o n i t o r e d   up  to  30  m i n u t e s .   T h r e e   r e s i s t i v i t y   r e a d i n g s  

, e r e   t a k e n   f o r   e ach   run :   ( i )   t h e   i n i t a l   r e s i s t i v i t y   a t  

c ime  z e r o ,   ( i i )   t h e   r e s i s t i v i t y   a f t e r   15  m i n u t e s ,   a n d  

( i i i )   t he   r e s i s t i v i t y   a t   30  m i n u t e s .   The  raw  d a t a   w e r e  

c o n v e r t e d   to  m i c r o g r a m s   (mg)  p e r   s q u a r e   i n c h   of  i o n i c  

c o n t a m i n a n t s ,   w h i c h   is  e x p r e s s e d   in  t he   s t a n d a r d   way  i n  

t e r m s   of  e q u i v a l e n t s   of  s o d i u m   c h l o r i d e   ( N a C l ) .  

U t i l i z i n g   t h i s   t e c h n i q u e ,   i t   was  d e t e r m i n e d   t h a t  

a l l   s p e c i m e n s   used   f o r   o u r   e x p e r i m e n t s   w o u l d   be  p r e -  

c l e a n e d   to   0 .05   mg  or  l e s s   of  s o d i u m   c h l o r i d e   e q u i v a l e n t  

p e r   s q u a r e   i n c h .  

C l e a n i n g   ( d e f l u x i n g )   was  p e r f o r m e d   in  a  B r a n s o n  

B40  0R  t w o - s u m p   v a p o r   d e g r e a s e r .   The  f i r s t   sump  is  u s e d  

as  t h e   w o r k i n g   sump  and  h o l d s   b o i l i n g   s o l v e n t ,   and  t h e  

s e c o n d   sump  is  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   t he   u p p e r   w a l l   of  t he   a p p a r a t u s   t o  

m a i n t a i n   a  v a p o r   b l a n k e t .  

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

u s e f u l n e s s   of  t h i s   i n v e n t i o n   was  as  f o l l o w s :   ( i )   t w o  
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(2)  m i n u t e   e x p o s u r e   to  t he   v a p o r s   o v e r   t h e   b o i l   s u m p ,  
( i i )   h a l f   a  m i n u t e   f u l l   i m m e r s i o n   in  t he   c o l d   s u m p ,  
( i i i )   h a l f   a  m i n u t e   r e - e x p o s u r e   to  t he   v a p o r s   o v e r   t h e  

b o i l   s u m p .  

A f t e r   d e f l u x i n g   two  r e p l i c a t e   a n a l y s e s   of  b o a r d s  
w i t h   no  c o m p o n e n t s   and  two  r e p l i c a t e   a n a l y s e s   of  b o a r d s  
w i t h   c o m p o n e n t s   we re   made  in  t he   Kenco  O m e g a - m e t e r .   I n  
t he   c a s e   of   A l p h a   61  IF  and  K e s t e r   1 5 8 5 - M I L ,   e a c h  
r e p l i c a t e   a n a l y s i s   c o n s i s t e d   of  t e s t i n g   t h r e e   b o a r d s  
t o g e t h e r   a t   t h e   same  t i m e   in  the   Omega  m e t e r   t e s t   t a n k  
and  in  t h e   c a s e   of  Kenco  885  e a c h   r e p l i c a t e   a n a l y s i s  
c o n s i s t e d   of  t e s t i n g   two  b o a r d s   t o g e t h e r   a t   t he   s a m e  
t i m e   in  t h e   Omega  m e t e r   t e s t   t a n k   . 

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   u s e d   to  i l l u s t r a t e  
t h e   u s e f u l n e s s   of  t he   i n v e n t i o n   to  d e f l u x   p r i n t e d   w i r i n g  
D o a r d s   we re   c o m p r i s e d   o f :   (a)  a b o u t   9 0 . 9   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   5 . 9  
w e i g h t   p e r c e n t   of  m e t h a n o l ,   a b o u t   2.1  w e i g h t   p e r c e n t   o f  
p u r e   (99%)  i s o h e x a n e ,   a b o u t   0 .1  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  a b o u t   1 .0   w e i g h t   p e r c e n t   a c e t o n e ;   and  ( b )  
a b o u t   9 3 . 0   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   6.2  w e i g h t   p e r c e n t   of  m e t h a n o l ,  
a b o u t   0 .7   w e i g h t   p e r c e n t   of  p u r e   (99%)  i s o h e x a n e ,   a n d  
a b o u t   0.1  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 .  

