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Abstract

The solubility data in binary methanol-n-hydrocarbon (from butane to hexadecane)
systems are reviewed. A method for the critical evaluation of the experimental solubility data
is proposed and discussed. The sets of equations describing as a function of the number of
carbon atoms the critical solution temperature, the corresponding concentration, and the
solubility in both liquid phases of a binary system formed by the series of normal hydro-
carbons with methanol are proposed. The calculated and predicted data are compared with
the experimental data available in the literature,

INTRODUCTION

Various types of solubility data are reported in the literature for the
methanol-n-hydrocarbon systems. Amongst these, solubility, mutual solubil-
ity, and upper critical solution point (UCSP) data can be distinguished.
Solubility data give the temperature and concentration corresponding to the
disappearance or appearance of a single phase. The mutual solubility data
report these values for two phases simultaneously. The UCSP data consist of
the equilibrium temperature and the corresponding concentration.

Very often the experimental data reported by various authors for a given
system differ from each other. As an example several sets of the experimen-
tal solubility data for the methanol-hexane system are shown in Fig. 1.
These data show large discrepancies. Values reported for the upper critical
solution temperature (UCST) are scattered in the range 301.3-317.0 K while
corresponding concentrations vary in the range 0.4-0.6 mole fraction. The
differences in solubility reported at normal temperature (7 = 298 K) exceed
0.15 mole fraction. A similar large scattering of reported experimental data
is observed in all other systems under consideration. This situation which is
also common for the solubility data for other systems requires a special
method suitable for the selection and critical evaluation of data.
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METHOD

There is no general method for the critical evaluation of solubility data.
The problem is known and the selection of data is usually carried out using
non-uniform methods. The type of method applied depends on the evalua-
tor, the system discussed and the data themselves. Very important is the
description of data, which should consist of the estimated errors reported by
authors or compilers, apparatus and method used for measurements, purity
of substances (method of purification, concentration of organic impurities,
concentration of water). Another important factor is the confidence in the
author(s) and/or in the laboratory of origin.

In such a way the selected and recommended values could be obtained.
Further critical evaluation could be made by the comparison of experimen-
tal data in the set of systems containing one component and the series of
homologues. In this case, increments between the members of the series
could indicate systematic changes of property in the series. Such changes can
be further discussed with the knowledge of the dependence of properties on
the molecular structure. This could allow comparison of different systems
and inconsistencies of experimental values within the series to be found.
Sometimes prediction by interpolation is also possible. The comparison and,
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Fig. 1. Experimental solubility data for the methanol (1)-hexane (2) system reported in the
literature.



125

TABLE 1

References for the experimental solubility data for methanol- n-hydrocarbon systems
System References

Methanol-butane 13,26

Methanol-pentane 7,9,10,13, 22

Methanol-hexane
Methanol-heptane

Methanol-octane
Methanol-nonane
Methanol-decane
Methanol-undecane
Methanol-tetradecane
Methanol-hexadecane

1,2, 3,4,7,8,11, 12, 15, 16, 17, 20, 21,22, 23,
29, 30, 32, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44
5,6,7,9,10, 11, 14, 18, 22, 23, 24, 25, 27, 31, 36,
40, 41, 45, 46

5,9, 14,19, 22, 23, 25, 27, 40, 41

9,14, 15, 22, 23, 47

3,9, 14, 15, 22, 47, 48

9, 47, 48

28

33

even more, the prediction should be made with great care, as in some cases
the change of property in a homologous series is not monotonic for various
reasons unknown to the evaluator.

This paper considers all experimental solubility, mutual solubility and
UCSP data reported in the literature for methanol-»-hydrocarbon systems,
excluding high pressure data. The reference for the data under consideration
are listed in Table 1.

The data sets for each system were fitted by means of the equation based
on the suggestion by Malesinski in the form used by Franzosini [49]:

k

T=ay,+ Y (a,b*) (1)

1=

where T is the temperature in kelvin, k <4 in most cases, b= (x;/x{ —
x,/x5)/(x, /%1 + x,/x5) while x; + x,=1.0, a, is the upper critical solu-
tion temperature (UCST), a, are adjustable parameters obtained from
experimental data, x;, x, are the compositions (in mole fraction) of compo-
nents 1 and 2 respectively, and x{, x; are the compositions at UCST.

Equation (1) describes well the mutual solubility in the systems exhibiting
UCST and characterized by a monotonic change in concentration with
temperature. Franzosini [49] had used one set of parameters to describe
simultaneously both branches of the solubility curve: a, is either an experi-
mental value of UCST obtained in measurements or an adjustable parame-
ter. Sometimes on the basis of extended information available a recom-
mended value of a, can be found. In this paper the methanol-rich and
hydrocarbon-rich phases are treated separately, which enables a more pre-
cise description.
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RESULTS

The correlated solubility and UCSP data for the systems formed by
methanol with the series of n-hydrocarbons containing from 4 to 16 carbon
atoms were compared for each system. The comparison was made to enable
the rejection of data sets differing drastically from the average or to obtain
high accuracy data for each binary system. In this case the UCST data of
Fischer and Neupauer [9] reported for C;,—C,; hydrocarbons are much
higher (for the methanol-heptane system by 14.6 K) than several other data
sets [10,11,18,22,41,47) determined in well-established laboratories. On the
same basis, all UCST data reported by Fischer and Neupauer [9] for other
systems also ought to be treated as erroneous. Another example of rejected
data are those for the mutual solubility in methanol-octane and methanol—
nonane systems, reported by Kogan et al. [23], which are not in agreement
with other literature data and show significant deviations, when described
with other systems of the series.

