
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

A Calorimetric Method for the Determination of Binary Phase
Compositions at High Temperatures and Pressures
D. R. Cordraya; J. J. Christensena; R. M. Izattb

a Department of Chemical Engineering, b Department of Chemistry, Brigham Young University, Provo,
UT, U.S.A.

To cite this Article Cordray, D. R. , Christensen, J. J. and Izatt, R. M.(1987) 'A Calorimetric Method for the Determination
of Binary Phase Compositions at High Temperatures and Pressures', Separation Science and Technology, 22: 2, 1169 —
1181
To link to this Article: DOI: 10.1080/01496398708069005
URL: http://dx.doi.org/10.1080/01496398708069005

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496398708069005
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY,22(2&3).pp. 1169-1181. 1987 

A Calorimetric Method for the Determination of Binary Phase 
Compositions at High Temperatures and Pressures 

D. R. CORDRAY', J .  J .  CHRISTENSEN', and R. M. IZATT2 

'DEPARTMENT OF CHEMICAL ENGINEERING 
*DEPARTMENT OF CHEMISTRY 
BRIGHAM YOUNG UNIVERSITY 
PROVO, UT 84602 U.S.A. 

ABSTRACT 

The design and o p e r a t i o n  of s u p e r c r i t i c a l  s e p a r a t i o n  
equipment a r e  dependent upon an a c c u r a t e  knowledge of 
phase e q u i l i b r i a  among t h e  components involved i n  t h e  
p r o c e s s e s  . high- temper a t  u r  e 
flow c a l o r i m e t e r s ,  we have developed a method f o r  
de te rmining  phase s p l i t t i n g  i n  b inary  mixtures  from 
h e a t - o f - m i x i n g  d a t a  t a k e n  i n  t h e  r e g i o n  of t h e  
m i x t u r e  c r i t i c a l  l o c u s .  The f l o w  c a l o r i m e t r i c  
procedure f o r  de te rmining  h e a t s  of m i x i n g ,  p h a s e  
e q u i l i b r i a ,  and t h e  c r i t i c a l  l o c u s  curve i s  d e s c r i b -  
e d .  The advantages and s i m p l i c i t y  of  u s i n g  f l o w  
c a l o r i m e t r y  t o  determine t h e s e  d a t a  a r e  d iscussed .  
P h a s e  b e h a v i o r  o f  s e v e r a l  b i n a r y  C02-hydrocarbon 
systems is presented.  

IJ s i ng h i  gh- pr  ess u r  e , 

INTRODUCTION 

The development of s u p e r c r i t i c a l  f l u i d  processes  has r e s u l t e d  
i n  t h e  need t o  bet ter  understand t h e  behavior of mixtures  i n  t h e  
c r i t i c a l  r e g i o n .  In  p a r t i c u l a r ,  s u p e r c r i t i c a l  s e p a r a t i o n  processes  
involve  mixtures i n  which one o r  more of t h e  components is a t  a 
t e m p e r a t u r e  and p r e s s u r e  exceeding t h e  c r i t i c a l  va lues  of t h e  
component. Severa l  reviews of theory  and t e c h n i q u e s  i n v o l v i n g  
s u p e r c r i t i c a l  s e p a r a t i o n s  have been publ ished (1-5) .  For t h e s e  
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1170 CORDRAY, C H R I S T E N S E N ,  AND I Z A T T  

