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Abstract--Three cubic equations of state are carefully examined to evaluate their capability for correla- 
ting the solubility of solid mixtures in supercritical fluids. After obtaining the pure solute-solvent interaction 
parameters, the solute-solute interaction parameters were directly calculated from the experimental ternary 
solubility data. The Redlich-Kwong, Soave, and Peng-Robinson equations of state correlate well the ternary 
data. However, the Redlich-Kwong equation of state gives the best result among them. 

INTRODUCTION 

Over the past few years, supercritical fluid extrac- 
tion has received significant interest as a separation 
technology. Previous our studies of the solubility of 
solids in supercritical fluids have been limimd to pure 
solids[l].More generally, the simple method for cor- 
relating the solubility of multicomponent solids in 
supercritical fluids should be developed in order to ap- 
ply this noble technology to separation processes. 

Experimental solubility data of solid mixtures in 
supercritical fluids are now available from the literature 
for a few ternary systems within a very limited tem- 
perature range. In this study, the applicable cubic 
equations of state using simple one-fluids mixing rules 
are evaluated regarding their ability to quantitatively 

describe the experimental solubility data. 

EQUATIONS OF STATE EXAMINED 

Various procedures[2-5] have been prol:x)sed in the 
literature to predict the solubility of non-volatile li- 
quids or solids in supercritical fluids. The most com- 
putationally straightforward and thermodynamically 
consistent method for modeling high-pressure phase 
equilibria is to apply an equation of state "~,ith the ap- 
propriate mixing rules. In this study, the c_ommonly 
used three cubic equations of state were adopted to test 
their predictive power in the solid-fluid equilibria. The 
Redlich-Kwong[6], Soave[7], and Peng-Robinson[8] 

equations of state are presented as follows; 
Redlich-Kwong(RK): 

R T  a ( T )  p= 
u -  b vi u+ b) 

Or 

Z s - Z '  + ( A -  B - B ' )  Z -  A B =  0 

where 

"T" /~ T~ ~ Tc'~,/, 
a( ) = 0 . 4 2 7 , 1 7 ~  L ~ j  

b=O.O8664RT~/P~ 

aP 
A = - -  

( R T ) '  

bP 
B - -  

R T  

Soave (SRK): 

p R T  a(T)  
v -  b v(u+b) 

o r  

Z ' - Z '  +- ( A - B - B ' ) Z - A B =  0 

where 

R '  T '  
a( T)=O.  42747 : ~ s f -  a( T )  

b O.08664RTc/Pc 

a ( T ) =  ~1+ m (1-T~ ' 

(2) 

(3) 

(4) 

116 



One-Fluid Mixing Rules for Cubic Equations of State 1 17 

*~? 0.480 + 1 .574(o -0 . I76{o  ' 

czP 
A (RT)' 

t~ b~f 
t(T 

Peng and Robinson (PR): 

f_, RT" a ( T )  

o r  

2' 3 -  ' l - / 3 i Z  2,  ~ A - E L r  2>Z 

- ( A B  - B '  - B ~) = 0 

where 

t(: ) 

e ( T ) = 0 . 4 5 7 2 4  /o 7 - a ( T )  

a %  
b= 0.07780 p,: 

c~(T)= 1 ~  x l l - T 9 t ~ '  

,~: = 0. ?,7464 ~ 1. 54226 oo-- 0. 26992 oo 2 

bP 
/eT 

The classical van der Waals one-fluid n-fixing rules 
have been adopted to extend these equations to mix- 
tures as follows: 

b,~ 2: ~ ~.', ~: 8~ (71 
t 

When ~9 may be either a or b, and the cross parameter 

0 v is given by 

e~,~= 'a,  cz,, ;0~ I 1 -  k,, ~ 18't 

and 

b, ,=  ' b ,  {-b, I/2 ~9~ 

C A L C U L A T I O N  O F  S U P E R C R I T I C A L  
S O L U B I L I T Y  

The solubility of a solid solute i in a supercritical 
solvent is given by 

P~ ~Texp ~ q'P-P~!I 
k = r p (lit) 

where P is the total pressure, P',' is the sublimation 
pressure of the pure solid, v~ is the molar volume of 
the solid, r ~ is the fugacity coefficient of the saturated 
pure vapor of the solid solute which is very. close to 
unity in view of the small vapor pressures and ~, is 
the fugacity coefficient of the solid in the fluid phase. 
The most important variable ,~, is given by 

f~176 ld 
R T  in ~, = 3 n 7  . . . . . .  ,.,,,, - V-- 

- ] ? T l n Z  (11) 

where Z= Pv/RT.  The equation of state is used to 
find the fugacity of component  i in the vapor phase, 
~,. 

