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ABSTRACT

Title of Thesis: Prediction and Correlation of Ligquid-Liquid Equilibria
Jose Simonetty Jr., Master of Science, 1981

Thesis directed by: Dimitrios Tassios, Profesgsor of Chemical Engineering

The NRTL, LEMF, and UNIQUAC models are used in the prediction and
correlation of liquid-liquid equilibrium data for ten type I systems.
The results indicate that best predictions are obtained with the LEMF
equation, with an overall average absolute percentage error in distri-
bution coefficients of 19.5 as compared to 23,0 and 24.7 with the NRTL
and UNIQUAC equations, respectively. Good correlation of ligquid-liguid
equilibrium data alone is obtained with all three models; the LEMF equa-
tion is slightly better with an overall average absolute percentage error
in distribution coefficients of 5.5 as compared to 6.7 and 5.9 for the
NRTL and UNIQUAC equations, respectively. The same applies for the simul-
taneous correlation of liguid-ligquid and binary vapor-liquid equilibrium
data, where the combined errors for the distribution and activity coeffi-
cients are: LEMF, 6.5; NRTL, 8.8; and UNIQUAC, 8.2. In all cases best
results are obtained for systems having large mutual solubilities, and

become progressively worse as the mutual solubility decreases.
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CHAPTER I

PREDICTION OF LIQUID-LIQUID EQUILIBRIA

1. Introduction

Prediction of multicomponent liquid-liquid equilibrium (LLE) is of
importance in chemical engineering applications such as gxtraction
when no experimental LLE data is available in the literature. Several
authors, using different models for the excess Gibbs free energy, have
dealt with this problem with varying degrees of success (Renon and Pra-
usnitz, 1968; Joy and Kyle, 1969; Marina and Tassios, 1973; Hiranuma,
1974; Van Zandijcke and Verhoeye, 1974; Abrams and Prausnitz, 1975;
Nagata and Ogura, 1975; Tsuboka and Katayama, 1975; Nagata and Nagashi-
. ma, 1976; Sugi et al., 1976; DeFre and Verhoeye, 1977; Sugi and Kataya-
ma, 1977; Sugi and Katayama, 1978; Anderson and Prausnitz, 1978; Soeren-
sen et al., 1979; and Tochigi et al., 1980).

Ternary LLE systems are classified according to the number of partia—.
11y miscible binary systems (PMBS) into three types: type I (one PMBS),
type II (two PMBS), and type III (three PMBS). Type III systems are
rarely found in chemical engineering applications, and type II systems
can be successfully handled in terms of prediction with the models used
by the above authors; therefore this work is focused on type I systems
only. An evaluation of the prediction performance of the most success-
ful models (NRTL, Renon and Prausnitz, 1968; LEMF, Marina and Tassios,
1973; and UNIQUAC, Anderson and Prausnitz, 1978) suggests that it would
be convenient to classify type I systems into three categories (Ia, IB,

and IC) according to the breadth of the two-phase region as shown in



Figure 1 given in Appendix A, To complete this classification it is
proposed that the mutual solubility ranges presented in Table I given
in Appendix B, and chosen soﬁewhat arbitrarily, be used.

A survey of the related literature reveals an uncertainty in the
degree of success of the three models (NRTL, LEMF, and UNIQUAC) in pre-
dicting LLE for the type IA, IB, and IC systems., For example, the work
of Renon and Prausnitz (1968) indicates that good predictions with the
NRTL equation can be obtained when mutual solubilities are not too small
(greater than 0,05 mole fraction), and the work of Marina and Tassios
(1973) with the LEMF equation suggests the same conclusion. However,
Joy and Kyle (1969), and Anderson and Prausnitz (1978) conclude that
best predictions with the NRTL and UNIQUAC equations, respectively, are
obtained for systems having very small matual soclubilities. To elimi-
nate this uncertainty, the performance of the three models in predic-
ting LIE for types IA, IB, and IC systems is investigated here. 1In
addition, the work of Soerenéen et al. (1979) evaluates the performance
of the NRTL and UNIQUAC equations in predicting LLE for seven systems.
Since only seven systems were investigated they do not make any conclu-
sions with regard to which equation is best. The work of these authors
did not include the LEMF equation. Thus it is the first objective of
this thesis to evaluate the performance of the three models in predic-
ting LLE as a function of the type (IA, IB, and IC) of the system. Ten
systems are examined for this purpose (Table II), four of which are of

the type IA, three of the type IB, and three of the type IC.



2. The Models

The multicomponent expressions for the activity coefficient ('7;)

for the NRTL and LEMF equations are given by:

n

n
Z T41%351%; n ZXlTl,lej

X.G

_ 3= ij =1
1n 'Yi) = + Z .__.__.._...j - T, -
ij

n n n
3=
G .
Z i Z Cpess ZijXk
=1 k=1 k=1

cecoscsscses (1-1)

where n = number of components

Qs = By
€31 = &3

£§gji = (gji - gii)’ binary parameter

Xi = mole fraction of component i
NRTL: aij = 002, 003, 004, 0047 (1-2)
LEMF: c(ij = -1.0 (1-2a)

The choice of Czij in the NRTL equation is accomplished according to

the rules of Renon and Prausnitz (1968).



For the UNIQUAC equation:

1n( ’Yl) = 1n(§i/ Xi) + (z/2)qiln( Gi/@i) +1, - (@l/ Xi)Zlej -

J

q;].n( Z 83 731) + q; - qlz J 1ij (1=3)
J

NS
k

where lj = (z/2)(rj - qj) - (rj -1)

z = 10
Augs = (uij - ujj)’ binary parameter
Tij = exp(-Auij/RT)
r.X,
it
b, ——
r.X
Z 3
b
;%5
61 =
K,
ZqJ 3
J
[
0, qixl
i
1
X,
ZqJ J
J

and r, q, and q' are pure component constanis.



Table III gives the values of r, q, and q' for the components under
investigation, Notice that for components other than water and al-
cohols, ¢ = q's. The original UNiQUAC model as developed by Abrams
and Prausnitz (1975) did not perform as well for systems containing
water or alcohols, as compared to systems containing only hydrocarbons
or where the OH group is not present. To improve the performance of
the UNIQUAC model for systems containing water or alcohols, Anderson
and Prausnitz (1978) decided to empirically determine the value of a,
which is now q', in the residual part of the model.

In all these models, only binary parameters are included which can
be evaluated from the appropriate binary data and then be used for

prediction purposes.

3. Procedure

Prediction of ternary LIE is accomplished by determining the binary
parameters in the models from the appropriate binary data. These pa-
rameters and models are then used to calculate the compositions at
equilibrium. The predicted results are evaluated in terms of the

average absolute percentage error in distribution coefficients, Q:

Q = (1-4)




where
N
exp _ .cal
Ki Ki
X 100
j= Ry 3
Q. = 1=
Q (1-5)
N
(i =1, 2, 3)
and

Ki = iI/Xi y the distribution coefficient of component i

XII, X? = mole fraction of component i in phase II and I,

1 respectively.
N = number of tie-lines

exp, cal = experimental and calculated values, respectively

This approach yields a better picture of the gquality of the predicted
results as compared to a {triangular plot, for while small differences

in compositions are not visible if plotted on triangular coordinates
they may lead to large errors in K in the lower sections of the binodal
curve. For example, assume that the predicted results are: Xg = 0,01
and Xéx = 0,95, as compared to the experimental values of 0.015 and 0.95,
respectively., While the error in Xg is only 0.005, and it would hardly
be noticible in a triangular plot, the error in K, is 50%.

The following procedure was used in the prediction of ternary LIE.



From thermodynamics it is known that when two phases are in eqﬁili—

brium, then:

S (1-6)
1 1

where fi and ?il are the fugacities of component i in the liquid

phases I and II, respectively. The liquid phase fugacity is given by:

Iy o)
£, = Xi')’ifi (1-7)
where
Xi = mole fraction of component i

activity coefficient of component i

o=
i

standard state fugacity of pure component i evaluated
at the temperature of the system and at some specified
pressure

s
]

When equation (1-7) is substituted into equation (1-6) one obtains

equation (1-8).

I 1T
V) =&7T) (1-8)
For the case of termary LLE equation (1=8) becomes:

I 11
xY) =& (1-9)

I i1
(x,7,) = (x,7,) (1-10)

I II
(x5 = (x5 )5) (1-11)



"Two additional relationships exist,

I I I
Xk -o (1-12)
II 1I 1T
x3 =1-X" =X (1-13)

According to the Gibbs phase rule
F=n+2-q) (1-14)

where

F = degrees of freedom

n = number of components

¢

In ternary LIE n = 3 and (b = 2, therefore F = 3, Thus we can specify

number of phases

the temperature, pressure, and one of the compositions. As a result
it is possible to solve equations (1-9) through (1-13) for the remai-
ning five compositions. For this purpose the activity coefficients in
equations (1-9) through (1-11) are expressed with the NRTL, LEMF, and
UNIQUAC equations, using the binary parameters obtained from the corres-
ponding binary data.

The LLE predictions were realized using the nonlinear regression

subroutine LSQ2 (Gardner, 1967) by minimizing the function:

I 1T
E = (1-15)
I 1T




Equation (1-15) contains the term (Xi - Xil) to avoid convergence to

the trivial solution xi = xit

;e The computer program TLLE given in

Appendix C was used to perform these calculations.
Evaluation of the binary parameters was carried out using the follo-
wing minimization functions., For the two miscible binaries, equation

(1-16) was used:

M
[ exp cal = 2 exp _ ~scal] 2 172
1 - 2 2
exp + ,),exp
" 1 i 2 i
i=1 5
H = (1'—1 6)
2M - 1
\ /

where M is the number of data points. The experimental activity coe-
fficients were calculated by the method outlined by Prausnitz et al.
(1967), but the second Virial coefficients were calculated by the
correlation of Tsonopoulos (1974). The computer program that performs
these calculations can be found in the Master Thesis of Ordaz (1981).
The binary parameters in the NRTL and LEMF equations were determined
with the computer program found in the Master Thesis of Ordaz. For
the UNIQUAC equation the binary parameters were obtained with the pro-
gram REGRESS-~UNIQUAC given in Appendix C., The binary parameters for
the PMBS were determined from the mutual solubility data by minimizing

equation (1-17),
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2 2 1/2

[z, 7’1)1 - (%, 7’1)11] + [ ’)’2)I - (XQYZ)H]

AR ERRNEE NN NN (1"17)

For the NRTL and LEMF equations these parameters were evaluated with
the program found in the PhD Thesis of Marina (1973). For the UNIQUAC
equation the parameters were determined with the computer program
OTILIA-UNIQUAC given in Appendix C. The binary systems under inves-
tigation are given in Table IV,

The quality of the binary VLE data was checked with the "area test",

in terms of the consistency index (C.I.) defined by equation (1-18),

c.I. = (1-18)

where Ap and An are the positive and negative areas, respectively,
when a plot of 1n(‘7;/‘7;) versus X1 is made. Table V gives the
consistency index for each of the binary systems used in the inves-
tigation., Notice that for the binary system acetone-TCE ai 755 mm Hg
and acetone-n-propyl acetate at 760 mm Hg, the consistency iq@ex is
very high. These set of data were used nevertheless since no other
data at these conditions could be found.

Here a set of binary VLE data has been arbitrarily assumed to be
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thermodynamically consistent if:
For isothermal data C.I. < 0,04
For isobaric data C.I. < 0.06

The reason for the above choice is now discussed, For isothermal data

the Givbs-Duhem equation takes the form of:

1 X1= 1
(=]
v
1n(71/7’2)dx1 = - dP (1-19)
RT
0 X=0

Since at low pressures, well removed from the critical point, the
right-hand side of equation (1-19) is close to zero, one would expect

then that iAPl = lAn +» However, since there are experimental

uncertainties inherent in the data, one must arbitrarily choose some
criterion by which to judge the quality of the data. Prausnitz (1969)
recommends that if C.I. f;0.0Z, then it is very likely that the data

is good. In addition, he states that for some systems the value of 0,02
is probably too small. For this reason the value of 0,04 has been :

‘chosen here.

For isobaric data the Gibbs-Duhem equation takes the form of:

1 1

1n( 71/ 7;>dx1

b ar (1-20)

]
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In general, one cannot assume that the right-hand side of equation
(1-20) is zero. Thus !API is not equal to IAn’ » As a result
one is forced to make an arbitrary choice by which to evaluate the
quality of a given set of data., For this reason, any set of data
where C.I. £ 0.06 is assumed to be thermodynamically consistent.
For isobaric data the limit of the consistency index is greater than
that for isothermal data due to the fact that, in general, the absolute
value of the right-hand side of equation (1-20) is greater than the
absolute value of the right-hand side of equation (1-19). Notice, how-
ever, that the "area test" is a necessary but not sufficient condition
by which to evaluate the quality of a given set of binary VLE data. To
check the quality of a set of binary isobaric VLE data we could also
have used the test of Herington (Herington, 1951). But since Hering-
ton's test is empirical and was tested only with mixtures of typical
organic liquids, it is probably not applicable to mixtures which are -
very different than those included in his work., As a result we felt
that for our investigation the use of this test was not justified.

The quality of the ternmary LLE data was checked with the test of Hand
(Hand, 1930), and by the smoothness of a plot of K3 versus Xé. The

test of Hand is based on equation (1-21),

I

1og1o(x31/x§_1) = k.Hlog1o(X§/X:1[) + o (1-21)

whexre kH and ¢, are constants. Therefore the above equation indicates

H
that when a plot of log10(X§I/X§I) versus log1o(X§/X§) is made, one
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should get a straight line, TFigures 2 through 11 show the results of
the Hand test for the ten systems. For all the systems it was not
necessary to eliminate any LLE data points since in every case the

points seem to lie near a straight line.

4. BResults and Discussion

The binary parameters for the three models as determined from the
binary data are given in Tables VI through VIII. As previously men-
tioned, prediction of ternary LLE starts with the specification of
the concentration of one of the components in one of the phases.

Table IX indicates that the specification of the concentration of -
different components and phases leads to results of different accuracy.
It appears that best resultis are obtained by specifying the composi-
tion of the component with the smallest mutual solubility in the phase
where it occurs (Xg), and it was used here. This should be expected
since, usually, the lower the concentration of component i, the larger -
the error in the predicted Ki' In addition, Table IX indicates that
specification of component 3 may lead to extremely poor results., The
predicted results for the ten systems with the three models are pre-
sented in Table X, It is evident that type IC systems are predicted
very poorly, which is in agreement with the observation of Renon and
Prausnitz (1968) with the NRTL equation, but not with that of Joy and
Kyle (1969) with the NRTL equation, or Anderson and Prausnitz (1978)
with the UNIQUAC equation. Reasonably good predictions are obtained
for type IA and IB systems with all three models. The LEMF equation,

however, gives somewhat better results with an overall average absolute
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percentage error in distribution coefficients (Q), for the four

type IA systems and three type IB systems, of 14.8 as compared to
17.9 and 19.0 with the NRTL and UNIQUAC equations, respectively.
Figures 12 through 21 present the predicted results for the ten
systems with the three models. For systems in which the Hand test
gave scattering of the LLE data, poor predictions were obtained as
compared to systems in which the Hand test showed no scattering of
the data. For example, the Hand test for systems 3, 4, and 8, all of
which are of the type IB, show that the quality of the LLE data for
gystem 3 is better than that for systems 4 and 8, and the quality of
the data for system 4 is better than that for system 8, and note that
the values of Q with the LEMF equation for systems 3, 4, and 8 are
9.1, 27.7, and 32.1, respectively, The same conclusion could have
been made if the results from the NRTL or UNIQUAC equations had been

used,

The wprk of Soerensen et ai.(1979) investigates the predicting per-
formance of the NRTL and UNIQUAC equations only. The LEMF equation
was not included in their work. In addition, these authors report
the results for seven systems with the UNIQUAC equation, and five sys-
tems with the NRTL equation. Since they obtained resultis for only a
small number of systems, no conclusion is made with regard to the per=-
formance of the two models. In this work three models are investigated
with ten ternary systems. Therefore we provide the process engineer
more information than Soerensen et al..

As previously mentioned, our results show that best LLE predictions

are obtained with the LEMF equation. However, as noted by Soerensen et
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al., it is possible that by choosing a different set of ten systems
the NRTL or UNIQUAC gquation may perform beifter than the LEMF equation.
A comparison of the plots of experimental K3 versus Xé (Figures 12
through 21) for the ten systems show that only for systems 1 and 8 the
curve exhibits a maximum. Tor the other eight systems a smooth curve
is obtained. It is important to note that for these two systems all
three equations did not predict the maximum (see Figures 12 and 19).
When the parameters obtained from the binary data were used to pre-
dict the binodal curves for the ten systems with each model,. it was
observed that the NRTL equation gave good prediction for system 5,
reasonable predictions for systems 1, 3, 4, 6, 7, 8, 9, and 10, and
poor prediction for system 2, The LEMF equation gave good predictions
for systems 2, 3, 6, 7, and 10, and reasonable predictions for systems
1, 4, 5, 8, and 9., The UNIQUAC equation gave good predictions for sys-
tems 6 and 8, and reasonable. predictions for the remaining systems. In
most cases the predicted binodal curves deviated mostly from the expe-

rimental curves near the plait point region.

5 Conclusions

In conclusion, it appears that reasonably good predictions for type_
IA and IB systems can be achieved with all three models, with the LEMF
equation yielding the better results. For iype IC systems, however,
the results are, in general, poor. Specification of Xé, the concen-
tration of the leasi soluble component in the phase where it occurs,

gives the best predictions, The quality of the results seem to improve



as we move from type IC to IB and then to IA systems. None of the

three models can predict a maximum in a plot of X, versus XI.

3 2
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CHAPTER II

CORRELATION OF LIQUID-LIQUID EQUILIBRIA

1. Introduction

Several investigators have used the NRTL, LEMF, and UNIQUAC equations
to correlate L1E data alone, or correlate binary VILE and ternary LIE
data simultaneously (Joy and Kyle, 1970; Cohen and Renon, 1970; Bender
and Block, 1975; DeFre and Verhoeye, 1976; Newsham and Vahdat, 1977;
Anderson and Prausnitz, 1978; and Soerensen et al., 1979). Their results
indicate that all three models may be used for this purpose. However,
the work of Soerensen et al. (1979) indicates that best LLE correlation
is obtained with the UNIQUAC equation rather ithan with the NRTL of
LEMF equations. However, they acknowledge that it is possible to obtain
best correlation with the NRTL or the LEMF equation if a different set
of systems is used in the investigation. In addition, several proce-
dures have been proposed for correlating the LLE data. For example,
Cohen and Renon (1970) used tie-line data and binary VIE data to deter-
mine three parameters per binary with the NRTL equation. Bender and
Block (1975) used binary VLE data, mutual solubility data, and K?(the
distribution coefficieht of the solute at infinite dilution) to corre-
late LIE data with the NRTL equation. DeFre and Verhoeye (1976) used
tie-line data alone to obtain two parameters per binary with the NRTL
equation. Finally, ‘Andersonand Prausnitz (1978) used binary VLE data

together with ternary LLE data to determine the six binary parameters

17
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in the UNIQUAC equation using the maximum likelihood principle.
Therefore, the second objective of this thesis is to evaluate the
performance of the three models and five methods for correlating

LLE data for type IA, IB, and IC systems,

2. Procedure

In this work, five methods for correlating LLE or LIE plus binary
VLE data with all three models are investigated. Methods I, II, and

V use LLE and binary VLE data, while Methods III and IV use LLE data

Only .

Method I: In this method the binary parameters for the PMBS (1-2
binary) are determined from the mutual solubility data. The binary
parameters for the 1-3 and 2-3 binaries are determined by simulta-
neously fitting the binary VLE data of the two miscible binaries with
Kga A somewhat similar method was used by Bender and Block (1975).

The value of K? was obtained by extrapolating to X3 = 0 a plot of K3

versus XI and X%I. If the number of tie-lines for a given system is

3
small, the extrapolation is generally poor and thus producing a large
uncertainty in the value of Kgi This uncertainty is then reflected on

the parameters for the 1-3 and 2-3 binaries.

Method II: Same as Method I but the actual tie-=line data is used in

place of Kgi

Method ITI: Same as Method II but no binary VIE data is used.
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Method IV: Here all six binary parameters are determined oy régressing
the tie-line data, not including the rmutual solubility data. This
method, used by DeFre and Verhoeye (1976), is important because in the
typical case the binary VLE data may not be available. DeFre and Ver-
hoeye used the NRTL equation to regress the LLE data for six and nine
parameters and found that the results for six and nine parameters were
about the same., For this reason we decided to regress for six parame-

ters only.

Method V: Binary VLE data and ternary LLE data are regressed simul-
taneously to determine six binary parameters. This method was used

by Anderson and Prausnitz (1978).