o p e r a t i o n s  t o  be e f f e c t i v e ,  a d e t a i l e d  knowledge of e n t h a l p i e s  and 
phase e q u i l i b r i a  a t  t h e  tempera tures  and p r e s s u r e s  of i n t e r e s t  i s  
r e q u i r e d .  Unfor tuna te ly ,  d a t a  f o r  t h e  s u p e r c r i t i c a l  r e g i o n  a r e  not  
a v a i l a b l e  f o r  many mixtures  and a r e  d i f f i c u l t  and t ime consuming t o  
measure. In  p a r t i c u l a r ,  excess  en tha lpy  d a t a  f o r  mixtures  i n  t h i s  
r e g i o n  a r e  n e a r l y  n o n e x i s t e n t .  I n  many c a s e s ,  an imperfec t  t h e o r y  
is  used  t o  p r e d i c t  p r o p e r t i e s  using parameters  o b t a i n e d  from d a t a  
a t  lower tempera tures .  This  kind of e x t r a p o l a t i o n  o f t e n  y i e l d s  
va lues  t h a t  a r e  f a r  from being c o r r e c t .  The high p r e s s u r e ,  h igh  
tempera ture ,  flow c a l o r i m e t e r s  developed i n  our l a b o r a t o r y  ( 6 - 8 )  
h a v e  s i m p l i f i e d  measurement  of  e x c e s s  e n t h a l p y  (H3) d a t a  i n  
s u p e r c r i t i c a l  r e g i o n s .  I n  a d d i t i o n ,  t h e  s t r a i g h t  l i n e  p o r t i o n s  and 
d i s c o n t i n u i t i e s  i n  t h e  HE curves  have enabled u s  t o  determine gas  
and l i q u i d  phase composi t ions and ,  where t h e r e  a r e  s u f f i c i e n t  d a t a ,  
c r i t i c a l  l o c u s  curves .  

The phase diagrams of b inary  systems d i s p l a y  g r e a t  v a r i e t y  and 
a r e  dependent upon t h e  phys ica l  c h a r a c t e r i s t i c s  of t h e  pure comp- 
onents .  The var ious  c l a s s i f i c a t i o n s  f o r  b i n a r y  phase diagrams and 
t h e  c h a r a c t e r i s t i c s  of t h e s e  diagrams a r e  d iscussed  i n  d e t a i l  by 
Rowlinson and Swinton (9) and by Schneider  ( 3 ) .  For a b i n a r y  
system, t h e  c r i t i c a l  l o c u s  curve  is t h e  l o c u s  of p o i n t s  i n  P-T-x 
space where gas and l i q u i d  phases j u s t  become i n d i s t i n g u i s h a b l e  
from one another .  A s  t h e  c r i t i c a l  l o c u s  curve  is approached from 
w i t h i n  t h e  two phase r e g i o n  a long  e i ther  an i s o b a r  o r  an i s o t h e r m ,  
t h e  composi t ions of t h e  l i q u i d  and gas  phases approach a s i n g l e ,  
c r i t i ca l  composi t ion.  

Severa l  b inary  s y s t e m s  c o n s i s t i n g  of (C02 + a hydrocarbon) 
(10-23)  or  of ( a  hydrocarbon + a f luorohydrocarbon)  (24-29) have 
been s t u d i e d  i n  our l a b o r a t o r y .  Phase e q u i l i b r i a  and/or  c r i t i c a l  
l o c u s  da ta  a r e  a v a i l a b l e  f o r  f o u r  of t h e s e  systems d i s c u s s e d  i n  
t h i s  paper: (C02 + pentane)  (30), (C02 + decane)  (31), (C02 + 

cyclohexane)  (32), and (C02 + t o l u e n e )  (33 ) .  I n  t h e s e  c a s e s ,  t h e  
b i n a r y  s y s t e m s  have c o n t i n u o u s  c r i t i c a l  l o c i  w i t h  a p r e s s u r e  
maximum. 

This  paper i n t e r p r e t s  t h e  r e s u l t s  of s e v e r a l  of t h e  s t u d i e s  
noted above wi th  r e s p e c t  t o  b inary  phase e q u i l i b r i a .  An explan- 
a t i o n  of t h e  shape of  t h e  H$ curves  with r e s p e c t  t o  phase composi- 
t i o n s  is presented .  The more e x t e n s i v e  d a t a  taken  f o r  t h e  ( C O 2  + 
cyclohexane)  and (COP + t o l u e n e )  systems have allowed de termina t ion  
of t h e i r  c r i t i c a l  l o c u s  c u r v e s ,  and t h e s e  a r e  compared w i t h  t h e  
curves  r e p o r t e d  i n  t h e  l i t e r a t u r e .  

