
- 1 - DESCRIPTION HIGHLY ACCURATE CORRELATING METHOD FOR PHASE
EQUILIBRIUM DATA, AND PHASE EQUILIBRIUM CALCULATION METHOD TECHNICAL
FIELD [0001] The present invention relates to a highly accurate
method for correlation of phase equilibrium data using relationships
between infinite dilution pressure gradients and vapor pressures, and
a method for prediction of phase equilibrium data using this highly
accurate method for correlation of phase equilibrium data. The
present invention also relates to a method and an apparatus for
designing or controlling a component separator or refiner such as a
distillation column, an extraction column, or a crystallizer on the
basis of values obtained by the method for prediction of phase
equilibrium data. The present invention further relates to a program
for designing or controlling a component separator or refiner such as
a distillation column, an extraction column, or a crystallizer.
BACKGROUND ART [0002] A chemical production process involves a
reaction step followed by the step of separating or refining products
from by-products. This process often uses distillation and also
commonly uses absorption, extraction, or crystallization. Meanwhile,
distillation columns are used in component separation for petroleum.
Also, component separation is performed in natural gas refining. The
component separation principle in such a separation/refining step is
based on phase equilibrium relationship. Vapor-liquid equilibrium
(VLE) for distillation or absorption, liquid-liquid equilibrium (LLE)
for extraction, and solid-liquid equilibrium (SLE) for
crystallization serve as central factors determining separation
limits or energies required for separation. Thus, rational apparatus
or operational design or process step selection cannot be performed
without the determination of precise phase equilibrium relationship.
[0003] Although the phase equilibrium relationship is exceedingly
important for chemical, petroleum, or natural gas refining as
described above, a problem that is faced by using the  - 2 - phase
equilibrium relationship in such a chemical production or petroleum
or natural gas refining step is the imprecise prediction of the phase
equilibrium relationship. This is because non-ideality in the liquid
phase (i.e., the property in which the mixture is no longer regarded
as a single component due to the value of activity coefficient
deviated from 1) cannot be predicted. Fundamental problems that are
encountered in trying to solve this problem are the unpredictable
intermolecular interaction strength and molecular orientation of
non-ideal solutions. This blocks theoretical progress. There also
remains a practical issue: unknown phase equilibrium relationship
hinders a production process from being determined or an apparatus
from being designed. Taking distillation column design as an example,
the number of contact stages or the height of a packed column cannot
be determined. Under the circumstances, the phase equilibrium
relationship is actually measured for a system that is subject to
separation, and correlated with operating parameters, and the
resulting correlation is used in design calculation. Although a lot
of vapor-liquid equilibrium data (see e.g., Non-patent Document 1),
liquid-liquid equilibrium data (see e.g., Non-patent Document 2), or
solid-liquid equilibrium data has been reported for use in the design
of the separator, every such data is actually measured values. The
actually measured values, however, are accompanied by errors
(statistical errors responsible for variations and systematic errors
responsible for imprecision). In fact, since precise phase



- 3 - [Formula 1] = (Mil(1) [0006] (Method for correlation of
low-pressure binary vapor-liquid equilibrium data)        First,
assuming that liquid and vapor phases consisting of components 1 and
2 are in equilibrium at a low pressure, the equation (1) is
specifically represented as follows for this low-pressure binary
vapor-liquid equilibrium (VLE) (see e.g., Non-patent Document 3):
[0007] [Formula 2] [0008] [Formula 3] FYI = r1x1p15 P.Y2 - 72x2P28
wherein P represents a system pressure; yi and y2 represent the mole
fractions of components 1 and 2, respectively, in the vapor phase; x1
and x2 represent the mole fractions of components 1 and 2,
respectively, in the liquid phase; yi and y2 represent the activity
coefficients of components 1 and 2, respectively, in the liquid
phase; pis and p2, represent the vapor pressures of components 1 and
2, respectively, at a system temperature T. The activity coefficients
are introduced for representing non-ideality in the liquid phase. yi
(activity coefficient of component i) =1 holds for ideal solutions.
Many activity coefficient equations have been proposed for indicating
non-ideality in the liquid phase. For example, the equation (4) or
(5) (the Margules equation) is often used as the activity coefficient
equation. Other known activity coefficient equations include van
Laar, UNIQUAC, NRTL, Wilson, and Redlich-Kister equations. [0009]
[Formula 4] my1 = x22 [A + 2(B - A)xi](4)  



- 4 - [Formula 5] my2 = .7c12 [B + 2(A - B)x2](5) wherein xl
represents the mole fraction of component 1 in the liquid phase, and
x2 represents the mole fraction of component 2 in the liquid phase.
Binary parameters A and B are given by the following equations (6)
and (7): [0011] [Fonnula 6] A= ln ylw(6) [0012] [Formula 7] B
=11172(7) wherein yi' and y2' represent the infinite dilution
activity coefficients of components 1 and 2, respectively, in the
liquid phase. Specifically, the binary parameters A and B are
expressed in terms of the infinite dilution activity coefficients yi
and 72' by considering xl -> 0 and x2 -> 0 as limits in the equations
(4) and (5). [0013] Specifically, P-x data and P-y data for the
methanol (1)-water (2) system at a temperature of 323.15 K are shown
in FIG. 1 taking the correlation of VLE data as an example. [0014] In
FIG. 1, the open circle (o) denotes actually measured values of P-x1
relationships (see Part 1, p. 56 of Non-patent Document 1), and the
filled circle (e) denotes actually measured values of P-y,
relationships (see Part 1, p. 56 of Non-patent Document 1). [0015]
The system pressure P is given by the following equation (8) from the
sum of the equations (2) and (3) by considering yi + y2 =1: [0016]
[Formula 8] P - 72X2p2s(8)        The binary parameters A and B were
determined using the method of least squares to most represent
actually measured P-x relationships. From the values of A and B (A = 