A summary of the five methods is given in Table XI.
Binary parameters were determined by regression with LSG2 (Gardner,

1967) using the following minimization function:

M
exp cal 2 exp cal 2
1 = Y3 'V
+
exp exp
& 1 i V3 i
B =
M
L
2 2
exp cal exp _a~cal
Y2 Y5 Y3
+
exp exp
i=1 2 i ’73 i
+ +
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a exp cal 2 exp cal 2 exp _cal 2
K1 - K1 K2 - K2 K3 - K3
e + e - * ex
X *P KE*P . KSXP
. 1 i 2 i 3 i
i=1
N
[ K ENE NN KN N N] (2"1)
whezre

M, I = number of VLE data points for the 1-3 and 2-3 binary
systems, respectively

N = number of ternary tie-~lines

Equation (2-1) minimizes the relative errors in distribution coeffi-
cients., Other authors minimize absolute errors in mole fractions.
Since in extraction calculations one is interested in the distribution
coefficients, we feel that our minimization function is more appropriate.
The work of Joy and Kyle (1970) also supports the use of equation (2-1).
They observed that whenever the solvent selectivity (the selectivity is
the ratio of two distribution coefficients) was accurately reproduced,
the binodal curve was also accurately calculated, but the inverse was
never observed.

The computer program TREG given in Appendix C was used to perform
the data correlation. Note that for Methods IIT and IV the first and
second terms in equation (2-1) are not present, and that in Method I

the last term is replaced by K;{ Once the binary parameters were cal-
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culated, the binodal curve was generated using the procedure out-
lined in Chapter I, and Q values were calculated using equations (1-4)

and (1-5). Errors in binary activity coefficients (G) are defined by:

¢ = (T, +52)/2 (2-2)
where
M
exp cal exp al
1 T ﬁY3 '“7?
+
£p 7,exp
- i=1 | 7/: 1 3 i
G = X 100
oM
SetesrosOTGS (2‘-3)
and
L exp cal. exp cal
2 TTr2 ‘7’3 -’Y3
+
exp exp
i=1 2 : e *
G, = X 100
2L

cocveeccnnes (2-4)
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3, Results and Discussion

The binary parameters for the three models with the five methods are
giveﬁ in Tables XII through XXVI. Notice that for all three models
the binary parameters for the 1-2 binary system with Methods III and IV
are, in general, the same. This shows that the binary parameters for
the 1~-2 binary calculated from the mutual solubility data alone are
essentially the same as those calculated from all the ternary LLE data,
Results for the performance of each model with each method are presen-
ted in Tables XXVII through XXXI, in terms of the average absolute per-
centage error in distribution coefficients (Q) and binary activity coe-
fficients (G). Figures 22 through 32 present plots of K3 versus Xé for
the ten systems with Method IV for each model. The following obserf
vations can be made about the five methods and each model.

Method I (Table XXVII) gives, in general, unreliable results probébly
because of the uncertainty in determining K?? even though the combined
values of Q and G for the ten systems are: NRTL, 13,.,8; LEMF, 14.7; and
UNIQUAC, 14.2.

Method IV (Table XXX) appears to provide the best correlation of the
LLE data. The values of Q for the NRTL, LEMF, and UNIQUAC equations
are: 6.7, 5.5, and 5.9, respectively, suggesting a slightly better per-
formance by the LEMF equation. And as in the case of prediction, im=-
proved performance is realized for all models as we move from type IC
to IB and then to IA systems. This method is much simpler than the
method used by Bender and Block (1975) since they also adjusted the
value of CX12 to fit the LILE data. A comparison, however, of the results

for the system water-TCE-acetone at 25 C, Figure 27, with those presented
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by Bender and Block for the same system, indicates that Méthod 1v,
while much simpler, yields results that are at least of equal quality.

The results obtained here show that best LLE correlation is obtained
with the ILEMF equation, while the work of Soerensen et al. (1979) indi-
cates that best LLE correlation is obtained with the UNIQUAC equation.
Two reasons may be responsible for the above difference. First, as
mentioned by the above authors, the conclusion one makes with regard
to the performance of a given activity coefficient equation depends on
the particular set of systems investigated. Second, these authors used
a different minimization function than the one used here. They minimi-
zed absolute errors in mole fraction, while here we minimized relative
errors in distribution coefficients.

The results for Q with Method III (Table XXIX) are: NRTL, 10.6; LEMF,
13.1; and UNIQUAC, 10.5., The results are, as expected, inferior to
those obtained by regressing for six parameters, Notice that whenever
the Hand test (Hand, 1930) showed little scattering of the LLE data,
better correlation of the LIE data with Methods III and IV was obtained
when compared to systems in which the Hand test showed considerable
scattering of the LLE data. For example, the Hand test for systems 3,
4, and 8, all of which are of the type IB, indicates that the gquality
of the LIE data for system 3 is better than that for systems 4 and 8, .
and the quality of the data for system 4 is better than that for system
8, and note that the values of Q with the UNIQUAC equation, with Method
1V, for systems 3, 4, and 8 are: 2.2, 9.4, and 12,2, respectively. A
similar conclusion could have been made if the NRTL equation had been
used, but not with the LEMF equation. We do not know why the LEMF equa-

tion does not follow this trend. If Method III and any of the three
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models had been used to make this comparison, the same conclusion
could be made.

Method V (Table XXXI) provides a much better correlation of the LIE
and binary VIE data than Method I and Method II (Table XXVIII). On
the basis of the combined values of Q and G with Method V for the ten
systems of 8.8, 6.5, and 8.2, for the NRTL, LEMF, and UNIQUAC equations,
respectively, it is evident that all three models perform well, with |
an advantage for the LEMF equation. Finally, the quality of the results
in fitting the tie-line and binary VLE data suggests that these parame-
ters may be used in the. prediction of multicomponent VIE, which is
important in three-phase distillation, WNotice, however, that the qua-
lity of fitting the tie~line data is not as good as that of Method IV.
Use of four parameters (Method II), again, gave inferior results with
combined values of Q and G of 11.9, 9.1, and 10.9 with the NRTL, LEMF,
and UNIQUAC equations, respectively. Notice that Figures 22 and 30
show that all three models can reproduce the K3 versus X2I data for
gystems exhibiting a maximum.

In the regression subroutine that determines the binary parameters
by minimizing equation (2-1), it is necessary to provide a starting
value for each parameter, For the PMBS the starting value used is the
set of parameters obtained from the mutual solubility data. For Methods
I, I, and V the starting value used is the set of parameters obtained
by fitting the corresponding binary data. However, in Methods III and
IV it was assumed that the binary VIE data is not available., Our pre-
liminary results indicated that while 0.0 as starting value for the pa-
rameters led 1o a good fit of the K data, the same parameters gave, on

occasions, poor prediction of binary activity coefficients for the 1-3
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and 2-3 systems., Iﬁ attempting to improve these predictions, starting
values corresponding to 'Y; =1.,3 at Xi = 0,5 were used since this is
what one may expect for a typical binary system. This approach indeed
led, in general, to better binary activity coefficients prediction,
while not affecting the fit of the X data, and was used for Methods ITI
and IV_with the exception of systems 2 and 8. For these two systems,
with Method IV, for the NRTL and LEMF equations, it was necessary to
use a different starting value (Table XXX). And as in the case of pre-
diction, Xg was specified with the exception of systems 2 and 9 (Tables
XXVIII through XXXI).

The binary parameters obtained with Methods IV and V were used to
calculate the binodal curves for all ten sysiems with each model. The
binodal curves calculated with Method IV with all three models for
the ten systems compared well with the experimental curves, including.
the plait point region. For Method V with the NRTL equation, good fit
of the curves for systems 5, 6, 7, and 8 was obtained, and reasonable
agreement for the remaining systems. The LEMF equation gave good fit
of the curves for systems 2, 3, 5, 6, 7, 8, and 9, and reasonable agree -
ment for the remaining systems. The UNIQUAC equation gave good fit
of the curves for systems 4, 5, 6, 7, 8, and 10, and reasonable agreement
for the remaining systems. As expected, the results from Method V are
not as good as those from Method IV since in Method V the minimization
function (equation 2-1) minimizes errors in distribution coefficients
and binary activity coefficients simultaneously, and in Method IV only

the former errors are minimized.
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4. Conclusions

Best correlation of LIE data alone is obtained by regressing for
the six binary parameters in the models (Method IV), with the LEMF
yielding somewhat better results. Simultaneous correlation of ternary
LLE and binary VLE data is best accomplished by regressing the data
for six parameters (Method V), with the LEMF equation giving the best
results. In all cases the quality of the results seems to improve as
we move from type IC to IB and then to IA systems. All models can

reproduce a maximum in a plot of K3 versus Xg.



APPENDIX A

THE FIGURES

This appendix contains Figures 1 through 32.
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Figure 1: The three categories of systems within the type I
classification.
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Figure 2:
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Figure 4: Hand's test for system 3.




Fi e 5: Hand's test for system 4.
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Figure 6: Hand's test for system 5.
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Figure 8: Hand's test for system 7.
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Figure 9: Hand's test for system 8.
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Figure 10: Hand's test for system 9.
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Figure 11: Hand's test for system 10.
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Figure 12: Plot of K5 versus X, for system 1 (prediction).
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Figure 13: Plot of K, versus Xg for system 2 (prediction).
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Figure 14: Plot of K3 versus Xg for system 3 (prediction).
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Figure 15: Plot of K5 versus Xé for system 4 (prediction).
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Figure 16: Plot of K3 versus X2 for system 5 (prediction).
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Figure 17: Plot of K3 versus X2 for system 6 (predlctlon).
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Figure 18:
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Figure 19: Plot of K5 versus X; for system 8 (prediction).
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Figure 20: Plot of K3 versus X‘;: for system 9 (prediction).

® experimental
O NRTL

A LEMF

O UNIQUAC

7.0

6.0 -

4.0 -

2.0 - U
o

1.0 Y
6.0 10.0 15.0 20.0 25.0




48

. I s s
Figure 21: Plot of K3 versus X2 for system 10 (predlctlon).
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Figure 22: Plot of K3 versus X2 for
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Figure 23: Plot of K, versus Xt for system 2 (Method IV).
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Figure 25: Plot of K3 versus Xg for system 3 (Method IV).
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Figure 26: Plot of K3 versus X, for system 4 (Method IV).
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e 27: Plot of K3 versus Xg for system 5 (Method IV).
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Figure 28: Plot of K3 versus Xg for system 6 (Method IV).
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Figure 30: Plot of K5 versus Xg for system 8 (Method IV).
#® experimental
O NRTL
H LEMF
O UNIQUAC

6.0

5.0 =

4.0

K

3

340 =

200 -

1.0 ' ‘ T \

5.0

10.0 15.0 20,0

%% x 10°




Figure 31: Plot of K3 versus X:2[ for system 9 (Method IV).
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Figure 32:

Plot of K

versus Xg for system 10 (Method IV).
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APPENDIX B

THE TABLES

This appendix contains Tables I through XXXI,
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Table I: Mutual Solubility Ranges Used to Classify Systems as Type
IA, IB, and IC,

System Type Xg XII
2

IA 7 0.01 < 0.86

1B > 0.01 > 0.86

IC < 0.01 >0.99




Table II: Ternary Systems.
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System System # Type Reference
water(1)-ethyl acetate(2)- 1 TA Griswold
ethanol(3) at 70 C (1949)
water(1)=-benzene(2)- 2 Ic Bancrofi
ethanol(3) at 25 C (1942)
acetonitrile(1)-n-heptane 3 1B Palmer
(2)-benzene(3) at 45 C (1972)
cyclohexane(1)=-nitromethane 4 1B Weck
(2)-benzene(3) at 25 C (1954)
water(1)-TCE(Z)Eacetone(S) 5 ic Treybal
at 25 C (1946)
water(1)-methyl acetate(2) 6 IA Venkataratnam
-acetone(3) at 30 C (1957)
water(1)-ethyl acetate(2)- 7 IA Venkataratnam
acetone(3) at 30 C (1957)
water(1)-n—propyl acetate 8 1B Venkataratnam
(2)-acetone(3) at 30 C (1957)
water(1)-benzene(2)- 9 IC McCants
1-propanol(3) at 37.7 C (1953)
water(1)-acrylonitrile(2) 10 IA Volpicelli
-acetonitrile(3) at 60 C (1968)

a
1,1,2 trichloroethane



Table II1: Pure Component Constantsa for the UNIQUAC Model.

Component T q q’
water 0.92 1.4 1.0
ethanol 2.1 1.97 0.92
ethyl acetate 3.48 3.12 -
benzene 3.19 2.4 -
acetonitrile 1.87 1.72 -
n~heptane 5.17 4.4 -
cyclohexane 4.05 3,24 -
nitromethane 2.01 1.87 -
TCE 3.53 2.95 -
acetone 2.57 2.34 -
methyl acetate 2.80 2.58 -
n-propyl acetate 3.15 3.66 -
1-propanol 2,78 2.51 0.89
acrylonitrile 2.09 1.64 -

2 Obtained from Anderson and Prausnitz (1978), and Fredenslund
et al. (1975).



Table IV:

Binary Systems,

64

System

Reference

water-ethanol at 760 mm Hg
ethanol-ethyl acetate at 760 mm Hg
water-ethyl acetate at 70 C
water-ethanol at 50 mm Hg
benzene-ethanol at 25 C
water-benzene at 25 C
acetonitrile-n-heptane at 45 C
benzene-n-heptane at 45 C
benzene-acetonitrile at 45 C
nitromethane~benzene at 45 C
benzene-cyclohexane at 39,99 C
cyclohexane-nitromethane at 25 C
water-acetone at 25 C

TCE~-acetone at 755 mm Hg

water-TCE at 25 C

acetone-water at 30 C
acetone-methyl acetate at 50 C
water-methyl acetate at 30 C

ethyl acetate-acetone at 760 mm Hg
water-ethyl acetate at 30 C
n-propyl acetate-acetone at 760 mm Hg
water-n=-propyl acetate at 30 C
water-1-propanol at 40 C
benzene-1-propanocl at 40 C
water-benzene at 37.7 C
water-acetonitrile at 760 mm Hg
acrylonitrile-acetonitrile at 760 mm Hg

water-acrylonitrile at 60 C

Hala (1968)

Griswold (1949)
Griswold (1949)

Hala (1968)

Cmehling (1977)
Stephen (1963)
Palmer (1972)

Palmer (1972)

Palmer (1972)

Hala (1968)

Hala (1968)

Wweck (1954)

Gmehling (1977)
Treybal (1946)
Treybal (1946)
Gmehling (1977)
Severns (1955)
Venkataratnam (1957)
Subrahmanyam (1964)
Venkataratnam (1957)
Subrahmanyam (1964)
Venkataratnam (1957)
Hala (1968)

Hala (1968)

Stephen (1963)
Blackford (1965)
Blackford (1965)
Volpicelli (1968)




Table V:

Consistency Index(C.I.) for the Miscible Binary Systems.
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Binary System C.I.
ethanol-water at 760 mm Hg 0.07
ethanol-ethyl acetate at 760 mm Hg 0.06
ethanol-water at 50 mm Hg 0.04
benzene-ethanol at 25 C 0.01
acetonitrile-~benzene at 45 C 0.04
benzene-n~heptane at 45 C 0.04
benzene—cyclohexane at 39.99 C 0.03%
nitromethane~benzene at 45 C 0.04
acetone~TCE at 755 mm Hg 0.59
acetone-water at 30 C 0.02
acetone-methyl acetate at 50 C 0.03
acetone-ethyl acetate at 760 mm Hg 0.1
acetone-n-propyl acetate at 760 mm Hg 0.27
benzene~1-propanol at 40 C 0.04
water-1-propanol at 40 C 0.01
acetonitrile-water at 760 mm Hg 0.01
acetonitrile-acrylonitrile at 760 mm Hg 0.10
acetone-water at 25 C 0.02




Table VI: NRTL Parameters Obtained by Regression of the Binary Data.
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System #

Xy Xq3 Aoz 2 8p A&y

10

0.2

0.2

0.2

0.2

0.2

) 0.2

0.2
0.2
0.2

0.2

0.3

0.3

0.3

0.3

Oo}

0.3

003

0.3

0.3

0.3

0.3

0.47

0.3

0.3

0.3

0.3

0.3

0.3

0.47

0.3

2938

3975

1344

1390

3426

1799

2288

3002

3650

2103

20

2971

860

1245

1836

34

313

556

2236

366

1388

990

387

50

710

710

710

710

1608

891

-174

=22

317

242

479

479

479

479

23

147

217

1159

-363

461

662

296

150

=156

1316

-445

359

233

910

371

-690

~183

-48

329

273

688
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Table VII: LEMF Parameters Obtained by Regression of the Binary Data.

System #|n8, B8y A&z 083 L&z L3
1 413 805 67 544 240 222
2 742 879 135 426 272 507
3 568 615 256 274 390 =230
4 598 614 153 98 290 310
5 672 867 390 384 -368 53
6 425 591 390 384 -52 123
7 455 693 | 390 384 21 71
8 476 799 390 384 153 =27
9 743 912 173 599 138 562

10 517 704 469 531 230 -192




Table VIII: UNIQUAC Parameters Obtained by Regression of the Binary

Data.

System #| A LI AU, Au13 A Uzy AUy Alg,
1 - 169 1050 829 =191 1105 =347
2 711 2616 472 -2 2037 =232
3 34 1135 -80 457 -8 117
4 1078 181 202 -84 5 357
5 558 2402 -327 1420 355 ~348
6 28 933 «-327 1420 215 =153
7 79 1299 =327 1420 216 144
8 468 1681 =327 1420 95 -132
9 687 2492 1153 63 2184 -332

10 382 546 -168 1304 =373 544
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Table IX: Effect of Specified Compositionaon the Average Absolute

Percentage Error in Distribution Coefficients, Q.
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composition
and
Qb
I S1X I II I 1T
X1 K1 X2 X2 X3 X3
1 24.0 20.0 16.2 14.5 32.2 36,6
2 58.5 60.6 29.4 117.9 T1.5 153.6
3 12.8 1.3 9.1 1349 22.5 23.8
4 24.7 17.3 21.9 22.3% 49.6 32,0
5 24.5 62,8 25.8 61.1 21.3 232.6
6 4.7 6.5 5.3 4.8 10.8 11.1
8 26.9 15.0 32.3 17.8 34,0 20.5
9 113.4 15.9 48,1 45.1 69.9 52.6
10 15.0 1447 18.4 17.8 18.8 19.0
Overall 32.6 26.5 22.4 35,2 35,2 62.4

b

Components and phases are defined below,
Component 1 is the component with the larger mutual

1)

2)
3)

solubility.

Components 1 and 2 are partially miscible.

Phase I is the phase rich in component 1, and phase II is
the phase rich in component 2, based on the mutual

solubility.

Average of the three equations.



Table X: Performance of the NRTL, LEMF, and UNIQUAC Equations in
the Prediction of Distribution Coefficients From Binary Data.
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NRTL LEMF UNIQUAC
System # Q
1 15.3 19.2 14.2
2 37.3 30.0 20.8
3 1.3 9.1 6.8
4 19.1 27.7 19.0
5 21.8 36.6 | 19.2
6 7.6 2.9 5¢5
T 13.1 6.0 32.6
8 35.5 32,1 29.3
9 45.0 25.3 7441
10 23.5 6.5 25.3
Overall 23.0 19.5 24.7
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Table XI: Summary of the Methods.
Number of Data
Method Parameters Required
I 4 VLE, mutual solubi-
lity, and K?
1T 4 ViE, mutual sclubi-
lity, and LIE
IIT 4 mutual solubility
and LLE
Iv 6 LIE
v 6 VIE and LIE




Table XII: NRTL Parameters From Method 1.

system # | Ag,  Agy A8z  A8sy  Afy Dy
1 2938 20 919 4 1639 423
2 3975 29M 549 245 1832 13
3 1344 860 261 438 =337 872
4 1390 1245 -175 1773 1030 11
5 3426 1836 827 373 855 -818
6 1799 34 395 841 -64 200
7 2288 313 966 254 508 ~382
8 3002 556 ~722 3497 128 244
9 3650 2236 1874 =16 1214 298
10 2103 366 1283 483  -T28 1223

72




Table XIII: NRTL Parameters From Method IT.

System # D&, D8y D8z 083y D83 DEx
1 2938 20 1013 -1 1294 -355
2 3975 2971 718 =132 -0.5 1747
5 1544 860 564 144 236 98
4 1390 1245 70 186 1200  -182
5 3426 1836 901 312 -121 =101
6 1799 34 664 520 538 =347
1 2288 313 746 433 728 -486
8 3002 556 197 1083 771 -290
9 3650 2236 1168 2 2152 =501

10 2103 366 1252 480 1010 -645




Table XIV: NRTL Parameters From Method III. .