EXPERIMENTAL 

The main components of t h e  f low c a l o r i m e t e r  are shown i n  F igure  
1 .  The appara tus  has  been descr ibed  elsewhere i n  more d e t a i 1 . ( 6 - 8 )  
The i so thermal  flow c a l o r i m e t e r s  span a tempera ture  range of 263- 
773 K and can o p e r a t e  a t  p r e s s u r e s  from 0.10 t o  40.0 MPa. Temper- 
a t u r e  and p r e s s u r e  c o n t r o l s  w i t h  t h e  u n i t s  a r e  0.01 K and 0.01 MPa, 
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Figure  1 .  A block diagram of t h e  main components of t h e  f low 
c a l o r i m e t e r .  

r e s p e c t i v e l y .  The main components of t h e  flow c a l o r i m e t e r  a r e  t h e  
r e a c t i o n  v e s s e l  c o n t a i n i n g  t h e  i so thermal  c y l i n d e r  and t h e  e q u i l -  
i b r a t i o n  c o i l  i n  i n t i m a t e  c o n t a c t  with each o t h e r ,  t h e  i s o t h e r m a l  
s h i e l d s ,  t h e  a i r  b a t h ,  t h e  f l o w  c i r c u i t  c o n t a i n i n g  t h e  high- 
p r e s s u r e  pumps, and t h e  i so thermal  c o n t r o l  u n i t .  

A r e a c t i o n  is i n i t i a t e d  by s t a r t i n g  t h e  pumps and l e t t i n g  the  
two r e a c t a n t s  m i x  and flow t o g e t h e r  a t  a c o n s t a n t  r a t e  through t h e  
e q u i l i b r a t i o n  c o i l  i n  t h e  r e a c t i o n  v e s s e l .  A h e a t  l e a k  p a t h  
provided by a P e l t i e r  c o o l e r  o r  by a cons tan t  temperature  d i f f e r -  
e n t i a l  between t h e  i so thermal  c y l i n d e r  and t h e  f i r s t  i so thermal  
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1172 CORDRAY, CHRISTENSEN, AND IZATT 

s h i e l d  removes energy from t h e  e q u i l i b r a t i o n  c o i l  a t  a c o n s t a n t  
r a t e .  A c o n t r o l l e d  heater compensates f o r  t he  h e a t  l e a k  as wel l  as 
f o r  energy l i b e r a t e d  or  absorbed by t h e  r e a c t i o n  and main ta ins  t h e  
e q u i l i b r a t i o n  c o i l  a t  c o n s t a n t  temperature .  D i f f e r e n c e s  i n  t h e  
r a t e s  of energy s u p p l i e d  t o  t h e  h e a t e r  b e f o r e ,  d u r i n g ,  and a f t e r  
t h e  r e a c t i o n  a r e  a direct  measure of  t h e  en tha lpy  change dur ing  t h e  
r e a c t i o n .  

P r e v i o u s  r e s u l t s  ob ta ined  us ing  t h e  c a l o r i m e t e r s  have been 
r e p r o d u c i b l e  t o  0 .8  percent  over a mole f r a c t i o n  r a n g e  of ( 0 . 2  < x 
< 0.8) ( 6 ) .  R e p r o d u c i b i l i t y  i n  t h e  c r i t i c a l  r e g i o n  was +1 t o  f2  
percent  mainly due t o  t h e  d i f f i c u l t i e s  i n  mixing t h e  components i n  
c e r t a i n  mole f r a c t i o n  r e g i o n s .  

