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Abstract—The analysis of the various estimation methods of thermodynamic properties phase equilibrium beha-
vior among TPTT, MPMT and RSM muodels is attempted based on the solution theory and thermodynamical view
point. As the effect of molecular interaction among molecules in the solutions is largely significant, it is found the TPTT
(two parameters two terms) equations in general have difficulties to express various multicomponéent systems due to
their excessive simplification.

The MPMT (multiple parameters multiple terms) equations also possess various difficulties in application of multi-
component systems due to many unknown parameters to be estimated, furthermore, estimations of the numerous
parameters are excessively difficult and complex.

To correct this situation, RSM(response surface methodology) models which represent the relationship between
equilibrium temperatures and compositions of vapor and liquid phase of ternary and the other multicomponent sys-
tems are optimized.

The optimized model is satisfactory in representing independent variables contributions and molecular interac-
tions among various variables.
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Fig. 2. Response surface of ternary system
methyl acetate (1)>-benzene (2)-cyclohexane
(3) data source: I. Nagata (Vapor).
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Fig. 3. Response surface of ternary system
methyl acetate (1)-benzene (2)-cyclohexane
(3) data source: L. Nagata (Liquid).
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NOMENCLATURE

a,b,c.de-b',c'c”, - : regression parameters

aj Ak molecular interaction parameters in
Wohl’s expansion

Anymgmy © NUMber of moles of cluster of type AB C

AB,AB,A|5,A 3,Ay; : empirical constants

C;, C,, C; : empirical constants

f : function, fugacity defined by Eq. 4

G, G¢ Gibbs free energy, excess Gibbs free
energy

G, H,J : ternary empirical parameters

g . free energy

Gy Gy @ empirical constants

1 : liquid phase

1, . constant defined by Eq. 28, 1; —“E r,—q)
(I't"‘ 1), 11=? (I‘J‘Q/) (l‘;— 1)

my, My, m3 number of molecules in clusters

My, Ny © group interaction parameters characteristic
of group k

M number of components in the solution

N number of group in the solution

n number of moles of component i

P, P total pressure

Py vapor pressure

q; : molecular surface parameter or effective
molar volume of component i

¢ . molecular size parameter



TPTT, MPMT % RSM Modeld] uli 34

R : gas constant

AS? : entropy of vaporization

T . temperature

v : vapor phase

X; : liquid phase mole fraction of component i
Yi : vapor phase mole fraction of component i
Y : function defined by Eq. 8

Z : coordination number, z= 10

Z,, Z, : surface fraction of components 1,2 effective

volume fractions of components 1 and 2

Greek Letters

ajj
Yi
Iy
Tw*
i

A2A21
AbA2zAs ¢
FH

Vi

Vi

T2, T21

@i

: empirical constant

: activity coefficient of component i

: group activity coefficient of group k

: (=TI for solution containing pure i

. surface fraction of component i

: empirical constant

latent heat of vaporization

. number of non-hydrogen atoms in compo-
nent j

: parameter related to the number of non-
hydrogen atoms in group k in molecules i

: empirical constant

: volume fraction of component i

Superscripts

id
E
real

9]

. ideal state of phase
1 excess

. real state of phase
. infinite dilution
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