-5- 0.6506  and B = 0.5204) thus determined, P-x relationships were
calculated according to the Margules equation and indicated by the
solid line (-) in FIG. 1. [0017] Also, P-yi relationships were
calculated according to the following equation (9) using the binary
parameters A and B representing P-x relationships and indicated by
the dotted line (...) in FIG. 1. [0018] [Formula 9] Yi = YiXiPis I
P(9)        Likewise, binary parameters A and B correlating
constant-pressure binary vapor-liquid equilibrium data can also be
determined. In addition to the Margules equation, other activity
coefficient equations, such as van Laar, Wohl, UNIQUAC, NRTL, and
Wilson equations, may be used in the correlation (see Non-patent
Document 3). Non-patent Document 1 discloses examples of correlation
of binary vapor-liquid equilibrium data for more than 12500 systems.
Also, this literature provides binary parameters most representing
constant-temperature P-x data and constant-pressure T-x data using
each activity coefficient equation. Further, this literature provides
binary parameters most representing constant-temperature P-x-y data
and constant-pressure T-x-y data using vapor-phase mole fraction
data. These binary parameters can be converted to A and B that
provide infinite dilution activity coefficients. Even if binary
parameters representing P-x data are determined using the activity
coefficient equation, correlation results do not always produce true
values due to measurement errors (statistical errors and systematic
errors) contained in the data. Depending on VLE data, there may exist
an activity coefficient equation that is capable of correlation with
particularly high accuracy. The precision of VLE data, however, is
not directly related to correlation errors unless experimental errors
are removed. A method for determining binary parameters by excluding
measurement errors from VLE data has not yet been found, though the
vapor-liquid equilibrium relationship can be determined from the
given two binary parameters, A and B. [0019] (Method for correlation
of binary liquid-liquid equilibrium data)  - 6 -        When liquid
phases I and II consisting of a binary system are in liquid-liquid
equilibrium, the equation (1) is specifically represented as follows
(see Non-patent Document 3): [0020] [Formula 10] xi = 6fixi(10)
[0021] [Formula 11] 22 



I(x3I =1, E(x, )11 =1 1=1i=1 wherein yi represents the activity
coefficient of component i in each liquid phase I or II, and x;
represents the mole fraction of component i in each liquid phase.
[0022] For data correlation, parameters A and B can be determined
according to the equations (4), (5), and (10) from binary
liquid-liquid equilibrium data (mutual solubility data) at one
temperature, for example, in the case of using the Margules equation.
Unfortunately, a method for accurately correlating relationships
between the parameter A and temperature over a wide temperature range
has not yet been found. This holds true for relationships between the
parameter B and temperature. [0023] Non-patent Document 2 discloses a
lot of binary mutual solubility data. Values of binary parameters
were determined according to the UNIQUAC activity coefficient
equation for each mutual solubility data. As specific examples,
binary liquid-liquid equilibrium data for the 1-butanol (1)-water (2)
system is shown in FIG. 2(a), and binary liquid-liquid equilibrium
data for the 2-butanone (1)-water (2) system is shown in FIG. 2(b). A
method for favorably predicting a method for correlation of the
temperature dependence of such mutual solubility has not yet been
found. In FIGS. 2(a) and 2(b), the open circle (o) denotes actually
measured values of (x1)2 (see Non-patent Document 2), and the filled
circle (0) denotes actually measured values of (x,), (see Non-patent
Document 2). In this context, (x1)1 represents the mole fraction of
component 1 in liquid phase I, and (x1)2 represents the  - 7 - mole
fraction of component 1 in liquid phase II. The ordinate denotes a
temperature (T273.15 K). [0024] (Method for correlation of
high-pressure binary vapor-liquid equilibrium data) In one approach,
the equation (1) is specifically represented as follows for
high-pressure vapor-liquid equilibrium data (see Non-patent Document
3): [0025] [Formula 12] Oiv.YiOzi., Xi(12) wherein Siv represents the
fugacity coefficient of component i in the vapor-phase mixture; :kiL
represents the fugacity coefficient of component i in the
liquid-phase mixture; xi represents the mole fraction of component i
in the liquid phase; and yi represents the mole fraction of component
i in the vapor phase. The fugacity coefficients are used in the
high-pressure system to represent not only non-ideality in the vapor
phase, but also non-ideality in the liquid phase. The fiigacity
coefficients can be expressed using the equation of state and mixing
rules for pure components, albeit in a complicated manner. The mixing
rules include system-dependent interaction parameters. The method
used involves adjusting values of the interaction parameters to
simultaneously correlate high-pressure P-x data and P-y data. The
interaction parameters thus obtained by correlation are further used
in the prediction of phase equilibrium relationship. Such a method
for correlation of high-pressure phase equilibrium has the
disadvantages that: i) the calculation of fugacity coefficients is
complicated; ii) interaction parameters do not exhibit correlation as
a function of operating parameters (temperature, pressure, etc.) or
factors characteristic of the system (polarizability, etc.); and iii)
some regions including the vicinity of critical points are observed
with significantly low correlation accuracy. [0026] Secondly, the
high-pressure vapor-liquid equilibrium is represented by expressing
non-ideality in the liquid phase in terms of activity coefficients
and given as follows (see Non-patent Document 3): [0027] 



-8- [Formula 13] (Pa)V IL (P - Pa)v y (P - p ,) Ca= rep RT " expexp
RT(13) wherein yiu'a) represents the activity coefficient of
component i at a system temperature T and a pressure Pa in the liquid
phase; va, represents the partial molar volume of component i in the
liquid phase; vi represents the molar volume of pure liquid i; and R
represents a gas constant. In this context, clin, represents the
fugacity coefficient of component i in the vapor-phase mixture; x,
represents the mole fraction of component i in the liquid phase; yi
represents the mole fraction of component i in the vapor phase; P
represents a system pressure; and Pis represents the vapor pressure
of component i at a system temperature T. [0028] The equation (13)
expresses non-ideality in the vapor phase in terms of fugacity
coefficients and thus incorporates three disadvantages described
above in their entirety. Although non-ideality in the liquid phase is
also expressed in terms of activity coefficients, this is not
practical due to insufficient physical data (e.g., partial molar
volume) necessary for determining exponential terms on the right side
representing pressure dependence. The correlation of high-pressure
vapor-liquid equilibrium data is much more complicated than that of
low-pressure data. For apparatus design, there is no choice but to
adopt a method using data obtained in a practical operating range.
[0029] The values of A and B must be known for the prediction of
phase equilibrium using activity coefficients shown above. Since
excess partial molar free energies are obtained by multiplying
logarithmic values of the infinite dilution activity coefficients
represented by the equations (6) and (7) by RT, lny, and lnyf are
naturally predicted to be monotone functions of 1/T, as in many
thermodynamic rules. Non-patent Document 1 has reported 60 vapor-
liquid equilibrium data sets for the methanol (1)-water (2) system
and also reported values of Margules binary parameters A and B
representing these VLE data sets. Thus, a plot of A = lily,' and B =
Iny2' for the methanol (1)-water (2) system against 1/T is shown in
FIG. 3. For low-pressure data, Iffy,' and lnyf must be single
functions (single-valued functions) of  - 9 - temperature. As is
evident from FIG. 3, the data sets are too variable to fix a
representative line. This holds true for Inyi and lny2' determined
using other activity coefficient equations, such as the UNIQUAC
equation. Also, plots of lny,' and lny2' for other binary systems
against IT produce similar results. This fact that lny,' and lny2'
representing non-ideality in the liquid phase cannot be represented
as single functions of temperature is the greatest reason for
hampering the highly accurate correlation of vapor-liquid equilibrium
data and the prediction of equilibrium relationship. In spite of more
than 100 years since the introduction of the Margules equation, the
accurate method for correlation of binary parameters remains
undeveloped. [0030] By contrast, a group contribution method, such as
the UNIFAC or ASOG method, involves dividing molecules in the phase
equilibrium-forming system into atomic groups such as CH2 and OH,
determining the rates of contribution of the atomic groups to binary
parameters from a large number of binary phase equilibrium data, and
predicting phase equilibrium using the rates. This method, albeit
simple, exhibits significantly low prediction accuracy and is thus
used only for grasping the outline of phase equilibrium. Still,
measurement data must be used for detailed design. 