The c a r b o n  d i o x i d e  (99 .98  m o l e s  p e r c e n t  p u r e )  used was 
s u p p l i e d  by Whitmore Oxygen Co., and was f i l t e r e d  p r i o r  t o  use 
through a Matheson gas p u r i f i e r  model 450 which a l s o  c o n t a i n s  a 
molecular  s i e v e  d e s s i c a n t .  The hydrocarbons ( > 99 moles percent  
pure ,  were s u p p l i e d  by P h i l l i p s  Petroleum Co. o r  A l d r i c h  Chemical 
Co.) were s t o r e d  i n  sealed one l i t e r  b o t t l e s  over approximately 50 
cm3 of Davison molecular  s i e v e s  (0 .3  nm e f f e c t i v e  pore d iameter )  
and,  j u s t  p r i o r  t o  use ,  were f i l t e r e d  through a Whatman f i l t e r  
(0.45 pm pore d iameter )  and degassed f o r  10 minutes  i n  an u l t r a -  
s o n i c  b a t h .  

A l l  r u n s  were made i n  a s t e a d y  s t a t e  ( f i x e d  composi t ion)  mode. 
Flow r a t e s  i n  cm3-s- l  were c o n v e r t e d  t o  mo1.s-l and t o  mole 
f r a c t i o n s  us ing  t h e  d e n s i t i e s  of t h e  pure m a t e r i a l s  e s t i m a t e d  as 
f o l l o w s .  The d e n s i t y  of  C02 a t  298.15 K a t  t h e  exper imenta l  
p r e s s u r e  was c a l c u l a t e d  by i n t e r p o l a t i o n  from t h e  I U P A C  T a b l e s  
( 3 4 ) .  The d e n s i t y  of each of t he  hydrocarbons was eva lua ted  by 
us ing  t h e  l i t e r a t u r e  value a t  298.15 K and atmospheric  p r e s s u r e  and 
t h e  i s o t h e r m a l  c o m p r e s s i b i l i t y  l i t e r a t u r e  v a l u e  a t  298.15 K 
( 1  0-23). 

RESULTS AND D I S C U S S I O N  

T h r e e  H# versus  mole f r a c t i o n  C02 curves  l o c a t e d  a long  an 
isobar are shown i n  F igure  2 f o r  t h e  (C02 + t o l u e n e )  b i n a r y  s y s t e m .  
A c r i t i ca l  l o c u s  curve f o r  (C02 + t o l u e n e )  i n  P-T space a s  de te r -  
mined by Ng and Robinson ( 3 3 )  is shown i n  F igure  3. Pressure- 
t e m p e r a t u r e  c o o r d i n a t e s  a t  which t h e  curves  i n  F i g u r e  2 were 
determined a r e  i n d i c a t e d .  The c u r v e s  a t  3 0 8 . 1 5  and 573 .15  K 
( F i g u r e  2)  were obta ined  under c o n d i t i o n s  where t h e  two components 
are completely m i s c i b l e  and are r e p r e s e n t a t i v e  of c u r v e s  f o r  o t h e r  
systems s t u d i e d  i n  corresponding r e g i o n s .  The curve a t  413.15 K is 
t y p i c a l  of t h o s e  measured i n  t he  gas- l iqu id  c o e x i s t e n c e  r e g i o n .  
The s t r a i g h t  l i n e  p o r t i o n  i n  t h e  c e n t e r  of t h e  curve i n d i c a t e s  t h e  
e x i s t e n c e  of two immiscible  phases ,  gas  and l i q u i d .  The composi- 
t i o n s  of the two phases a r e  given by t h e  mole f r a c t i o n s  a t  e i t h e r  
end of t h e  l i n e a r  p o r t i o n  where the  H$ curve begins  t o  d e v i a t e  from 
a s t r a i g h t  l i n e .  
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DETERMINATION OF BINARY PHASE COMPOSITIONS 1173 

E Figure  2 .  P l o t  of H, a g a i n s t  x a t  12.67 MPa f o r  [ x C O ~  + 

( 1 - x ) t o l u e n e l  as a f u n c t i o n  of tempera ture .  

