Freezing Points of Binary Mixtures of Methane

The experimental freezing-point data of the methane n-hexane and the methane-
n-octane binaries are presented and compared with the methane -carbon dioxide system
investigated by Doznelly and Katz. A step-by-step variation of the freezing point in the
paraffin homologous series is exploited to pravide reasonably accurate extrapolation of
the experimental data on the two binaries and scattered freezing-point data on the methane—
n-butane mixture to other paraffin hydrocarbon mixtures of methane in which the heavier
constituent ranges from ethane to n-nonane, inclusive.

A composite graph of the freezing points of the various binaries with methane, from

ethane to n-nonane, is presented.

Recently the purification of natural
gas as well as other petroleum hydro-
carbons by low-temperature separation
processes hus received increasing atten-
tion, owing to the technicul and economic
attractiveness of the possibilities of
effecting such a separation by physical
rather than chemical means. An example
of such an application has been the
removal of ethane and ethylene from
natural and refinery gases by low-tem-
perature distillation.

To exploit the possibilitics of such
processes for the petrochemical industries,
basic information must first be obtained
in the form of low-temperature phase and
volumetric propertics of the hydrocarbon
mixtures involved, With such funda-
mental information, processes may be
designed to cvaluate the feasibility of
these proposed low-temperature processes
as compared with existing procedures for
effecting purification. Were it not for the
lack of basic knowledge in this field,
applications of the low-temperature-proe-
ess technique would no doubt be more
widespread than they are today.

Sage (7) has summarized the present
knowledge of the physical properties of
binary systems of the paraffin hydro-
carbons from methane through decane.
Deschner, et al. (2), and Mullins, et al. (3),
huve proposed that nitrogen be separated
from natural gus by distillation at low
temperatures. P. C. Davis, et al. (4),
have contributed data on the phase and
volumetrie studies of natural gas. Aroyan
and Katz (5) have investigated the low-
temperature equilibria in the hydrogen—
n-butane binary, and Brown and Stutz-
man (6, 7) reported on the low-tempera-
ture equilibrfium constants for the
nitrogen-methanc-cthane system.

This paper presents the cxperimental
data of Beek (8) on the freezing points of
the methane-n-hexane binary and those
of Papahronis (9) on the freezing points
of the methane-n-octane system. In
addition, thesc data are compared with
those of Donnelly and Katz (10) on the
methane-carbon dioxide binary, together
with extrapoluted values of thosc other
paraffin hydrocarbon mixtures of methane
in which the heavier constituent ranges
from ethane to nonane, inclusive.
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The work of Beek (8) and Papahronis
(9) was carricd out in the apparatus
previously deseribed by Kohn and
Kurata (71).

DATA USED

The experimental freezing-point deter-
minations of the methane-n-hexane bi-
nary as measured by Beck (S) are
presented in Table 1.

TasLr 1, Freezina Point or
CH,; nCeHys MIXTURES

Mole fraction Freezing point,

IleY{“ CF.
1.00 —138.0
0.90 —141.6
0.80 —145.0
0.70 —149.2
0.60 —153.0
0.50 —157.6
0.40 —161.8
0.30 —169.0
0.20 —-181.8
0.10 —207 .4
0.05 —236.0
0.0 —296.0

The freezing-point data of Papahronis
(7) on the methane-n-octanc system are
given in Table 2

TarrE 2. FrexziNGg PoINT OF
CH,—nC;sH;s MIXTURES

Mole fraction Freezing point,

anng oF.

1.00 - 70.3
0.92 - 71.9
0.895 — 73.0
0.835 — 74.5
0.762 — 77.2
0.643 — 81.5
0.56 - 84.0
0.0 —296.0

A summuary of the freezing point data
of Donnelly and Katz (10) concerning
the mecthanc-carbon dioxide binary is
presented in Table 3.
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TaBLE 3. Frerzine PoiNt or
CH,—CQ)y MIXTURES