T4

System # A8y, L8y LEy3 Dezy Dy DE3
1 2938 20 oT4 19 1752 =707
2 3975 291 -691 ?420 ~1054 1934.
3 1344 860 1278 -421 243 118
4 1390 1245 656 -1049  -476 871
> 5426 1836 1033 249 ~153 14
6 1799 34 4202 -528 1975 1457
7 2288 313 809 141 92 513
8 3002 556 2819 -261 2007 423
9 3650 2236 2206 -851 2210 -135

10 2103 366 1984 -108 -646 1827




Table XV: NRTL Parameters From Method IV,

System # A8y DBy A8 3 D8z D8z DEx
1 3074 -3 2519 -1205 2128 =978
2 5577 5002 -4111 105 -3968 1374
5 1377 839 1114 -461 =237 . 435
4 1441 1188 1306 62 2329 -266
> 3514 1747 891 351 -82 =177
6 1852 27 4099 =970 2022 -118
7 2271 346 762 182 618 =590
8 3066 701 632 770 1982 =542
9 3402 1884 2844 -801 1745 ~342

10 2029 453 1868 -167 -609 1058




Table XVI: NRTL Parame_ters From Method V.

System # A8, N8y D8&yz N8y A8z A8z,
1 3042 ~126 1104 -49 1113 -271
2 5393 2754 335 320 225 1278
3 1324 739 431 266 -299 802
4 1302 1184 -390 852 964 -24
> 5516 1752 849 373 -36 =190
6 1822 ~15 684 501 424 -270
7 2308 287 758 423 681 =459
8 3042 606 197 1080 930 -384
9 3221 1594 1903 -120 1142 241

10 2001 351 1.2'78 451 -581 920




Table XVII: LEMF Parameters From Method I.

System # Agm. Ny DE3 N85 Al A
1 413 805 323 348 1135 646
2 742 879 248 313 148 611
3 568 615 262 281 307 -68
4 | 598 614 184 -85 =7 531
5 672 867 373 398 =515 99
6 425 591 430 356 -491 335
7 455 693 298 446 =37 88
8 476 799 822 -1381  -1095 516
9 743 912 132 628 160 547

10 517 704 432 580 99 -18




Table XVIII:

LEMF Parameters From Method II.
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System # | A8, A8y D8z A8y D8z D83y
1 413 805 186 466 -1091 653
2 742 879 343 246 128 589
3 568 615 264 281 348 -152
4 598 614 ‘182 =0.7 249 377
5 672 867 226 478 =331 87
6 425 591 564 401 =231 235
1 455 694 333 420 37 50
8 476 799 450 369 -1057 554
9 743 912 -826 780 32 598

10 517 704 438 570 184 -121




Table XIX: LEMF Parameters From Methed III,
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system # | A8, A8y A&z Afy A3 L85
1 413 805 -296 558 =515 694
2 742 879 -278 235 -903 641
3 568 615 68 169 -286 92
4 598 614 -666 160 =30 378
5 672 867 317 474 -288 211
6 425 591 =576 787 1166 660
7 455 693 122 460 1 -439
8 476 799 597 425 -793 650
9 743 912 -928 762 -263 613
10 517 704 290 595 =966 326




Tgble XX: LEMF Parameters From Method IV.
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System # | A8, A8y N8z N8y A8y Ads
1 430 812 -478 696 277 621
2 692 951 17 459 95 578
3 558 619 10 209 -103 -144
4 629 565 619 -568 260 513
5 621 874 282 484 20 -85
6 437 596 574 551 -1071 589
7 442 695 119 465 78 -1015
8 444 815 2572 498 593 673
9 721 895 -576 727 136 492
10 521 703 220 603 159 -682




Table XXI: LEMF Parameters From Method V.
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System # | A8, A8y A8z DEs DBy D83
1 326 807 183 447 14 438
2 689 947 107 447 201 558
P 572 620 259 286 330 -114
4 612 599 225 -58 229 594'
5 " 615 866 269 463 =312 37
6 430 585 380 391 -48 122
7 466 688 344 414 28 57
8 444 795 474 355 -1038 538
9 729 885 170 604 181 527

10 540 697 443 565 145 -66
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Table XXII: UNIQUAC Parameters From Method I.

System # au,, Au,, o 5 Au3 ] Aty Au32
1 169 1050 814 -216 2567 -559
2 711 2616 446 13 2514 -253

3 34 1135 -58 427 37 148
4 1078 181 179 -116 615 =144
5 558 2402 -302 1278 528 -453

6 28 933 ~412 2106 -8 74
7 79 1299 - =249 1039 401 =287

8 468 1681 -946 3444 -164 196
9 687 2492 1449 -9 2098 =324

10 382 546 170 662 -554 952




Table XXIII:

UNIQUAC Parameters From Method II.
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System # | & w5 Au,, Au, 3 Au31 Au23 Au32
1 169 1050 576 -76 1727 -492
2 711 2616 1212 =331 2328 -224
3 34 1135 43 275 303 =155
4 - 1078 181 -215 386 289 61
5 558 2402 -258 1111 ~44 -41
6 28 933 =335 1454 227 =157
7 79 1299 -301 1267 258 -182
8 468 1681 ~509 2968 151 -113
9 687 2492 883 -29 5032 -601

10 382 §46 236 487 -530 922




Table XXIV: UNIQUAC Parameters From Method III.
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System # Au,, Au,, Au‘w D, Auyz Au32
1 169 1050 187 =442 9432 -878
2 711 2616 -85 -819 -575 703
3 34 1135 =347 148 59 -328

4 1078 181 227 -469 -272 247
5 558 2402 =197 1040 -49 29
6 28 933 1349 219 870 6225
7 79 1299 -289 865 142 -152
8 468 1681 2878 381 1892 504
9 687 2492 607 =270 6314 ~845
10 382 546 395 298 -675 6488




Table XXV: UNIQUAC Parameters From Method IV.
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System # Ay, Avu,, AUy Aug, Au23 Au32
1 201 1029 1757 -1090 2999 -1046
2 1291 2494 -968 1423 1820 -527
3 47 1108 =320 207 209 -382
4 1148 180 -21 259 532 ~38
5 583 2541 -201 1028 6 -44
6 7 966 582 2430 492 1422
7 88 1272 -338 1167 227 -218
8 452 1966 3101 339 1949 486
9 597 3659 2832 -465 5168 =432

10 319 727 554 37 -409 642
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Table XXVI: UNIQUAC Parameters From Method V.

System # AU, , AUy, AUy z}u31 4§u23 43u32
1 142 1028 554 -59 1568 -461
2 999 2326 2359 -448 3333 =35

3 30 1071 ~26 372 95 13

4 1122 163 -136 267 291 57
5 593 2388 ;262 1137 25 -108
6 24 919 =333 1436 202 =139
7 90 1246 =325 1477 315 =224
8 486 1651 =507 2984 188 ~142
9 485 2311 1551 =140 2062 -313

10 284 636 113 124 =531 903




Table XXVII:

Performance of Method I. .

87

NRTL LEMF UNIQUAC
System # Q G Q G Q G
1 8.3 7.0 11.4 6.0 7.0 6.1
2 27.0 6.6 31.7 6.2 26.1 2.2
3 11.2 1.3 5.7 1.5 1.1 13
4 12.7 8.0 15.1 8.8 20,2 8.5
5 26.6 7.3 23.9 6.9 32.7 T.4
6 S.4 6.2 6.6 4.8 6.0 6.9
7 22.0 6.1 14.3 5.8 11.8 6.0
8 22,0 26,0 49.5 14.9 23.4 27.6
9 31.9 4.0 60.8 3.4 47.8 3.5
10 29.0 Ts2 11.2 5.7 19.6 1.5
Overall 19.6 8.0 23.0 6.4 20,6 Te7
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Table XXVIII: Performance of Method II.
NRTL - LEMF UNIQUAC
System # Q G Q G Q G
1 3.0 4.9 3.9 4.3 7.3 4.0
2 47.1%  18.0 42.1 T 28.3 4.4
3 7.2 3.5 Te3 1.5 3.3 2.8
4 12.5 4.7 17.2 3.4 12.3 4.0
5 7.9 7.6 6.8 8.4 5.1 7.7
6 4.5 4.2 3.6 3.9 5.2 4.4
7 8.8 5.0 11.0 4.9 3.5 4.8
8 16.8 12.2 18.9 10.8 17.7 14.2
9 24.2 21.2 7.7 7.6 55.1 14.8
10 16.1 7.5 5¢5 54 8.0 7.0
Overall 14.8 8.9 12.4 5.7 15.0 6.8

Fix X



Table XXIX: Performance of Method III.
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NRTL LEMF UNIQUAC
System # Q Q Q
1 1.9 3.7 343
2 35,32 31.6 26.8%
3 3.0 3.0 3.2
4 562 19.9 5.8
5 7.4 8.4 9.7
6 1.7 2.5 3.0
7 6.7 2.6 3.3
8 27.7 21.7 6.5
9 15.1 36.0° 36.8
10 1.6 1.1 6.5
Overall 10.6 13.1 10.5
* Pix X

-

Fix X



Table XXX: Performance of Method IV,

NRTL LEMF UNIQUAC

System # Q Q Q

1 1.7 2.6 2.3

2 12,3200 18.2 13.7%

3 2.8 0.8 2.2

4 4.4 11.0 9.4

5 T2 4.8 6.2

6 3.8 2.2 5.2

7 4.6 2.5 2.0

8 14.4° 7.2% 12.2

9 15.1 4.8 4.7

10 1.1 1.1 1.2
Overall 6.7 55 5.9

® Fix X7 ° Starting value = 0

Starting value = -2000 ¢ Starting value = 1000
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Table XXXI:

Performance of Method V.
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NRTL LEMF UNIQUAC
System # Q G Q G Q G
1 6.2 4.1 4.6 4.6 5.9 35
2 20.3*  12.8 20.7 2.7 18.3 8.9
3 6.2 1.6 3.9 1.6 4.4 1.6
4 8.6 4.1 14.9 3.7 9.5 3.6
5 7.1 7.4 4.5 8.0 8.7 7.5
6 4.2 4.1 3.1 3.9 4.2 4.3,
7 8.8 4.9 7.5 4.7 2.6 5.0
8 13.9 12.2 14.6 10.3 18.6 1443
9 21.9 6.2 4.5 3.5 13.4 5¢3
10 15.7 6.5 343 5.4 16.4 6.9
Overall 11.3 6.4 8.2 4.8 10.2 6.1




APPENDIX C

THE COMPUTER PROGRAMS

This appendix contains the following computer programs (in FORTRAN):

1.
2,
3.
4.

TLLE
REGRESS-UNIQUAC
OTILIA-UNIQUAC

TREG

The program TLLE calculates ternary LLE compositions with the NRTL,

IEMF, or UNIQUAC equations. The program REGRESS-UNIQUAC calculates

the binary parameters in the UNIQUAC eqguation from binary VLE data.

The program OTILIA-~UNIQUAC determines the binary parameters in the

UNIQUAC equation from the mutual solubility data., Finally, the pro=-

gram TREG evaluates the binary parameters in the NRTL, LEMF, or UNI-

QUAC equations from ternmary LLE data alone, or from binary VILE and

ternary LIE data together.

The pages that follow contain, for each computer program, the ins-

tructions to use it, a sample input, a listing, the information con-

tained in the output, and a dictionary.
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The Program TLLE

The computer program TLLE calculates ternary LLE compositions with
the NRTL, LEMF, or UNIQUAC equations. The procedure for using this

program is now discussed,

1. Which equation?

To specify the NRTL or LEMF equations let IEQN = 01 (Format I2).
For the UNIQUAC equation IEQN = 02 (Format I2). This is typedon

line 1 starting on column 1.

2. How many Jjobs to be run?

If one desires to run several jobs let JK = N (Format I2), where
N = number of jobs to be run. This is typed on line 2 starting on

column 1.

3. How many tie-~lines for the system?

To specify the number of ternary tie-lines (do not include the mutual
solubility data), let NPOINT = N (Format I2), where N = number of

tie~lines in the system. This is typed on line 3 starting on column 1.

4. How many components?

Since we are calculating ternary LLE only, NCOMP = O3 (Format 12).

This is typed on line 4 starting on column 1.
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5 Molecular weights of each component

If the tie~line data is in mole fraction let AMW1 = AMWZ = AMW3 = 1.0
(Format 3¥10.4). If the tie~line data is in weight fraction let AMWl =
MW1l, AMW2 = MW2, and AMW3 = MW3, where MW1, MW2, and MW3 are the mole-
cular weights for each component. Again Format 3F10.4 is used. This

is typed on line 5 starting on column 1,

6. Title of the system

Here the title of the system is typed. It should not exceed 60 spaces
in lenght. When typing the title note that the order of the components
must correspond to that for the molecular weights typed above. This is

typed on line 6 starting on column 1.

7. The LLE data

Here the LLE data is typed (Format 5F10.4). For each tie-line one

must specify the following:
AT AX11 AX12 AX21 AX22

where AT = temperature of the system, (C)

AX11 = x§
AX12 = xfI

I
X1 = X
AX22 = xgl

This is typed on line 7 starting on column 1. Note that we use one line

per tie-line. Since Xf is the first composition given, this composition



is specified when performing the calculations, If one desires to
specify a different composition it must be put in the place of Xf.

For example, if Xg is to be specified, the data is typed as follow:
AT AX21 AX22 AX11 AX12

8, Read in r, g, and q' if using the UNIQUAC equation

If the UNIQUAC equation was specified we must read in the values of
r, q, and q' for each component. The order of the components must
cerrespond to the order used in the title., For each component, star-

ting with component 1, we must type the following (Format 3F10.4):

R Q QP
where R=1r
Q=q
QP = q'

And similarly for components 2 and 3., This is typed starting on

column 1, and using one line for each component.

9. The binary parameters in the UNIQUAC eguation

The binary parameters (CACTCO(I,J) or Auij) in the UNIQUAC equation
are now specified. They are read in matrix form (Format 3F10.2) as
follow:

Buy,  Ouy, Quyz

Au21 é&uzz £§u23

Au31 Au32 Au33
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If more than one job are to be run, simply type the next set of para-
meters after the above set. This is typed starting on column 1. Note
that one can run either all jobs using the UNIQUAC equation only, or

all Jjobs using the NRTL and LEMF equations only. But never should try

to run NRTL or LEMF and UNIQUAC jobs together.

10. The binary parameters and X for the NRTL and LEMF equations

If one is interested in using the NRTL or the LEMF equations, one

must type in £§gij and Cxij in matrix form as shown below (Format

3F10.2):

Agyy O, A8y

Deyy Dy A8y

Az O3 s

This is typed starting on columm 1. If more than one set of. parameters
are to be used, they are typed after the above set. Notice that é&gij =
CACTCO(I,J), and O(ij = ALFA(I,J).

A sample input is given on the next page, and followed by a listing

of the computer program TLIE.



Sample Input for the Program TLLE

A Lold
Tt 7l .{3

(4\0

Y-AOQTTONEC3Y AT 30
0o d 1

@1

I

~r
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slvEsEvEvEelvEsNe R e Ryl

D0
2
1

9
9
9
501
1

5072

&03

504

505

508

&07

08
a09

510
611

612
613

414

DIMENSION CACTCO(3+3)rALFA(3,3)y5YS(20)

DIMENSICON XT(3)+X(3Zyb6)sY (43

COMMON/COML/Ty X1y X125, X21,X22: X315 X325 CACTCOr ALF A NCOMP s
1YY TEQN

COMMON/COM2/7R(3) » QL3I »GF(3) s INK

98

COMMON/COMI/GAMLL(20) yGAMLR(20) »GAMZ21 (200 »3AMR22(20) ,GAM31(20) »

1GAMZ2(20)

DIMENSION X11C(20)+X12C(20) s X21C(20) X220 (20) «+ XTLC(20) » X32C(20)

DIMENSION AT(20),AX11 (200 sAX12(R20) ;AX21{20) 1 AX22(20) »
18X31(20) s AX3Z(20) ‘

THIS IS THE FROGRAM TLLE

FORMAT STATEMENTS

FORMATC 07 "RINARY INTERACTIONM FARAMETERS?) :

2 FORMAT(’ »5Xs 'GAM1IL17 35Xy 'GAM12/ s5Xy 'GAM217 yIX» 'GAMI2 " » 5Ky
1/GAM3LY »5Xy 'GAM327)

6 FORMAT( 726F10.3)

0% FORMAT{Y :6Xs "R/7210Xy Q7 v &X» "QAPRIME’)

02 FORMAT(3IF10.4)

04 FORMAT(Y “»3F10.4) )
FORMATC(/07, "BINARY SYSTEM 1-2 IS FARTIALLY MISCIRLZ’)

S0 FORMATOS 7246F10.4)
FORMAT (70 y 17Xy ‘COMPONENT MOLECULAR WEIGHTS)
FORMATC(, 711Xy "ME17 15X "MW2/ s 15Xy "MU37)
FORMATC(? ‘»8XrF7.3911XyF7.3511XsF7.3)

FORMAT(/0/»/EXF, TIE LINE DATA IN WEICHT OR MOLE FRACTION’)

FORMAT(’ 75 /FIRST DIGIT=COMFONENT

y 19Xy 'SECOND DIGIT=FHASE’)

FORMATC( O s 1 X2 "TEMP W s 7Xy "EXL1 /96X "EXL27 96X "EX21 7y
16Xy TEXR27 96Xy EXBL y 66Xy TEX32Y)

FORMAT (/07 520Xy /EXF, TIE LINE DATA IN MOLE FRACTIOMN’)
FORMATC(!Y “210XsFB. .4y 2% F8.3:2XyFB8.472XsFB,4s2XF8.4y
r2XyF8.+4)

FORMAT(/0’,20Xs’CALC, TIE LINE IATA IN MOLE FRACTION’)
FORMAT (/07 »13Xy "CX11 796Xy "CX127 96X 70X217 28X, 7CX227 5
16X "CXIL 16X 7CX327)

FORMAT(/1/y"DIFFERENCE RBETWEEN EXP., AND CalLC, MOLE’»
s1X, "FRACTION)

FORMAT(/Q’+2X» 'CALLC, ANL EXP. COMP. DIST. COEFF.’s
yA0Xy 'FERCENTAGE ERROR IN COMP, DIST. COEFF,7)
FORMATC(70’ »BXs 'CK17 39Xy 'CK27 29X "CRI7 » X ‘ERKL’ sy 9%y

P 'ERK2/ sy 99Xy "ERKB’»2X» 7QANL 7 »9Xy QD27 » X 7QAL3 ")

12 FORMAT(FB.4s3XsF8.4,2XsFB,4s2XsFB.4s2XsFB.4r2XsFB.4,2X,FG.4)

27 FORMATC(’0 »1Xs “DIF12736Xy ‘DIF21/y5Xs "RIF227
+»SXy 'DIF317,3Xy "RIF327)

13 FORMAT(F10,492X»F104492XyF10,492XrF10,4-2XsF10.4:2X>F10.44;
12X2F10,492XsFLl0.,492X,F10.4)



1 FORMAT(SF10.4)
P99 FORMAT(3ZF10.2)

T OFORMAT(I

L )

8

L .
S50 FORMAT(/ 07 53X "AVERAGE PERCENTAGE ERROR IN COMP. DIST. COEFF.7»
10X 7OVERALL AVERAGE PERCENTAHOE LERROK Tk LIST. COEFF. )
5L FORMATC( /07 94X "RULAVGY » 12Xy QNZAVE T » 12X 7QU3AVE Y 1 246X “QANOAVIE )
652 FORMAT(/ /07 78X erro. 1el2XoFH.12 12Xy Fé&, Ly 28K9FEVLD

THIS PROGRAM CALCULATES TERNARY LIQUID-LIQUID EQUILIBRIUM
COMPOSITIONS WITH THE NRTL, LEMFy AND MORIFIED UNLQUAC
EQUATIOM.

SGOOOaOnn

READ2y TEQN
READR 20K
READ 2 S NPOINT
REAL 27 HCONF
READL y AMWIL s AMEZ s AMUWS
READ 6 »(SYS(I)yI=1y20)
nn 99 I=1yNPOINT
REAULyATC(I) »aX11 () s ALLIZ2(I) s AX21 (T ) 9y AXEZ (I
AXZ1I(ID)=1,0-aX11i(I)-AX21 (1)
29 AXB2A(TY=1,0-AX12(I)-AX22(I)
IFCIERN.EQ.2YG0 T3 200
GO T 201
SO0 [0 2¢7 I=1NCOMP
G007 READYO2,R{IIyQ{I)QF(I)
FRINT?O0S :
LO 908 I=1»NCCMP
032 FRINTSCAYR(I) yQ3(T) Q1)
CO1 CONTIMUE
S0 450 NT=1sJK
3UN=0,
SUML1=0.
BLiMN2=0,
FRINT 8+ (EYS{IYsI = 1+20)
FRINTS00
FRINTSOL
00 20 I = 1,NCOMP

© REAQ BINARY FPARAMETERS IM MATRIX FORM. FIRST
SUBSCRIPT INDICATES ROW SECOND SURBSCRIPT INDRICATES COLUMN

Oaoao

READ 99%9»{CACTCO(I+J)»J = 1sNCOMP)
FRINT 929972 (CACTCO(I»J) »J=1-NCOMP)
IF(YEQN.EQ.2)5B0 TO 23

D0 21 I = 1»NCOMP

8]
=]

READ ALFA VALUES IM MATIX FORM. FDOR THE LEMF
EQUATION ALFA = -1.0

OGGo

READ 999 (ALFACI»J2» =17 NCONMP)
21 PRINT 9299 (ALFAC(I 2 s J=17NCOMP)
D6 22 1 = 1;NCOMP
CACTCO(I-I) = Q.0
22 CONTINUE
23  CONTINUE
PRINTS02
FRINTEO3
FRINTA&O0A, AMUH Ly AMUZ » AMUS
FPRINT4AOS
FRINTS04
FRINTSGT



¥Rl Neoky!