The  c l e a n i n g   p e r f o r m a n c e   of  t h i s   i n v e n t i o n   was  a l s o  
: o m p a r e d   to  t h a t   of  two  c o m m e r c i a l   d e f l u x i n g   s o l v e n t s ,  
3 e n e s o l v ®   DMS  and  Fzeon®  TMS  ,  w h e r e   b o t h   c o m m e r c i a l  
s o l v e n t s   c o n s i s t   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   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 ,   p r i m a r y   a l c o h o l ( s ) ,   a n d  
n i t r o m e t h a n e .   G e n e s o l v ®   DMS  is  a  b l e n d   of   9 2 . 0   w e i g h t  
p e r c e n t   t r i c h l o r o t r i f l u o r o e t h a n e ,   4 .0   w e i g h t   p e r c e n t   o f  
n e t h a n o l ,   2 .0   w e i g h t   p e r c e n t   of  e t h a n o l ,   1 .0   w e i g h t  
p e r c e n t   of  i s o p r o p y l   a l c o h o l ,   and  1 .0   w e i g h t   p e r c e n t   o f  
l i t r o m e t h a n e .   Freon®  TMS  is  a  b l e n d   of  9 4 . 0 5   w e i g h t  
p e r c e n t   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 ,   5 .7   w e i g h t   p e r c e n t  
3f  m e t h a n o l ,   and  0 . 2 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 .  
Che  f o l l o w i n g   t a b l e   s u m m a r i z e s   t he   r e s i d u a l   i o n i c  
: o n t a m i n a t i o n   l e f t   on  f l u x e d   p r i n t e d   c i r c u i t   b o a r d s  
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l e a n e d   by  t h e   a b o v e   c o m p o s i t i o n   of  t h i s   i n v e n t i o n ,  

e n e s o l v ®   DMS  and  F reon®  TMS. 
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As  s t a t e d   e a r l i e r ,   t he   i n d u s t r y   has   r e c o g n i z e d   t h a t  

a d m i x t u r e s   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   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   g r e a t l y   e n h a n c e   t h e  
a b i l i t y   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   a l o n e   to   c l e a n   r o s i n  
f l u x e s   f rom  p r i n t e d   w i r i n g   b o a r d s .   U n e x p e c t e d l y ,   we 
f o u n d   t h a t   a d d i n g   t he   n o n p o l a r   h y d r o c a r b o n   c o m p o n e n t  
h e x a n e   w i t h   a c e t o n e   to  a  m i x t u r e   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 ,   a l c o h o l ,   and  n i t r o m e t h a n e   p r o d u c e s   a n  
a p p a r e n t   s y n e r g i s t i c   e f f e c t   w h i c h   i m p r o v e s   t h e   c l e a n i n g  

10  
a b i l i t y   of  t h e   D l e n d «   As  t he   above   e x a m p l e   s h o w s ,   i n  
t h e   c a s e   of  b o a r d s   f l u x e d   w i t h   c o m p o n e n t s   on  them  w i t h  
h i g h l y   a c t i v a t e d   r o s i n   f l u x e s   such   as  K e s t e r   1 5 8 5 - M I L  
and  Kenco   885,   t h e r e   is   a  s t a t i s t i c a l l y   s i g n i f i c a n t  
i m p r o v e m e n t   in  c l e a n i n g   a b i l i t y   f o r   t h e   s o l v e n t   of  t h i s  
i n v e n t i o n   o v e r   t he   two  c o m m e r c i a l   d e f l u x i n g   s o l v e n t s .  

J  
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CLAIM: 

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 -  

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

id  o p t i o n a l l y   a c e t o 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  

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   is   1 , 1 , 2 - t r i -  

i l o r o - 1   ,  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  

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  

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  

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  

w h e r e i n   s a i d   h e x a n e   i s   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  

w h e r e i n   s a i d   h e x a n e   i s   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  

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

: o n t a i n i n g   a t   l e a s t   a b o u t   35  w e i g h t   p e r c e n t   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  

1  c o m p r i s i n g   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   , 

n e t h a n o l ,   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 .  

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   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 ,  

m e t h a n o l ,   n i t r o m e t h a n e   and  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   f rom  a b o u t   8 6 . 5   to   a b o u t   93 .5   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 - l ,   2,  2 - t r i f   l u o r o e t h a n e ,   f rom  a b o u t  

5 .0  to   a b o u t   6 .2   w e i g h t   p e r c e n t   m e t h a n o l ,   f rom  a b o u t  

0 .03   to  a b o u t   0 .6   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 ,   f r o m  

a b o u t   0 .3   to   a b o u t   6 .0   w e i g h t   p e r c e n t   h e x a n e   and  f r o m  

a b o u t   0 .6   to   4 .5   w e i g h t   p e r c e n t   a c e t o n e .  

12.  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  a b o u t   8 4 . 3   to  a b o u t   93 .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 - l   ,  2  ,  2 - t r i f   l u o r o e t h a n e ,   f r o m  



0 2 1 7 1 8 1  
a b o u t   5 .6   to  a b o u t   6 . 6   w e i g h t   p e r c e n t   m e t h a n o l ,   f r o m  
a b o u t   0 . 0 5   to  a b o u t   0 .8   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 n d  
f rom  a b o u t   0 .1   to   a b o u t   8 ,7   w e i g h t   p e r c e n t   h e x a n e .  

13.  The  m e t h o d   of  c l e a n i n g   a  s o l i d   s u r f a c e   w h i c h  
c o m p r i s e s   t r e a t i n g   s a i d   s u r f a c e   w i t h   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   as  d e f i n e d   in  c l a i m   9 .  

14.  The  m e t h o d   of  c l e a n i n g   a  s o l i d   s u r f a c e   w h i c h  
c o m p r i s e s   t r e a t i n g   s a i d   s u r f a c e   w i t h   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   as  d e f i n e d   in  c l a i m   1 0 .  
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