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Lattice—Fluid Description of Phase
Equilibria in Supercritical Fluids

Ki—Chang Kim

ABSTRACT

The lattice—fluid theory are adopted for modeling the phese equilibria in supercritical flu-
ids. In order to investigate effects of the nonrandom distribution of holes in mixtures on the
phase equilibria, the equation of state and the chemical potential of the binary mixture are
formulated with taking into account nonrandomness of holes distributions in the fluid mix-
ture. The relations of phase equilibria formulated in this work are tested through predic-
tions of solubility of heavy solids in supercritical fluids and predictions of high pressure
phase equilibria. of binary mixtures. Results obtained exhibit that the lattice fluid model
with assumptions of nonrandomness of hole distributions is successful in quantatively mod-
eling the phase equilibria of mixtures of molecules of dissimilar sizes, specifically solids—

supercritical fluid mixtures.
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Table 1. Molecular Chracteristic Parameters of Pure Chemical Materials

Random disribution of Non-random
holes distribution of holes
Temperature
Materials range(K) V*¥X10° €n ry V*X10° Eul ry

(m*/mol) | (cal/mol) (m?*/mol) | (cal/mol)
water 303-323 18.14 788.5 1.9 18.14 788.7 1.9
methanol 310-325 40.43 362.5 4.1 40.33 361.1 4.1
ethanol 295-327 56.89 308.2 5.8 56.61 309.0 5.8
1-propanol 297-322 72.05 286.0 7.4 71.98 286.6 7.4
1-hexanol 310-339 118.54 255.2 12.1 117.52 255.8 12.1
1-octanol 305-338 149.91 248.0 15.4 | 147.79 248.6 15.2
acetone 298-320 69.03 245.0 7.1 68.31 246.2 7.0
cyclohexane 297-329 97.95 215.8 10.0 96.51 216.8 9.9
benzene 297-329 82.72 237.5 8.5 81.76 238.5 8.4
toluene 291-339 98.56 234.5 10.1 97.50 235.5 10.0
ethyl benzene 297-337 113.50 232.3 11.6 112.20 233.1 11.5
o—xylene 284-339 112.48 238.5 11.5 111.30 239.3 114
m—xylene 294-337 113.87 233.5 11.6 | 112.64 234.3 11.5




p—xylene 296-335 114.24 232.5 11.7 113.00 233.3 11.6
n-butane 275-353 83.90 1794 8.6 82.24 1814 | 83
n—hexane 297-372 114.08 194.0 11.7 112.20 195.1 11.4
n—octane 296-352 144.35 200.9 14.8 141.60 201.7 14.5
n—decane 293 172.41 195.5 17.7 170.03 196.1 174
benzoic acid 403 105.91 3360 | 10.9 | 105.14 | 3358 | 10.8
napthalene 363 120.44 273.4 12.3 119.23 274.2 12.2
carbon dioxide 320-370 38.74 161.7 3.9 38.63 161.8 4.0
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NOMENCLATURE

E : Total potential energy

k : Boltzmann’s constant

l1; : Binary interaction parameter defined

by eq. 39

N : Moles of i component(i=0,1,2--+)

N, : Total number of lattice sites

P : Pressure(kpa)

q . Effective chain length of molecule

Vi* | Molecular characteristic parameter of
1 componeht(m3/mole)

V : Molar volume(m?®/mole)

T : Temperature(K)

x . Mole fraction

yi - Mole fraction of solute in the

supercritical phase
. Lattice coordination number

N N

: Configurational partition function of ca-
nonical ensemble

I" : Nonrandomness correction factor
(eq. 10)

B 1 1/(kT)

8 . Symmetry factor of i component

i . Interaction energy between molecule
segments of 1 component(cal/mol)

€; . Interaction energy between molecule
segments of 1 component and molecule
segment of j component(cal/mol)

6. : Segment fraction of component i

-13-



1 . Chemical potential
o . Flexibility factor of 1 component

Subscripts

O : Hole(vacant site)
1 : Species 1

1. Species 1

m : Mixture

Superscripts

L : Liquid phase
V : Vapour phase
SF : Supercritical phase
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