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INTRODUCTICN 

C e r t a i n  a p p l i c a t i o n s  i n  Rubber Technology r e q u i r e  s o l v e n t  
s y s t e m s .  P a i n t s  , l u b r i c a n t s ,  cemen t s ,  i n k s ,  and  r e l e a s e  a g e n t s  
n e a r l y  a l l  r e q u i r e  some t y p e  o f  s o l v e n t  - v a r y i n g  from water t o  
v e r y  s o p h i s t i c a t e d  m u l t i p l e  b l e n d  hydroca rbon  s y s t e m s .  The t r e n d  
t o d a y  is toward  w a t e r - b a s e d  f o r m u l a s  as one way o f  r e d u c i n g  
h a z a r d o u s  waste g e n e r a t i o n ;  however,  t h e  Rubber I n d u s t r y  s t i l l  
has a p p l i c a t i o n s  where g a s o l i n e  t y p e  s o l v e n t s  a r e  r e q u i r e d .  I n  
s u c h  c a s e s  any waste g e n e r a t e d  i s  c l a s s i f i e d  as Hazardous  due  t o  
an i n h e r e n t  c h a r a c t e r i s t i c  o f  b e i n g  f lammable.  T h e r e  i s  r e a d i l y  
a v a i l a b l e  equipment  on t h e  market t o d a y  t h a t  h a s  t h e  c a p a b i l i t y  
o f  r e c o v e r i n g  t h e  s o l v e n t  f rom t h o s e  waste streams f o r  r e u s e .  
T h i s  p a p e r  reviews one  o f  t h o s e  a p p l i c a t i o n s .  

TEXT \ - 
For d i s c u s s i o n  p u r p o s e s ,  we w i l l  l i m i t  s p e c i f i c  comments t o  

t h o s e  g a s o l i n e  b a s e d  s o l v e n t s  sys t ems  used  i n  t i r e  m a n u f a c t u r i n g .  
The s e l e c t i o n  o f  equ ipmen t ,  o f  c o u r s e ,  must b e  d e t e r m i n e d  by t h e  
chemica l  c h a r a c t e r i s t i c s  o f  t h e  s i n g l e  o r  m u l t i p l e  s o l v e n t  sys t em 
a c t u a l l y  i n  u s e ,  and i f  cements o r  r u b b e r  s o l u t i o n s  a r e  i n v o l v e d ,  
a " t e f l o n "  o r  o t h e r  n o n - s t i c k  s u r f a c e  w i l l  b e  r e q u i r e d  f o r  t h e  
c h a r g e  v e s s e l .  I t  s h o u l d  a l s o  be n o t e d  t h a t  a t  t h e  t ime t h i s  
p a p e r  was b e i n g  p r e p a r e d  t h e r e  was s t i l l  no  c l e a r  u n d e r s t a n d i n g  
of  how t h e  J a n u a r y  4 ,  1985 ,  p r e l i m i n a r y  r u l e s  i s s u e d  by t h e  EPA 
would e f f ec t  t h e  u s e  o f  s o l v e n t  r e c o v e r y  by a g e n e r a t o r .  Hope- 
f u l l y  t h i s  c o s t - e f f e c t i v e  way o f  r e d u c i n g  h a z a r d o u s  w a s t e  w i l l  b e  
encouraged  and  promoted .  

I can  t e l l  you t h a t  t h r o u g h  t h e  u s e  o f  a s i m p l e  l i v e  s t eam 
p r o c e s s  s u c h  a s  u s e d  i n  t h e  Dyna 1 System manufacture-d by DCI 
Corp. of I n d i a n a p o l i s ,  I n d i a n a ,  i t  i s  v e r y  e a s y  t o  r e c o v e r  g a s o -  
l i n e  s o l v e n t  from a t i r e  p a i n t  which h a s  been  r e n d e r e d  u s e l e s s  
i n  i t s  p r i m a r y  a p p l i c a t i o n  due t o  d i s s o l v e d  m a t e r i a l ,  con tamina -  
t i o n ,  f o r e i g n  m a t e r i a l ,  improper  b l e n d ,  o r  t h e  i n t r o d u c t i o n  o f  
w a t e r  i n t o  t h e  w a s t e  s t r e a m  when f i l t e r s  a r e  back f l u s h e d  and 
c l e a n e d .  