The basic physical properties of the solutes and 
supercritical solvents are presented in Table 1. How- 
ever, the experimental values of critical constants for 
1,10-decanediol are not reported in the literature. In 
this solute, the Lydersen's method[9] was used to 
estimate critical constants. Antoine vapor pressure 
equation used has the form of 

InP2(bar )  4 - B / ( T J Q # C )  112) 

The Antoine constants are also included in Table 1. 
In applying an equation of state to predict the 

Table  I. Phys ica l  p r o p e r t i e s  of the s o l v e n t s  and  s o l u t e s  u s e d  in this  s tudy  

Vs Tc Pc Antoine constants 
Compd Formula MW r 

cm3/g-nmle K bar A B C 

Naphthalene CioH8 128.19 125.03 748.4 40.5 0.302 7.2144 2926.6 -35.8 

Pher anthrene CI4H10 178.2'4 167.6 890 32.9 0429 9.6310 4873.4 0 

Ben2oic acid C7H602 122.13 96.5 7'52 45.6 0620 9.408 4618.1 0 

2,3-Dimenthylnaphthalene Cr,]H12 156.23 154.7 785 32.2 0424 9.0646 4302.5 0 

2,6-Dimep, thylnaphthalene Cl:!H12 156.23 154.7 777 32.2 0.420 9.4286 4419.5 0 

Anthracene C]4H10 178.24 142.6 8,83 33.1 0.455 7.1464 4397.6 0 

1,10-Decanediol C10H2202 174.29 1 5 8 . 4  720.4* 23.7* 1,325 12.234 5043.1 -52.9 

Carbon dioxide CO2 44.01 304,19 73.8 0,225 

Ethylene C2H4 28.05 282.40 50.4 0.085 

* Estimated by Lydersen's method [9] 
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solubili ty of solid mix tu res  in supercrit ical  solvents,  a 

binaD' interaction parameter ,  te e appears  wh ich  is in- 

t roduced to account for molecular  interaclions bet- 
ween species i and j. Thus, for a ternary system con- 
raining two solids, 2 and 3, and a supercritical fluid, 1, 
the three k,j parameters must be determined: Two of 
them, k~ 2 and k~:~, are obtained from binary solubility 
data for the individual solids in the supercritical fluid 
and the third, k::~, representing the solute-solute in- 
teraction from ternary solubility data for the solid mix- 
tures in the  supercriticaI fluid. 

FusL a non l inea r  regression m e t h o d  coupled with 

polynomial  roots sea rch ing  me thod  has  been applied 
to de te rmine  the va lues  of k ~  and  hi: ~ of three  equa- 

t ions of state for each solute-solvent  sys tem f rem ex- 

per imenta l  solubili ty data of 9 b inary  sys tems .  The  ob- 

jective funct ion 

r e x l ,  , e x ~  

has  been  mininf ized in sea rch ing  for a biI]ary para- 
meie r  of each binary sys tem.  Here, N s tands  for the  

n u m b e r  of exper imen ta l  data  points  and  / the solid 
con tponen t s  m the vapor  phase .  The  va lues  of overall  
regressed b inary  h~leraclion parameters ,  which are in 

Table 2. Temperature-independent binary parameters and AAD{%) errors for 9 binary systems 

RK SRK PR 
No Data 

Systems T.K P,bar Dala s,,urce 
kl2 AAD(%) kl2 AAD(%) k12 AAD(%) 

CO:~-Naphthalene 3t)8-328 77-319 40 0.0350.4 9.5i) 0.09735 16 32 0 09435 17.20 10 

CO~-Phe~authrene 318-338 118-276 15 0.02127 6.99 0.11980 11;;.9(I 0.11516 14.91 11 
308 100 350 7 0.02197 5.:]::; ~}.12835 6.54 0.12233 921 12 

CO2-Benzoic Acid 308-343 99-359 39 - 0.17554 1412 (i).00994 25.75 000883 25.84 13 