[0031] Recently, the present inventor has found an accurate method
for correlation of phase equilibrium data and filed patent
applications (Japanese Patent Application Nos. 2010-58632 (Patent
Document 1) and 2010-112357 (Patent Document 2)). This correlation
utilizes the property in which phase equilibrium data highly
accurately converges to the thermodynamic consistency line
represented by the equation (14): [0032] [Formula 14] (14) wherein A
and B represent binary parameters; P represents a system pressure; a
and b represent constants specific for the binary system; 13
represents a polarity exclusion factor; and F represents deviation
from A = B in the one-parameter Margules equation. F is  - 10 -
defined according to the following equation: [0033] [Formula 15] F
100 vn 1)1 lk,smooth-Y 1k,M1  n Z-dYlk,M1 k=1 wherein Yik,smooth
represents a value of the mole fraction yi of component 1 in the
vapor phase with respect to xik (value of x1 in the k-th part of the
liquid-phase mole fraction xl of component 1 divided into n equal
parts (e.g., n = 40) between 0 and 1). The value of yik,smooth is
determined using the equations (2) to (5) and (9) from binary
parameters A and B determined to represent P-x relationships. Ylk,M I
represents a value of yi calculated using one parameter obtained by
the correlation of P-x relationships using the one-parameter Margules
equation that satisfies A = B (Patent Document 1). Alternatively, the
value of YIk,Ml may be calculated more simply according to the
one-parameter Marg-ules equations shown below and the equations (2)
and (3) using E determined according to the following equation (16)
using Margules equation incorporating one parameter E (= A = B) in
activity coefficients in the equation (8): [0034] [Formula 16] 2 u2 P
= ex2 LjX1Pls (Patent Document 2 and Non-patent Document 4). E is
defined according to the following one-parameter Margules equations
wherein x1 and x2 represent the mole fractions of components 1 and 2,
respectively, in the liquid phase; P represents a system pressure;
and pis and p2, represent the vapor pressures of components 1 and 2,
respectively, at a system temperature T: 



[0035] [Formula 17] my1 = x22E(17) [0036] [Formula 18]  -11- 11172
=c12E(18) wherein 71 and 72 represent the activity coefficients of
components 1 and 2, respectively. [0037] The equation (14) indicates
relationships for constant-pressure data. For constant-temperature
data, an average vapor pressure Nave obtained according to the
following equation can be used instead of P: [0038] [Formula 19] Pls
P2s  (19)        The thermodynamic consistency line of
constant-temperature data agrees with that of constant-pressure data
(Patent Document 2 and Non-patent Document 4). This property relating
to VLE data, i.e., the property in which constant-pressure data and
constant-temperature data exhibit the same thermodynamic consistency
lines, has been found for the first time by the invention described
in Japanese Patent Application No. 2010-112357 (Patent Document 2).
The correlation based on the equation (14) is highly accurate. Taking
the 60 data sets for the methanol (1)-water (2) binary system
described above as an example, correlation errors derived from the
equation (14) are merely 0.25% for 18 constant-temperature data sets
and 0.55% for 42 constant-pressure data sets, demonstrating the
exceedingly high convergence of p vs. pressure relationships compared
with the low convergence of A and B shown in FIG. 3. Many examples of
thermodynamic consistency lines are shown in Non-patent Document 4.
[0039] The values of two binary parameters, A and B, must be known as
functions of temperature or pressure in order to predict binary
vapor-liquid equilibrium relationship using activity coefficients. In
the prediction of phase equilibrium relationship using the
thermodynamic consistency line obtained in the invention described in
the patent application mentioned above, the equilibrium relationship
cannot be determined directly because only one relationship of A and
B (only the thermodynamic consistency line) is known. Thus, it is
required to find highly converged correlations of A and B independent
of the equation (14).  - 12 - For this purpose, relationships between
the following deviation D from the Gibbs-Duhem equation and
experimental errors can be used (Patent Document 1): 



[0040] [Formula 20] D = 2(B - A)Az12(20) wherein D represents
deviation from the Gibbs-Duhem equation, and Axi represents an
experimental error appearing in the mole fraction of component 1 in
the liquid phase. The equation (20) is an approximation of the
Gibbs-Duhem (GD) equation obtained by applying the Margules equation
to the activity coefficient incorporated in the GD equation under
isothermal and isobaric conditions and applying the central
difference scheme to the derivative of lnyi with respect to change in
xl. [0041] According to the Gibbs-Duhem equation, D = 0 in the
following equation: [0042] [Formula 21] d in r, D =+ (1 xl)d In 2/2
(21) dX1dX1 wherein x1 represents the mole fraction of component 1,
and 71 and 72 represent the activity coefficients of components 1 and
2, respectively. [0043] The values of activity coefficients
representing binary vapor-liquid equilibrium data must satisfy the
Gibbs-Duhem equation, i.e., D = 0, under constant-temperature and
constant-pressure conditions. Since the values of B and A
representing VLE data are different from each other, the equation
(20) shows that the GD equation is not satisfied unless experimental
errors are removed. This means that precise phase equilibrium
relationship does not hold in Axi # 0. Since a method for eliminating
experimental errors has not been found previously, a method for
prediction of phase equilibrium has not been established. The method
for eliminating experimental errors is to obtain converged
correlations using a lot of phase equilibrium data which are obtained
in different measurement apparatuses, measurement methods, or
measurers. The equation (14) provides linear relationships that hold
for data differing in apparatuses, methods, or measurers. Thus,
consistent relationships that satisfy  - 13 - the GD equation without
errors are shown on this line. CITATION LIST PATENT DOCUMENTS [0044]
Patent Document 1:Japanese Patent Publication No. 2011-189297 