The weighted average of the experimental data are selected as most
probable values of UCSP and the mutual solubility. These values are taken
as recommended. The experimental data were described by the following
equations representing the UCST and the corresponding concentration as

TABLE 2

Comparison of selected values of experimental UCSP and mutual solubility (x; and x)) at
300 K with values computed from eqns. (2-4) for methanol (1)-n-hydrocarbon (2) systems

Hydrocarbon  Critical point Mutual solubility

UCST (K) x§ xy x3;

Selec.  Calc. Selec.  Calc. Selec. Calc. Selec. Calc.
Butane 265.8 2656 0403  0.401 a 2
Pentane 2874 2878 0.484 2 a
Hexane 306.8 3069 0546 0.551 0.2764 0271 0.2248 0.227
Heptane 324.1 3238 0610 0.606 0.1738 0.180 0.1072 0.116
Octane 338.9  338.7 0.653 0.132 0.133  0.065 0.065
Nonane ® 351.2 3521 0.694  0.108 0.106 0.041 0.039
Decane 364.1 364.1 0.729  0.089 0.089 0.027 0.025
Undecane 375.2 3749 0.760 0.078 0.016
Dodecane 384.6 0.789 0.071 0.011
Tridecane 393.2 0.814 0.066 0.008
Tetradecane 400.8 0.837 0.063 0.006
Pentadecane 407.5 0.857 0.060 0.004

Hexadecane 4133 4133 0.876 0.876  0.059 0.059  0.003 0.003

* System completely miscible at 300 K.
® Only one experimental UCST is available.
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Fig. 2. UCST in the series methanol-n-hydrocarbons (C,~C,¢) as a function of carbon atoms
and the curve obtained from eqn. (2).

function of the number of carbon atoms (n) in the hydrocarbon molecule
UCST = a, = 140.47 + 60.45 In n + 11.564n — 0.3116n* (2)
x;= —0.132+0.405 In n —0.0072n (3)

The values of UCSP calculated from egns. (2) and (3) are the most
probable and can be treated as recommended values. The weighting factors
(w =15) were assigned for data [2,10,11,17,18,21,22,36,41] for the systems
with hexane and heptane. These systems were accurately measured. The
results obtained in various laboratories do not differ within experimental
error and hence can be treated as reference. For all other data a weighting
factor of unity was used.

The data selected according to the proposed procedure are reported in
Table 2 and shown in Figs. 2 and 3 together with curves obtained by means
of eqns. (2) and (3).

The solubility data at constant temperature can be treated in an analo-
gous way. For example, the data at 300 K for n > 6 can be well described by
the equations

In x|’ =8.148 — 7.682 In n + 1.343(In n)’ (4)
In x;=6314—-43511In n (5)
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Fig. 3. Methanol concentration at UCST in the series methanol-n-hydrocarbons (C,~C,s) as
a function of carbon atoms and the curve obtained from eqn. (3).

TABLE 3
Parameters of eqn. (1) obtained by fitting of selected data for methanol-n-hydrocarbon
systems
System Range ag xy a, a, a, Est. error °
Butane ® 250-UCST 265.8 0403 —-23.51 92.08 —307.00 0.0010 A
—16.32 610 —31017 0.0010 B
Hexane 255-UCST 306.8 0546 —21.24 019 -53.74 0.0004 A
—-9.57 -—-73.63 —40.75 0.0004 B
Heptane 270-UCST 3241 0.610 —22.33 254 —60.46 0.0004 A
—1468 —3211 —9941 0.0004 B
Octane 285-UCST 338.7 0.653 —10.80 —7232 24.30 0.0010 A
—15.80 —48.4 —60.58 0.0010B
Nonane 300-335 3521 0.694 —81.30 166.15 —178.77 0.0010 A
—69.80 134.21 -207.36 0.0010B
Decane 300-336 3641 0.729 —81.50 165.01 —180.74 0.0010 A
-109.20 190.88 —216.79 0.0010 B
Hexadecane ® 298-UCST 4133 0.876 23.04 -138.17 0.0 0.0100 A
21.30 —-151.18 0.0 0.0100 B

® A, hydrocarbon-rich phase; B, methanol-rich phase.

" Description of experimental data (only one data set exists).
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Fig. 4. Recommended mutual solubility in the series methanol- n-hydrocarbons (C;—C,).

where x; and x,’ are the mole fractions of methanol and n-hydrocarbon in
the hydrocarbon and methanol rich phases respectively.

In Table 2 the results of predictions from eqns. (2-5) are compared with
the experimental values selected by the recommended procedure. As a final
result the internally consistent set of selected data for the methanol-n-hy-
drocarbon systems is obtained. These data were fitted to eqn. (1). The
parameters obtained, together with estimated errors, are reported in Table 3.
An example of the recommended data is shown in Fig. 4. The data obtained
can be recommended for future use.

CONCLUSIONS

For a critical evaluation of methanol-n-hydrocarbon systems the com-
parison of various available literature solubility data (upper critical solubil-
ity and mutual solubility) in the series was found to be very efficient. It
allows one to find consistent numerical values for each particular system
and for the set formed by one component with the homologous series. The
method has a general character and can be recommended for testing of the
experimental results from various measurements. The equations proposed in
this paper have been found to describe the solubility data within the
accuracy of a good experiment.
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