CO:r2.3-DMN 308-328 97276 15 -0.00625 8.57 (/.1035l 9.36 0.09901 1125 11 

CO2-2,6-DMN 308-328 94-276 l 5 - 0.00531 6.25 O. I0203 9.21 I).09794 I{I. [4 } I 

COFA nthracene 308-318 139-277 9 0.03331i 725) 014454 565 0.13813 6.55 1.1 
CO2-1,10-Decanediol 318-328 131-303 15 018178 899 0 16709 6.88 0.14329 7/33 11~ 
Ethylene-2,3-DMN 308-328 76 276 18 - 0.11285 I.q..15 ().01363 12.41 0.01680 11.06 11 
Ethylene-2,6-DMN 308-328 77-276 18 -010625  li.52 0.01318 9.4(1 0.{}168,1 762 11 

Table 3. Temperature-dependent binary parameters and AAI~%) errors for 9 binary systems 

No RK SRK PR 
Systems T, K P, bar 

Data kl2 AAD(%) k12 AAD(%) k12 AAD(%) 

CO2-Naphthalene 308 79-334 13 0.03630 8.48 0 .101228 12.33 009843 14.49 

318 88-314 13 0.03652 8.18 0.09532 16.21 0.09235 1711 

CO2-Phenanthrene 308 100-350 7 0.02197 5.33 0.12835 6.54 0.12233 9.21 

318 120-280 5 0101874 5.93 0.12240 11.19 0.11672 13.70 

CO2-Benzoic Acid 308 101-364 9 -0.17198 12.16 0.02405 16.22 0.02137 18.85 

318 106363 12 -0.17437 11.65 0.01197 17.84 0.01035 20.26 

CO2-2,3-DMN 308 99-280 5 -0.01087 4.10 0.10303 1.93 0.09758 3.75 

318 99-280 5 -0.00627 1.81 0.10223 15.19 (/.09779 1743 

CO2-2,6-DMN 308 97-280 5 -0.00512 4.87 0.10511 5.89 0.09989 7.06 

318 98-280 5 -0.00568 9.33 0.10034 7.39 0.09623 9.39 

CO2-Anthracene 308 139-277 4 0.03328 11.05 0.14611 10.20 0.13915 8.[;4 

318 139-277 5 0.03343 4.36 0.14298 2.90 0.13712 4.[;6 

CO2- I, 10-Decanediol 308 -O. 18178 ** 0.16709 * * 0.14329 * * 

318 205-307 3 -0.18534 5.68 0.17070 3.73 0.14697 1.03 

Ethylene-2,3-DMN 308 77 280 6 -.0.10321 11.49 0.01926 735 0.02136 7.112 

Ethylene-2,6-DMN 308 80-280 6 -.0.10267 10.71 0.01559 11.56 0.01804 11.70 

"*Values regressed from experimental data of Ref. 16. 
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dependent  of temperature,  are presented in Table 2. 

For comparison,  the values of isothermal binary in- 

teraction parameters,  which vary with temperature,  

are presented in Table 3 for all the same  systems listed 

irl Table 2. In this table, the experimental  solubility 

data of a binary system 1,10-decanediol-CO 2 measured  

at 318, 323 and 328 K were regressed to obtain the 

binary interaction parameters  at 308 K since no experi- 

mental data at this isotherm exist in the literature. The 

solute-solute interaction parameters,  k23 , were then 

calculated from the experimental  ternary solubility 

data using the objective function defined as, 

I I ,  . . . . . . . . . .  

, , caZ e x P  "1 , e x p  I + I~Y~, - 3 ~  , / y ~  ,} /I4) 

The resulting k23 values of 10 ternary systems are 

reported in Table 4, when  calculated from tlhe overall 

data, and Table 5, when  calculated from the isother- 

mal data_ The quality of the calculated supercritical 

solubility is expressed in terms of on average absolute 

deviation (AAD) defined as, 

Table 4. Temperature-independent solute-solute binary parameters and AAD(%) errors for I0 ternary sys tems  

RK SRK PR Data 

S>~tems T, K P,bar k23 y2,AAD y3,AAD k23 y2,AAD y3,AAD k23 y2,AAD ya,&~D Source 
(~) (~) {%) (%) (%) (~) 

CO2-Phenanthrene-Naphthalene 308 120-280 -0.19519 2.66 2.99 0.12183 1.98 14.12 0.09528 4 .09 14.34 12 

CO2-Phenanthrene-Benzoic Acid 308 120-280 -0.62191 3 .15 12.05 0.41398 3 .86  17.70 0.31167 3.17 1793 12 

CO2.Phenanthrene-2,3-DMN 308-318 120-280 1338458 96.47 61.38 10.51066 95.78 60.26 10.19480 95.69 59.29 12 

