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The p o t e n t i a l  of  s u p e r c r i t i c a l  e x t r a c t i o n  (%E), a s e p a r a t i o n  process  i n  
which a g a s  above its c r i t i c a l  temperature  is  used a s  a s o l v e n t ,  has  been 
widely recognized i n  t h e  r e c e n t  years .  The f i r s t  proposed a p p l i c a t i o n s  have 
involved mainly compounds of low v o l a t i l i t y ,  and processes  t h a t  u t i l i z e  super- 
c r i t i c a l  f l u i d s  f o r  t h e  s e p a r a t i o n  of s o l i d s  from n a t u r a l  m a t r i c e s  ( s u c h  
a s  c a f f e i n e  from c o f f e e  beans)  are a l r e a d y  in  i n d u s t r i a l  opera t ion .  The use  of 
s u p e r c r i t i c a l  f l u i d s  f o r  t h e  s e p a r a t i o n  of l i q u i d  mixtures ,  a l though of wider 
a p p l i c a b i l i t y ,  has been less wel l  s t u d i e d ,  as the  minimum number of  compo- 
n e n t s  for any such s e p a r a t i o n  is  t h r e e  ( t h e  s o l v e n t ,  and a b inary  mixture 
of components t o  be s e p a r a t e d ) .  The experimental  s tudy  of phase equi l ibr ium 
i n  t e r n a r y  mixtures  a t  h igh  p r e s s u r e s  i s  r a t h e r  complicated,  and t h e o r e t i c a l  
methods t o  c o r r e l a t e  t h e  observed phase behavior  are l a c k i n g .  

One important  p o t e n t i a l  a p p l i c a t i o n  of s u p e r c r i t i c a l  e x t r a c t i o n  is i n  
t h e  recovery of  p o l a r  o r g a n i c  compounds from aqueous s o l u t i o n s .  Such mix- 
t u r e s  arise very f r e q u e n t l y  a s  products  of biochemical  syntheses .  In  many 
c a s e s ,  t h e  c o s t s  of t h e  energy- in tens ive  s e p a r a t i o n s  a r e  q u i t e  high.  I t  is  
t h e  o b j e c t i v e  of an ongoing research p r o j e c t  a t  M I T  t o  i n v e s t i g a t e  t h e  
a p p l i c a b i l i t y  of SCE f o r  such s e p a r a t i o n s .  

Previous work i n  t h e  a r e a  of high-pressure phase equi l ibr ium of aqueous 
s o l u t i o n s  o f  o r g a n i c  compounds w i t h  s u p e r c r i t i c a l  f l u i d s  inc ludes  t h e  
p ioneer ing  work of E l g i n  and Weinstock ( 1 )  c a r r i e d  out  i n  t h e  1950's. Francis  
( 9 )  presented  a l a r g e  number of  q u a l i t a t i v e  r e s u l t s  f o r  t e r n a r y  systems of 
l i q u i d  C O 2  a t  25 'C. I n  t h e  more r e c e n t  years ,  P a u l a i t i s  e t  al. ( 2 , 3 ) ,  Kuk 
and Montagna ( 4 ) ,  McHugh e t  a l .  (5) and Radosz (6) have r e p o r t e d  measurements 
i n  systems w i t h  some of t h e  f i r s t  a l c o h o l s ,  water and s u p e r c r i t i c a l  f l u i d s .  
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Experimental 

The experimental  s e t u p  t h a t  is being used is shown i n  F igure  1 .  The 
main element of t h e  equipment is a v i s u a l  h igh  p r e s s u r e  c e l l  ( Je rguson  gage 
model 19-TCH-40) wi th  a n  i n t e r n a l  volume of about 50 cm3 , t h a t  s e r v e s  a s  a 
mixing and s e p a r a t i n g  v e s s e l ,  as well as f o r  t h e  v i s u a l  o b s e r v a t i o n  of t h e  
number and q u a l i t y  of t h e  c o e x i s t i n g  phases .  Connections a t  t h e  bottom, t o p  
and s i d e  Of t h e  v e s s e l  permit withdrawal of  t h e  lower,  upper a n d  m i d d l e  
phases ,  any two of which can be r e c i r c u l a t e d  e x t e r n a l l y  wi th  a dua l  h i g h  
P r e s s u r e  Milton-Roy Mini Pump. An o n - l i n e  Met t le r -Paar  v i b r a t i n g  t u b e  d e n s i t y  
meter (DNA 60 wi th  a DMA 512 c e l l )  is used t o  measure t h e  d e n s i t y  of one of 
t h e  r e c i r c u l a t i n g  phases at  a time, and can be switched between any of them. 