16 

12 
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TIK 

I I I I I I 

300 350 400 450 500 550 600 

Figure  3. P lo t  of p a g a i n s t  T f o r  [ x C O ~  + (1-x) to luene]  showing 
c r i t i c a l  p o i n t s  and c r i t i c a l  l o c u s .  The p-T c o n d i t i o n s  
fo r  t h e  p l o t s  i n  F i g u r e  2 are i n d i c a t e d  by 0 .  
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1174 CORDRAY, CHRISTENSEN, AND IZATT 

Compositions found from Hk d a t a  a r e  l i s t e d  i n  Table  1 f o r  t h e  
sys tems (C02 + t o l u e n e )  ( 1 3 , 1 7 ) ,  (C02 + pentane)  ( 1 1 , 2 2 ) ,  and (C02 
+ decane)  ( 1 0 , 2 0 )  a long  w i t h  cor responding  v a l u e s  i n t e r p o l a t e d  from 
l i t e r a t u r e  d a t a  o b t a i n e d  from non-ca lor imet r ic  methods.  Agreement 
between t h e  va lues  obta ined  from t h e  two methods is e x c e l l e n t .  
Phase composi t ion d a t a  determined c a l o r i m e t r i c a l l y  a r e  a l s o  l i s t e d  
f o r  t h e  (C02 + cyclohexane)  ( 1 4 , 2 3 )  system. 

TABLE 1 
Comparison of Vapor end Liquid  Equi l ibr ium Phase Compositions 

from Those i n  t h e  L i t e r a t u r e  
Obtained from H, Data and from Values I n t e r p o l a t e d  

x 3 2  + ( 1 - x ) t o l u e n e  

T/K p/MPa xl(Hg d a t a )  x l ( 1 i t e r a t u r e )  xg(HE d a t a )  x g ( l i t e r a t u r e )  

308.15 7.60 

358.15 7.60 

10.64 

12.67 

390.15 14.91 

413.15 7.60 

10.64 

12.67 

14.91 

470.15 7.60 

10.64 

12.67 

14.91 

508.15 10.64 

308.15 7.58 

323.15 7.58 

348.15 7.58 

373.15 7.58 

413.15 7.58 

0.970 
0.425 

0.650 

0.810 

0.725 

0.290 

0.420 

0.495 

0.650 

0 .240  

0.350 
0.41 5 

0.485 

0.330 

-- 

0.422 

0.633 
-- 

0.708 

0.295 

0.41 8 
0.505 

0.634 

0.229 

0.333 
0.410 

0.544 
-- 

x 3  + (1-x)n-pentane 

0.995 

0.955 

0.960 

0.955 

0.925 

0.930 

0.925 

0.915 

0.875 

0.800 

0.81 0 

0.800 

0.740 

0.610 

0.995 0.960 

0.810 0.90 0.945 
0.565 0.71 0.860 

0.475 0.60 0.815 

0 .41  0 0.49 0.570 

-- 

0.996 

0.975 

0.960 
-- 

0.900 

0.923 

0.923 

0.91 3 

0.868 
0.810 

0.814 

0.804 

0.750 
-- 

-- 

0.96 

0.89 

0.83 

0.67 
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Tab le  1 .  (cont inued)  

xCO2 - + (1-x)n-decane 

T/K p/MPa x l ( H #  d a t a )  x l ( 1 i t e r a t u r e )  xg(H#  d a t a )  x g ( l i t e r a t u r e )  

_ _  0.995 _ _  308.15 7.58 0.950 

313.15 7.58 0.805 0.80 0.995 -1 

323.15 7.58 0.660 0.67 0.995 -1 

363.15 12.50 0.705 0.73 0.990 0.98 
413.15 12.50 0.590 0.57 0.970 0.98 
573.15 12.50 0.510 0.51 0.929 0.94 