Through o u r  e x p e r i e n c e  we have d e t e r m i n e d  t h a t  an a z e o t r o p i c  
system i s  needed  f o r  t i r e  and r u b b e r  r e l a t e d  w a s t e s .  

c 

During normal  u s e  many i n d u s t r i a l  s o l v e n t s  become con tami -  
n a t e d  w i t h  d i s s o l v e d  m a t e r i a l  fo rming  s o l u t i o n s .  D i s s o l v e d  
m a t e r i a l  c a n n o t  be s e p a r a t e d  from t h e  s o l v e n t  by s e t t l i n g  o r  
f i l t e r i n g .  Where t h e  c o n t a m i n a n t s  have  h i g h  b o i l i n g  p o i n t s ,  
d i s t i l l a t i o n  i s  a f e a s i b l e  method o f  r e c o v e r i n g  s o l v e n t s  i n  t h e i r  
o r i g i n a l  c o n d i t i o n  by f r e e i n g  t h e  s o l v e n t s  from t h e  d i s s o l v e d  
c o n t a m i n a t i n g  m a t e r i a l s .  
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Our sys tem was d e s i g n e d  p r i m a r i l y  f o r  t h e  e l i m i n a t i o n  o f  
haza rdous  w a s t e  th rough  a z e o t r o p i c  d i s t i l l a t i o n .  A z e o t r o p i c  
d i s t i l l a t i o n  i s  t h e  i n t r o d u c t i o n  of  l i v e  steam i n t o  t h e  evapo-  
r a t o r  chamber f o r  p u r p o s e s  o f  t r a n s f e r r i n g  h e a t  e n e r g y  t o  vapor -  
i z e  l i q u i d  s o l v e n t s  a t  a b o i l i n g  p o i n t  lower  t h a n  t h e  b o i l i n g  
p o i n t  o f  s o l v e n t  o r  w a t e r .  Fo r  example,  x y l e n e  b o i l s  a t  a p p r o x i -  
mate ly  300OF. When i n t r o d u c e d  w i t h  s t eam,  t h e  c o m b i n a t i o n  o r  
a z e o t r o p i c  b o i l i n g  p o i n t  o f  x y l e n e  and w a t e r  i s  202OF. 

There  a re  o t h e r  c o n s i d e r a t i o n s  t o o ,  t h a t  recommend t h e  u s e  
o f  a z e o t r o p i c  d i s t i l l a t i o n  sys tems.  For  example,  many i n d u s t r i a l  
s o l v e n t s  decompose a t  e l e v a t e d  t e m p e r a t u r e s  r e s u l t i n g  i n  c h a r  i n  
t h e  s o l v e n t  and t h e  r e l e a s e  o f  permanent  g a s e s  t h a t  w i l l  n o t  con-  
dense  under  o r d i n a r y  c o n d i t i o n s .  E l e v a t e d  t e m p e r a t u r e s  can  a l s o  
a l t e r  t h e  c h a r a c t e r i s t i c s  o f  t h e  r e s i d u e  i n  an u n d e s i r a b l e  manner. 

To b e g i n  t h e  d i s t i l l a t i o n  c y c l e ,  a p r e d e t e r m i n e d  volume of  
con tamina ted  s o l v e n t  i s  i n t r o d u c e d  i n t o  a n  e v a p o r a t i o n  chamber by 
a f e e d  pump. Upon comple t ion  o f  t h e  f i l l i n g  c y c l e ,  a v a l v e  on t h e  
s u c t i o n  s i d e  o f  t h e  f e e d  pump c l o s e s .  S i m u l t a n e o u s l y ,  t h e  s team 
i n l e t  and r e c i r c u l a t i o n  v a l v e s  open ,  i n t r o d u c i n g  low p r e s s u r e  
steam (8-10 P S I )  i n t o  t h e  con tamina ted  b a t h  t h r o u g h  a s p a r g i n g  
b a r .  The f e e d  i s  r e c i r c u l a t e d  c o n t i n u o u s l y  t o  p r o v i d e  even  h e a t  
d i s t r i b u t i o n  and  keep  con taminan t s  i n  a f l u i d  s t a t e .  

