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ABSTRACT

The total pressure data for binary mixtures containing hydrocarbons (n-hexane, n-heptane,
n-octane, n-nonane, n-decane, n-undecane) and n-alcohols (methanol, ethanol, 1-propanol,
1-butanol, 1-pentanol) have been correlated by means of the NRTL equation and its
modified [1] version making provisions for association.

The correlation results much improve with the use of the modified equation, achieving the
accuracy of representation of the excess Gibbs energy for all systems under investigation
within the error limits of original experiment.

INTRODUCTION

Although the problem of correlation and prediction of binary mixtures
containing hydrocarbons and alcohols has been investigated for many years
it is still not solved satisfactorily. There is no available model, based on
theoretical assumptions (association models, local composition concept) or
with an empirical background only, able to describe vapour-liquid equi-
librium (VLE), within the accuracy which can be achieved experimentally, as
a function of temperature and concentration for such systems.

The purpose of this work was to propose a thermodynamic model suitable
to represent, with the desired accuracy, the thermodynamic properties of
binary mixtures containing alcohols and hydrocarbons and to indicate a
procedure for dealing with VLE data which are difficult to correlate.

CORRELATION

Calculations have been carried out for the following isothermal binary
VLE data: (1) methanol-n-hexane at 313.15 K [2]; (2) methanol-n-octane at
313.15 K [3]; (3) ethanol-n-hexane at 313.15 K [2]; (4) ethanol-n-heptane at
313.15 K [4]; (5) ethanol-n-octane at 313.15 K [3]; (6) ethanol-n-nonane at
34315 K [5]; (7) ethanol-n-undecane at 313.15 K [6]; (8) 1-propanol-n-
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heptane at 313.15 K [7]; (9) 1-propanol-n-octane at 313.15 K [3]; (10)
1-propanol-n-undecane at 333.15 K [7]; (11) 1-butanol-n-hexane at 313.15
K [3]; (12) 1-butanol-n-heptane at 323.15 K [8]; (13) 1-butanol-n-octane at
313.15 K [3]; (14) 1-pentanol-n-hexane at 313.15 K [3]; (15) 1-pentanol-n-
heptane at 313.15 K [3}; (16) l-pentanol-n-octane at 313.15 K [3]}; (17)
1-pentanol-n-decane at 363.15 K [9].

Data for correlation have been chosen for a wide representation of
various systems containing hydrocarbons and alcohols in a common temper-
ature range. This means that we deal with systems formed both by “short”
(methanol, ethanol) and “long” (1-pentanol) alcohols and by “short”
(hexane) and “long” (undecane) hydrocarbons. Another criterion has been
the accuracy and reliability of data. First the thermodynamic consistency of
the data has been checked by three independent consistency tests proposed
by Oracz [10]. Second we have tried to select data from only a few and the
most reliable laboratories possible.

Such selected VLE data have been correlated by means of the NRTL
equation. The calculations have been carried out for a = 0.3 (arbitrarily
chosen) and a = 0.45 (mean value of a computed for all calculated systems).
The computed values of root mean square deviations of pressure (eqn. 1)
D(P) are given in Table 1 and Figs. 1 and 2.

n 1/2
Y (P, exp — P,cal)’
D(P)=| = (1)

n—m

where P.exp, P.cal are the experimental and calculated total vapour pres-
sures, respectively, n is the number of experimental data points, and m is
the number of adjustable parameters.

The analysis of the D(P) values shows that the poorest correlation results
were obtained for systems where we deal with strong association i.c. at low
temperatures and for “short” alcohols with “short” hydrocarbons (metha-
nol-hexane, ethanol-heptane). The results confirm our previous statement
that the NRTL equation fails to describe VLE in the systems with strong
association well [1]. It could be expected that for these systems the modified
[1] NRTL equation (NRTLMK) should give a better description. The
NRTLMK equation which was derived by grouping the NRTL equation
and the Mecke-Kempter equation [11] has the following form for the
activity coefficient of the associating component (in this case alcohol)
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Fig. 1. Root mean square deviations of pressure D(P) for all systems investigated (a = 0.30).

and for the activity coefficient of the non-associating component (in this
case the hydrocarbon)

-I‘2 T3
In _Y2=x12 Ti2d12 2) + Taln 2)
(x2+x1F12) (x1 +x2F21)
_(%1) In(1+ Kz,) + ryza (3)

where 7, =V, / V., zy =1, /(X) + ryX;), 25 =rpXo /(X + 7 X;5).

The NRTLMK equation which has only one adjustable parameter (K)
more than the NRTL equation has been used for correlation of all investi-
gated data. The values obtained for D(P) are given in Table 1 and Figs. 1
and 2. Table 2 shows the calculated values of parameter K.
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Fig. 2. Root mean square deviations of pressure D(P) for all systems investigated (a = 0.45).

The results of the correlation (Table 1) obtained by means of the
NRTLMK equation are significantly better (sometimes almost 10 to 12-fold)
than those using the NRTL equation. This means that an appropriate model
was used for calculation of VLE for binary systems containing hydrocarbons
and alcohols.

It is difficult to give a physical meaning to the values of K obtained
(Table 2) but the good results of correlation justified the modification of the
NRTL equation.

CONCLUSIONS

The good results of correlation which are similar to experimental accuracy
for all systems investigated were obtained by the NRTLMK equation. This
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equation has one adjustable parameter (K') more than the NRTL equation
for strongly-associating systems while for all other systems it reduces to a
three parameter NRTL equation.

For systems where we deal with strong association (methanol, ethanol at
31515 K—Table 1, Figs. 1 and 2) the second part of the NRTLMK
equation (taken from the M-K model is significant) a high value of the K
constant is obtained, which indicates that this part has considerable in-
fluence on correlation. On the other hand, for systems where association is
weaker (“longer” hydrocarbons and alcohols (Table 1, Figs. 1 and 2)) the
second part of the equation becomes unimportant (low values of the K
constant) and the NRTLMK equation gives similar results to the NRTL
equation.

The results of correlation of VLE for the systems investigated using the
NRTLMK equation agree with results previously obtained for binary,
strongly-associating systems [1] and justify the introduction of such a
modification of the NRTL equation for calculation of the excess Gibbs
energy in binary associating systems.

It may be seen from Table 2 that the X constant not only has no physical
meaning but also does not appear to correlate with any behaviour tendency
in an homologous series of hydrocarbons or alcohols, possibly because the
data used for the calculation originated from various laboratories and were
observed at different temperatures. From calculations performed it is evi-
dent that K should be treated as a third adjustable parameter. Its value can
be computed from experimental data in the same way as the two energetic
NRTL parameters.
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