CO2-Phenanthrene-2,6-DMN 308 120-280-0.42948 2.6:} 8.68 0.26497 2.45 7.14 0.22843 6.63 7.95 12 

CO2-Naphthaiene-Benzoic Acid 308-318 1204180 -0.42499 3.92 11.65 0.07620 16.62 18.47 0.04427 18.27 18..57 12 

CO2-Naphthalene-2,3.DMN 308 120-280-0.20507 7.01) 0.58 0.08127 9.79 1.50 0.07380 10.38 5.47 12 

CO2-2,3-DMN-2,6-DMN 308-318 120-280-0.21603 2.98 3.84 0.16269 3.72 5.67 0A4554 4.17 5.77 12 

Ethylene-2,3-DMN-2,6-DMN 308 120-280-0.18935 2.6{; 2.19 0.15351 5.14 5.73 0.13686 7.99 8.65 12 

CO2-Phenanthrene-Anthracene 308-318 104-242-0.02499 8 .89 18.55 ,).12855 12}.38 10.56 0.09509 7.74 8.40 10 

CO2-1,10-Decanediol-Benzoic Acid 308-318 164-307 -l.43798 17.25 6.22 -0.02145 9.34 19.76 -0.06031 9 .59 18.96 11 

Table 5. Temperature dependent  solute-solute binary parameters and AAD(%) errors for I0 ternary systems 

RK SRK PR Data 
T, K P, bar source k23 )'2, AAD Y3, AAD k23 Y2, AAD y3,AAD k23 y2,AAD y3,AAD 

(%) (%) (%) (%) (%) (%) 
Systems 

CO2-Phenanth rene-Naphthalene 

CO2-Phenan th rene~Benzoic Acid 

CO:~Phenanthrene-2,3-DMN 

C(>2-Phenanthrene-2,6-DMN 

CO:r Naphthalene-Benzoic Acid 

CO~,:Naphthalene-2,3-DMN 

CO2-2,3-DMIh.2,6-DM N 

Ethylene-2,3-DMN-2,B-DMN 

CO~-Phenanth rene-Ant h racene 

CO2-1,10-DecanedioI-Benzoic Acid 

308 120-280 9 -0.20381 2.36 4.47 0,02764 2.97 8.77 0.02159 6,05 10.13 

308 120-280 5 -072245 3.41 ll.81 -0.18274 3.36 13.65 -0.18908 5.46 15.09 

308 120-280 5 10.86103 98.44 39.83 866066 98.31 36.31 8,77745 98.40 32.73 

318 120-280 5 14.09082 93.76 79.13 11.07455 93.41 78.93 11.11555 93.51 78.84 

308 120-2~30 5 -,3.46280 2.77 9.03 -0.10266 4.32 10.12 -0.07591 8.47 11.05 

308 120-280 5 -0.39881 2.49 10.04 -0.01248 11.88 11.66 -0.02707 13.15 13.3 

318 120-280 5 -0.47266 4.84 7.34 -0.01782 27.41 12.71-0.02212 27.21 15.29 

308 120-280 5 -0.16265 11.50 1.00 0.08330 5.26 1.01 0.08090 7.60 4.55 

308 120-280 9 -t).06204 2.71 2.84 0.17799 3.61 1.98 0.19136 3.87 4,41 

318 120-280 9 -0.2302| 3.49 2.35 0.15054 2.53 3.73 0.14398 4.44 5.93 

308 120-280 9 -0.26806 7.06 4.45 0.10128 7.32 6.83 0.09873 9.72 9.14 

308 104-242 4 -0.1531,t 4.25 9.87 0.08448 4.90 8.07 0.07277 7.98 5.93 

318 104-242 4 0. 14.92 26.44 0.11613 3.38 11.27 0.08972 2.30 9.30 

308 164-306 5 -2.31054 4.75 5.82 -0.10641 6.92 7.06 -0.30265 3.9.5 8.65 

318 164-307 5 -0.72069 755 907 -0.05573 8.31 11.86 -0.17275 8.78 13.68 

Korean J. Ch. E. (Vol. 5, No. 2) 
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AAD:  ~//o ' ~ { IO0/N) 

j = 9 , 3  

RESULTS AND DISCUSSIONS 

(15) 

The overall results resulting from the Redlich- 
Kwong, Soave, Peng-Robinson equations of state are 
summarized in Table 6. As shown in Tables 4 and 5, 
the one ternary system, CO2-phenanthren~2,3-di- 
methylnaphthalene,  could not be correlated with the 
three cubic equations of state used in this study. Thus, 
this ternary system was not included in the overall 
results presented in Table 6. 