Fa

101

404

700

100

DO 17 I=1yNFOINT

FRINTIZyAT(D) oAXI14T) v AXIZ2(T) » AX21 (I 2 AXY22( 1) v AXBL(I) s AX32( I
FRINT &08

0O 19 I=1yNFOINT

SHFL=(AXI1C(T /AW HCAX21L(I) /aMU2 3+ (AXSL(IY /ANUTS)
SMF2=(AX12( D) /ML) (AXZ2{ I Z76MW2 ) +(AaX32 1) /749Mle3)
BX11CD)=C(AXLIL (I Y /AMUL)Y /ONMF L

BXSL{I)=0aX3I LI} /aMud3 ) /SMil

BARI(I¥=1,0-RX1I(T)~-BX31 (1)

BXI2C(I)=(AX12(I)/aMUL) /EMF2

BX32(D)={(AX32(I ) /AMU3Y/SHF2

BX22{1)=1,0-EX1i2(I)-BX32(1)
PRINT6O0PyBXL1(I)BXI2C(I)sBX2L(L)yBX22(T)»BXZT1 (1) »yBX32(T)
FRINTS10

PRINTOLL

DO 404 INK=1sNFPOGINT

K 0

I o

# o

REaD THE TEMPERATURE OF THE SYSTEM ANUT INITIAL GUESSES

R THE COMFOSITIONS IM EGUILIZRIUM. FIRST SUBSCRIPMT

INDICATES COMFONENT SECOND SUZSCRIPT INRICATES FHASE

T=AT(IMNK}

IFCATIINKY JLT. -273,2550 TO 430
X11=BX11 (INKD

X12=BX12(INK?

X21=BXZ21{INK)

X22=8X22(INK?

XLIREF=X11

XK12REF=X12

X21IREF=X21

T = 273,22 + 7

X = 0,00001

] X

ML = M+l

H+3

L = 1000

E = ¢.00000000005
KINC = 0

MESIGN = 1

CONTINUE

XT(1) = X12REF

AT(2) = X21REF

XT(33 = X22REF

CALL LSQ2(XToXryDXsYsMyMLiaMIsLl &)
X1IC(INKY=X11
AL20(INRKY=X12
X21C{INK)=X21
X22C{INRK)Y=X22
X31C{INKY=X31
XI2C{INK)Y=X3Z2
PRINTAHOPy X1LC{INK) » X120 CINK)Y o X210 (INK) » X22C(INK)Y »
IXZICCINKY » XZ2C(INK)
FPRINT312

0o 700 I=1sMFPOINT
FRINT16+GAML11(I)»GAMI2(I) yGAM21C(I) »BAM22( 1) »GAMIL(I)
1GAM32(1)

FRINTS12

FRINT27

D0 66 I=1¢NFOINT
DIF12=BX12(I)-X12C(I)
LIF21=RX21(I)-X21C(D)
DIFZ22=RX22(1)-X22C(1)
BIF31=EX31(1)-X31CT)

i

=y
(]
o



101

DIF32=RX3201)-X32C (1)
b6 FRINT1Z:DIF12-0IF21DIF22,0IF31,0IF32
FRINTSL3
PRINTS14
RULSUM=0,0
QU2SUM=0.,0
ADFSUM=0 .0
N0 28 I=1sNFOINT
IF(X11C(TY LEQ. 0,0)50 TO 30
CK1=X12C(I)/X11CCD)
G0 7O 31
30 CK1=-0,0
31 IF(X2LC(I) LEQ. 0,060 TO 32
CK2=X22C(I)/X215(1)
GO0 TO 33
2 CK2=-0,0
33 IF(XZLC(IY EG, 0.0)IB0 TO 34
CK3=X32C(T)/X31C(1}
G0 TO 39
34 CRI==0.0
35 IF(EX11(¢1) LE@, 0,060 TO 37
ER1=EXL12¢I}/BX11(1)
50 TO 38
37 ENi=-0.,0
38 TF(BX21¢T1) LEQ, 0.0 YGO TO 39
ERZ=BX22(I)/BX21(I)
GO TO 40
39 EK2=-0,0
40 IFJEX3IL(IS LEQ, 0,00 GO TQ 41
ENZ=EX32(I)/EX31(D)
50 TO 42
41 EK3=~0,0
42 TF(X11CCI) LER. 0.02G0 TO 45
TEOEXL1CIY JEQ. 0.0)G0 TO 45
GUF L= (ARS T {EKL~CK1) ZEKL) S%100,0
AULSUM=GLISUNTRDF 1
GO TO 43
45 QDF1=-0.0 .
43 TF(X21iC(I) .EQ. 0,0)G0 TO 44
S IFRX21(I) JEQR. 0.03G0 TO 44
QUF2=(ABS ((EK2-CK2) 7EK2) %160, 0
QI2SUM=QD2SUN+QLF2
GO TO 44
A4 QDF2=-0.,0
46 IF(X31C(I) LEQ, 0.0) GO TO 47
IF(EX31(I) EQ, 0.0)G0 TG 47
QUF3=(ABS ( (EK3-CK3) /EK3) )%100.0
AUFSUM=0D3SUM+QDF3
GG TO 28
47 QOF3=-0,0
28 PRINT13,CKi,CK2sCK3sEKLEK2,EXSy ODF 1 » RDF 2 QDF3
QILAVG=RD1SUM/NFCINT
OD2AVG=A02SUM/NFOINT
AN3AVG=QI3SUM/NFOINT
QDOAVG=(AD1AVGLAIZAVGHANZAVG) /3.0
FRINT450
PRINT6S1
FRINT652yQDLAVE s ND2AVG » ADIAVG » ADGAVE
450 CONTINUE
S00 CONTINUE
STGP
END -
SUEROUTIME FN(YsXT)
DIMENSION XR(3)
REAL SUMTXT(3) s SUMC3) 1 SUMTTI3)
REAL L(3)yFHI(3) vB(3)yTHETA(3) » THETAR(3)



aoDoOn

70

DIMEMNSTION CACTCO(3y3) s ALFA(Z»y 3) s OX (39 2) « XT{3) » HELX(3)
DIMENSION TAOU(3s3) BT (3s3) s G(3+3) yOANT(II v AL yWI3) e L(3)
IT(E)»CCU3YyANCE) vy BE(Z) y GLC (D)
COMMUONZCOML/ZTyX11 e X129y X217 X229 X319 X325 CACTCOyALFAY
INCOMP Y Y » LEQN
COMMON/COM2/R(3 QI3 yAF(3) y INK
COMMON/COM3/GaML1(2C) ySAMLICE0) vy GANE 1(“0);Gﬁh?2(90)v
1GAMIL (207 vEAMIZ(Z0)
NFLAG = 0
XR{1)y=xX%1
KR(Zry=X (2>
IF{XRI2)LGT .1, 0XXR(2)=0,9999799999
IF(XRI2YLLE Q. OYXR{2)=0.,00000000001
TFC{KILIXR(2Y YA BT. L. 0XXR(2)=1,0-X11
XT(2)=XR{2)
XR(3)=1,0~-X11-XR(2)
TE\\F\3\aLu‘O OIXR(ZI=0,.000600000C1
/\21 mXF\ A 1..
XZ1=XR{(3)
S0 TO 490
CONTINUE
XR{1I=XT(13
TF(XR{L) JLELO QIR (LI=0, 00000000001
IF(XROLY JGT 1. 0)XR(L)=C 9992599999
XT(1ry=XR(1)
XR(2Y=XT(3)
TF(NR(2YLLE, 0. CIAR(2)=0,00000000001
IF(XR()LOT L OIUR(2D) =0, 9999599999
IFCUXROIDEXR(2Y) BT 1, 00 XR{2) =1, 0-XR{1)
XT(3)=XR{2)
YRE3)=1 . 0=-XR{1}~-XR(27)"
IF(XR(Z)LE. QW 0)XRCE) = 20 . 00000000001
X12=4R{(L)
K22A=KR(2)
XI2=XR{Z2
CONTINUE
CONTINUE

THIS ROUTINE EVALUATES TERNARY GAMMAS USING BINARY COMSTAMNTS

FROM THE MRTL. EQUATION.

GMIX = 0.0
YY = 0,0

Y = 0,0
ug 70 1
0o 70 J
GT(I+ 2
CONTINUE
RT=1,987%7
IFCIEQN,LER.2)G0 TO 00
0o 2728 I = 1sNCOHP

[0 298 J = 1,NCOMP

H

1 NCOMP
1 NCOMP
CACTCO(IyJd)

[ ]

ALFA(I:J) = 0,

ALFACI,T) = ALFA(I»1) .
TAOUCI» I = (BT(JeI) - GTCILIXI/RT
G(JrI) = EXP(~ALFA{Js IIXTAQULILI))
CONTINUE

D0 202 I = 1.NCOHP

CC(I) = O

Al = 0,

W(I) = 0.

Lo 301 J = 1,NCOMP

Civdry = 0O

nedy = 6

N0 300 K = 1»NCOMP
IF(J GE. 2) GO TO 299
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ACLY = ACT) 4 TACUK,IIRG Ky I3 XXR(K)
WD) = WY + GORy I XXRIKD

C(J) = CUD) HXROOKTACU Oy DY RG(K D)
DG = 6 + GOy Y RXRLIKD

CONTINUE

Arl{Tr = Aalli/Zull

BR{JY = CLD/000S ’
CCAI) = CCLIY HIXROIAGII DX /0 I 3 TalUCIs ) ~ 334D
CONTINUE

GLECCTY = AA
GAMT(I)Y = E
CONTINUE
GO TO 911
CONYTIMUE

Iy + CCLT
~{

{
XP{GLCOIN

THIS ROUTINE CALCULATES TERNARY GAMMAS WITH THE MAGIFIERD
UNIQUAC EQUATION.

88
77

&607

400

601

604

406

408

4H0F

611
Fi1

2=10.0

L3O 77 I=L1:NCOMP

ng 88 J=1,MNCOMP

GT(Ir d)=0,0
TAOUCy 1) =EXF{(-GT{(J7s I}/RT)

COMTINUE

SUMQX=0.0

SUMRX=0Q,0

SUMRPX=0,0

SUM¥I.=0,.0

e S07 I=1,NCOMP

SUMTXT(I)=0.0

SUM(IN»=0.0

SUMTT(I)=0,0

L0 GO0 I=1.NCGHP
SUMRK=8UMRXIR (I RXR(I)D
SUMAX=0UMAM+FGCINIERXR(T)
SUMAPX=3UMAPX+QAF CIIXXROTD

Do A0L I=1,NCOMP
PHI(IY)=(RCIIEXR{I) ) /BUMRX
THETa(I)=(QR{IN¥XR{IY ) /8UMAX

THETAF (D) =(AF(I)XXR{T) ) /8UMAPX
LCIZ=(Z/2.00%(R{D~-Q(I)I-REIXFLLO

N0 404 I=1,NCONMF
SUMXL=SUMALEXROII%L(I?

LD 4606 I=1yNCOMP

g 6046 J=1,NCOMP
SUMTTC(I)=8UMTT(I+THETAR (D XTADUCI I
L0 468 J=1-NCOMP

L0 408 K=1,NCOMP

SUMTXT () =SUMTXT (U FTHETAP (K3 XTAQU(K» 1)
D 407 I=1,NCONMF

00 609 J=1:NOOMP

SUMCDY=0UM( L) S (THETARPL( D XTAQU(T » I3 X /SUMTXT (.1
D0 811 I=1.NCOMP
AA(DI=ALOGIFHI(DY /XRCIIIHC(Z/2 . 0V KB CIIRALOGI(THETACI) /FHICI)

14+L€1)

BCI)==(FHIC(I)/XROD) IRSUMXL-GP (D) XALOG(SUMTT(I) ) +APC D)~

LAPCINASUMIN

GAMT(I)=EXP (AACI)+B(I))
CONTINUE

NFLAG = NFLAG + i

00 100 I=1,NCOMP

IF (NFLAG.EQ,2)60 TO 150
GAMLL (INK)Y=GANT (L)
GAMZL CINR) =GANT ()
BEMILCINK) =GAMT (3)

B0 TO 100

103



150

109

110
500

104

104

108

1091

38
L]
~3

GAMLI2CIMNRY=GAMT(L)
GAM22CINK) =0sMT (2D
GAMIZ(IMNK) =6AMT(3)
GXCIsNFLAG) =XRIII¥GANT(T)
IF(NFLAG LT, 2)80 TC 30
DELX{1) 11 - Xid

LELXL2) a1 o~ AEZ

NELX(3) X31 - K32
IFCRELXCL)Y JEQ. 0.0)DELX{1
IF(DELX(2)Y LEQ, O0.ODELX(2)
IFC(DELX (3 LEQ. O0,0)LELX(3)
00 110 I = isMCOMP

YY = YY 4 &BS(GX(IL) - GX{Is2))

Y = X + ARS((GX(Ir1l) - GX{Is27)/70ELK(I))
CONTIMNUE

CONTINUE

RETURN

WD

SURROUTINE LSA2UXT o A DXy Yy My ML MIE L »E)
REAL XTI{399X(398):Y{A)» LX) = 8(353)

IH=0

IL=0

LiC=0

IF(L.LE.O) GO TO 30

iHC = Mi+l

fi

i #

it

L,0E-10
1.0E-10
LiE-10

[HI

EN = M

EM = EN¥%1.5

Li =L

L = -L

LI = (SuM)/2+43
K3 = 2

ITF{M.GE+3) K3=3

KA = K3-1

6 = K3%Z

G = 1.0/G

e 100 I=1isM

X{Is1> = XT(I)

CalL FNAY(L)XT)

00 106 J=2sM1
XT{J-1) = XT(J-1)+DX
00 104 I=i,H

XK(Isd) = XT(I)

CALL FNOY (U2 XT)
XT{d-1) = X{J=1i,1)
CONTINUE

Lag = o

FLG = 1.0

G0 TC SO

118 = L1C H+1
IF(LiC.GE.L1) GO TO 400

YL = 1,0E38
YH = -YL

Y2 = YH

Y3 = YL

N0 110 J=1,M1
IFCY (I LLT.YHY GO TO 1091

Y2 = YH
I2 = IH
YH = Y{J)

IH J

GO TO 109

IF(Y(J) LT.Y2) GO TO 109
Y2 = Y5

I2 = J

IF(Y(U)GT.YLY GO TO 1161
Y3 = YL

104



105

IL
=
Y
GO TO 116
1101 IF{Y (SN .6T,Y3Y GO TO 119
b Y(J3
4

-
[
it

*
-
ii

INUE
’1:1
2C.LT.LZ) GO TO 111

J
L
0
L2c 0

—
-
™

H e

I
I2
I3
L0 60 K1=1sK3
J1o= JIRKLD
00 $0 K2=K1,K3
J2 = JJIR2S
3 = Q.0
g 855 I=1:M
55 G = SH(X(IrJ1)=-X{TpITHIIXIX Ly J2)-X(T s IHY)
&0 AKLYKE) = 8
IF{adis1) 23, 0,0¥A{(1,1) = 1,0E-10
O = A0l L3%A2:23-A01»2)%%2
GO TO(S2:61) K4
&1 Ol = AL IXA(2,3)-A(1y22%A(1»3)
= (AL 1D%RACI 30 ~ACLy 3IXXDIAD-DINDL) /(A5 13%9.0)
&2 IFAD JEQ. 0,068 TG 45 -
¢

[
C.
P~
[ AN
Tt
Won

IF(D JLE. 0.0 = ARSI
O = (H/4.03%%G
IF(DLLT.E) GO TO 45

FLG = 1.¢C
GO0 TG 111

43 IF(FLG.LT.G.G0 GO TO 400
FLG = -1.0

111 GO 115 I=i,M
AT{I) = 0.0
0o 112 J=1i,M4
IF(J.NELIHY XT{IY = XTCDY4X{T-0)
112 CONTINUE
115 XTI) = (F.0RXTCINHX(I»I2)-X(TyIL)I/7EN-X(T»IH}
121 CALL FNOYTsXT)
IF(YTLGE.YZ) GO Ta 157
IHC = Mi+1
FIYT.GE.YL)Y G0 TO 140
(TT = YT
e 135 I=1isM
135 XTI = 1.9XXT(I-0.5%X{XyIiH)
CaLl FNOYTsXT)
IFCYTLLE.YL ¥ GO TO 140
00 138 I=1+H4
138 X{IsIH) = (2.0XXT(IX+X(IYIH’)/3.0
Y(IH) = YTT
GO TO 108
140 DO 142 I=1,M
142 X(IyIH) = XT(I)
Y(IHY = YT
GO TO 108
167 IHC = THC-1
IF(IHC.EQ.0) 50 TO 3C0
IF(YT.GE.YHY GO TO 173
D0 168 I=1-M
XE = XTI
XTCI) = X(IvIH?
168 X(IsIH; = XS
173 L0 174 I=1M
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XTI = D 7GKXC Ly THYLG, DEAXNT(Y)
CALL FN(YTeXT)

IF{(YT.GT.YH) GO 70 180
YOIHY = Y7

o 175 I=1:M

XKLy IHY = XTI

GG TO 108

L0 185 J=1.M1

IF{JLEQ.IL)Y GO TO 183

o 182 I=1,M

XT(I) = (K{I» I XTI 2/2.0
X(Iyd) = XT(I)

CaLL FNLY(D) o XT)

COMTINUE

GO TO 108

IHC = 2%M1

IF(M,GE.3) G0 70 350¢

S = $.%

00 302 T=irm

X{Ivti+2) = X(IsIHI-X{TyILD
X{IsMt3) = X(IsIHI-X(I-1I3)
S = S+X(IyM+2)AXK2

5 = EART(8)

IF(3 +EQ, 0,078 = 1.0E~D
U = ~X{2:H+2)/3 '
X(2oM+2Z) = X{(LsM+2)/8
X{1:M+2Y = U

S = ROl M+ AX (L MAS I HX (2 MPE5 {2 MDD
U3 3035 I=1H

(I M4E2Y = X(IyM+25 45

0O 307 I=1s#

XT(I) = X{IIHYEX(I42)
Call FNIYT2XT)

0o Eo% I=isd

AT{Iy = XC(ILsIH)-X (X M+22
CaLl, FNKYTT«XT)
TFAYTTLLE.YTY GO TO 320

0 311 I=1lsHM

XTCIY = Iy I +X(IM+2?
YTT = YT

Y(IH) = YTT

00 321 I=irM

X(I+IH) = XT(I)

GG TO 108

0o 352 I=isM

XT(I) = X(IyIHY — X{I»ID
XL M42) = X{LIZIH) - X{XI»I2)
X(IsyM43Z) = X{I7IH) - X(I-I3)
8 = 0,0

51 = 0.0

ad 3535 I=1.M

S = SEXT(IIRRZ

81 = S1+X(IsM+32 %2

S = 8QRT(8

IF(S 0500 000)8 = 100E"‘S
81 = SAQRTL(S81L)

IF(S1 .EQ, 0.0)81 = 1,0E-5
82 = 0,0

0o 397 I=1isM

XT(1) = XT(IY/8

§2 = SZHXT(IIRX(I S H+2)
X(IM+3) = X(I,M+3)/581

DG 360 I=1sM

KCIe M) = X(IsM+DI-XT(IINS2
S1 = 0.0 .
00 362 I=1:M
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362

370

400

402

Si
St
IF¢
Lo
X(1
51
g2
oo
Sh
852
Lo
X(1I
GO
g =
<1
Y(I
o
XT(
X(T
XL
KET
END

= G1EX(TyM+2) k%2
= GORT(B1)
51 »EQ. .08 = 1,0E-10
385 I=1-M

y#M+2) = X{(I:M+2)/81

= 0,0

= 5,0

367 I=1+M

= GLEXT{IYAX(I MEE)

= GREXCT s ME2IRX (T P METD
370 I=1,i

PME2) = OX(BIRXT(IVNASRAN (I M+2I-X{LsM4+33 2
TG 304

(12

yo= Y(ILD

Ly = 5

402 I=1,M

I = X<{IIL)

ILY = X(Is1)
1Y = XT(L)
URR
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Outout from the Program TLL:

The output from this program contains the following information:

1. All of the input data,

2. Calculated LLE compositions for each compenent in both phases.
3e Activity coefficients for each component in both phases.