The J e r g u s o n  gage is immersed i n  a c o n s t a n t  tempera ture  bath with 
S i l i c o n  f l u i d  a s  t h e  h e a t - t r a n s f e r  medium, t h a t  a l s o  thermosta t s  t h e  d e n s i t y  
meter. The bath tempera ture  is  c o n t r o l l e d  t o  k .01 K w i t h  a Thermomix 1460 
tempera ture  r e g u l a t o r ,  and t h e  tempera ture  is measured w i t h  a c a l i b r a t e d  
mercury-in-glass thermometer t o  w i t h i n  .01 K. The l i n e s  e x t e r n a l  t o  t h e  b a t h  
are maintained a t  t h e  b a t h  tempera ture  w i t h  t h e  h e l p  of h e a t i n g  t a p e s ,  and t h e  
tempera ture  a t  s e v e r a l  p o i n t s  is monitored w i t h  thermocouples. P r e s s u r e  i s  
measured wi th  two c a l i b r a t e d  Heise p r e s s u r e  i n d i c a t o r s  t o  w i t h i n  k.16 bar  for  
p r e s s u r e s  up t o  160 bar, and t o  w i t h i n  +.4 bar  for p r e s s u r e s  up t o  350 bar .  

Sampling is done with two h i g h  pressure-swi tch ing  v a l v e s  of i n t e r n a l  
volume . 5  u 1  ( f o r  t h e  u p p e r  phase)  and .2  111 ( f o r  t h e  lower o r  middle 
phases) .  The samples are d i r e c t l y  d e p r e s s u r i z e d  i n t o  a He c a r r i e r  g a s  s t ream 
and analyzed with a Perk in  Elmer Sigma 2 Cas Chromatograph, us ing  a Porapak 4 
column suppl ied  by Supelco . The response  f a c t o r s  for  t h e  m a t e r i a l s  used were 
found t o  b e  c l o s e  t o  t h o s e  r e p o r t e d  by Die tz  ( 7 ) .  Typical r e p r o d u c i b i l i t y  of 
t h e  a n a l y s i s  is  k.003 i n  mole f r a c t i o n ,  wi th  somewhat l a r g e r  d e v i a t i o n s  f o r  
t h e  gas-phase composition a t  low pressures .  

After purging and evacuat ion  of t h e  equipment t h e  cell  is  charged wi th  a 
l i q u i d  mixture  of known composition and w i t h  t h e  s u p e r c r i t i c a l  component up t o  
t h e  d e s i r e d  pressure .  The r e c i r c u l a t i o n  pumps are s t a r t e d ,  and t h e  approach 
t o  e q u i l i b r i u m  monitored by t h e  s t a b i l i t y  of t h e  pressure .  d e n s i t y ,  and 
composition measurements wi th  time. For t h e  m i x t u r e s  s t u d i e d ,  a t y p i c a l  
e q u i l i b r a t i o n  time is 15 min., b u t  a t  l e a s t  30 min a r e  allowed b e f o r e  t h e  
f i n a l  s a m p l i n g .  A t  l e a s t  two s a m p l e s  a r e  t a k e n  from e a c h  p h a s e  a t  
equi l ibr ium.  A new p r e s s u r e  p o i n t  can t h e n  b e  e s t a b l i s h e d  immediately by 
i n t r o d u c i n g  or removing s u p e r c r i t i c a l  f l u i d  and/or l i q u i d ,  s o  t h a t  t h e  l e v e l  
of t h e  i n t e r f a c e s  i n  t h e  c e l l  a t  t h e  new d e s i r e d  p r e s s u r e  is a p p r o p r i a t e  f o r  
sampling through t h e  a v a i l a b l e  p o r t s  . 
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Results 

Binary Systems 

As a tes t  of t h e  v a l i d i t y  of t h e  equipment des ign  and t h e  experimental  
procedures ,  we f irst  i n v e s t i g a t e d  a b i n a r y  system for  which r e s u l t s  have 
been previous ly  publ ished.  Knowledge of t h e  behavior  o f  t h e  b inary  systems is 
i n  i t s e l f  impor tan t ,  s i n c e  the  d a t a  provide  the a p p r o p r i a t e  limits f o r  t he  
corresponding t e r n a r y  systems. 