Patent Document 2:Japanese Patent Publication No. 2011-242162
NON-PATENT DOCUMENTS [0045] Non-patent Document 1: J. Gmehling, U.
Onken, "Vapor-Liquid Equilibrium Data Collection", DECHEMA Chemistry
Data Series, Vol. I, Part 1-8a, 1977        Non-patent Document 2:
J.M. Sorensen, W. Arlt, "Liquid-Liquid Equilibrium Data Collection,
Binary Systems", Chemistry Data Series, Vol. V, Part 1, 1979
Non-patent Document 3: R.C. Reid, J.M. Prausnitz, B.E. Poling, "The
Properties of Gases and Liquids", McGraw-Hill, New York, NY, 1987
Non-patent Document 4: S. Kato, "An empirical consistency test using
then-nodynamic consistency lines for the VLE data of 7262
constant-temperature and 5167 constant-pressure binaries", Fluid
Phase Equilibria, 302 (2011) 202-212        Non-patent Document 5: S.
Kato, H. Tachibana, "Thermodynamic Consistency Lines of the 511
Mutual Solubility Data and the VLE Data of 7262 Constant-Temperature
and 5167 Constant-Pressure Binaries", Solvent Extraction Research and
Development, Japan, Vol. 18 (2011) 85-92        Non-patent Document
6: H. Knapp, R. Doring, L. Oellrich, U. Plocker, J.M. Prausnitz,
"Vapor-Liquid Equilibria for Mixtures of Low Boiling Substances",
Dechema Chem. Data Series, Vol. VI 1982        Non-patent Document 7:
K. Kojima, S. Zhang, T. Kiaki, "Measuring Methods of Infinite
Dilution Activity Coefficients and a Data base for Systems Including
Water", Fluid Phase Equilib., 131 (1997), 145-179        Non-patent
Document 8: K. WohL, "Thermodynamic Evaluation of Binary and Ternary
Liquid Systems", Tmas AIChE., 42, 215 (1946) SUMMARY OF INVENTION  -
14 - TECHNICAL PROBLEM [0046] As described above, methods for
correlation and prediction of phase equilibrium data cannot be
completed without finding a method for obtaining one or at least one
converged correlation in addition to the equation (14). An object of
the present invention is to provide a method for obtaining the
additional converged correlation. 



[0047] A further object of the present invention is to provide a
method for prediction of phase equilibrium using one set of infinite
dilution activity coefficients or binary parameters A and B obtained
from the thus-obtained two or more converged correlations. [0048] A
further object of the present invention is to provide a method for
designing or controlling a component separator or a refiner using
values obtained by the method for prediction of phase equilibrium
data, an apparatus for designing or controlling a component separator
or a refiner, and a program for designing this design or control
apparatus. SOLUTION TO PROBLEM [0049] In order to attain the objects,
the present inventor has made attempts at many correlation methods.
Some of these many correlation methods were performed by inference
and the others were tested at random. This is because a method for
obtaining true values by removing experimental errors from
measurement data (in this case, which is synonymous with a method for
satisfying the Gibbs-Duhem equation by removing experimental errors)
cannot be obtained by guess. The present situation, where a method
for obtaining true values of phase equilibrium relationship has not
been found over a long period exceeding 100 years, validates the fact
that the method for obtaining true values by removing experimental
errors is not guessable. [0050] The present inventor has variously
devised plots on the abscissa and the ordinate for the purpose of
finding a correlation method for converging a lot of binary VLE data
obtained by many measurers using different apparatuses and methods,
as single functions (single-valued functions) of a certain
independent variable. The present inventor has made attempts at
highly accurate correlation considering, for example, operating
parameters, the physical properties of systems, and thermodynamic
properties relating to entropy and enthalpy effects  - 15 - in order
to reflect the principle that holds for phase equilibrium. These
attempts also include an approach of advancing the thermodynamic
consistency line according to the invention described in the patent
application mentioned above. Unfortunately, the invention described
in the patent application has the great disadvantage that, as is
clearly demonstrated by the equation (15), it cannot reflect the
basic nature in which phase equilibrium relationship is a continuous
function of composition, because the phase equilibrium relationship
(relationship of T, P, xl, and yi) is analyzed using only discrete
values. In spite of attempts at many correlation factors to obtain
highly accurate correlation based on but independent of the invention
described in the patent application mentioned above, the highly
accurate correlation based on the invention described in the patent
application has not succeeded due to this fundamental disadvantage.
Thus, the present inventor has made attempts at many correlation
factors on the basis of continuous phase equilibrium relationships
for composition and consequently found a highly accurate correlation
method using a derivative relating to xl as shown below. [0051]
Specifically, the present invention relates to a method for
correlation of binary phase equilibrium data, comprising calculating
an index X of proximity ratio to critical points and infinite
dilution pressure gradients Y1 and Y2 using binary phase equilibrium
measurement data, and correlating the obtained index X of proximity
ratio to critical points with the infinite dilution pressure
gradients Y, and Y2 to calculate infinite dilution activity
coefficients 710 and 72' or binary parameters A and B from the X-Y1



wherein Pc, represents the critical pressure of component 1 in the
binary system, and pis and P2s represent the vapor pressures of
components 1 and 2, respectively, at a temperature T. [0053]
Preferably, a component having a high vapor pressure in a temperature
range to be analyzed is assigned into component 1 while a component
having a low vapor pressure in this range is assigned into component
2. In the case where the high and low vapor pressures may be inverted
in the temperature range to be analyzed, the component assignment may
be fixed on the basis of the relationship between high and low vapor
pressures at a temperature of, for example, 298.15 K. The equation
(22) is used in the analysis of constant-temperature data. For the
analysis of constant-pressure data, X may be calculated using vapor
pressures at an arithmetic average temperature tb,s" for the boiling
points of a pure component at a system pressure. Specifically, for
the analysis of constant-pressure data, boiling points tb, and tb2 of
a pure component can be determined from a system pressure P; an
average value tb,sve can be determined according to the equation
(23); and X can be determined according to the equation (22) using
vapor pressures pis and p2, at the average temperature t -b,ave.
[0054] [Formula 23] t b,ave t bl t b2   2 (23)   wherein tbi and tb2
represent the boiling points of components 1 and 2, respectively, at
a system pressure P. [0055] When the critical temperature of
component 1 is defined as Tel, the equation (22) shows X = 0 at a
temperature T = 0 and X = 1 at T = Tc1. Accordingly, X represents an
index of proximity ratio to critical points. 