4., Deviation in compositions.

5. Calculated distribution coefficients for each component.

6. Experimental distribution coefficients for each component.

7. Absolute percentage error in distribution coefficients for each
component.

8. Average absolute percentage error in distribution cocefficients
for each component.

9. Overall average absolute percentage error in distribution coe-
fficients.



- CK2

Dictionary for the Program TLLE

ALFA
AMW1
AMW2
AMW3
AT =

AX11

AX12

AX21

AX22

BX11

BX12

BX21

BX22

BX31

BX32

CACTCO = NRTL, LEMF, or UNIQUAC binary parameter, é&gij or é&uij.

CKx1

CX3

1

t

]

1

¥ in the NRTL and LEMF equations,
molecular weight of component 1.
molecular weight of component 2.
molecular weight of component 3.
emperature of the LLE system, (C).
experimental Xf.

experimental XfI.
. I
experimental X2.

experimentalXéI.

-

experimental X, in mole fraction.

= H
=

experimental X, in mole fraction.

experimental X in mole fraction.

N M
[

in mole fraction.

N

experimental X

in mole fraction.

N HH

experimental X

-

experimental X7~ in mole fraction.

\S U ]

calculated distribution coefficient of component 1.
calculated distribution coefficient of component 2.

calculated distribution coefficient of component 3.
II

DIF12 = difference between experimental and calculated X1 .

109
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DIF21 = differénce between experimental and calculated Xg.
DIF22 = difference between experimental and -calculated XgI.
DIF31 = difference between experimental and calculated X%.
DIF32 = difference between experimental and calculated X;I.

EXK1 = experimental distribution coefficient of component 1.

EK2 = experimental distribution coefficient of component 2.

1

EK3 = experimental distribution coefficient of component 3.

GAMI1 = ’)’f.
camt2 = Y7t
cam2t = V3.
GAM22 = ’)’gl.
GAM31 = ')’%.
GAM32 = ’)’%I.

JEQN = eguation to be run.

JX = number of jobs to be run.

NCOMP = number of components in the LLE system.
NPOINT = number of tie-lines,

Q@ = parameter q in the UNIQUAC model.

QDF1 = absolute percentage error in distribution coefficients for
component 1.

QDF2 = absolute percentage error in distribution coefficients for
component 2,

QDF3 = absolute percentage error in distribution coefficients for

component 3.

GD1AVG = average of QDF1,



GD2AVG = average of QDF2,

average of QDF3,

QD3AVG
QDOAVG = average of QD1AVG, QD2AVG, and QD3AVG,
QP = parameter q' in the UNIQUAC model.

R = parameter r in the UNIQUAC model.

SYS = system name.

X11C = calculated X% in mole fraction,
1T .

X12C = calculated X1 in mole fraction,

X21C = calculated Xg in mole fraction,
1T ., .

X22C = calculated X2 in mole fraction,

X31C = calculated X% in mole fraction.
IT . .

X32C = calculated X3 in mole fraction.
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The Program REGRESS-UNIQUAC

The computer program REGRESS-UNIQUAC calculates the binary para-
meters in the UNIQUAC equation from the binary VLE data. The pro-

cedure for using this program is now discussed.

1. Title of the system

Here the title of the system is typed. It should not exceed 60

spaces in lenght. This is typed on line 1 beginning on column 1.

2. How many data points?

To specify the number of VLE data points let IN1 = N (Format I2),
where N = number of VLE data points. This is typed on line 2 star-

ting on column 1.

3, Starting values

Now it is necessary to give a starting value for each pérameter so
that the data regression may be started. It is recommended to use 0.0
as the starting value for both parameters. Therefore, let XST1 =
XST2 = 0.0 (Format 2F10.1). This is typed on line 3 beginning on

colum 1.

4., Read in r, q, and q'

To specify the values of r, q, and g' for each component, type the

following (Format 6F10.5):

R1 Q1 Q1FPRIM R2 Q2 Q2FRIM
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where R = r1
Q1 = q,
Q1PRIM = q;
R2 = r2
Q2 = 95
Q2PRIM = !

2

The first component here must correspond to the first component in

the title., This is typed on line 4 starting on column 1.

5« The binary VLE data

To read in the binary VIE data, type the following (Format 4F10.5):
X1 GAMMA1 GAMMA?2 TEMP

where X1 = X

CAMMAT = ')q
CAMMA2 = 'Yé
TEMP = T(C)

The first component here must correspond to the first component in
the title. This is typed starting on line 5 and column 1. Use one
line per data point.

A sample input is given in the next page, followed by a listing of

the computer program REGRESS-UNIQUAC.



Sample Input for the Program REGRESS-UNIQUAC

ADETOMITRILE (L) -REMZEME(2)

12
5.0
1,87
O 04

-

G,094

O Hand

Moe w0

0. 55
07206
QL1445
0.897

0.7

0.0

1.72

s
42‘\'()/
2,33
1.915
L.606
141
1.283
1.22
1.174

L.07%

Q.97

1.72
1.01
1.02
1.08
Lokl
1419
1.354
1.428
L1+677
199
2.3

et L iy
S

48 G

3.19
45.0
45, G
45,0
“15*0
45.0

AET
45,0

Qo";
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REAL XT(’)yX(lO;l’)yDX(“)yY(ll)
INTEGER TITLEZ(SD)
COMMON/COMI/INLYR1,Q1L,QLPRIMNYRE2Q2y Q2FRIM

COMMON/COMR/X1(40) y X2(40) » GAMMAL (40) » GAMMAR (A0 » TEMF (40) » TIR(40)

COMMON/COM3/G1(20) »G2(40) yERRORL(40) yERROR2C(40)»YY

THIS IS THE FROGRAM REGRESS-UNIQUAC

FORMAT STATEMENTS

FORMAT (40A1)

FORMAT(’1/¢/SYSTEM I8 “,46041)

FORMAT (Y /»12Xs7U127,9Xy7U217,3Xy  (STARTING VALUES)’)
FORMAT(ZF104.1)

FORMATC( “75%XsF10,152XsF10. 1)

FDRMAT(&FIO.S)

FORMAT (7 /56Xy "R1L7»8Xs QL7 56X "Q1IFPRIME »SXy 7R27

18Xy "Q27 56Xy "Q2FRIME )

FORMAY (Y “»3F10.45F10.2)

FORMAT (Y ‘54F10.4)

FORMAT (L)

FORMAT\' 7y “NUMBER OF DATA FOINTS’)

FORMAT (Y 729Xy I2D

'OnMAT(’ 7ybKy XL 36Xy TGL(EXP)Y 73Xy ‘G2(EXP) 754Xy ' T(CY )
FORMAT(4F10.3)

FORMATC(? “s6Xy/UL27 512Xy /U217 53Xy (REGRESSED VALUES) ")
FORMATC “»F10.158XsF10.1)

FORMAT (Y 798Xy "XL7 26Xy "GLIEXF) “»3X» 'GLICAL) 7 » 33Xy
1/G2(EXF) 7y 3Xy 'GRICALY 7y 33Xy 'ERRORL (YD 7 93X "ERROR2(Z) )
FORMAT (Y ‘»2Xy/L.O0OPS USEN’»7Xs “ERROR YY' 66Xy

1/ERROR IN REGESSION’)

FORMAT(” 7 94Xy1598XsF1l0.6710X7F10.7)

FORMAT(’ ‘»5F10.44F10.1»2XyF10.,1)

THIS PROGRAM REGRESSES FOR THE RINARY PARAMETERS IN
THE MODIFIED UNIQUAC EQUATION

READL,TITLE

PRINT2yTITLE

READ11,INL

FRINTLZ2

FRINTL3: INL

READ4» XST1yX8T2

FRINTS

PRINTO#XST1,X8T2
REQD?:RIleleiRIN;RQ;QQ;G“PRIM
FRINTS
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3
e

PRINTGRL,QLyQIFPRIM R, Q2 Q2FPRIM
DO 10 I=lsINL
FEADLAYyXL(I) - GAMMALCI) » BAMMAR(TI I« TEMP (I
RK2(I1=1.0-X1(1)
TEALY=273,134TENF (DD
FRINT1S
G 16 I=1,1M1
FRINTLZ»X1L) » GAMMAL (L) » GAMMAR (T ) » TENME (D)
XT(1L)=X8T1
AT(2)=X8T2
M=
Mi=Mt1
M3=M+3
L=1000
E=0.00005
D¥(1)=50.0
DX(23=50.0
CaLlL LSA2IXTsX DXy Y MMl M3v Ly iyl

PRINTLS
FRINTI?,XTOL) $ XT(ED
FRINTZ0

10 21 K=1s,I81

FRINT22yX1(K) r GAMMAL (KD s S1 (K » GAMMAD () 2 32¢(KD) »
1ERRORL (K » ERRORZ (KD

FRINT23

FPRINT24L1C,YY.D

STOP ’

ER

SUBROUTINE FN(YSsXT)

REAL LisL2 ’

REAL XT(Z?

COMMON/COML/IMNL YR, Q1 QIPRIM,R2y D2, Q2FRTH

COMMON/LOMZ/ X1 (4025 £2¢30) yGAMMAL (40) s GAMMAZ{40) »y TEMF (403 5
LT(403

COMRON/COM3/GL{40) s 62(40) yERRORL {20 » ERRORZ(40) » VY

78=0.0

Z=10.0

D0 13 K=1sINt

R=1.7872

Li=(Z/2,0)%(R1-G1)-(Ri~1.0)

L2=(Z/2, 0% (R2-A2)-(RZ~1,0)

FPHIL= (XL RIRRDY /(XL GO RRLEXZIRKIARD)

FHIZ2=1,0-FHI1

THETAL=(XL1 (KA1 /{1 (KDY ARTHX2 (KT kQR2)

THETAZ=1,0-THETAL

THET1IFP= (X1 (KYAQUIPRIMY /(A1 RQIFRIMNFHZ (K RQZFRIM)

THET2P=1,0-THET1F

TAOULZ=EXP(~XT (1) Z{RETRAK? YD

TAQBUZ1I=EXF (—-XT{2) 7 {RETK{K2))

GC1=ALOG(PHIL/X1 () ) +{Z/2, 00 XQ1Ik(ALOG{THETAL/FHILI ) 4+
IFHIZ2®(L1-(R1¥L2/R2))

GE2=ALOG(PHI2/X2(KMN H{Z/2 0 XAEX(ALOG(THETAZ/FHI2) 3+
IPHIIX(L2-(R2XLL/R1D)D :

GR1=~Q1FPRIME(HALOG{ THET1F+THETR2PXTAOUZ1) )+
LCTHET2ZRFRQIPRIMY R TAOUR2L /7 (THETIPHTHETZPHTAZUZ1 ) ) ~
1(TAGULIZ2/(THET2P+THET1FXTAGU12) )

GR2=-Q2FRIMX (ALOG(THET2P+THETIFXTAQULIZ) 5+
L(THETIFRQ2PRIMIYXC(TAOULR2/ (THET2F4ATHET IPXTAGUHLIZY )~
L(TAQUZ1/CTHETIP+HTHET2PXTAGUZ1) 1)

GL{K)=EXF (GC1+GR1)

GRAK)Y=EXP (OC3+F6RE)

EREORL (K ={ARS({GAMMAL IR ~GL (KD} /BAMMAL (K 2 5X100.0

ERRORZ (K= (ARS ((BAMMAZ (K -B2 1K) ) /GANHAR (KD 1) ¥100.0

FY1=(ABRSC(GAMMAL (KD ~G1L (KD ) /GAMMAL () ).

FY2=(ABS ((CAMMAR(K) —G2 (K} ) /GAMMAZ (NI 2 2 %%2.0C

Y=FYLl+FY2

116



13

i08

1091

109

1101

110

Ya=Y8iY

CONTINUE

YG=YS/ (2, 06KINL=1,0)

YS=8ART(VS)

YY=YS

RETURN

ENT)

SUBRCUTINE LOAZCXT X IXrY M My M Lo E,L10: )
RiZAL XT(6) »X (107132 yJJ(10)»AC10y 10D+ IX(S) Y1)
IH=0

IL=0

LIC = O

IF(L.LE.0) GO TO 50

INC = M1+1

EN = M
EN = ENKLLS

L1 = L

L= -L

L2 = (3e)/24a
K3 = 2

K4 = K3-1
5 = K3KZ

6 = 1,0/

00 100 I=1,H
¥(I:1) = XTCI)
THLL EMLY(LY o XT)

B 106 J=2 M1
XTCJ=1) = XTCJ~1)+DBX4I=1)
00 104 I=1sM :
X(Ivd) = XTC(L)

CALL FNCTIUY o XT)

XT(d=1) = X{J=1s1)
CONTINUE

LG =
FLG = 1,
GC TO 50
LiC = LIC +1
IF(LIC.BE.LL) GO TO 400

0
1.0
5

Yo = 1.QEZgH
YH = -YL

Y2 = YH

Y3 = YL

Lo 110 J=1,M1
IF(Y(D)LLT.YH)Y GO TO 1091
Y2 = YH

I2 = IH

YH = Y{9)

IH =

20 TO 109

IFCY L LLT.Y2) 50 T 109
Y2 = YD

I2 = J

IFCYCD) GT.YL) GO TO 1103
Y3 = YL

GO TO 1190

IF(YCD).GT.¥Y3) G0 70 1190
Y3 = YD)

I3 = 4

CONTINUE

L2C = L2C41
IFQL2C.LTLL2Y 60 TO 118
20 = 0
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13¢-

140
142

147

168
173
174

Jaly = IL
JJL2) = 12
Jatxy = 12

I3 460 Ki=1,K3
J1o= JU(RL)

o 460 K2=K1sK3
J2 = JIK2)

8 = Q.0

0o 55 I=1+M

S = SFIX{(IeJL)=X{IsTHIIXK(XCT ¢+ J25--X{(IsTHI)D

A(KLIR2) = &

0= A1y 10XA(2:20 A1 2IR%2

GO TOC62r61) 9K

DL = A1y DIXA(Z: 32 -AL1,2)KA(1-3)

IF (AL 1) EQL.0.0) ACls1) =1, E-5
0 o= ((ACL,II¥ACE,Z) -y 332 R0 -D1AT1 Y (A(L,1)%7,.0)

IF (U.EQ.0.0) GO TD 63
IF (DLLEWQ.O) D=AES (D)
D={D/4.01%3G

IF(D.LTLWEY GO TO 65

Fi.G = 1.0

GO T 111

TFFLGLLT.0.0) 50 Ta 400
FLG = ~1.0

RO 115 I=1,sM

XTCLYy = 0,0

DG 112 J=1,M1 :
IFCIeNE«TH) XT(I) = XTI)+X {1}
CONTINUE

XTCI) = (F0%XTCIYHX(TI 2 D22 -X{T» LLID/EN-XC(I»IH)

CALL FMIYTsXTS .
IFAYTLWGE.Y2) GO TO 167

I o= Mi+l

IFIYTLEELYLY GO T3 150

YI1T = YT ’

Do 1335 I=1+M .
ATLI) = 1.3%XTII-C.O%X{(Ty 1340
Catll FNCYT#XT)

IFCYT.LELYL ) 60 YO 140

DO 138 I=i,HM

XCLpIHY = (2,0%XT(IDEX(I IHY /340

YCIHY = YTT
GO TO 108

DO 142 I=1,M

XC(I»TH) = XTC(L)

Y(IH) = YT

GA 7O 108

IHC = IHC-1
IF(IHC.ER.0) GO TO 200
IFCYT.GE.YH) GO TO 173
00 148 [=1,M

X8 = XT(I)

XT(I) = X(IsIH)
X(I»IH) = XS

N0 174 I=1:M

XT(D = 0, 79XX{I»THI+0.25%XTLD)

CALL FN(YTsXT)

IFCYT.GT.YH) GO TN 1206

Y(INY = YT

DG 175 i=isM

X(I«XIH)Y = XTI

GO TO 108

LO 182 J=1,M1

IF(J.EQ,IL) GO TG 135

R0 182 I=1-HM

XTCI) = (XLIy XTI /2.0
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300

302
303

304

30%
3048
307

30°

4
b2
P

7ad
[4]
O
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XCIsd) = XTI
CALL FROY (D) »XT2

CONTINUE

GO YO 1083

ITHC = 2%Mi
IFGi.6E. 33 60 TO 350
S = 0.0

L0 3062 I=1-M
XCIoM+R) = X{TsIHY-X{LyIl
KIsM43) = X(I»TH)>-X(1,1I3)

S = SHX(IyM+R0 k%2
§ = GRART(®)

IF (5.EQ.0.0) 5‘100 E-

U = -X{2yM44+23/5

X{ZeM+2) = X(1:MI2)/S
XCLivME2) = U
5=X(17H+2)$X(1fﬁ+3)+X(2yN+2)#X(21ﬁ+5)
0o 298 I=1v

X{Isti42)y = X(IHH' X

no 307 I=1i,M

Xid{l) = X(I’J.HITX"I; $42)
CALL FNUYT»XTH

DG :UQ I= 1’!:

XTCI) = X{IxTHY)=-X{TIrM+2)
CALL FN(YTTs X7
IF(YTTLLEL.YTY GO TO 3290
e F1i I=1i.M

XTCT) = X(Es THYFX (T y M+2)
YTT = YT
YC(IHY = YTT

oo 321 I=1-H
KL IH) =2 XTI}
GO TR 1c8
0o 352 Is=s1cd
XTvI)y = X{I»IH)Y - X{IsiL)
KOIsH+2) = X(IsIH) —~ K{I:IZ;
R{TeM+33 = X(IsIH) - X(I,1I3)

-

S = 0,0

g1 = 0,0

0o 385 I=in

S = HRATIIIRRZ

81 = S1+X(IM+32%k%2
8§ = GART(S )

§1 = SART(S1L)

§2 = 0,0

Do 337 i=1sM

IF(S5,EQ.C+) S=1,E-5
XT(IY = XT{I)/8

82 = SREXTI{INAXL{I M2}
IF (S1.EQ.0.0081=1,0 £-5
X(IsME3) = XC(IM+3)/81
D0 38C I=1+M

XCLyM+2) = X(I-M42)-XT{I)¥82
S§1 = 0.0

DO 3462 I=1sM

81 = S1I4+X(IsM+2IX%K2

51 = SRRT(Si)

00 355 -I=1M

IF (S1.EQ.0.0)8i=1,0 E-5
ACIsM42) = X(IsME2)I/G1
81 = 0.0

82 = 0.0

DO 3467 I=1+¢M

S1 = GLIHATLINAXLL 3+
G2 = S2+X (T ti+22 &Y (1 H+32)
DG 370 I=1+4
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A

70

a0

X{TopM:2) = SRISIRXTOINFODRK(T M2 XTIy M43

GO 70 306

S o= Y (1}

Y(1) = Y(IL)
YCILY = §

LD 402 I=1sM
AT{Iy = X(IsTIL)
KOIsEL) = K{Is1}
X(I»1) = X7{I?
RETURN

END
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Qutput From the FProgram RECRESS-UNIQUAC

The output from this program contains the following information:

1e The input datao

2e Au12 and Au210

3. Calculated activity coefficients for each component.

4. Absolute percentage error in activity coefficients for each
component.,

5 Number of iterations used.
6., Minimum value of the minimization function.

7. Error in the regression.
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Dictionary for the Program REGRESS=-UNIQUAC

D = errvor in the regression.

absolute percentage error in activity coefficients for
component 1.

ERROR1
ERROR2 = absolute percentage error in activity coefficients for
component 2.

GAMMA1 experimental activity coefficient of component 1.

GAMMA2 = experimental activity coefficient of component 2.

G1 = calculated activity coefficient of component 1,
G2 = calculated activity coefficient of component 2.
IN1 = number of data points.

L1C = number of iterations used in the regression.

Q1 =g, ‘
Q1PRIM = q;.

%@ = q,.

Q2PRIM = qé.

Rl = r1,

R2 = r2,

TEMP = temperature, (C).
TITLE = title of the system.

XST™ = starting value for 45u12.

XST2

starting value for £§u21.

XT(1) = Au12



Xr(2) = Aum.

YY

1

X1.

minimum value of the minimization funecticn.

123



The Program OTILIA-UNIQUAC

The computer program COTILIA-UNIQUAC calculates the birary para-
meters in the UNIQUAC equation from the mutual solubility data. The

procedure for using this program is now discussed.

1. Title of the system

Here the title of the system is spesified. It should not exceed 60

spaces in lenght. This is typed on line 1 starting on columm 1.