I n  F igure  2 w e  present  t h e  experimental  r e s u l t s  and l i t e r a t u r e  da ta  f o r  
t h e  system C02 - ace tone  at  313 and 333 K ( l i t e r a t u r e  r e s u l t s  are a v a i l a b l e  
o n l y  a t  t he  lower tempera ture) .  A s  can be  seen,  t h e  agreement between the  two 
sets of r e s u l t s  is e x c e l l e n t .  Also shown on t h e  same f i g u r e  a s  continuous 
l i n e s  a r e  the r e s u l t s  of the f i t t i n g  of the  experimental  d a t a  us ing  a modified 
Peng-Robinson e q u a t i o n  o f  s t a t e  t h a t  is descr ibed  i n  t h e  Appendix. The 
agreement between experimental  and p r e d i c t e d  phase composi t ions is with in  the  
experimental  u n c e r t a i n t y  of  t h e  data, except  i n  the  c r i t i c a l  reg ion .  

Several  of the  f e a t u r e s  of t h e  phase behavior  shown on Figure 2 a r e  
q u i t e  genera l .  I n  p a r t i c u l a r ,  i t  can be s e e n  t h a t  t h e  s o l u b i l i t y  of C02 i n  t h e  
l i q u i d  phase is q u i t e  h igh ,  even a t  moderate p r e s s u r e s .  The system c r i t i c a l  
p r e s s u r e  is, i n  g e n e r a l ,  comparable t o  t h e  c r i t i c a l  p r e s s u r e  of C02, and 
i n c r e a s e s  w i t h  temperature  a t  the tempera ture  range s t u d i e d .  Although t h e  
s o l u b i l i t y  of a c e t o n e  i n  t h e  gas phase is low i n  t h e  two-phase reg ion ,  t h e r e  
is complete m i s c i b i l i t y  between C02 and ace tone  a t  p r e s s u r e s  t h a t  a r e  not  very 
high. C02 a t  l i q u i d - l i k e  d e n s i t i e s  is a n  e x c e l l e n t  s o l v e n t  f o r  a wide range 
of organic  compounds, a s  was f i r s t  observed by Franc is  (9 )  f o r  near  c r i t i c a l  
l i q u i d  C02 . 

One a d d i t i o n a l  example o f  t h e  same g e n e r a l  t y p e  of b e h a v i o r  is 
demonstrated by t h e  C02 - ethanol  system. Three measured isotherms f o r  t h i s  
system a r e  p r e s e n t e d  i n  F igure  3. No comparable s e t  of experimental  r e s u l t s  
appears  t o  be a v a i l a b l e  i n  t h e  open l i t e r a t u r e .  Again, t h e  agreement between 
experimental  r e s u l t s  and model p r e d i c t i o n s  is very  good. 

Ternary Systems 

A s  one of a s e r i e s  of model systems,  we s t u d i e d  t h e  C02 - acetone - 
water system a t  313 and 333 K. The most s t r i k i n g  f e a t u r e  of  t h e  sys tem 
behavior ,  is a very e x t e n s i v e  three-phase r e g i o n  a t  b o t h  temperatures .  The 
three-phase reg ion  is first observed a t  a p r e s s u r e  of o n l y  25 bar a t  313 K ,  
and extends t o  approximately t h e  cr i t ical  p r e s s u r e  of the b inary  C02 - acetone 
System. Table  1 provides  the experimental  r e s u l t s  f o r  t h e  composi t ion of the 
three phases a t  e q u i l i b r i u m  as a f u n c t i o n  of p r e s s u r e  and temperature .  

The p h y s i c a l  p i c t u r e  t h a t  u n d e r l i e s  t h i s  behavior ,  as pointed out  first 
by E l s i n  and Weinstock ( 1 ) .  is t h e  ' s a l t i n g  o u t '  e f f e c t  by a s u p e r c r i t i c a l  
f l u i d  on an aqueous s o l u t i o n  of an o r g a n i c  compound. A s  p r e s s u r e  is increased 
the tendency of t h e  s u p e r c r i t i c a l  f l u i d  t o  s o l u b i l i z e  i n  t h e  o r g a n i c  l i q u i d  
r e s u l t s  i n  a phase s p l i t  i n  the aqueous phase, a t  what can be named a lower 
c r i t i c a l  s o l u t i o n  p r e s s u r e  (which v a r i e s  w i t h  tempera ture) .  A s  p ressure  
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1s f u r t h e r  decreased,  t h e  second l i q u i d  phase and t h e  s u p e r c r i t i c a l  phase 
become more and more similar t o  each o t h e r ,  and merge a t  an upper Critical 
S o l u t i o n  pressure ,  above which only two phases  can c o e x i s t .  