[0056] Infinite dilution pressure gradients Y1 and Y2:  - 17 - [0057]
[Formula 24] co Y = Pls P2s 1 [0058] [Formula 25] co - Pis -112 P2s 2
wherein yr represents the infinite dilution activity coefficient of
component i in the liquid phase; and Pci, P1s, and P2, are as defined
in the equation (22). In this context, a numerator on the right side
of the equation (24) is equal to (OP / Oxpixi = 0 (OP / axi at x1 =
0) at a system temperature T, and a numerator on the right side of
the equation (25) is equal to (OP / Oxi)lx1.1 at a system temperature
T. ap ax, indicates that P is differentiated partially by x1 at
constant T. Thus, 171 and Y2 represent infinite dilution
nondimensional pressure gradients. The essence of the present
invention is that the infinite dilution pressure gradients are
introduced for the correlation of phase equilibrium data. 



[0059] The denominators in the equations (24) and (25) are introduced
for nondimensionalization. The infinite dilution pressure gradients
Y1 = 0 and Y2 = 0 hold for the equations (24) and (25) at a
temperature T = 0 (X = 0). Since pis >> p2s holds for an asymmetric
system (i.e., a binary system significantly differing in vapor
pressures), the equation (26) holds: [0060] [Formula 26] x y = Pls ci
2 P [0061] Since (OP /=1 0 holds for a symmetric system that forms
minimum boiling azeotropes, the equation (27) holds: [0062] [Formula
27]  - 18 - V2 <0(27) [0063] Highly accurately converged X vs. Y1 and
X vs. Y2 relationships will be shown later using data. In general,
the correlation between the index X of proximity ratio to critical
points and the infinite dilution pressure gradients Y1 and Y2 is
expressed in a graph with X plotted on the abscissa against Y1 or Y2
on the ordinate. However, the correlation therebetween may be
expressed in a graph with Y1 or Y2 plotted on the abscissa against X
on the ordinate. [0064] As shown in the equations (12) and (13),
non-ideality in the vapor phase in the high-pressure VLE system is
expressed in terms of fugacity coefficients. Recently, a promising
method for describing VLE relationship by lumping non-ideality
parameters for the liquid and vapor phases (i.e., representing
non-ideality in the liquid and vapor phases using one binary
parameter) has been proposed (Non-patent Document 4). This lumped
non-ideality correlation uses an activity coefficient yi defined as
follows: [0065] [Formula 28] Yi = 



yi(Pa) exp viL(P - Pa) expvi - pis)  RTRT  OIT7 (28)
Specifically, the liquid-phase non-ideality parameter on the right
side of the equation (13) is divided by the vapor-phase non-ideality
parameter on the left side thereof for lumping. In this lumped
correlation, If; defined by the equation (28) is free from pressure
dependence even for high-pressure phase equilibrium data. Thus, this
value is calculated according to the equation (4) or (5).
Specifically, the equation (2) or (3) is directly applied even to
high-pressure data. Since 4:qv = 1 holds for low-pressure VLE data,
this method is frequently used. In fact, this method was applied to
more than 12500 binary VLE data sets included in Non-patent Document
1, to determine binary parameters A and B. Interestingly, it has been
demonstrated on the basis of high-pressure VLE data for the
argon-oxygen, carbon dioxide-ethane, carbon dioxide-decane, and
carbon dioxide-methanol systems that P-x relationships  - 19 - can be
correlated favorably even for high-pressure data with T < Li (Li
represents the critical temperature of component 1) (Non-patent
Document 4). In the present invention, the generalization of this
lumped correlation will be shown later on the basis of data. [0066]
In the present invention, preferably, X vs. Y1 and X vs. Y2
correlations are obtained by incorporating the reliability of data.
Specifically, the correlations are determined by confirming that data
satisfies the thermodynamic consistency line within a predetermined
error range (e.g., within 1%) (data consistency). In this case,
errors can be evaluated using H in the following equation (29):
[0067] [Formula 29] = fiexp fical  H(29) fical wherein Pexp
represents a value of f3 that is calculated according to F /113 - Al
using F, A, and B determined from actually measured values, and IR 



r cal represents a value of [3 that is calculated from the right side
in the equation (14) using values of a and b obtained by correlation
of actually measured values. For detailed information, see Patent
Documents 1 and 2 and Non-patent Document 4. In this context, Patent
Documents 1 and 2 show examples using a pressure P, in addition to
the use of the equation (15) as an equation that defines F. The step
of defining F using a pressure P includes a calculation process for
optimization according to the one-parameter Margules equations (17)
and (18) in the determination of the value of F, and thus requires
more complicated calculation than the step of defining F using the
vapor-phase mole fraction of component 1 according to the equation
(15). Thus, the present invention employs the step of defining F
using the equation (15) since the step is simple and clear. Further,
the cumulative frequency distribution of the number of binary systems
for the value of H is shown in Non-patent Document 4 and is helpful
in the selection of the value of H. [0068] Preferably, the
correlation of X with Y1 and Y2 is performed according to the
following procedures (i) to (v):  - 20 -  (i) Collection of
literature data;  (ii) Determination of binary parameters A and B
using an activity coefficient equation most representing phase
equilibrium data;  (iii) Determination of a thermodynamic consistency
line;  (iv) Determination of X vs. Y1 and X vs. Y2 correlation
functions; and  (v) Correlation of X vs. Y1 and X vs. Y2
relationships. Hereinafter, each of these steps will be described
more specifically. (i) Collection of literature data         First, a
binary system for obtaining phase equilibrium relationship is
identified from components in a compound that is subject to
separation or refining. For this binary system, existing
vapor-liquid, liquid-liquid, or solid-liquid equilibrium data is
collected. (ii) Determination of binary parameters A and B using an
activity coefficient equation        For data sets of each binary
system, for example, for VLE data sets, binary parameters A and B are
determined using the Margules equations (4) and (5) which most
represent constant-temperature P-x data and constant-pressure T-x
data. In this case, A and B can also be determined using
constant-temperature P-x-y data and constant-pressure T-x-y data as
well as x-y data. In general, constant-temperature P-x data and
constant-pressure Tx data are regarded as being highly accurate
(Non-patent Document 3) and as such, are preferably used.
Alternatively, other activity coefficient equations, such as the
UNIQUAC, Wilson, NRTL, van Laar, and Wohl equations, can be used
instead of the Margules equation. When the UNIQUAC equation is used
as an activity coefficient equation, a binary parameter rij
(consisting of 712 and 721) is determined according to the equation
(38). When the Wilson equation is used, binary parameters Al2 and A21
are determined according to the equations (36) and (37). In this
case, the binary parameters may be converted to infinite dilution
activity coefficients to determine the values of A and B. For
example, when the UNIQUAC equation is used, a binary parameter rij
(consisting of TI2 and 721) can be used to determine an infinite
dilution activity coefficient according to the equation (42), thereby
determining binary parameters A and B according to the equations (6)
and (7). Important is to use an 



