LETTER TO THE EDITOR

To the Editor:

Several equations have been pro-
posed for the relation between activity
coefficient and mole fractions of the
components in a multicomponent mix-
ture. These equations use either the
concept of local composition (Wilson,
1964; NRTL, Renon and Prausnitz,
1968; UNIQUAC, Abrams and Praus-
nitz, 1975) or the group contribution
model (UNIFAC, Fredeslund et al.,
1975; ASOG, Derr and Deal, 1969), and
usually contain two adjustable parame-
ters per each possible binary pair in the
multicomponent solution.

In a multicomponent mixture, the
“primary” interaction parameters a;;
are characteristic constants of the inter-
action between one molecule of i com-
ponent and that of j component; there-
fore, a set of three primary parameters
(a;;, a;, and a;,) is required to describe
each possible {)mary pair in the mix-
ture. However, the adjustable parame-
ters currently used for both correlation
of experimental data and equilibrium
data prediction are the “secondary” in-
teraction parameters A,;, which are de-
fined as functions of the difference be-
tween two binary parameters:

"—f(alj 11 (1)

and in this case, only two secondary pa-
rameters per binary would be needed to
describe the mixture. Nevertheless, this
practice is not advisable, as will be
proved in this letter.

For a system with n-components or
n-groups, the number of adjustable sec-
ondary parameters is N,=n”—n, but
of these only N, =(n? +n)/2 is inde-
pendent, as shown by Eq. 1, since the
matrix of a;; primary parameters is
symmetrical ()a =aj). This fact is not
normally con51d’ered when running cor-
relation or prediction calculations.

Obviously, it is always possible to cal-
culate the secondary parameters from
the primary ones by using Eq. 1, but the
opposite transformation is not possible,
since the N, X N, transformation ma-
trix from the secondary parameters to

1044

the primary ones (TMSP) is of N, —1
rank.

A possible reason for using com-
monly the A;; set of parameters for
thesc problems may be that the number
of adjustable parameters for binary sys-
tems is 2 (1 less than when using pri-
mary parameters). In this case, the rank
of the TMSP is also 2; consequently,
secondary parameters are still consist-
ent with theory, although it is obviously
impossible to calcnlate the threc pri-
mary parameters from them. Neverthe-
less, for higher-order systems, the sec-
ondary parameters are inconsistent with
theory, since the rank of the TMSP is
always lower than the number of sec-
ondary parameters; consequently, addi-
tional conditions should be included in
the calculations to make the system
compatible. This is never done, and pa-
rameters are calculated without any re-
striction.

For ternary systems, for instance, the
number of both primary and secondary
parameters is 6, but the rank of the
TMSP is 5, which means that one addi-
tional condition must be satisfied by the
system to be compatible. In this case,
secondary parameters must satisfy the
following equation:

Ap—Ay+ A~ Ay + Ay~ Ap=0

2

This equation is never satisfied by any
set of published secondary parameters
for ternary systems (either components
or groups), except by coincidence. On
the other hand, the number of primary
parameters is progressively lower than
that of secondary parameters, as the
number of components or groups in the
mixture (n) increases:

TMSP
n Rank N, N,
2 2 3 2
3 5 6 6
4 9 10 12
5 14 15 20
6 20 21 30
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and the number of restrictions must, ac-
cordingly, increase to make the system
compatible when using secondary pa-
rameters. All thesc problems can and
should be overcome by using primary
parameters.

In conclusion, the secondary parame-
ters are inconsistent with theory, and
their number is only lower than that of
primary parameters for binary systems
and should not be used. Consequently,
all published correlations based on sec-
ondary parameters should be reviewed,
and trials to correlale any paramecter
with molecular structure or properties
should be carried out with primary pa-
rameters.
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