This p a t t e r n  of behavior was a l s o  observed by Elg in  and Weinstock f o r  
the system e thylene  - ace tone  - water a t  15 'C. I n  a d d i t i o n ,  t h e  same t y p e  of 
behavior ,  bu t  a t  q u i t e  d i f f e r e n t  p r e s s u r e s  r e l a t i v e  t o  t h e  p u r e  s o l v e n t  
C r i t i c a l  p r e s s u r e  was r e p o r t e d  by P a u l a i t i s  e t  a 1 . ( 3 )  f o r  t h e  System cO2 - 
isopropanol  - water ,  by McHugh e t  a1.(5) f o r  t h e  system ethane - e thanol  - 
water and again by P a u l a i t i s  et  a 1 . ( 2 )  f o r  t h e  C02 - e thanol  - water  System, 
and t h e r e f o r e  appears  t o  be q u i t e  genera l .  

A more complete p i c t u r e  of t h e  phase equi l ibr ium behavior  i s  given i n  
F igure  4 f o r  t h e  system under s t u d y  a t  333 K.  The darker  l i n e s  and squares  on 
t h i s  f i g u r e  a r e  exper imenta l ly  measured t i e - l i n e s  and phase compositions. The 
l i g h t  l i n e s  are model p r e d i c t i o n s ,  us ing  v a l u e s  of i n t e r a c t i o n  p a r a m e t e r s  
determined s o l e l y  from r e g r e s s i o n  of b inary  d a t a  ( s e e  Appendix). The two sets 
of  r e s u l t s  a r e  i n  good agreement w i t h  each o t h e r .  

An i n t e r e s t i n g  f e a t u r e  of  the  phase e q u i l i b r i u m  behavior  is t h e  r e l a t i v e  
i n s e n s i t i v i t y  of  t h e  p h a s e  e n v e l o p e  and  p o s i t i o n s  of  t h e  t i e - l i n e s  t o  
v a r i a t i o n s  i n  p r e s s u r e  i n  the two-phase r e g i o n ,  a s  evidenced by comparison of 
the diagrams a t  100 and 150 bar i n  F igure  4. T h i s  would seem t o  imply that 
s i m i l a r  s e p a r a t i o n s  can be  achieved by o p e r a t i o n  a t  p r e s s u r e s  j u s t  above t h e  
upper c r i t i c a l  s o l u t i o n  p r e s s u r e  of -95 bar  a s  compared t o  o p e r a t i o n  a t  h igher  
pressures .  

The phase equi l ibr ium behavior  a t  313 K is q u i t e  s i m i l a r  t o  t h a t  a t  
333 K,  w i t h  t h e  three-phase r e g i o n  s h i f t e d  t o  lower pressures, a s  presented  i n  
Table  1 .  

From an engineer ing p o i n t  of view, t h e  most impor tan t  q u a n t i t i e s  i n  t h e  
e v a l u a t i o n  of a s e p a r a t i o n  scheme based on a phase behavior  p a t t e r n  such as 
t h e  one shown, are t h e  s e l e c t i v i t y  of t h e  s e p a r a t i o n  w i t h  r e s p e c t  t o  t h e  
d e s i r e d  component, a s  well a s  t h e  l o a d i n g  of the d e s i r e d  component i n  t h e  
e x t r a c t a n t  phase. I t  is well known . t ha t  t h o s e  two f a c t o r s  u s u a l l y  i n c r e a s e  
i n  d i f f e r e n t  d i r e c t i o n s .  F igures  5 and 6 p r e s e n t  experimental  d a t a  and model 
p r e d i c t i o n s  f o r  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  of a c e t o n e ,  a n d  f o r  t h e  
s e l e c t i v i t y  r a t i o  o of a c e t o n e  o v e r  water ( d e f i n e d  a s  t he  r a t i o  of  
d i s t r i b u t i o n  c o e f f i c i e n t s  o f  a c e t o n e  and water i n  t h e  l i q u i d  and f l u i d  
phases) ,  as a f u n c t i o n  of t h e  water c o n c e n t r a t i o n  i n  t h e  l i q u i d  phase. The 
d i s t r i b u t i o n  f a c t o r  shows a s h a r p  maximum a t  both tempera tures ,  w i t h  a h igher  
v a l u e  a t  t h e  h igher  tempera ture ,  whereas t h e  s e l e c t i v i  t y  decreases  smoothly 
from t h e  l i m i t i n g  va lue  of -300 at  low ace tone  concent ra t ions  t o  1 as t h e  
p l a i t  p o i n t  is approached. The experimental  da ta  show t h e  same t r e n d s ,  
a l though t h e r e  is  some s c a t t e r  t h a t  is due t o  the  f a c t  t h a t  small a b s o l u t e  
e r r o r s  i n  t he  low s u p e r c r i t i c a l  phase c o n c e n t r a t i o n s  of a c e t o n e  and water 
r e s u l t  i n  l a r g e  r e l a t i v e  e r r o r s  f o r  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  and 
s e l e c t i v i t y  f a c t o r s .  S e l e c t i v i t i e s  a r e  g e n e r a l l y  h i g h e r  f o r  t h e  l o w e r  
temperature ,  b u t  l o a d i n g s  are lower. Based on t h e  observed behavior  f o r  t h e  
system, the maximum CO2-free ace tone  c o n c e n t r a t i o n s  i n  t h e  upper phase is 
85% mole (-95% u/w) ace tone  f o r  o p e r a t i o n  a t  150 bar and 333 K. 