- 21 - activity coefficient equation most representing phase
equilibrium data. (iii) Determination of a thermodynamic consistency
line        From the values of A and B, each p in the equation (29)
is determined according to the equation (14). Then, p is plotted
against a pressure P or an average vapor pressure n rs,ave on a
log-log paper to identify data for which a relative difference H
according to the equation (29) converges within a predetermined error
range (e.g., within 1%), as a highly reliable data, to obtain a
thermodynamic consistency line. From the highly reliable data,
constants a and b in the equation (14) are defined based on the
obtained thermodynamic consistency line. In this context, it is not
required to use a thermodynamic consistency line when correlation
accuracy described below in (iv) is high. (iv) Determination of X vs.
Y1 and X vs. Y2 correlation functions        Since both X vs. Y1 and
X vs. Y2 relationships exhibit high data convergence, function forms
well representing them are selected. In this regard, for example,
polynomials relating to X can be selected. Specifically, the
following equations (30) and (31) hold in relatively many cases:
[0069] [Formula 30] =s10 + si iX + si2X 2  Si3 ln(1 + X) [0070]
[Formula 31] Y2 = S20 S21X S22X 2  S23 Ilia + X)(31) wherein 510 to
S23 represent correlation constants. In the case of a small number of
data points, the number of terms can be decreased in the equations
(30) and (31). Also, sio and s20 may be excluded in a low-temperature
region in order to satisfy the thermodynamic requirements of Y10 and
Y2 ---> 0 in X -> 0. Alternatively, correlation based on 



logarithmic functions of the following equations can be used in many
cases: [0071] [Formula 32] Y1 =s11 Xs12(32) [0072] [Formula 33]  - 22
- V2 = s7ir22(33)        To improve correlation accuracy in the
determination of these correlation functions, when Y1 or Y2 has a
negative value (azeotropes are formed), these correlation functions
are preferably determined with the values of Y1 and Y2 that are
accompanied with negative signs. (v) Correlation of X vs. Y1 and X
vs. Y2 relationships Reliable data and, by extension, correlation
functions are selected in consideration of data consistency based on
the thermodynamic consistency line. Then, X vs. Y1 and X vs. Y2
relationships are individually correlated. Alternatively, X vs. Y1
and X vs. Y2 relationships and P vs. p relationships may be optimized
simultaneously, including the thermodynamic consistency line.
Specifically, correlation constants (so, to s23) can be determined to
achieve the minimum absolute value of the difference between Y1, Y2,
and 13 determined from actually measured values and the corresponding
values determined according to the correlation equation. From these X
vs. Y1 and X vs. Y2 correlations, one set of infinite dilution
activity coefficients (or binary parameters A and B) is determined
according to the equations (24) and (25). [0073] Specifically, the
present invention also relates to a method for prediction of binary
phase equilibrium data, comprising newly calculating binary phase
equilibrium data (or experimental error-free phase equilibrium
relationship) using the values of the infinite dilution activity
coefficientsand 72' or binary parameters A and B calculated by the
method for correlation of binary phase equilibrium data of the
present invention. [0074] As described above, in the present
invention, the converged X vs. Y, and X vs. Y2 relationships can be
correlated by the procedures (i) to (v). Phase equilibrium can be
predicted using one set of infinite dilution activity coefficients
(or binary parameters A and B) obtained on the basis of this
correlation. The new phase equilibrium data thus obtained can be used
in the design of a component separator or refiner (plant) or the
control 



of an existing refining plant to refine various chemicals, petroleum,
natural gases, etc. Thus, the design of a refining plant or the
control of an existing refining plant can be performed in a  - 23 -
more precise manner than conventional methods. [0075] Thus, the
present invention provides even a method for designing or controlling
a component separator or refiner using the binary phase equilibrium
data obtained by the method for prediction of binary phase
equilibrium data of the present invention. [0076] Hereinafter, one
example will be shown as the procedures of designing or controlling a
component separator or refiner using the data obtained by the method
for prediction of binary phase equilibrium data.  (vi) Determination
of variables necessary for design        Variables necessary for
apparatus or operational design are determined from among
temperature, pressure, liquid-phase mole fractions, and vapor-phase
mole fractions. The obtained values are added to design conditions.
(vii) Determination of infinite dilution activity coefficients
appropriate for the design conditions        The correlations
determined above in (v) are used to determine the values of infinite
dilution activity coefficients (values of A and B) appropriate for
the design conditions obtained in (vi).  (viii) Calculation of phase
equilibrium relationship        The phase equilibrium relationship
(temperature, pressure, and mole fractions in each phase) is
calculated using the equation (1) on the basis of the design
conditions and the infinite dilution activity coefficients.
Preferably, the activity coefficient equation used in the parameter
determination of (ii) is used as this activity coefficient equation.
(ix) Calculation of phase equilibrium relationship using the
homologous series method for a system on which phase equilibrium data
has not been found        Although the phase equilibrium relationship
is necessary, its data may not be found. In such a case, the
procedures (i) to (vii) are repeated for homologous series to
determine infinite dilution activity coefficients or binary
parameters A and B for the homologous series. For example, when
reliable vapor-liquid equilibrium data cannot be found for the
pentanol (1)-water (2) system, infinite dilution activity
coefficients are determined for the alkanol (1)-  