2., Starting values

To begin the regression for Aum2 and A.u21 it is necessary to
specify a starting value for each parameter, It is recommended to
use 0,0 as the starting value for both parameters, Therefore, let
XSTT = XST2 = 0.0 (Format 2F10.1). This is typed on line 2 starting

on column’ 1.

3. Read in r, g, arnd g'

To specify the values of r, q, and q' for each component, type the

following (Format 6F10.4):

R1 N Q1PRIM R2 Q2 Q2FRIM
where R1 = :t'1
QL = q1
Q1PRIM = q1'
R2 =1

2
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%2=q2

Q2PRIM = g}

Note that the first component here must correspond to the first
component in the title. This is typed on line 3 starting with

column 1.

4. Read in the molecular weights and the temperature

To read in the molecular weights for both components and the

temperature of the system, type the following (Format 3F10.2):
MW Mw2 TEMP

where Mw1

]

molecular weight of component 1.
MW2 = molecular wéight of component 2.

TEMP = temperature, (C).

If the mutual solubility data is in mole fraction let MW1 = Mw2 =1,0,.

This is typed on line 4 starting on column 1.

5 BRead in Xf

To specify Xf let X1(1) = N (Format F10.5), where N = Xf. This is

typed on line 5 starting on column 1.

. II
6. Read in Xl

To specify XfI let X1(2) = N (Format F10.5), where N = Xfl. This is
typed on line 6 starting on column 1.
A sample input is given on the next page, followed by a listing of

the computer program OTILIA-UNIQUAC.
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Sample Input for the Program OTILIA-UNIQUAC

CYCLOMEXANE (1 -MITROMETHANE(2)Y AT 25 C

GO 0.0

45,0464 3,24 3.24 2,.0086 i.848 1.843
1.0 1.0 25.0

0.,96%9

CL0378
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REAL XT(2)»X(10513),DX(2),Y(11)

REAL MWl,MW2

INTEGER TITLE(60)
COMMON/COML/R1,Q1sQIFRIMyR2yQ2,Q2FRIMy TRK(2)
COMMON/COM2/X1(2) » X2(2) 1 GL(2) s B2(2) y TEMF»YY
COMMOM/COM3/UL2yU21

THIS IS THE FROGRAM OTILIA-UNIQUAC

FORMAT STATEMENTS

1 FORMAT (60A1)

2 FORMATC( 179 "SYSTEM IS 7 960A1)

8 FORMAT(’ “»5XsF10.1+2XsF10.1)

4 FORMAT(2F10.12

7 FORMAT (Y 212Xy 7UL27 92X 7U217» 33Xy “(STARTING VALUES)> )
11 FORMAT(Y 7»&6F10.4)

10 FORMAT(Y “28Xs 'R17»8Xs "Q17 36Xy QLIPRIME’ »SXy "R27

18Xy 7Q27:6Xy "R2PRIME")

b4 FORMAT(4F 10,47

12 FORMAT(3F10.2)

13 FORMATC(Y /58Xs "MW1/ »7Xs “MU27 +6Xy 7T(C) )

14 FORMATC(Y 7:3F10.2) '

146 FORMAT(Fi0.5) .

17 FORMATC(? /96X UL27 12Xy /URL7 v 33X (REGRESSEDR VALUES) )

18 FORMAT(Y “»F10.1:5XyF10.1)

19 FORMAT(Y ‘y4Xs/X1728XsX27y?Xy "GAMMAL »7X>
L/GAMMAZ "¢ 7%y " TEMF{C) ")

21 FORMAT(’ ‘s2F10.4,3X:F10,3s3XsF10.3y3XsF10.1)

23 FORMAT(Y ‘#2Xy/L.OGFS USED’»7Xy "ERROR YY r&Xy
1/ERROR IN REGRESSION’)

24 FORMATC(Y ‘34XsI5+8XrF10.6210XsF10.7)

THIS PROGRAM USES THE MUTUAL SOLURILITY DATA TO
OBTAIN THE BINARY FARAMETERS IN THE MODIFIED
UNIQUAC EQUATION -

READL,TITLE

FRINT2yTITLE

READI& s XS8T1,XST2

PRINT?

PRINT8yXST1yX8T2
READ?yR1,Q1yQIFRIM,R2,Q2,Q2PRIN
FRINT1O

FRINT11 R1s31,Q1FRIMyR2yQ2yQ2FRINM
READLZ s MWL ¢ MWZ » TEMP

FRINT1L3

PRINT14s MWLy MU2 Y TEMF
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o L5 {=1+2
TR{IY=R73 154 TENP
REATIL&yX1(1)
X2¢I)=1,0-X1(1)
X1(I)y=XK1(1) /MWl
K2(L)=X2(1)/ Mid2
XI{DY=X1{i /(XL (T 4X2(I
X2CLy=1.,0-XKL1<I}
XKT(1yy=%5T1

XT(2)=4ST2

M=2

M1=M4+1

MI=M+3

1.=1000

£=0,0001

DXe1y=50,0

0X(2y=50.,0

Call LeR2IXT X sIXy Yo MyML MO EsL1IC T

FRINTL?
PRINT1E,U12,U21
FRINT1Y

Lo 2¢ J=1+2

PRINT2Ls XL{D 2 X2 (1Y » BL ) 2 GELS) y TEMP
FRINT23

FPRINT245L1CsYY D

STOF

EMD

SUPROUTIME FN(YS,XT)

REAL XT(2)

REAL LisL2
COMMOM/COMI/RL- 01, QIPRIMyR2, Q2 Q2PRIM TR(2)
COMMCN/COM2/X1(2)y X2(2)»G1 (2 G2(2) y TEMPSYY
COMMON/COM3/1I1 2,421 :

LDIMENSIOM ACTL(2),ACT2(2)

Z=310.0

R=1.9872

3 13 K=1,2

Li=(Z/2: 0% (R1-Q1)-(R1-1.0)
L2=(Z/2, 03k (R2-G2)~-(R2-1.0)
FPHIL=(XLRIRRL) /(XL (RKI HRIEX2 (K I AR2)
FHI2=1,0~-FHIL
THETAL1=(X1 (I %01 /(X1 (RIYXQ1+X2(KI%A2)
THETAR=1,0-THETALl
THETLIP=(X1(K)XQIFRIM) /(X1 (I KQIPRIM+X2(KIXQZFRIM)
THETZP=1,0-THET1P
TAQUL2=EXP (-XT{(L) /{RYTK{K> )
TAQURI=EXP (-XT(2) /(R¥TR{KD} 3}

GI=ALOG(PHIL/X1UD I H{(Z 2, O RXALR(ALOG(THETAL/PHII )+

IPHIZR(LL-(RIN_2/R2))

GC2=ALOG(PRIZ/X2(KI I+ (/2. OIXR2X(ALOG(THETAZ/FHIZ) ) 4

IPHILK(L2- (R2KLI/RL))
BR1=-QLPRIMYLALOG (THET LR+ THET2FXTADU21) ) 4
L(THET2PXQLFRIM) X ¢ (TAQUR21/ (THET1IF+THETZFXTAOUR21 )~
1{TABUL2/ (THET2F+THET1FXTACUL2)))
GR2=-Q2FRIMNK(ALOG(THET2F+THETIFXTAQUL2) 2+

1 (THETLP¥Q2FRIM) K ((TAQUL2/ (THET2F+THET1PXTAOUL2) )~
1(TADU2L/ (THET1F+THET2FXTAGUR1)))
G1(K)=EXF(GCL+GR1)

G2(K)Y=EXF(GC2+GR2)

ACTL (K =X1(KIXG1(K)

ACT2CRK) =X2 (KRG (K)
FYi=(ABS(ACTL(1)~ACTL(2)))¥%2,0
Fy2=(ABS(ACT2(1)-ACTR2(2)) ) %%2.0

YS=FYL+FY2

YS=SRRT(YS/2,0)

YY=Y3

128
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J12=XT115

Y21=XT (2}
RETURN

END
SURRQUTINE 180
REAL XT(2)X(2
TH=0

iL=0

Li€ = 0O
IFUL.LE.0) GO TC 50
IHC = M1+1

N

-
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40 100 I=1«M
180 X{(I»1) = XT(I)
CAaLL FNOY(1):XT)
Lo 106 J=2sM1
AT(J-1) = XT{J-10)+0Xd-13
IO 104 I=1,M .
104 X{Ie«dd> = XTI
CALL FM(Y (e XT) |
XT(I-1) = X(J-31+1)
106 CONTINUE

1.2C = 0

FlLG = 1.0

33 70 SO
1068 LIC = L1g +1

IF(LICL.GELLLY GO TO 400
50 YL = 1.0E38

TH = ~-YL

Y2 = YH

Y3 = YU

DO 110 J=1,M1
IF(Y (D LLTLYHY GO TO 1091

Y2 = YH
12 = IH
YH o= Y(I)
IH = J
GO0 7O 109

1091 IF(Y(D).LT.Y2)Y GG TO 109
Y2 = Y{h

I2 = J
109 IF{(Y(J4),BT.YL) GO TO 1101
Y3 = Y.
I3 = IL
IL = J
YL = Y{(J)
G0 TO 110
1101 IF(Y(J.GT.Y3) GO TQ 110
Y3 = Y(J)
I3 =4

110 CONTINUE
L2C = LAC+1
IF(L2C.LT.L2)Y GO 70 111

L2 =90

JJty = Il
JJ2y = I
SJ03) = I3



(R
<

e R
[N EE S

[

ho-g -4
o ad

140
142

167

ié8
173
174

173

180

182

D 40 Ki=1yK3
J1 o= JUIR1) .
00 40 K2=K1.X3
J2 = JJIR2)

S = 0,0

LO 38 I=1sM
g =

AIRLLKREY = 5
o =

GO TO(SHZySH1)sR4

0Dl = A% (2,3)-ACLy2IXRACL»3)
IF (AC1:12,EQ.0.0) ACly1)
D= (AL 10%A(3» 3= (1 y DDXXDIRD-DI%DL) /(AL r1INTDL 0D
T0 88

IF (D.LE.C,0) D=AFRS

IF (ILEQR.D0.0) GO

LD=(D/4,0)%*0

IFCO.LTWEY GO TO 68

FLG = 1.0
Go TG 11t

IF(FLG-LT.D2.0) GO T3

Fi.G = —=1.,0
D0 i15 I=1-M
XT{I) = 0,0
Do 112 J=1,M1

IF(JNE,IH)Y XT(I)

CONTINUE

XTCI0 = (3.0%XT(IIHX(II2)~X{T1sIL) ) /EN-X{I>IH)

Calll FROYTXT)

IF(YT.GE.Y2) GO TO 147

THC = iMi+l

IFCYT.CE.YL) G0 TO 14¢

YTT = YT
DO 135 I=1.H

KT{IY = 1,5%XT(I)~-0.T%X(IsIH)

Catl FHIYT#XT)

IF(YTLLE.YL 3 GO TO 140

0o 138 I=1sM

X(LeIH) = (2.0%XTLIXHX(ISIHYY /3.0

YOIHY = YTT

43 TO 108

D0 142 I=l«M
ACTIHY = XT(I?
Y(IH)Y = YT

GO TO 108

IHC = IHC-1

IF(IHC.EQ.0) GO 7O 3090
IF(YTL.GE.YH) GO TQ 173

[0 148 I=1sH4
X8 = X7{L0)
XTCI) = X(I+IH?
X(I>1IH) = XE
G 174 I=1sH

XTI = 0 75XX(I>»THY L0 25XXT (I

CALL FN(YT«XT)

IF(YT.GT,YH) GO TO 180

Y(IH) = YT

g 175 I=i-M
XCI»IHY = XT(I)
GO TO 108

D3 185 J=1-M1

IFCJLEQ.WILY 6N 70 180G

oG 182 I=1sM

XTLL) = (NI, d34X(I-1TL3)/72.0

X(IrJd) = X7(IJ
CaLL FMLY () XT)
CONTINUE

S .
SHXCT I =X Ty THY YT 120 ~-XL{T 5 THYY
1_'}'

(1y13%A(2,25-A0L, 20 %42

f

XTCIXEX(Is )
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-
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387

370

120G

GO TC 108

IHE = 2%M1

IF(M.GE.¥) GO YO 330

S = 0,0

DO 302 I=1lyM

XOTeMEZ) = X T o THI=-ALTI»TL)
X(I#M+3) = X{IyIH)-X(Y,13)
S = SFN(T s MI25%02

S = SERT(S)

IF (5,EQ.0.0) 8=1,0 E-5
U = -X{(2:¥M+2)/3

X(2yM+2) = X(LsM+2)/8

XKLy M+2) = U

=X {1y ME2IRK (Lo M+3) X2y HER X2 s M)

DO 305 I=1,H

X(IeM+2) = X(IsM+2)%S

Lo 307 I=1.M

XT(LY = AK{YsIHY+XOIM4R)
catl FNCYTXT)

Lo 309 I=1sh

XTCL) = XC(I»TH)-X(IsM+2)
CaLl FN(YTT2XT)
IFXYTY.LELYT) GO TO 320
Do 311 I=1i.M

XT(I) = X{IsIHXEX(TIM+2)
YTT = YT

YOIHY = YTT

o0 321 I=1iM

Y(LyIHy = XTC(ID

GO TO 108

00 352 I=1:4 .
ATCI)Y = X(I»IH) — X(I-IL)

I 132

8 = 0.0

S1 = 0.0

Ui 355 I=1sM

S = SEXT(Ir%%2

51 = Si+X{I,M+35%%2
£ = Q@RT(S )

81 = 8GRT(S1)

S§2 = 0,0

00 357 I=1,M

IF(3.EG.0.) 8=1,E-F
XT{I) = XT(I)/S

S2 = GRXT(IYXKX(I»M+2)
IF (81.,EQ.,0,0)81i=1,0 E-5
X(IaM+Z) = X{(Lse8+3)/51
[0 3460 I=1sM

X(TeM+2) = X{IsMI2I-XTLIIRG2

81 = 0.0C

G0 362 I=1,M

S1 = SL1+X(I,M+2)%%2

81 = SRRT(81)

00 385 I=1s#

IF (51.EQ.,0.0)81=1.0 E-5
X{IsMi4+2) = X(IyM+2)/81
81 = 0.0

g2 = 0.0

00 367 I=1isM

81 SIEXT(IIRALI »1i+3)
S2 S2+X (I yM+2I%RX (T M+3)
g 370 I=1sM

o

XCIoM+2) = SR(SLIAXT(II+S2AX(T o M+2)=-X LI M+3))

50 TO 306
5 = Yei)

23 = X{ILsIH? - X(I-,I2)
X{I-mM43) = X(I2EH)Y ~ X(Is1I3)
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[

Y{iy = Y{IL)
Y(IL) = 8

00 402 I=1sM
ATCIY = X<I TL)
X(IsILY = X(Is1)
X{Iri) = XTLD)
RETURN

ENU
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Cutput From the Program OTILIA-UNIQUAC

The output of this program contains the following information:

1. Input data.

2. 43u12 and 13u21.

3, Calculated activity coefficients for each component in both phases.
4. Number of iterations used in the regression.
5« The minimum value of the minimization function.

6. The error in the regression.



Tictionary for the Program OTILIA-UNIQUAC

D = error in the regression.

GNﬂ):Yf.
61(2) =77
G2(1) =’}'§.

c2(2) =Y.%

L1C = number of iterations used in the regression.

MW1 = molecular weight of component 1.

MW2 = molecular weight of component 2.

At = q,.
Q1PRIM = q{,
Q@ = q,.
Q2PRIM = qé.
R1 = ry.
R2 = r,

TEMP = temperature, (C).
TITLE = title of the system.

m2=A%2.

721 = zku21.

mm=smﬂMgWMemrA%T

XST2

starting value for £;u21.

(1) = xf.

II

4

x1(2) = X

134
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x2(1) = X3,
x2(2) = XEI.

YY = minimum value of the minimization function.



136

The Program TREG

The computer program TREG calculates the binary parameters in the
NRTL, LEMF, and UNIQUAC equations from LIk data alone, or from binary
VLE data plus ternary LLE data together. The procedure for using this

program is now discussed.

1. Which equation?

To specify the NRTL or the LEMF equations let IEQN = 01 (Format I2).
To specify the UNIQUAC equation let IEQN = 02 (Format I2). This is typed

on line 1 starting on column 1.

2, System title

Here the title of the system is typed. The title should not be more
than 60 spaces in lenght. The 1-2 binary must be the partially misci-

ble binary.

3, How many runs, how many tie-lines, and which method?

If _one.is interested in running NTIMES jobs (where NTIMES = 1, 2, 3,
and 4) for a system that has NTIE tie-lines, and want to run Method
NOPT first (where NOPT = 2, 3, 4, and 5), type the following (Format

312):

NTIMES NTIE NOPT

where NTIMES = number of jobs to be run
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NTIE number of tie-~lines

i

NOPT method to be run first

This is typed on line 3 starting on column 1, With this program one
can only use a particular equation at a time. Whenever using Method

I, NTIMBES must be set equal to 01,

4. Temperature of the LILE system

To read in the temperature of the LLE system, type the following

(Format F10.3):

TEMP3

where TEMP3 = temperature of the LLE system, (C). This is typed on

line 4 starting on column 1.

5. How many binary VLE data points?

To srecify the number of binary VILE data points for the 1-3 and 2-3

binaries, type the following (Format 2I2):

BRY] N2
where IN1 = number of VIE data points for the 1-3 binary.
IN2 = number of VLE data points for the 2-3 binary

This is typed on line 5 starting on column 1.

6e CZ15 and 5223

If using the NRTL or LEMF equations, the value of CX13 and C223

must be specified. This is done by typing the following (Format 2F10.4):
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ALFA13 ALFA23

This is typed on line 6 starting on column 1.

T« 1, q, and q'

If using the UNIQUAC equation we must specify r, q, and q' for each
component., The order of the components here must correspond to that
used in the title., This is done by typing for each component the

following (Format 3F10.4):

R Q QP
where R=rT
Q=4q
QP = q'

This is typed on lines 6, 7, and 8, starting on column 1. Use one line

for each component.

8., VLE data for the 1-3 binary

To read in the VLE data for the 1-3 binary, type the following

(Format 4F10.3):

X1 GAMMAT GAMMAZ2 TEMP1

where L1 = X1

CAMMA1 = experimental activity coefficient of component 1.
GAMMA2 = experimental activitiy coefficient of component 3.

TEMP1 = temperature of the binary system, (C).
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The binary 1-3 system here is:the same as the binary 1-3 in the title.

This is typed starting on column 1. Use one line per data point.

9, VIE data for the 2-3 binary

To read in the VLE data for the 2-3 binary system, type the follo-

wing (Format 4F10.3):
X3 GAMMA3  GAMMA4  TEMP2

where X3 = X2

GAMMA3 = experimental activity coefficient of component 2

GAMMA4 = experimental activity coefficient of component 3

TEMP2 = temperature of the binary system, (C)

The binary 2-3 system here is the same as the binary 2-3 in the title,

This is typed starting on column 1. Use one line per data point.

10. Starting values

Here it is necessary to specify a starting value for each para-
meter in the 1-3 and 2-3 binaries. This is done by typing the follo-

wing (Format 4F10.2):
XST1 XST2 XST3 XST4

where XST = starting value for é3g33 or ZSuWB

XST2

starting value for & 854 OT Au31

XST3

]

starting value for A 8y OT Au23
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XST4 = starting value for £5g32 or £§u32

This is typed starting on column 1.

11. The LLE data (for Method I only)

To type in the LLE data for Method I, type the following (Format

5F10.4):
X11 X12 X21 X22 DC
I
where 11 = X1
X12 = X%I
' I
X21 = X2
02 = )CEI
¢ = K2
3

This is typed starting on column 1.

12, The LLE data (for Methods II through V)

To type in the LLE data for Methods II through V, type the follo-

wing (Format 7F10.4):

X1 X12 X21 X22 DC1 DC2 ale;
I
where X111 = X1
12 = XII
1
L
X21 = AZ



141

IT
X22 = X2
DC1 = experimental distribution coefficient of component 1

DC2 = experimental distribution ccefficient of component 2

e experimental distribution coefficient of component 3

This is typed beginning on column 1. Do not include the mutual solu-

bility data. Use one line per data point.

If the NRTL or the LEMF equation is being used, one has to specify
C¥12’

This is done by typing the following (Format 3F10.2):

458%2’ and £§g21, as obtained from the mutual solubility data.

ALFA12 G12 G21
where ALFA12 = 0412
G21 = A gy,

This is typed starting on column 1.