49 



Conclusions 

I 

An a p p a r a t u s  f o r  t h e  de te rmina t ion  of h i g h  p r e s s u r e  phase equi l ibr ium 
d a t a  f o r  mixtures  of water, p o l a r  o r g a n i c  l i q u i d s  and s u p e r c r i t i c a l  f l u i d s  was 
c o n s t r u c t e d  and s u c c e s s f u l l y  opera ted  for b inary  and t e r n a r y  s y s t e m s  w i t h  
super  cri t ical  carbon d i o x i  de. 

The system C02 - ace tone  - water was e x t e n s i v e l y  i n v e s t i g a t e d  a t  313 and 
333 K. The system demonstrates  several of  t h e  genera l  c h a r a c t e r i s t i c s  of 
phase equi l ibr ium behavior  observed e a r l i e r  f o r  similar systems,  including an  
ex tens ive  LLV r e g i o n  t h a t  appears  a t  r e l a t i v e l y  low pressures .  

A model based on a modif ied form of t h e  Peng-Robinson equat ion  of s t a t e  
was able  t o  reproduce  q u a n t i t a t i v e l y  a l l  f e a t u r e s  of  t h e  o b s e r v e d  phase  
equi l ibr ium behavior ,  with model parameters  determined from only binary data .  
The use of such models may f a c i l i t a t e  s u b s t a n t i a l l y  t h e  t a s k  of process  design 
and opt imiza t ion  for s e p a r a t i o n s  t h a t  u t i l i z e  s u p e r c r i t i c a l  f l u i d s .  

A s u b s t a n t i a l  s e n s i t i v i t y  of t h e  s e p a r a t i o n  e f f i c i e n c y ,  as determined by 
t h e  a b i l i t y  of t h e  s o l v e n t  t o  s e l e c t i v e l y  e x t r a c t  t h e  o r g a n i c  compound with 
h i g h  loadings  was observed when t h e  o p e r a t i n g  c o n d i t i o n s  were var ied .  
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APPENDIX 

Equation of State used 

For t h e  c o r r e l a t i o n  of t h e  exper imenta l  r e s u l t s ,  we used a modi f ica t ion  
Of the  Peng-Robfnson equat ion  of s t a t e  developed by t h e  au thors .  The essence 
Of t h e  method, which is presented  i n  d e t a i l  i n  (8) .  is t h e  use of a non - 
q u a d r a t i c  mixing r u l e  f o r  t he  a t t r a c t i v e  parameter  a , that i n v o l v e s  two 
binary i n t e r a c t i o n  parameters. The equat ions  for t h e  p r e s s u r e ,  t h e  mixing 
r u l e  used and t h e  r e s u l t i n g  express ion  f o r  t h e  chemical p o t e n t i a l  of a 
component i n  a mixture  a r e  shown below. 

RT a 
2 2 V - b, V + UVb, + wb, 

p m - -  11 

l n e k  = I n -  f k  = y ( F - 1  'k PV ) - 1 n T  P(V-b) + 

X P  
k m 

2V + b m ( u - m )  

4- bRT 2V + b m ( u + m )  
x I n  'm 
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For t h e  e s t i m a t i o n  of t h e  s u b c r i t i c a l  pure component parameters ,  we used 
t h e  technique of Panagiotopoulos  and Kumar (1 1 ) , t h a t  provides  r e s u l t s  t h a t  
e x a c t l y  r ep roduce  t h e  vapor pressure  and l i q u i d  d e n s i t y  of a s u b c r i t i c a l  
component. Table 2 p r e s e n t s  t h e  pu re  component parameters t h a t  were used. 
For t h e  s u p e r c r i t i c a l  components, t h e  usua l  a c e n t r i c  f a c t o r  c o r r e l a t i o n  was 
u t  11 ized. 