- 24 - water (2) systems using existing data on the methanol-water
system, the ethanol-water system, ..., the octanol-water system.
These values are plotted against the number of carbon atoms in
alkanols or the molecular surface areas of alkanols. The infinite
dilution activity coefficients for the pentanol (1)-water (2) system
are determined by interpolation or extrapolation. Subsequently, the
phase equilibrium relationship is calculated according to the step
(viii). [0077] The phase equilibrium relationship in the steps (viii)
and (ix) encompasses: VLE relationships such as (a) P-x
relationships, (b) P-y relationships, (c) x-y relationships, (d) y/x
distribution ratios, and (e) azeotropic points; and LLE relationships
such as (f) mutual solubility and (g) liquid-liquid distribution
ratios. [0078] Preferably, the equation (22) is used as an
independent variable X for the selection of correlation functions in
the step (iv). Alternatively, vapor pressures pis + P2s, or pis for
the nearly asymmetric system, or hypothetical vapor pressure (e.g., a
fixed multiple of pis) may be used instead of X. Specifically, for
the abscissa according to the present invention, it is absolutely
necessary to select the sum Pis + p2, of vapor pressures or an
average vapor pressure I)           s,ave Also preferably, the
equations (24) and (25) are used for Y1 and Y2, respectively.
Alternatively, the denominator introduced for the
nondimensionalization of infinite dilution pressure gradients may be
removed, or nondimensionalization may be performed in a manner
different from the equations (24) and (25). Also, non-ideality
parameters different from the equation (28) may be defined to
determine infinite dilution pressure gradients. In order to obtain
the correlations, the abscissa and the ordinate may be exchanged
therebetween for data correlation, as described above. [0079] In
these procedures (i) to (ix), data calculation can be performed using
a computer. This computational calculation is carried out, for
example, by a method comprising the steps of: recording existing
binary phase equilibrium data input to a computer through an
information input unit, on a phase equilibrium information recording
unit in the computer; calculating an index X of proximity ratio to
critical points and infinite dilution pressure gradients Yi and Y2 by
means of a phase equilibrium correlation unit in the computer on the
- 25 - basis of the binary phase equilibrium data output from the
phase equilibrium information recording unit, and correlating the
obtained index X of proximity ratio to critical points with the
infinite dilution pressure gradients Y [ and Y2 to calculate infinite
dilution activity coefficients 71 and y2' or binary parameters A and
B from the X-Y1 correlation and the X-Y2 correlation, respectively;
inputting the thus-obtained infinite dilution activity coefficients
71" and 72' or binary parameters A and B to a phase equilibrium
prediction unit in the computer to newly predict binary phase
equilibrium data; and inputting the calculated new binary phase
equilibrium data to a component separator/refiner design/control unit
to design or control the component separator or refiner. [0080] In
this method, one set of infinite dilution activity coefficients (or
binary parameters A and B) is calculated by means of the phase
equilibrium correlation unit. Preferably, in the step of defining X,
Y1, and Y2, the equation (22) is used for calculating X while the
equations (24) and (25) are used for calculating Y1 and Y2.
Preferably, before inputting the phase equilibrium information to the



[0082] Also, phase equilibrium can be predicted by the same operation
as in the conventional group contribution method using the values of
infinite dilution activity coefficients (or binary parameters A and
B) obtained by the correlation method and the method for prediction
of phase equilibrium of the present invention. The data obtained by
the method of the present invention contains the values of A and B
more accurate than numeric values used in calculation according to
the conventional group contribution method. Thus, the method of the
present invention can produce data more highly accurate than that in
the conventional group contribution method. Thus, in the calculation
method described above, also preferably, the calculation of design or
control information is further provided with the step of inputting
the data to a group contribution method calculation unit to calculate
infinite dilution activity coefficients (or binary parameters A and
B) for atomic groups involved in the group contribution method. The
thus-calculated information of infinite dilution activity
coefficients (or binary parameters A and B) for atomic groups is
input to the component separator/refiner design/control unit to
design or control the component separator or refiner. The group
contribution method permits convenient calculation of the component
separator/refiner design or control information and as such, is often
utilized for the conventional rough calculation in the component
separator/refiner (e.g., distillation column, extraction column, or
crystallizer) design/control unit. Thus, such a method is also
recommended for the present invention. As a matter of course, the
calculation of design or control information is not limited thereto.
[0083] The apparatus for designing or controlling a component
separator or refiner such as a distillation column, an extraction
column, or a crystallizer comprises: (1) a phase equilibrium
information recording unit which receives existing binary phase
equilibrium data input to a computer through an information input
unit; (2) a phase equilibrium correlation  - 27 - unit which
calculates an index X of proximity ratio to critical points and
infinite dilution pressure gradients Y1 and Y2 on the basis of the
binary phase equilibrium data output from the phase equilibrium
information recording unit, and correlates the obtained index X of
proximity ratio to critical points with the infinite dilution
pressure gradients Y1 and Y2 to calculate infinite dilution activity
coefficientsand y2' or binary parameters A and B from the X-YI
correlation and the X-Y2 correlation, respectively; (3) a phase
equilibrium prediction unit which receives the input of the infinite
dilution activity coefficients yl' and 72' or binary parameters A and
B output from the phase equilibrium correlation unit to newly predict
binary phase equilibrium data; (4) a component separator/refiner
design/control information calculation unit which receives the input
of the calculated new binary phase equilibrium data output from the
phase equilibrium prediction unit to calculate component
separator/refiner design or control information; and (5) a component
separator/refiner design/control unit which designs or controls the
component separator or the refiner on the basis of the information
calculated through the component separator/refiner design/control
information calculation unit. The apparatus for designing or
controlling a component separator or refiner may be provided, if
necessary, with a data output apparatus such as a printer or a liquid
crystal display. In this apparatus, a networked remote computer may



predicting new binary phase equilibrium data using the calculated
values of the infinite dilution activity coefficients yi" and 72' or
binary parameters A and B. [0088] [2]The method for correlating or
predicting binary phase equilibrium data according to [1] above,
wherein the index X of proximity ratio to critical points is
calculated according to the equation (22): [0089] [Formula 34] x =
P15 P2s  P cl+ P 25(22) wherein Pei represents the critical pressure
of a lighter component in the binary system; and Pis and p2,
represent the vapor pressures of components 1 and 2, respectively, at
a temperature T, and the infinite dilution pressure gradients Y1 and
Y2 are calculated according to the equation (24): [0090] [Formula 35]
veY1 Pls P 2s  - P cl -P2s(24) and the equation (25): [0091] [Formula
36]  - 29 - 



V2Pls 72cP2s  2P cl P 2s (25)  wherein yr represents the infinite
dilution activity coefficient of component i in the liquid phase; and
Pei, pis, and p2, are as defined in the equation (22). [0092] [3]The
method for correlating or predicting binary phase equilibrium data
according to [1] above, further comprising evaluating the
thermodynamic consistency of the X-Y1 and X-Y2 correlation data
according to the following equation (29), and correlating X with Y1
and Y2 using only thermodynamically consistent data: [0093] [Formula
37] H_ R fiexp "'cal &al (29) wherein Pexp represents a value of p
that is calculated according to F / IB - Al using F, A, and B
determined from actually measured values; and r- cal represents a
value of P that is 



calculated from the right side in the following equation (14) using
values of a and b obtained by correlation of actually measured
values: [0094] [Formula 38] = aPb (14) wherein A and B represent
binary parameters; F represents deviation from A = B in the
one-parameter Margules equation; P represents a pressure or an
average vapor pressure; and a and b represent constants specific for
the binary system. [4]A method for designing or controlling a
component separator or a refiner, comprising the steps of: recording
existing binary phase equilibrium data; implementing the method for
correlating or predicting binary phase equilibrium data  - 30 -
according to [1] above; and        inputting the calculated new
binary phase equilibrium data to a component separator/refiner
design/control unit to design or control the component separator or
the refiner. [0095] [5]The method for designing or controlling a
component separator or refiner according to [4] above, wherein the
index X of proximity ratio to critical points is calculated according
to the equation (22): 