14. £§u12 and [5u21

If using the UNIQUAC equation one has to specify é§u12 and é&u21 as
obtained from the mutual solubility data. This is done by typing the

following (Format 2F10.2):

G12 Ga1
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where G12 = Au12

G21 Au2

1
This is typed beginning on column 1.

A sample input is given in the next page, followed by a listing of

the computer program TREG.
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Sample Input for the Program TREG

ACETATE()Y ~-ACETONE(E) AT 30 C

O O
COGR I e

1.1 . 3800
o 1.1 . 30,0
. PN

-

Lol
1,072
1,262
1 véi\f’)
L G79

-

o Bl 6 I DU R €% QR S 4
&
-

A
&

SQOODOOOT DY

G LI S O

I
1)

i

)

14047
1.054
1,038
1014
1209
L1z
~H00,0

% oy
(L0930

~d

HOG.0
0,892

0. 8438
121
Z131L
06151
0.511

0.0205 0.3102
0, 0247 0.2611

N
G84.8

8]

he v

C.81797

0.8003

-y
* S
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REAL XT(8)sX(10,13)»0X(46)5¥(11)

INTEGER TITLE(SLOD

COMMON/COML/ALFAL3yALFAZ3
COMMON/COMZ2/ERRORL (40 yERROR2(A40) y ERROR3 (40) y ERRORA(40)
COMMON/COM3/INLy IN2yIEANsR(3) 2 QL(Z) 2 GIF (3D
COMMON/COMA/XL (407 v X2(40) ¢y X3(40) 9y X4{40)
COMMON/COMSI/GAMMAL (40) » GAMMAZ(40) y GANMATZ(40) » GAMMAA (A0)
COMMON/COMA/X1L1{40) s X12(402 5y X21(40) s X22(A40) y X331 (400 y X32(40)
CONMMONSCOM7/TRI{A0Y yGL(A0) » BAC40) » TRE(AD) 2 G3(40) 734 (40)
COMMON/COMSB/ALFALZyGL2:G21»TRISDC(40)
COMMON/COMP/YY QR YQAR2Y Q340D
COMMON/COMLIO/GTE(A0) » B&LAD) y CC(A0) o NTIE
COMMON/COMLL/NORT»G7(202568(20),09¢(20) »G10(20) yCCL(20) »DTCCZ(20)
COMMON/COMI2/,G4(20) G5 (26G3 » BC1 (202 yDC2(20)
COMMON/COML3/EGAM» QREBAR

THIS IS THE FROGRAM TREG

THIS FROGRAM RECRESSES FOR THE BIMARY FARAMETERS IN
THE NRTLs LEMF, AND MODIFIED UNIQUAC EQUATION,

FORMAT STATEMENTS FOR THE MAIN FROGRAM

OO COOOGOODNGaGaOTOoOnaGOn

360 FORMAT(/ /y5X»7F10.4)
211 FORMAT(2F10.2)
210 FORMAT(Y “»2F10.20)
G009 FORMAT(Y “+OXp’GLl27s7Xy G217 y3Xs
17A5 ORTAINED FROM THE MUTUAL SOLUBILITY OATAY)
P00 FORMAT(I2)
205  FORMATC(! “s6X» /R 210Xy 707 s 46Xy "QAFRIME")
204 FORMAT(3FL10.4) :
906 FORMAT(’ “s3F10.4)
701 FORMATC(! ‘9 ’EXP/ 36X s X117 s7Xe X127 97X X217y 7X5 X227 27Xy
L/XBL 97Xy "X327 8%y 'RI 92Xy ‘R3=KXT2/X317)
102 FORMAT(" ‘26F10.2)
1 FORMAT(&60AL)
2 FORMAT(’1’y»/SYSTEH ‘360A1)
3 FORMAT(? 17Xy I2+50Xy1I2)
55 FORMAT(2I2) ’
17 FORMAT(2F10.4)
18 FORMAT(4F10.2)
8 FORMAT(S5F10.4)
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16 FORMAT(Y 792010.3:2X»3F10.1)
13 FORMAT(Y 7 «Fi0.6)
18 FORMAT( o IZF1C. 3 2XF10. 1)
10 FORMAT(F10.32
1? FORMAT(3F10.2)
89 FORMAT(ZF10.4)

- 200 FORMATY “»I4y20%sF10,4)

300 FORMAT{’ ‘»718T CHARNCTER= & 0OF OPTIONE-SX» .
L/2ND CHARAUTER= & OF TIE-LINES’»SXy/3RD UHARACTER= OPTIOM %)

301 FORMAT(’ ’»/'TERFERATURE(L) OF THE LLE SYSTEM?

302 FORMAT(Y 7 'FIRST CHARACTER= & OF VLE FOINTS FOR 1-3 RINARY’»
18Xy /SECOND CHARACTER= FOR THE 2-3 BINARY)D

303 FORMAT(Y 7»/ALFALS ALFAZ3T)

IO FORMATC( “»S8Xs /G139 7Ky "G3L 97Xy 70237974, "G32" +2X>s
LAOSTARTING VALUES) 3 '

TOE FORMAT(S 7 EXP 758X /X117 s 7K s "XL27 9 7Xs " X217 27X "AR22 7Ry
TOXEL 7% X327 08X "KL 98Xy K27 #8Xp 7HE/ »2X» "KL=X12/X11 "2

306 FORMATC(Y "s10Xs 7ALFALZ s 8Ky 701279 7Xs " G217 # 2Xy
1765 OBTAINED FROM THE MUTUAL SOLUBILITY DATA’)

F07 FORVATCY 7»TXs'GL3 v7Xs G317 » 7K 76237 o 7Xs ‘G327 7K 76127,
17%y7G217y2Xy (REGRESSED VALUES) 7

Z0B FORMATCT “y8Xy /X {EXP)Y sbXy "GL(EXF) /»3Xy "GLI{CALY "» 3Ky "G2(EXP) ‘s
13Xy 7G2(CAL)Y “ v SX» " AERRORGL Y » 3%y “ZERRORG27 »2Xy ‘FOR THE 1-3 RBIMARY'
i :

309 FORMAT(? 7y /REGRESSION ERROR IN GAMMa FOR THE 1-3 RIMARY’)

310 FORMAT(! /9%y "XL(EXP)Y 726Xy "GLIEXP)Y 23X 'GL(CALY 73Xy "GRLEXF) 7 »
13Xy 32(CAL)Y 7 »BXy ‘XERRORGL y 3Ky ' XERRORG2 »2Xy “FOR THE 2-3 RINARY’
13 ‘

311 FORMATYY ‘- /RIGRESSION ERROR IN GoMMA FOR THE 2-3 BIMNARY ')

312 FORMAT(Y “+SX» GAMIL s 3O%» 'GAMLIZ v SXy ‘GAMRL 7y 58X, - GAMZZ/ 25X
L GAMIL s 8%y "GAN32 26X "KC1 77Xy KO/ s 7Xy “KC3 7 710Xy ‘BLL " s 7Ky
1/QD27 27X 'R037) .

313 FORMATC( 5 ERROR YY)

280 FORMAT(S H3Xs9F10.4)

322 FORMATCS 79 TAF16.1)

323 FORHMATC(Y 7+F3.299%XyFS.2)

322 FORMAT( 7 +4F1C, 23

SE3 FORMAT( 795X "GAM3L »5X, "OAM3Z v 86X 'KU3 210Xy Q037D

379 FORMAT(S 7 +SXr3F10.17

389 FORMAT(Y 20X F10.452Xv4F10.3,2X:2F16G, 1)

330 FORMATCY “r10Xy1I25,37X»I2:30Xy1I2)

321 FORMAT(3I2)

314 FORMATC(’ 7 "HUMBER OF LOCPS USED. ERROR IN REGRESSIONY)

315 FORMAT(Y 7 +s3X2/ B3 97Xs 06317 »7Xs 76237 97Xy G327 »2Xy
1/ (REGRESSEDN VALUES) )

777 FORMAT(’ /»’AVERAGE PERTENTAGE ERROR IN EBIMNARY GAMMASY)

778 FORMAT{’ “913XsFL10.1)

779 FORMAT(’ ‘s AVERAGE PERCENTABE ERROR IN LIST. COEFF.’)

THIS I8 THE HAIN PROGRAM

NCOMP=3
READI?00 » TEQN

READL»TITLE

PRINT2» TITLE

FRINT 300
READZ21»NTIMES»NTIEsNOFT
FRINTZ20yNTIHES yNTIE s NOPT
FRINT301

REATIL0» TEMF3

PRINT322, TENP3

FRINT 302

TK3=273. 15+TENPT
REANSS» IM1, TN2
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F03
P02

4

=]

700
702

205
‘)0‘7

203

41

07

?08

500

27
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FRINTZINL, IN?
IFCIERN.EQ.2)SO TN 901
FRINT303 '

READLT 7ALFB13,ALF423
FPRINTI235ALFALE,ALFARS
GO TQ 902

FRINT90S

00 203 I=41NCOMP
READF04»R(ID - QLI s QF(T)

TFRINTP0S,R(D) »Q(I) s QP (D)

FRINT304
0 4 K=1sIN1L
READNI 8y X1 (K) > GAMMAL (K) » GAMMAZ{K) » TEMF1
TRI(K)I=273, 15+TEMPL :
X2{K)=1,0-Xi{K?
03 6 KK=isINM2
READLBy XBINK) s GAMMAZ (KK? « GAMMAA (KK, TENFZ
TRI(RK)=273, 15+ TEMP2
HALRRD) =1, 0=X3{KK)
REAINSyX3TL1 s XST2s XSTI» X5TA
FRINT322yXE8T1 X872, XETI» XST4
IF{NOPT.EG.15G0 TQ 760
FRINT303
50 TG 702
FRINTZ01
DD 41 I=1sNTIE
FINOPT.GE.2)30 TO 265
lFrU?yALl(T) X12¢I» XQl(L}~A22(I);D“(I)
l‘('\ C "‘)0"\
hFHDS?;XIl(J)rXiL(I)aX”i(I)yXZQ(T)9DuJ(I)’ﬁC°\I3-DC(I)
XILLT3=1,0-X11(I)-X221(1)
X32(I=1,0-X12(1)-X22(1) :
IF{RELCIILEQ, 0., 00X31(I)=1.0E-2C
IF(XZE(1LY . FEd,0.0)XE201)=1.0E-20
IF(NODPT.GE.2)GD TO 203
FPRINTELEO»XI1(T) o X12(I ) s X21(I) p X221 o XT1(IY+XI2(L5HLCLT)
GO0 TO 41
FPRINTIBOX1L(I) s XL2(I) o X221 (T2 X22(T)» XZL(T) » XI2( L) »UCL(T) 5 TERL T

EBUMNE S

COMTINUE
IF(IEQN.ER.2)G0 TO 907
FRINT304
READL?sALFAL2y(12,821
FRINT379:,ALFAL12,0612,621
GO TO 908
READZ?11,612,621
FRINTOOY
FRINT?10»GLi2»G21

D0 2 I=1:NTIMES

M=4

L=19000

E=0.0005

IF(ILEQ.L)G0 TO 500
FRINT2,TITLE
NOFPT=NOPT+1
IF{NOFT.EQ.4)M=NOPT+2
IF(NGPT.EQ.S)M=NOPT+1
Mi=M+1 ’

MI3=M+3

oo 27 Ii=1:-H
LX{II)=10.9

XT(1)=X8Ti

XKT(2)=X8T2

XT(3)=X8T3Z

XT(4)=X8T4

IF(NOPT.OT IXT(S =012
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TFINORT.GT.3)XT(4)=0321
CALL LSQ2(XTryXsO¥sYsMeMil s M3sL s ErL1G, T
IFCNOPTWGBT3)G0 TO 101
PRINT31S
PRINTS28sXTCLY s XTC2Y s XTIy XT(4)
GO TO 103
101 FRINTZO?
FRINTLIO2 XTIl e XTLR) s XTL3Y o XT (A s XT(SY 4TC(S)
1032 FRINT3O®
00 11 J=1isING
11 PRINTZ89sX1(yGANMALIY 561 (J) »BAMMA2(I) »B20J) y ERRORL
1(I) yERRORR2¢ )
PRINTIO®
FRINT13,0Q0Q1
FRINT3L1C
D0 14 dd=L,IND .
14 FRINTZI89 s X3 (103 »BAMMASLIIY s B30I » BANMALL{IIY v 5AC LD »
LERRORI (IS s ERROR S GJ)
FRINTILL
FRINTL3,QG2
IF(NOFT.ER. 160 TG 200
FRINT312
G0 O 201
200 PRINTZZ3
00 42 LL=1sNTIE
42 PFRINTISGS5(LLY sGAHCLL) »DCCILLY s A3CLL)
G0 TO 400
201 [0 43 Li=1,NTIE
47 PRINT14:07(LL) /G (LL) »BP(LLY «B10(LL)Y /G5CLL) rBALLLY »PCOL(LL) 5
ILCCECLL) »DCCILLY v QALY 5 QS5 (LY » B3 (LD
400 PRINTZ13
FRINTIZ,YY
FRINTY?7
FRINT778sECAN
ERINTZ79
FRINT778:QDEAR
FRINT314
? FQINTlOOy!ILvn
- 8T0oF
END
SURROUTINE FN(YS:XT)
REAL XT(&)
REAL SUNMTXT(3) »SUM(3) r SUNTT(3)
REAL FHI(Z)  B(3)»THETA(I) » THETAF{Z)
REAL L(3)sL1sL2
COMMON/COM1/ALFAL3yALFAD
COMMOM/COM2/E RPOleQO)yFRROR;(AQJ«FR (ORI (A0)Y yERRORASD)
COMMON/COM3/INL s IN2,IEQNyRCI) + Q{3 s QP (3)
COMMON/COMA/X1 (30) s X2(40) v X3(40) 7 X4€40}
COMMON/COMS/GAMHAL (40) s GAMMAZ (A0 s GAMMAZ (40 » BAMMAL(40)
COMMON/COMO/X11¢a0) s X12¢40) yX21¢(A0) yX22(A0) 2431 (40) +X22LA0)
COHMON/COM7/TKL (40) »G1 (40 »GR(40) » TK2 (403 s G 40) 754 (40 )
COMMON/COMB/ALFAL125G12,621, TK3+BC(4C)
COMMON/COMP/YY s QAR QH2» R3(40)
COMMON/COMLIO/G5(40),G6¢40) »ICL(40) s NTIE
COMMON/COMLIL/NOPTB7¢20) s G8(20) s BP(20)yG10¢20) s BNDL (203 »ICC2(20)
COMMON/COML2/04¢20) yQ5(20) s 0C1 (20) yBC2(20)
COMMON/COM13/EGAM s QDRAR
DIMENSION TADU(Z 33 sALFA(Se3)s0T{(393)s5(3:3) s BAMT(S) »
1A(3) 1 W(3)
DIMENSION C(3)20(3)2CC(3)»AAL{I) s BB{Z)»0LOCS)Y p XR(G)
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THIS IS THE SURROUTLINE FN

YTIE=Q.

NCDOMP=3Z

E0AML=C.0

EGaAM2=0,0

GLEAR=0,0

QAR1=0.0

GR2=0.0

0o 270 J= 11N.;f

N3(NH=0.0

Q4L )=0.,90

RE4LJY=0,0

0 30 I~171INL

IFCIEGN.ZQ.2369 TQ 900

TaULI=XT(I/UTRL(I)%1,.98772)

TAUZI=XT(2) A/ CTKLICIY XL, 9872)

Gi3=EXF{(-ALFA13XTAULS)

SRI=EXP(~ALFAL3IXTAUZL)

SO1=X1{T)+X2(THY%GF]

SO2=X2(I2+X1(IYXG13

S$1=G31/801

52=G13/802

£198=81%k%2.0

£2G282%%D, O

S844=X2( T RAD JOR(TAUZLASISHTAULIREL3/308XAK2. )

Gr(I)=EXF{G44)

8uu~n1(l‘XW:‘Of(TQUl3*Sq8+TQU31$b3L/ 301%X2,07

GAIy=0XP {855

G0 70 901

Z=10,0

Ri=R{1)

Qi=0(1)

QLIFRIM=GP (1)

FR=RO3)

02=0(3?

Q2FRIM=0GF(Z)

Li=(Z/2, 0)%(R1-Q1)—(RI1l~-1. Q0

={Z/2,0)X(R2-A2I-(R2-1.D)

PHII={X1(DI¥RLY /(XL (LY ERIEX2(TIIRR2)

FHIZ2=1,0-fHI1

THETAL=(X1(I)XQL» /(X1 (TIHQL+X2{TY4RQA2)

THETAZ=1.0-THETAL

THETIP=(X1 (D XQIFRIM) /(XL (DI RQIPRIMFEXZ (T IEQAZPRIND

THET2F=1.,0-THETLPF

TADUL2=EXF(=-XT(1 /{1 . 9872%TKI<CIIY)

TAQU2I=EXF{(~-XV{(2) /(1 .9872%TRKi (1))

GC1=ALOG(PHIL /X1 (IN )+ Z/72, OV XQALR(ALOG(THETAL/FHIL )+
IFHIZH(LLI-(RLKL2/R2Y)D

GC2=ALOG(FHIR/X2(I3¥+(Z/2.0)X02% (ALOG(THETA2/PHIZ2I ¢
IPHIL X (L2-¢(R2%L1/R1)Y)

GR1=-Q1FRIMA(ALOG(THETLIF+THET2FXTAQUZ2L )+
1(THET2FXGIPRIMYX ((TAQUZL/(THETLPF+THET2PXTAOQU21) )~
I(TAOULZ2/(THET2P+THETLIFXTAQSULR2) )

GR2=-Q2FPRIMX (ALOG(THET2P+THETLPXTAQUL23 )+
1({THETLFXQ2FRIMIXC(TAQULZ/(THETZ2F+THETLPXTAQUL2Y)Y~
1C(TAQU2L/(THETIP+THET2FRTAQUZ21) )

G1{I)=EXF(GLLHGR1)

GR2(IY=EXF(GC2+GR2)

ERRORLICIN=(ARS({GANMAL(I)-G1 (1)) /CAMMAL (I IIXI00.0

FRROR2(IX=(ARS ((GAMMAZ I)*h (DY) /BAMMAR(IIN 3 %100.0

EGAMLI=EGAMI+ERRORI (I +ERROR2( L) .

YY1=(ABS((CAMMAL (I =~GL (1) 3 /GAMMAL(I) 3 ) Xx2+ (ABS{ (HANNMAR(IY ~

148
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1G2(I )2 /CANMAR(T) ) Yax%2

GQA1=QQi+YVY1

EGAM1=ECGAML/(2XIN1)

GA1=0N1/IN1

00 31 I=1,1M2

IFCIEGM.EQ.2080 TD 903
TAURZ=XT (L} /(TR2{TI»%1.9872)
TAUI2=XT(4Y/(TR2C1))%1.,9872)
GAZ=EXP(~ALFAZIXTAUR3?