X 2 2  + ( 1  -x)cyclohexane 

308.15 7.50 0.965 
358.15 7.50 0.400 

10.50 0.625 
12.50 0.830 

0.999 

0.950 
0.940 
0.940 

390.15 14.39 0.745 0.875 

413.15 7.50 0.280 

10.50 0.420 

12.50 0.525 

14.39 0.640 

0.855 
0.865 
0.850 

0.81 0 

470.15 7.50 0.260 0.670 

10.50 0.325 0.690 
12.50 0.390 0.640 

Using  H# d a t a  a long  s e v e r a l  i s o b a r s  f o r  var ious  l o c a t i o n s  
w i t h i n  t h e  two-phase r e g i o n ,  t h e  c r i t i c a l  locus c u r v e  c a n  be 
determined f o r  a b inary  system. For each component, i ,  t h e  r a t i o  
K i  a t  equi l ibr ium of t h e  mole f r a c t i o n s  of component i i n  t h e  gas  
and l i q u i d  phases ,  r e s p e c t i v e l y  is  w r i t t e n  

K i  = x g , i / X 1 ,  i (1) 

When t h e  composi t ions of t h e  two phases become equal  a t  t h e  mixture  
c r i t i c a l  p o i n t ,  K i  becomes u n i t y .  A p l o t  of l n ( K i )  v e r s u s  l n ( T )  
f o r  s e v e r a l  K i  va lues  a long  an i s o b a r  can be e x t r a p o l a t e d  t o  o b t a i n  
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t h e  cor responding  tempera ture  ( T I  f o r  a K i  of one. P l o t s  made f o r  
t h i s  s tudy  a r e  shown i n  F igure  4 f o r  t h e  systems (C02 + t o l u e n e )  
( F i g u r e  4a)  and (C02 + cyclohexane)  (F igure  4 b ) .  I n  F igure  5 ,  
c r i t i c a l  l o c i  t aken  from t h e  l i t e r a t u r e  ( 2 8 , 2 9 )  f o r  t h e s e  two 
systems a r e  given C(C02 + t o l u e n e )  (F igure  5 a )  and (COP + cyclo-  
hexane) ( F i g u r e  5 b ) l .  Mixture c r i t i c a l  p o i n t s  l o c a t e d  from t h e  Hg 
d a t a  a r e  shown f o r  comparison. Agreement i s  good. Devia t ion  from 
the  l i t e r a t u r e  c r i t i c a l  locus  curves  i s  p a r t i a l l y  due t o  inaccuracy  
i n  t h e  e x t r a p o l a t i o n  descr ibed  above. Unfor tuna te ly ,  d a t a  were not 
a v a i l a b l e  n e a r  enough t o  t h e  c r i t i c a l  l o c i  t o  e l i m i n a t e  t h i s  
problem. Also,  t h e  l i t e r a t u r e  curves  were based upon o n l y  a few 
v a l u e s  which were t h e m s e l v e s  o b t a i n e d  by  e x t r a p o l a t i o n .  For 
example, t h e  curve i n  F igure  5a f o r  t h e  (C02 + t o l u e n e )  system i s  
based on measured va lues  taken a t  f o u r  tempera tures  (311.3,  352.6,  
393.7, and 477.0 K). 

A p l o t  of l n ( K i )  versus  l n ( P )  f o r  K i  va lues  a long an isotherm 
can a l s o  be e x t r a p o l a t e d  t o  t h e  c r i t i c a l  p r e s s u r e  but  t h i s  i s  more 
d i f f i c u l t  due  t o  t h e  l a r g e  change i n  s l o p e  a s  t h e  c r i t i c a l  p r e s s u r e  
is approached. Data were not taken  near  enough t o  t h e  c r i t i c a l  
l o c u s  curve t o  r e l i a b l y  use  t h e  second method i n  t h i s  s t u d y .  