[0096] [Formula 39] Pi + P2  Peid-P2,(22) wherein Pi represents the
critical pressure of a lighter component in the binary system; and
Pis and p2s represent the vapor pressures of components 1 and 2,
respectively, at a temperature T, and the infinite dilution pressure
gradients Y1 and Y2 are calculated according to the equation (24):
[0097] [Formula 40] vPls P2s  -D cl-P2s(24) and the equation (25):
[0098] [Formula 41] yPls -112cP2s  P cl -P2s(25) wherein yr
represents the infinite dilution activity coefficient of component i
in the liquid phase; and Pei, pis, and p2, are as defined in the
equation (22). [0099] [6]The method for designing or controlling a
component separator or refiner according to [4] above, further
comprising evaluating the thermodynamic consistency of the 



-31 - X-Y1 and X-Y2 correlation data according to the following
equation (29), and correlating X with Y1 and Y2 using only
thermodynamically consistent data: [0100]  - 32 - [Formula 42] fiexp
18cal  fical wherein 13,"1, represents a value of p that is
calculated according to F / IB - Al using F, A, and B determined from
actually measured values; and 13cal represents a value of 13 that is
calculated from the right side in the following equation (14) using
values of a and b obtained by correlation of actually measured
values: [0101] [Formula 43] = aPb (14) wherein A and B represent
binary parameters; F represents deviation from A = B in the
one-parameter Margules equation; P represents a pressure or an
average vapor pressure; and a and b represent constants specific for
the binary system. [7]The method for designing or controlling a
component separator or refiner according 



to [4] above, wherein the infinite dilution activity coefficients
710' and 72' or the binary parameters A and B are data from a
plurality of systems of homologous series, and infinite dilution
activity coefficients 71' and 727 or binary parameters A and B in
other systems of homologous series are predicted from the data from a
plurality of systems of homologous series. [0102] [8]The method for
designing or controlling a component separator or refiner according
to [4] above, further comprising calculating infinite dilution
activity coefficients or binary parameters for atomic groups from the
calculated infinite dilution activity coefficients    and 72' or
binary parameters A and B, and predicting new binary phase
equilibrium data based on the calculated infinite dilution activity
coefficients or binary parameters for atomic groups.  -33 - [0103]
[9]A program for designing or controlling a component separator or a
refiner, the program allowing a computer having an arithmetic
processing unit and a data storage unit or a networked computer
having an arithmetic processing unit and a data storage unit to
function to implement the method for designing or controlling a
component separator or refiner according to [4] above, the method
comprising the steps of: storing existing binary phase equilibrium
data on the data storage unit;        outputting the binary phase
equilibrium data from the data storage unit to the arithmetic
processing unit and a predetermined arithmetic expression stored on
the data storage unit in advance, substituting the binary phase
equilibrium data into the arithmetic expression by means of the
arithmetic processing unit to calculate an index X of proximity ratio
to critical points and infinite dilution pressure gradients Y1 and
Y2, correlating the obtained index X of proximity ratio to critical
points with the infinite dilution pressure gradients Y1 and Y2, and
calculating infinite dilution activity coefficientsand 72' or binary
parameters A and B from the X-Y, correlation and the X-Y2
correlation, respectively;        processing the infinite dilution
activity coefficients 71 and 72' or the binary parameters A and B to
predict new binary phase equilibrium data; and        calculating
information for designing or controlling the component separator or
the refiner from the new binary phase equilibrium data. [0104] [10]An
apparatus for designing or controlling a component separator or a
refiner, comprising: 



a phase equilibrium information recording unit which receives
existing binary phase equilibrium data input to a computer through an
information input unit;        a phase equilibrium correlation unit
which calculates an index X of proximity ratio to critical points and
infinite dilution pressure gradients Y1 and Y2 on the basis of the
binary phase equilibrium data output from the phase equilibrium
information recording unit, and correlates the obtained index X of
proximity ratio to critical points with the infinite dilution
pressure gradients Y1 and Y2 to calculate infinite dilution activity
coefficientsand 72' or binary parameters A and B from the X-Y1
correlation and the X-Y2 correlation, respectively;  - 34 -        a
phase equilibrium prediction unit which receives the input of the
infinite dilution activity coefficients yi' and y2' or binary
parameters A and B output from the phase equilibrium correlation unit
to predict new binary phase equilibrium data;        a component
separator/refiner design/control information calculation unit which
receives the input of the new binary phase equilibrium data output
from the phase equilibrium prediction unit to calculate component
separator/refiner design/control information; and        a component
separator/refiner design/control unit which designs or controls the
component separator or the refiner on the basis of the information
calculated through the component separator/refiner design/control
information calculation unit. [0105] [11]The apparatus for designing
or controlling a component separator or refiner according to [10]
above, wherein the index X of proximity ratio to critical points is
calculated according to the equation (22): [0106] [Formula 44] x Pis
+ P2s  Pcl+P2s(22) wherein Pc, represents the critical pressure of a
lighter component in the binary system; and Pis and P2s represent the
vapor pressures of components 1 and 2, respectively, at a temperature
T, and the infinite dilution pressure gradients Y1 and Y2 are
calculated according to the equation (24): 



[0107] [Formula 45] Y -2s  _rYi Pis P P ci-P2s(24) and the equation
(25): [0108]  - 35 - [Formula 46] co = Pis 111 2 P2s  Y,  P cl P2s
wherein yr represents the infinite dilution activity coefficient of
component i in the liquid phase; and Pei, pis, and p2, are as defined
in the equation (22). [0109] [12]The apparatus for designing or
controlling a component separator or refiner 



according to [10] above, further comprising evaluating the
thermodynamic consistency of the X-Y1 and X-Y2 correlation data
according to the following equation (29), and correlating X with Y1
and Y2 using only thermodynamically consistent data: [0110] [Formula
47] H Pexp  fical(29) wherein f3exp represents a value of that is
calculated according to F / IB - Al using F, A, and B determined from
actually measured values; and Ns] represents a value of P that is
calculated from the right side in the following equation (14) using
values of a and b obtained by correlation of actually measured
values: [0111] [Formula 48] F aPb fl - B - (14) wherein A and B
represent binary parameters; F represents deviation from A = B in the
one-parameter Margules equation; P represents a pressure or an
average vapor pressure; and a and b represent constants specific for
the binary system. [13]The apparatus for designing or controlling a
component separator or refiner according to [10] above, wherein the
infinite dilution activity coefficients y1' and 727 or binary
parameters A and B calculated through the phase equilibrium
correlation unit are data  - 36 - 
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