G32=EXF (—~ALFA23KTAUI2)

SO3=XJ(I)rX4(1)XG32

504= Xé(I‘*K3(I)*P°3

53=G32/503

S54=G23/504

$535=03%kx2.0

SAG=54%X2. 0

SEe=KA (T Y A%, ORLTAUIIUSISITAURBEGEZZ/804K%2 . 0)
GI3(1)=EXP(554)

B77=X3CL 3 ¥%2, 0% (TAU2TXTAS+TAUZ22G32/805%%2,0)
G4 )=EXF(877)

GO 79 9Q4

CONTINUE

Ri=R((2)

Qi=Q(2)

QALFRIM=0QPFP{(2)

R2=R(3)

Q2=0(3)

QZFRIM=0F (3}

Ll1=(Z/2.0)%(R1-0O15-(R1-1,07
L2={Z/2,0)K{R2-Q2)~(R2-L.0)

FHIL= (m?(*)*"i)/(X”I)¥u1+X4\I/*I2)
PHIZ2=1.0~FPHIL

THETAL= (XS(I)*DI)/(XS(I)*L.+X4(I)*GQ?
THETAZ=1,0-THETAL .
THETIF=(XICDORALFRIM) AKX XQIFPRIMEFXA LY HQ2FRIM
THETZ2P=1,C-THET1LF

TAQULZ2=EXF(=XT(33 /(1. F872%TR2{(1))
THOUZ2L=EXP(=XT{43 /(1 .92872%TR2(I)I
GCl=ALUGFHI 1/X3\I))v(2/2.0)ﬁﬂl*\4LOG&THFJQ1/WHI3))+

CAPHIZ¥ (L1-(RIRLI/R2))

31

GO2=ALOG(PHIZ/XA(I I +(Z/2.0)XQ2K (ALOG{(THETA/FHI2} )+
IPHIIX(L2-(RZXL1/R1))
GR1=-QIFRIMX{(ALOG(THET1IP+THET2P%XTAQU215 )+
LOTHET2RPXQIFRIMY X C(TADUZL/(THETIF+THET2FXTAQU2L) 2~
I{TAQUIZ/(THET2P+THETLFXTAQULIRY ) S
GR2=-QZFRIMXCALDG(THETZP4THETIFXTACGULZ) 34
TOTHETAPRAR2PRIM) X {(TABULI2/{THET2P+THETIFPXTAQUL125 )~
L(TAGU2I/(THETIPHTHETZFRXTABUZ21) )
GI(LH)=EXP(GLLIFGRIL)

GA(1)=EXP(OBC2+GR)
ERRORI(TI)=(ABS ( (CAMMAI (I ~G3{I) ) /GAMMAS (T 3 )X100.0
ERRORA(I)=(ANS{(BAMMA4A{I) ~54(1) ) /GaMMA4(INIIXI00,0
EGAM2=EGAM2+ERRORI (I HERRORS (D)

YY2=(ABS ((CAMMAS(I)~G3I (1)) /GAMMAZ (L)) y A2+ (ARS( (GAMMA4( )~

1G4(I) ) /GAMMAA(I) ) ) k%2
QQ2Z=RA2+YY2
EGAM2=EGAM2/ (2K IN2)
EGAM=(EGAM1+EGAM2) /2.0
QQ2=QQ2/IN2
IF(NOPT.ER.3)QGE1=0.0
IF(NOFPT.EQR.32QQ2=0.0
IF(NOPT.EQ.4)R0Q1=0,.0
IF(NOFPT.EG.4)QRQR2=0.0
[0 43 I=1;NCOMP
GT(I»13=0.0
COGNTINUE

149
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GT(1-2)=0612
GT{2,1)=621
IF(HNOFTWOT.30GT (1922 =XT(3,
IF(NOPT.GT.3X0T(2y15=XT(5)
GT(Ls3)=XT(L) ~
GT(3:1)=XT(2)
GT(2»3y=XT(3?
GY(3,23=XT(4)
DO 133 NT=1,MTIE
NFLAG=0
XRELy=X11(HT)
XRO2)=X2L(NT)
XR(F)=XFLINT)
GO TGO 40

3 CONTINUE
XROL =X 12 (NT)
KRE2)=X22(NT?
XR(ZI=XF2{(NT)

40 COWTINUEZ
RT=1,98372%TK3
JFC(IEQN.EG,2)CO0 TO 200
ALFA(L12=0,0
ALFA{L2)=ALFALZ
ALFA(2y 1) =ALFALZ
ALFA{2,2)=0,0
ALFA(Zs32=0.0 -
ALFA(L,2)=8LFALT
ALFACZy L) =ALFAL3
ALFA{223)=aLFAZR
ALFA(E,2)=ALFAZ23

THIS ROUTINE CALCULATES TERMARY GAMMAS WITH THE NRTL
AN LENF EGUATION,

00 298 I=1,NCOMP
00 298 J=1,NCOMP
TAOU{ e T3 =(BT{J»I)=GTCI+ I3 /RT
By DI=EXF{-ALFALJs TIXTAOU(I, 1))
278 CONTINUE
N0 302 I=1sNCOWP
CC(I)=0
ACII=0,
WCTY=0,
DD 301 J=1,NCOMP
C(JI=0
(=0
L0 300 K=1,NCOMF
IF(J.GE,2)60 T3 299
ACII=ALT)+TADUCK IYXKG (K I AXR (KD
W(I) =W (DY Gy I3 RXR(K)
299 C(H=0(JI)HXRKIXTADU (K, JIKG(Ksd)
DI =TS +6 (K7 JIXXRIK)
300 CONTINUE
AACTI=ACTI /WD)
BB(JY=C(.J) /DD
CCCII=CCLII+CIXRCIIKG(Ty Y ) /DI YR CTAOUL{ I » I =BBL{I))
301 CONTINUE
GLC(I)=AACII+CCLI)
GAMT (1) =EXF(GLC(TY)
302 CONTINUE
GC TO 906

THIS ROUTINE CALCULAYES TERNARY GAMMAS WITH THE MOOIFIED
UNIQUAC EQUATION. .

705 Z=10.0
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0 77 I=1sNCOMP

D0 88 J=1,NUOMP

GT(JrJ)=0.0 .

TACUCSy 1) =EXF(-CTLJ I /RT)

CONTINUE

SUMAX=0.0

SUMRX=0.0C

SUMAFPX=0,0

SUMXL=0.,0

LD 607 I=1,NCUMF

SUMTXT(I)=0.,G

SUMCI)=0.0

SUNTTI{I)=0.G

0 4060 I=1NCOMP

SUMRX=CUNMRAIRCIIRXR(L?
SUMOX=SUMOX+Q(IIXXR(I)

SUMAPH=8UNAPrX+RF (I3XXR(I2

W0 401 I=1sNCOMP

FHTAI ) =(ROIYRXRCI) Y /SUMRY
THETACLY={Q(I)EXR(I2 ) /3UNMAX
THETAP(I)=(QP (LI RXR{IY) /SUMBPX

LD ={Z/2.00%(R{I-Q(IN-RII+LLC

DG £04 I=1,NCOMF

SUMXL=8UMXL+XR{IIZL(T)

00 606 I=1,NCOMP

00 406 J=1+NCQOMP.
SUMTT(I}=SUMTTL{IY+THETAP{IIRTADU(I, 1)

LG 608 J=1sNCOMP

T 408 K=1:NCOMP

SUMTXT (D =8URTXT () +THETAP (KXY X TAQUCKy J)
0o 609 I=1.NCOMP

040 609 J=1,NCOMP

SIMCD) =8UM{ DY HCTHETAP (D RTASU (L 33 3 /SUMTXT (D)
g 611 L=12NCOMP
AALTI=ALOG(PHIC(I I /XR{IDNDHZ/2,035Q I RALOS(THETA(Z ) /FHIC(I )
1+HLCI?

B{L) =~ (FHICI) /XRODD) D ASUMXL QP (T RkALOGIBUMTT{IN Y +GRP (I ) ~
AR CIIRSUMIIN

GAMT(I)=EXP(AACI)+R(ID)

NFLAG=NFLAG+1

IF(NFLAG.GT.1)i30 TG 800

GO (NTI=GAMT(3)

G7(NTY=GAMT(1).

GP? (NTY=GAMT(2)

G0 70 3

G&(NTI=GAMT(Z)

GEINT)=GAMT (1)

GLOINT)=BAMT{(Z

LGCCINTY=CI{NT) /CH{NT)
LBRCLAINT »=G7 (NTI/BB(NT)

DCC2(NTY=GP (NTI/GLO{NT?
QRINTI=(ARG((DCINTI-DCCINT I I /OCINT) 2I%100.0
Q6=(ARS((DC(NT)I~DCUINT I I /DU INTI 2 ) %%2.0
IF(NOPT.EQ.13G0 TO 801
A4(NT)I=(ARS((RCLI(NT)=DCCL(NT) > /DCL(MTI)IIX100,0
QSINTI=(ARS((DC2INTI-DCC2(NTI I /BC2INTIIIX100,0
Q7=(ARS((OCL(NT)~-RCCL(NTI) /DCL(NTII ) .X2,0
QB=(ARSC(DC2ANT)I-DRCCAINTII /DC2INTI I I EN2.0
QDEBAR=QIRAR+QAI(NTIFRANT I FATINT)

GO TO 133

Q4(NTI>=0.0

QS(NT)=0.0

37=0,0

Q8=0.90

RDRAR=Q3I(NT)

 YTIE=YTIE+Q4+Q7+G8

15
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1091

109

1101

110

GIRAR=QLEBAR/ {(SXNTIES
IF(NOPTLEQ. IYRDRAR=QLEARRZ .0
YY=(YTISE/NTIE) FAQL+RQ2

Y8=YY

RETURN

END

SUBROUTINE LSQ2{XT»XyIXs Y Meril o M3s L EPLIC, D)

REAL XTi8)»X(ar?) s JJ(3) s AT+ 3) « BALSY YT
IH=0

IL=0

LI1C = ¢

IFCLL.LE.O) GO TG S0

IHC = Mlel

EN =
EN = ENX1.5

1 L
L= -L
LD = (FEM) /245
K3 = 2
IFU1,GE.3) K3=3
K4 = K3-1
§ = K3K2
6 = 1.0/5

o 100 1=1sM

X{Isl) = XT(I)

Call, FNCY(L)Y o XYY

0o 108 J=2s91

¥Ted=-17 = XT(I=-1)Y+0X{J-1)
ng 104 I=1s4

A({Lyd) = XT(I)

CALL FN{Y (D) »XT)
AT(d-1) = X{d-1:14)
CONTINUE

120 = 0

FiLG = 1.9

G0 T0 S0

1.1C = L1C +1
IFCLIC.GE,LL)Y GO T4 400

Y. = 1,0E38
YH = =YL

Y2 = YH

Y3 = YL

00 110 J=1,M1
IF(Y(J) LT YH)Y GO TO 1091
¥2 = YH

I2 = IH

YH = Y{J)

IH=J

Ga 70 10%

IF(Y(DLLT.YE)Y 58 7O 109
Y2 Y{J)

I2 = J

IF(Y(JI.GT.YL) G3 TO 1101
Y3 YL

I3
IL
YL
GO TO 1190

IF(Y(D),6T.Y3) GO TO 110
Y3 = Y(I

I3 =4

CONTINUE

L2C = L2C+1
IF(L2C.LT.1.2) GO TO 111
L2C = 0

G

it HuR
-
~

JJL) = I
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Jae2) 2

Ji(3) 13

D0 40 Ki=1,K3

J1 = JHKRD

No 40 K2=K1,K3

J2 = JJKED)

3 = 0.0

o0 855 I=1.M
55 S = GH(RCIJLY-X(I»IHIIXCKCTJ2Y-X(T»IMH)D
&0 A(KLIKR2) = 8

D= A(,10KA(22)-AC1 s 23 R%2

G0 TOE2:61) 984
61 U1 = A(L»1IXALR2»30-ACL23%AL: D)

IF (A(1s1).EQ.0.0) AC1y1) =1, E-5

I = ((ALLs 1) RAL3s3)-A Ly 3)XKDIRE-DIXDL /(ALY LIRD L O)

B0

2 IF LER.0.0) GO TH A5
IF (DLJLE.0.D) L=ARS (1)
D=(D/4,0)%%XG6
IF(DLLTWEY GO TO 65
FI.G = 1.0 '

G0 TO 112

45 IF{FLG.,LT.0.0) GO TO 400

FLG = 1.0

111 DO 115 I=isM
XTC(IY = 0.0
L0 112 J=1,M1 .
TFC(JMELIHY XTCI) = XTCIYHX(TIy 2
112 CONTINUE ' .
115 XTI = (B, 08NTCIY4XAT-I2)=XAT DI )Y /EN-H (T IH)
121 CALL FHCOYT»XT)
IF(YTL.BE.Y2) GO TO 147
IHC = M1+l
TFLYTLOE.YL)Y 20 T 149
YTT = YT
ng 1335 I=1:-M
135 XT(IY = 1.9%XT(I}-0.5%X{I»IH)
CALL FN(YTyXT)
IF(YTLE.YL ) 80 70 140
00 138 T=1isM
138 Z(T+IH) = (2,0%¥T(IYHX(IIHYI/3.0
Y(IHY = YTT
G0 TO 108
140 D0 142 I=1sM
142 X(IyIH) = XTCI)
Y(IHY = YT
: GO TO i08
167 IHEC = IHC-1
IF(IHC.EQ.0) GO TO 300
IF(YT.GE.YH}Y 6T TO 173
oo 148 I=1,¥
XS = XT(I)
XT(I) = X(Is1H)
148 X(I»IH} = X§
173 10 174 I=1+M
174 XT(I} = Q,75%X{TIsIHI+0.25%XT(I)
CALL FNCYTsXT)
IFCYTL.GT.YHY GO TO 180
Y(IH) ="YT
00 175 I=1:M
175 X(I»IH) = XT(I)
G0 TG 108
180 [0 185 J=1,M1
IF(J.EQ,ILY GO TO i85
00 182 I=ir8
KTLIY = (XCIsJy+XCTIoIl) /2.3
182 X{(I-J) = XT(ID)
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CALL FN(Y(JY:XT?

CONTINUE

GG TG 108

IThe = 2%&Mi

IF(M,GE.3)Y 60 TO 350

g = 0.0

09 302 I=1+M

XKCLed42y = X1I7IHI-X( ‘12«.!;
KCTyMEZY = XLT2IH)-X{I5132
S = S+X(IyM+2I8%K2

5 = BERT(S) -

IF (5,EQ.0.0) 85=1.0 E-5
U = -X{2:M+2)/8 |

X(2M42) = X(1,H+2)/8
K142y = U

g 303 I=1i:M

X¢Letidb2) = X(LpM+20%3

00 207 I=isdl

XTCIY = XS{ToIH)+X{Is14+2)
CALL FNCYTXT)

LO 309 I=1:M

XT{ILy = X{LyIHY-X{IrM42)
Call FN{YTT»XT:?
IF(YTT.LE.YTY GO 7O 320
Do 311 I=i+H -
XD, IHM XTI M42)

A7) =
Y17 = Y7
YOI = Y77

U0 321 I=1isM

XCIsIHY = XTLIY .

GO TO 103

DU 392 (=i

XTI = KeisIH) - X{TIIL
FOLeME2) = X(IsITHY =~ X(T,12;
X{LeM+3) = X{IsTH) - X(I:1I3)
3 = 0,0

St = 0.9

g 335 i=1:M

S = SHXT{LYRE2

S1 = S1+X{TI,yM+3)%%2

§ = 8QRT(5 )

81 = SQRT(S1)

S2 = 0.0

D0 3537 I=1:%
IF(S,EQR.Q.) B5=1.E-5
XT{I) = XT{i)/8

G2 = SR2+XT(IIRN{Isy M2

IF (S1.ER.0.0)81=1.0 r—q
(I:M+3) = X(ZsM+2)I/E

0o 360 I=isM

X{IsM+2) = X(IsH+2)-XT(IS2

51 = 0.9

DO 342 I=1+M

51 = S14+X(IM+2)%%2

81 = SQRT(SL)

DO 3465 I=1sM

IF (81.EQ.,0.0)81=1.0 E-5

X(IM+2) = X{L,H+2)/81

81 = 0,0

g% = 0.9

00 347 I=1i:M

81 = S1+XTCILIRXCIPM+3)

82 = S2EX(IsM+2IXX (TP M+

00 370 I=1sM
4

Q=X (1 HE2X N0 p M3 AN (2 M2 (2, M1+3)

AP = GR(SIRXTLIDIHS2RXCLMA2) =X (I M43))
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400

G3 TO 306

g = Y(1)

Y1) = Y(IL)
YOIL)Y = §

09 402 I=i,M
XTIy = X{X-1IL)
XKL7IL) = X(Is15
X{IsL) = XTI
RETURN

END
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Output From the Program TREG

The output of this program contains the following information:

1. Input data.
2. The regressed parameters,

3., Calculated binary activity coefficients for each component in the
1-3 and 2-3 binaries.

4. Absolute percentage error in binary activity coefficients for each
component in the 1-~3 and 2-3 binaries.

5. Standard deviation in binary activity coefficients for the 1-3 and
2-3 binaries.

6. Calculated termary activity coefficients for each component in both
phases.

T. Calculated distribution coefficients for each component.

8. Absolute percentage error in distribution coefficients for each
component.

9. Overall average absolute percentage error in distribution coeffi-
cients for all three components.

10. Overall average absolute percentage error in binary activity coe-
fficients. "

11. DNumber of iterations used in the regression,
12+ Minimum -value of the minimization function.

13, Error in the regression.
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Dictionary for the Program TREG

ALFA12 = (X

12°
ALFA13 =O£13.
ALFA23 =O<23.

D = error in the regression.

DCC1 = calculated distribution coefficient of component 1.

DCC2 = calculated distribution coefficient of component 2.

DCC = calculated distribution coefficient of component 3.

DC1 = experimental distribution coefficient of component 1.

DC2 = experimental distribution coefficient of component 2.

DC = experimental distribution coefficient of component 3.

EGAM. = overall average absolute percentage error in binary activityi

coefficients.

ERROR1= absolute percentage error in binary activity coefficients
for component 1 in the 1-3 binary system.

ERROR2 = absolute percentage error in binary activity ccefficients
for component 3 in the 1-3 binary system.
ERROR3 = absolute percentage error in binary activity coefficients

for component 2 in the 2-3 binary system.

ERROR4 = absolute percentage error in binary activity cocefficients
for component 3 in the 2-3 binary system.

G1 = calculated binary activity coefficients for component 1 in the
1=3 binary system.

G2 = calculated binary activity coefficients for component 3 in the
1-3 binary system.

G3 = calculated binary activity coefficients for component 2 in the
2=3 binary system,

G4 = calculated binary activity coefficients for component 3 in the

2-3 binary systemn.



G5 ='Y§
c6 = ¥3*
a7 = Y-
68 = YT
9 =Y5
G10 =’Y§I.

G12 = Ag12 or Aum, from the

G21

GAMMA1 = experimentzl activity
binary system.

GAMMA2 = experimental activity
binary system.

GAMMA?Z = experimental activity
binary system.

GAMMA4 = experimental activity
binary system.

IEQN = equation to be used.

Im

]

IN2

I1C

A'g21 OT AU,y from the

mutual solubility data.

mutual solubility data.

coefficient

coefficient

coefficient

coefficient

NTIMES = number of jobs to be run.

NTIE

i

NOFT

Q = q in the UNIQUAC model.

QP = q' in the UNIQUAC model.

number of tie-lines.

Method to be used.

of

component 1

component 3

component 2

component 3

number of VIE data points for the 1-3 binary system.

mumber of iterations used in the regression.

in the 1-3

in the 1-3 .

in the 2-3

in the 2-3

number of VIE data points for the 2~3 binary system.

Q91 = standard deviation in activity coefficient for the 1-3 binary

system.
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Q92 = standard .deviation in activity coefficient for the 2-3 binary

system,

Q4 = absolute percentage error in distribution ccefficients for
component 1.

Q5 = absolute percentage error in distribution coefficients for
component 2,

Q3 = absolute percentage error in  distribution coefficients for

component 3.
QDBAR = average of Q3, Q4, and Q5.
R = r in the UNIQUAC model.
TEMP! = temperature of the 1-3 binary system, (C).
TEMP2 = temperature of the 2-3 binary system, (C).
TEMP3 = temperature of the LLE system, (C).

TITLE = title of the system.

1 =- X1for the 1-3 binary system.
X2 = X3 for the 1-3. bipary system.
X3 = X2 for the 2-3 binary system.
X4 = X3 for the 2-3 binary system.
I
11 = X1.
12 = X}?
1
21 = X2.
~+I1
X22 = Kz.
I
X 1 = X .
=X
I
X32 = X,
32=X
XST1 = starting value for Ag13 or AuB.
X872 =

starting value for Ag31 or Aum .
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XST3 = gtarting value for Ag23 or Au25.
XST4 = starting value for Ag32 or AuBZ'
XT(1) = D83 OT AUz,

XT(2) = Agsy oT Mus,,

XT(3) = Mg,z OF Alys.

XT(4) = Dgsy OT MUz,

XT(S) = Ag12 or Au12.

X7(6) = Bg,, OT Al

YY = minimum value of the minimization function.



NOMENCLATURE

Ap = positive area in the "area test"”,
An = negative area in the "area test".
oy = constant in the Hand correlation.

C.I. = consistency index.

F = degrees of freedom.

f; = fugacity of component i in the mixture.
fz = standard state fugacity of component i.

G = average absolute percentage exrror in binary activity coefficients

for the 1-3 and 2-3 binary systems.

Eﬁ’ 62 = average absolute percentage error in binary activity coe=-
fficients for the 1-3 and 2-3 binary systems, respectively.

Gij = see equation (1-1).

gij = NRTL or LEMF parameter.

n® = excess enthalpy of the liguid mixture.

X = XII/XI, distribution coefficient.

kH = constant in the Hand correlation.,

L = number of VLE data points for the 2-3 binary system.
lj = see equation (1-3).

M = number of YLE data points for the 1-3 binary system.

N = number of ternmary tie-lines.

n = number of components.
P = pressure.
Q@ = average absolute percentage error in distribution coefficients

for components 1, 2, and 3,

for component i.
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Qi = average absolute percentage error in distribution coefficients
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q, Q' = surface parameters in the UNIQUAC model,

R = gas constant.

r = size parameter in the UNIQUAC model.

T = absolute temperature.

Tij = see equation (1-1).

uij = UNIQUAC parameter,
¢ 0 = . ™ U,. )

Bugy = (g5 = uyy)

v® = excess volume of the liquid mixture.

X = liquid phase mole fraction.

liquid phase coordination number,

]

Z

Greek Letters

O = nonrandomness parameter in the NRTL model.
7: activity coefficient.

(p: number of phases.

@= gegment fraction in the UNIQUAC model.

B, @'= area fraction in the UNIQUAC model.

7;3, = see equation (1-3).

Superscripts

cal = calculated wvalue,

e = excess value.

exp = experimental value,

I, IT = liquid phases I and II, respectively.
¢ = standard state value.

infinite dilution value.

W

co
I~

value for a mixture.
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- = average value,

Subscripts

e
]

component 1i.

component Jj.

.
I

k = component k.

(=]
[}

component 1.
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