It is impor t an t  t o  n o t e ,  t h a t  t h e  i n t e r a c t i o n  parameters  between t h e  
components ( two per  b i n a r y )  were e s t ima ted  s o l e l y  from binary phase equi l ibr ium 
da ta  ( i n c l u d i n g  low-pressure VLE d a t a  f o r  t h e  b ina ry  acetone - water ) ;  no 
t e r n a r y  d a t a  were used i n  the  f i t t i n g .  The v a l u e s  of t h e  i n t e r a c t i o n  parameters 
obtained a r e  shown i n  Table 3. 

TABLE 1 : Three phase equ i l ib r ium compositions f o r  t h e  
s y s t e m  Water ( 1  ) + Acetone (2)  - C02 (3)  

lower  phase I upper phase I middle phase 
P (ba r )  

x2 I y1 Y2 I z1 22 

T = 313 K 

29.3 
35.9 
43.2 
55.9 
61.1 
65.8 
75.2 
79.6 

0.810 
0.864 
0 .go4 
0.920 
0.942 
0.944 
0.959 
0.966 

0.153 
0.106 
0.075 
0.052 
0.037 
0.032 
0.017 
0.01 1 

0.005 
0.006 
0.003 
0.002 
0.004 
0.002 
0.002 
0.002 

0.025 
0.019 
0.017 
0.015 
0.015 
0.015 
0.014 
0.015 

0.294 
0.197 
0.153 
0.119 
0.114 
0.130 
0.020 
0.049 

0.454 
0.427 
0.360 

0.191 
0.148 
0.069 
0.035 

0.230 

T = 333 K 

1 

I 
0.400 0.398 
0.182 0.418 

39.4 0.795 0.163 
51.1 0.880 0.091 
59.4 0.906 0.068 0.006 0.030 0.173 0.359 
70.3 0.925 0.049 0.008 0.035 0.117 0.300 
79.2 0.939 0.039 0.006 0.032 0.089 0.234 
92.6 0.946 0.029 0.010 0.046 0.084 0.127 

not  a v a i l a b l e  
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TABLE 2 : Pure component parameters 

- 
Component T(K) a (Jxm’/mol) lo6 b (m’/mol) 

Acetone 313.15 2.1772 62.35 
333.15 2.1165 62.65 

Ethanol 308.15 2.0292 48.23 

338.15 1.9069 48.6 1 

Water 313.15 .8161 4 16.07 
333.15 .79123 15.99 

323.15 1.9679 48.44 

TABLE 3 : Interaction parameters 

co2(1) - acetone(2) 313.15 
333.15 

C02(1) - ethanol(2) 308.15 
323.15 
338.15 

acetone(1) - uater(2) 313.15 
333.15 

-0.02 
-0.02 

0.072 
0.093 
0.089 

-0.205 
-0.185 

-0.310 
-0.293 

0.00 
0.00 

0.069 
0.077 
0.061 

0.162 
0.160 

-0.150 
-0.132 
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CeRRlER as GAS 

Figure 1 Schematlc draulng of the equipment 
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Figure 2 
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Experimental ( crosses ) ,  l l t era ture  (squares) and predicted (lines) 
phase equlllbrium behavior ror the  system CO2(1) - Acetone(2) at  
313 and 333 K .  Experimental data are from reference (10). 
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Figure 3 
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Experimental (symbols) and predicted ! l i n e s )  phase equilibrium 
behavior for  the system C02(1 ) - uater(2)  a t  308, 323 and 338 K 
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Figure 4 Experimental (dark l ines  and squares) and predicted ( l i g h t  l i n e s )  
phase egullibrium behavior for the Water(1) - acetone(2) - COz(3) 
system a t  333 K .  
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Flgure 5 Distribution coefficient for acetone from experimental data (points) 
and model predlctlons (lines) for the uater(1) - acetone(2) - 
C02(3) system at 150 bar, BS a function of the water concentration 
in the lower phase (on a COZ-free basis). 
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Figure 6 Selectivity factor for acetone over water lor the water(1) - 
acetone(2) 7 COz(3) system at 150 bar, as a function of the water 
concentration l n  the lower phase (on a COZ-free basis). 
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