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Estimation of High-Pressure Vapor-Liquid Equilibrium Using
Quantum Chemistry Calculation

Masatoshi HONJO**, Kenji MISHIMA*™* and Michihiro FUJTWARA**

High pressure vapor-liquid equilibria for methanol + naphthalene and methanol + 1-naphthole systems were

predicted by Soave-Redlich-Kwong (SRK) equation of state with an excess Gibbs free energy (G¥) type mixing

rule using information from the conductor-like screening model for real solvents (COSMO-RS) method. COSMO-

RS method was used to calculate activity coeflicients of the mixtures. NRTL equation was adopted as an activity

coefficient model in G* type mixing rule. The interaction parameters in NRTL equation were determined with
the activity coefficients calculated by COSMO-RS method. The modified Huron-Vidal mixing rule (MHV1) and
SRK equation of state were chosen as the G* type mixing rule and the cubic equation of state, respectively. It

was found that the prediction method proposed here can represent the phase behavior of the mixtures at high

temperatures and pressures.
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Fig. 1 Structures and COSMO surface polarities of (a)
methanol, (b)naphthalene, (c)1-naphthol.
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Fig. 2 o -profiles for methanol, naphthalene, and

1-naphthol from COSMO calculation.
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Fig. 3 o -potentials for methanol, naphthalene, and
1-naphthol from COSMO calculation.
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Fig. 4 Activity coefficients of methanol(1) + naphthalene(2)
system from COSMO-RS calculation.
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Fig. 5 Activity coefficients of methanol(1) + 1-naphthol(2)
system (b) from COSMO-RS calculation.
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Table 1 Physical properties of methanol, naphthalen, 1-naphthol '* **

Substance Tc[K] pJ[MPa] ) C Ca C3
methanol 512.6 8.10 - 1.4371 -0.7994 0.3278
naphthalene 748.4 4.05 - 0.9652 -0.3537 0.7823
1-naphthol 805.3 4.74 0.5817 - - -

Table 2 Interaction parameter of NRTL and calculated results.

system G12-Go[J-mol™] Gi-Gyi[Jrmol']  Dev.x;[%]* Dev.y[%]*
methanol(1) + naphthalene(2) 4054 -558.7 4.9 1.2
methanol(1) + 1-naphthol(2) 1116 -1888 11 0.34
100 xe)i(p. _ xc%;lc. 100 e)i(p. _ ce;lc.
*Dev.y, = — L . M Dev.y, =— u where » is number of data points.
n = . n = ni

Xy
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Fig. 6 Vapor-liquid equilibrium of methanol(1) +
naphthalene(2) system at 520.95K. ( A, O) literature
data", (-) calc.
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parameter of equation of state (EOS)
mixing rule constant (eq.8)
parameters of EOS

pure component temperature-dependence parameter (eqs.4,6,7)
interaction energy

parameter of EOS (eq.3)

excess Gibbs energy

interaction parameter

Boltzmann constant

pressure

sigma profile

gas constant

temperature

molar volume

mole fraction in liquid phase

mole fraction in gas phase

parameter of EOS (eq.12), NRTL non-randomness binary parameter (eq.16)

activity coefficient

NRTL interaction parameter (eq.16)
chemical potential

surface charge density

NRTL interaction parameter (eq.15)
fugacity coefficient in gas phase

acentric factor

critical property

components i, j, k, m
hydrogen bonding
electrostatic
segment

van der Waals

combinatorial term

(6)