Mole fraction Freezing point,

CO, °F.
1.00 - 72
0.90 - T4
0.80 - 77
0.70 — 81
0.60 — 83.5
0.543 — 86
0.50 — 86.5
0.18 —-117
0.0 — 2496

TasLe 4. FreEgziNGg PoINTs oF
PARAFFIN HYDROCARBONS

Freezing Differcnce in
point, freezing point,
Compound °F. °
C.Hs —298
C Hy —306 8
1LC|H1|) —2] 7
1105Hu —201.5 —15.5
n()ol{u —138
nCrllg —131.5 - 6.5
nCsHia - 70.3
‘an;Hm — 64 - 6.3

TABLE 3. Freezing PoInTs or
PararrFIN HypRrRocARBONS

Freczing Difference in
point, freezing point,
Compound °F. °K.
C:H; ~—3306

nCiHio —217 —89

nC:Hia —201.5

nCaH“ -138 —63.5

71011‘115 —131.5

TLCaHm — 72 —39.5

EXTRAPOLATED FREEZING POINTS OF
OTHER METHANE MIXTURES

When the freczing points of the pure
paraffin hydrocarbons are tabulated and
puired as in Tables 4 and 3, some interest-
ing observations may be made.
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Fig. 1. Step-by-step variation in freezing points of hydrocarbons.

It is evident from Table 4 that the
freezing point increases as the paraffin
series advances, with the sole exception
of that for C;H;. Furthermore the freezing
points of the hydrocarbons do not
increase smoothly as the series progresses
but appear to increase by steps. This is
illustrated analytically in the comparison
of Tables 4 and 5. In Table 4 the hydro-
carbons are paired beginning with C.H,,
and in Table 5 the paired hydrocarbons
start with C;H;. The differences in the
freezing points of the various pairs of
hydrocarbons are shown in the last
entries of the two tables.

When the hydrocarbons are paired,
as in Table 4, the average difference in the
freezing points of the pairs is about
10°F. On the other hand, when the
compounds are paired, as in Table 5,
the average difference in the freezing
points is seen to be much higher, about
70°F. This characteristic is shown graph-
ically in Figure 1, in which the freezing
points of the paraffins are plotted against
the number of carbon atoms in the
hydrocarbon. In this graph the dotted
curve connects successive members of the
paraffin series from ethane to n-nonane,
inclusive, and illustrates the step-by-step
nature of the variation in the freezing
points. However when the series is
divided into two groups containing those
members having an even number and
those having an odd number of carbon
atoms, each of these groups separately
shows a smooth change in the freezing
point. The two solid curves in Figure 1
illustrate this.

These observations indicate that the
freezing point of a given paraffin hydro-
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carbon depends a great deal upon whether
the number of carbon atoms in that
hydrocarbon is odd or even,

Since an arrangement of the pairs of
hydrocarbons like that of Table 4 gives
a low value for the difference in freezing
points for the pairs, it suggests that
reasonably accurate values for the
freezing points of methane—n-nonane mix-
tures, for example, can be had by simple
extrapolation of the methane-n-octane
data. Likewise the freezing points of the
methane-n-heptane mixtures can be had
by extrapolation of the methane-n-hex-
ane data,

Since the freezing points of ethane and
propane are nearly the same as the
freezing point of methane, it is believed
that a plot of the freezing point of their
methane mixtures as a function of con-
centration can be taken as a simple,
straight line with reasonable accuracy.
With this information and additional
scattered data of the freezing points of
the methane-n-butane binary, the freez-
ing-point curve of the methane—n-pentane
binary was found from a series of cross
plots of the foregoing data at various
mole fractions.

An item of note is that the freezing-
point curves of the binaries methane-n-
octane and methane-carbon dioxide are
reasonably coincident over that portion
of the experimental data presented in
Tables 2 and 3.

The final results are given in Figure 2, a
composite graph of the freezing points of
the various binary mixtures with methane
from ethane to nm-nonane, inclusive. In
this graph the solid curves were plotted
from experimental data and the dotted
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Fig. 2. Freezing point of methane mixtures.

curves were obtained by extrapolation, as
described above.

Figure 2 should be of value in approxi-
mating the freezing points of the various
binary mixtures of methane and other
paraffins and in approximating the maxi-
mum concentrations of the higher hydro-
carbon which ean be tolerated in methane
before the solids begin to form.
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