Through a t m o s p h e r i c  ( v e n t e d  t o  a tmosphe re )  o p e r a t i o n  o f  t h e  
sys t em,  e a c h  s o l v e n t  has  a c h a r a c t e r i s t i c  t e m p e r a t u r e  co r re spond ing  
t o  t h e  vapor  p r e s s u r e  f o r  t h a t  s o l v e n t  a t  which p o i n t  t h e  s o l v e n t  
i s  d e s c r i b e d  as b o i l i n g .  

The e v o l v i n g  vapor  p a s s e s  o v e r  i n t o  a condenser  where t h e  
s o l v e n t  vapor  i s  c o o l e d  below i t s  b o i l i n g  p o i n t ,  condenses  back 
a g a i n  t o  l i q u i d  s o l v e n t ,  and t h e n  c o l l e c t s  i n  a t r a n s f e r  t a n k .  
When a p r e s c r i b e d  l e v e l  i n  t h e  t r a n s f e r  t a n k  i s  a c h i e v e d ,  a f l o a t  
a c t i v a t e s  t h e  t r a n s f e r  pump and t h e  s o l v e n t / w a t e r  m i x t u r e  i s  f e d  
i n t o  a c o a l e s c e r / s e p a r a t o r .  The c o a l e s c e r  u n i t  i s  c a p a b l e  of 
removing 1 0 0 %  of  t h e  f r e e  w a t e r  from i m m i s c i b l e  s o l v e n t s .  A t  t h i s  
p o i n t ,  t h e  d i s t i l l e d ,  d e - w a t e r e d  s o l v e n t  i s  pumped o u t  o f  t h e  
c o a l e s c e r  i n t o  a h o l d i n g  t a n k  f o r  r e - u s e .  

Our sys tem remains  i n  t h e  d i s t i l l a t i o n  mold u n t i l  o v e r  9 9 %  
o f  t h e  i n p u t  s o l v e n t  h a s  been v a p o r i z e d .  A s  t h e  c o n c e n t r a t i o n  o f  
s o l v e n t  i n  t h e  e v a p o r a t i o n  chamber becomes minimal ( less  t h a n  1% 
by volume),  t h e  t e m p e r a t u r e  i n s i d e  t h e  e v a p o r a t i o n  chamber b e g i n s  
t o  r i s e .  Once t h e  vapor  t e m p e r a t u r e  r e a c h e s  a p r e s e t  l e v e l ,  t h e  
s team i n l e t  and  r e c i r c u l a t i o n  v a l v e s  a u t o m a t i c a l l y  c l o s e  and t h e  
d r a i n  v a l v e  opens t o  e x p e l 1  t h e  f l u i d ,  s o l v e n t - f r e e  r e s i d u e .  
There a r e  no c o n v e c t i o n  s u r f a c e s ,  t h u s  e l i m i n a t i n g  r e s i d u e  bake-  

d r a i n e d  from t h e  e v a p o r a t i o n  chamber,  a l l  v a l v e s  r e p o s i t i o n  and 
t h e  sys tem a u t o m a t i c a l l y  b e g i n s  a new d i s t i l l a t i o n  c y c l e .  

b 

on and minimiz ing  sys tem main tenance .  Once t h e  r e s i d u e  has  been I1 
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Contaminants  t h e  sys tem w i l l  remove from s o l v e n t s  i n c l u d e :  
E 