There are s e v e r a l  advantages i n  using flow c a l o r i m e t r y  t o  
examine b i n a r y  systems i n  t h e i r  c r i t i c a l  reg ion .  F i r s t ,  Hi d a t a  
can be measured r e l a t i v e l y  e a s i l y  f o r  t h e  wide range  of tempera- 
t u r e s  and p r e s s u r e s  o f t e n  needed t o  completely span t h e  c r i t i c a l  
l o c u s  r e g i o n .  The l a r g e  HE values  near t h e  c r i t i c a l  l o c u s  and t h e  
l a r g e  changes i n  these va lues  w i t h  changes i n  p r e s s u r e ,  tempera- 
t u r e ,  and mole f r a c t i o n  (10-29) can be determined a c c u r a t e l y .  
These HE d a t a  provide an e x c e l l e n t  t es t  f o r  equat ions  of s t a t e  used 
t o  model phenomena i n  t h e  c r i t i c a l  reg ion .  Second, t h e  presence of 
two phases can be d e t e c t e d  and t h e  composi t ions of t h e s e  phases can 
be determined q u a n t i t a t i v e l y  without  removing samples or  changing 
t h e  pressure- temperature-composi t ion c o n d i t i o n s  e x i s t i n g  w i t h i n  t h e  
system. Thi rd ,  e x c e l l e n t  p r e s s u r e  and tempera ture  c o n t r o l  allow 
p r e c i s e  s p e c i f i c a t i o n  of t h e  phys ica l  c o n d i t i o n s  of measurement. 
Appropriate  adjustment  of p r e s s u r e s  and tempera tures  of measurement 
a l low t h e  de te rmina t ion  of t h e  c r i t i c a l  l o c u s  curve f o r  t h e  b inary  
system. The a b i l i t y  t o  o b t a i n  both en tha lpy  and phase equi l ibr ium 
d a t a  s i m u l t a n e o u s l y  s h o u l d  be u s e f u l  i n  d e s i g n i n g  s e p a r a t i o n  
schemes. 

There a r e  drawbacks t o  t h e  methods descr ibed  h e r e i n .  A l a r g e  
amount of Hi d a t a  i s  needed i n  order  t o  completely d e s c r i b e  a 
b inary  system, w i t h  some t r i a l  and e r r o r  involved i n i t i a l l y  t o  
e s t a b l i s h  t h e  l i m i t s  of t h e  two-phase r e g i o n .  A s  e i t h e r  t h e  
tempera ture  or  pressure  approaches very near  t h e  mixture  c r i t i c a l  
v a l u e ,  t h e  l i n e a r  s e c t i o n  of t h e  Hk curve becomes very s h o r t  and 
t h e  endpoin ts  f o r  t h i s  s e c t i o n  become d i f f i c u l t  t o  l o c a t e  p r e c i s e l y  
due t o  rounding of  t h e  curve.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



DETERMINATION OF BINARY PHASE COMPOSITIONS 

-3  

1 1 7 7  

- 
I I 
I I 

I 
I 

I 
1 

I 
1 

I 
I 

Figure 4. Plot of In K against I n  T for  (a) [ x C O ~  + (l-x)toluene] 
and ( b )  [ x C O ~  + (1-x)cyclohexane]. 
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Figure  5. P l o t  of p a g a i n s t  T showing c r i t i c a l  p o i n t s  and c r i t i c a l  
l o c u s  curve f o r  ( a )  [ x C O ~  + ( 1 - x ) t o l u e n e l  and ( b )  CxCO2 
+ (1-x)cyclohexane] .  P o i n t s  c a l c u l a t e d  from H, d a t a  are 
i n d i c a t e d  by 0. 
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T h i s  s tudy  has  d e a l t  on ly  wi th  t h e  s i m p l e s t  of phase phenom- 
ena.  Schneider  ( 3 )  and Rowlinson and Swinton ( 9 )  have descr ibed  a 
g r e a t  v a r i e t y  of phase diagrams f o r  b inary  systems alone.  Also,  i n  
a d d i t i o n  t o  t h e  gas- l iqu id  e q u i l i b r i a  s t u d i e d  t h u s  f a r ,  t h e r e  a r e  
gas-gas and l i q u i d - l i q u i d  e q u i l i b r i a  which can be explored through 
flow c a l o r i m e t r y .  
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