It should be noted that the solubility of a particular 
solid component  in the ternary system is considerably 
higher than that in the pure solid system at the same 
temperature and pressure. The solubility data for the 
phenanlhrene-naphthalene-CO2 system are shown in 
Figures 1 and 2. Binary solubility data for the binary" 
pure solid-solvent system are also shown for com- 
parison. The solubility of phenan threne  from a binary' 
solid mixture of phenanthrene  and naphthalene  in 
supercritical carbon dioxide increases by a maximum 
of 75% over that when no naphthalene  is present. The 

Table  6. AAD(%) e r r o r s  resu l t ing  from three  equa- 
t ions  of s tate  

RK{AAD%) SRK(AAD%) PR{AAD%) 

Y2 Y3 Y2 ~3 Y2 Y3 

overall(Table4) 5.68 7.42 7.36 11.18 8.00 11.78 

Isothermal{Table5) 5.55 6.01 7.09 8.36 8.38 9.73 

10 2 

~ I 0  3 o / O /  CO2-Phenanth rene-Naphthalene / 
~' �9 308 K 

-- R-K 
CO2-Phenanth rene 

O 308 K 
- -R-K 

10 -4 . ~, 
100 200 300 400 

P[atm] 

Fig. 1. Solubi l i ty  of  p h e n a n t h r e n e  from a b inary  
so l id  mi x t ure  of p h e n a n t h r e n e  and  naph- 
tha lene  in supercr i t i ca l  c a r b o n  d iox ide .  

I{)-I 

10-2 

1(I-3 

9- 
09 CO2-Phenanth rene-Naphthalene 
/ �9 308 K 

gP -- R-K 
I CO-Naphthalene o 
[ o 308 K 

- -R-K 

0 100 200 300 400 

P[atm] 

Fig. 2. Solubi l i ty  of n a p h t h a l e n e  from a b inary  so l id  
mix ture  of p h e n a n t h r e n e  and  naphtha l ene  in 
supercr i t i ca l  carbon  d iox ide .  

corresponding increase for naphthalene  is about 20%. 
The similar patterns of the solubility enhancement  
were also noticed for a number  of ternary systems as 
also shown in Figures 3-6. The maximum solubility 
enhancements  of the binary solid mixtures in super- 
critical CO2 are given in parentheses:  benzoic acid 
{280 % )-naphthalene(107 %), 2,3-dimethylnaphthalene 
(144 % }-naphthalene(46 % }, and phenanthrene( -  10 %)- 
23-dimethylnaphthalene(-10%}. However, the fun- 
damental  mechanism of the solubility enhancement  
appearing in the solid mixtures has been poorly un- 
derstood. One possible explanation is that the upper 
critical end point for a ternary solid-fluid mixture is ex- 
pected to occur at a temperature lower than those for 
either binary solid-supercritical fluid systems. Thus, 

10-1, 

10-2 

i 

10-3 
0 

II 
/ 

oo 

" ' l 0 "0 

�9 318 K 
�9 308 K 
-- R-K CO2-Naphthalene 

r~ 318 K 
O 308 K 

~--R-K 

' 260 ' 3 ; 0  
P[atm] 

Fig. 3. Solubi l i ty  of  n a p h t h a l e n e  from a b inary  so l id  
mix ture  of n a p h t h a l e n e  and  b e n z o i c  acid in 
supercr i t i ca l  carbon  d iox ide .  

400 
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10-1 

10 -2 

10-3 

10-4 

2- aphthalene-Benzoic Acid 
~// �9 318 K 7/ 

,;,,/ �9 308 K 
-- R-K 

CO2-Benzoic Acid 
/ [] 318 K 

r 

0 308 K 
- -R-K 

J6o ' 280 ' a6o ' 4oo 

P[atm] 

Fig. 4. Solubi l i ty  of  b e n z o i c  ac id  from a b inary  so l id  
mix ture  of naphtha lene  and  b e n z o i c  acid in 
supercr i t i ca l  carbon  d iox ide .  