0 
0 
0 
0 
0 
0 
0 
0 

I 

0 
0 

Minera l  o i l s  
Greases  
Waxes 
D i s s o l v e d  and u n d i s s o l v e d  soaps  
D e t e r g e n t s  
Most f a t t y  a c i d s  
D y e s t u f f s  and o t h e r  c o l o r i n g  m a t e r i a l  
Fine i n s o l u b l e  mater ia l  l i k e  m e t a l  p a r t i c l e s ,  s o i l  and  
d i r t  
D i s s o l v e d  s o l i d s  
Pigments  and r e s i n s  

Equipment c o s t s  r a n g e  from $ 7 5  p e r  g a l l o n  c a p a c i t y  f o r  l a r g e  
u n i t s  up t o  $1650 p e r  g a l l o n  c a p a c i t y  f o r  v e r y  s m a l l  u n i t s .  I n -  
s t a l l a t i o n  c o s t s  a r e  i n  a d d i t i o n  and w i l l  v a r y  depend ing  on y o u r  
p a r t i c u l a r  a p p l i c a t i o n  and s e r v i c e s  r e q u i r e d .  

I n d u s t r i e s  c u r r e n t l y  u s i n g  t h i s  t y p e  equipment i n c l u d e :  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Automotive b 

P a i n t  and  i n d u s t r i a l  c o a t i n g s  
F i b e r g l a s s  
Meta l  working  
P h a r m a c e u t i c a l  
Motor m a n u f a c t u r e r  ( g a s o l i n e  & e l e c t r i c )  
Magnet ic  t a p e  
Wire c o a t i n g  
App l i ance  E f u r n i t u r e  
Pape r  & p a p e r  c o n v e r t e r s  
Adhes ives  
Ink  manufac tu re  and p r i n t i n g  
Dry c l e a n i n g  
Cosmetic  
And o f  c o u r s e  t i r e  m a n u f a c t u r i n g  

P o t e n t i a l  s a v i n g s  a r e  c o n t r o l l e d  by t h e  volume o f  s o l v e n t s  
you a re  now d i s c a r d i n g ,  t h e  method of  d i s p o s a l  and  o f  c o u r s e ,  t h e  
v a l u e  o f  t h e  d i s c a r d e d  s o l v e n t .  Today, c o s t s  r a n g i n g  from ove r  
$1.00 p e r  g a l l o n  on up t o  $ 1 0 . 0 0  p e r  g a l l o n  a r e  p o s s i b l e  when 
a l c o h o l s ,  a r o m a t i c  s o l v e n t s ,  a l i p h a t i c s ,  and c h l o r o n a t e d  hydro -  
c a r b o n s  a r e  involved .  

O p e r a t i o n a l  c o s t s  a r e  r e l a t i v e l y  low u s u a l l y  under  2 5 4  p e r  
g a l l o n ,  so  t h a t  once  equipment  c o s t s  a r e  w r i t t e n  o f f  ( i n  o u r  c a s e  
t h a t  took  l e s s  t h a n  a y e a r )  t h e  s a v i n g s  become s u b s t a n t i a l  and 
a l l  go t o  t h a t  i m p o r t a n t  bo t tom l i n e  on t h e  P / L  s t a t e m e n t .  

Through t h e  u s e  o f  s o l v e n t  r e c o v e r y  and changes i n  a p p l i e d  
t echno logy  which p e r m i t t e d  t h e  change t o  w a t e r  based  s o l v e n t  
s y s t e m s ,  o r  t h e  comple t e  e l i m i n a t i o n  o f  c e r t a i n  s o l v e n t  a p p l i c a -  
t i o n s ,  i t  has  been p o s s i b l e  f o r  u s  t o  c o m p l e t e l y  e l i m i n a t e  t h e  
need  t o  d i s c a r d  w a s t e  i n t o  t h e  eco logy  t h r o u g h  l a n d  f i l l  o r  o t h e r  
w a s t e  d i s p o s a l .  I n  f a c t ,  w e  have been a b l e  t o  change o u r  was te  
problem from a c o s t  item t o  a s a v i n g s  item. P o l l u t i o n  p r e v e n t i o n  
does pay. 