when comparisons are made between ternary and 
binary solid-fluid systems at the same temperature, the 
ternary" system is closer to the upper critical end point 
[16]. The other possible explanation can be stated as 
follows. In CO2, naphthalene is much ,more soluble 
than phenanthrene. Consequently. in the ternary 
system naphthalene raises phenanthrene's solubilities 
75%, while its solubility increases only 20%. Naph- 
thalene and benzoic acid are both highly soluble in 

10-3 

>~ 10-4 

10-5I 
0 t~;o 

a 

?../-----" 
CO2-1,10 Decanediol-Benzoic Acid 
I 3 1 8  K 
�9 308 K 

- R-K 
CG2-1,10 Decanedio 
El 318 K 

-.-R-K 

260 ' 300 ' 4 0 0  

P[atm] 

Fig. 5. Solubi l i ty  of  l , lO-decaned lo l  from a b inary  
so l id  mi x t ure  of l , lO-decaned io i  and  b e n z o i c  
acid in supercr i t i ca l  carbon  d iox ide .  

10-21 

o 

10-a 

10-4 

~, ~" CO2-I,I0 DecanediobBenzoic Acid 
r �9 318 K 

/ �9 308 K 
~Q -- R-K 
/ CO2-Benzoic Acid 
o [] 318K 

O 308 K 
--- R-K 

0 100 20{t 300 400 

P[atm] 

Fig. 6, Solubi l i ty  of  benzo i c  acid from a b inary  sol id  

mixture  of l , lO-decaned io l  and benzo i c  acid 
in supercr i t i ca l  carbon  d iox ide .  

CO2, and therefore both solubilities are increased over 
100%. The solubilities of phenanthrene and 2,3-di- 
methy]naphthalene, which are low in the binary case, 
actually decrease in the ternary case [17]. 

An important point on the selectivity of solid mix- 
tures by supercritical fluids can be drawn from the 
general results obtained in this study. The selectivity, 
u, defined as Y2/Y3, of the solvent for a ternary 

system at low pressures is simply the ratio of the vapor 
pressures of two solids. At high pressures, the selectivi- 
ty decreases sharply, and levels off at a value of unity. 
It must be noticed that the extracted-solute mixture 
cannot be separated with pure supercritical CO2 unless 
the extractant composition in equilibrium can be alter- 
ed by changing the process conditions. This is, in ef- 
fect, azeotropic situation. The following conclusions 
can be drawn with great generality from the results 
reported herein : 

(1) Although the three cubic equations of state cor- 
relate fairly well the solubility data of solid mixtures in 
supercritical fluid, the original Redlich-Kwong equa- 
tion of state, which is the simplest type among them, 
gives the best results in accuracy for the both cases of 
overall temperature-independent binary parameters 
and isothermal temperature-dependent binary para- 
meters. The regressed values of binary ini:eraction 
parameters can be used for engineering applications 
down to three places of decimals without any harm of 
accuracy. One interesting point is that the overall AAD 
(%) errors are quite good enough for both cases. 
Therefore, the overall temperature- independent  
binary parameters can be used to correlate the ternary 
solubility data in any different temperature range. 

(2) The one ternary system, CO2-phenanthrene- 
2,3-DMN, was not able to be correlated with the three 

Korean J. Ch. E. (Vol. 5, No. 2} 
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equati,:)ns of state used in this study. This sysem is the 
only one that the solute solubility decreases while in 
~)ther systems the solute solubility increases. There- 
fore, the approach using the cubic equafiol:s of stale 
should be tested further when the new ternaD, dala 
becon-Le available. 

(3) The solubility of a given solid in the ternary 
syslem will increase relative to that in the binaD' 
system in proportion to the solubility of the cther sutid 
in supercritical fluid. 

(4) The selectivity of supercritical fluids for s,.flute 
mixture is fairly independent of temperature, but 
heavily dependent upon pressure. 
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NOMENCLATURE 

A , B :  
a , b  . 
F : 
k,j 
fTl 

N 
P : 
P,; : 

R 
7" : 

V : 
V : 

Z : 

variable defined in eqs.(2),(4) and (6) 
parameter defined in eqs.(1),(3) and (5) 
objective function defined in eq.(13l 
binary inleraction parameter associated with a 
parameter in the soave equation of state 
number of data points 
total pressure 
sublimation pressure of the solute, i 
gas c(~nstant 
temperature 
molar volume 
total vohJme 
mole fraction 
compressibility factor 
variable m eqs.(3) and (5) 
parameter in the Peng-Robinson equation of 
state 
parameter that is to be mixed 
fugacity coefficient 
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