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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 Donnelly and Katz. A stepby-step variation of the freezing point in the 
paraffin homologous series is exploited to provide 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. 

Rcccntly tlic purification of n:tt.ur:il 
gas as ncll iis othcr pctroleuni hydro- 
carbons by 1ow-teiiipcr:itiirc wparation 
processes hiis rcrciwd incrcusing attcn- 
tion, owing to tlic tcchiiii*:d and ccoriornic 
attractivent:ss of t.hc possibilitirs of 
effecting such a separation by pIiysicul 
rather than ch(mic.iil mc:ins. :in crnniplc 
of such an :ipplic:ition has bccii thc: 
rcnioval of cthnnc: and etliylcnc from 
natural iind rrfinrry gases by Ion-tern- 
pwature distillxtion. 

To exploit thc possibilitirss of such 
proc:esscls for the petrochc!mic:il iridustlics, 
basic inforination must first be obtained 
in the form of low-temperature phase and 
volumctric propwtics of the  hydrocarboii 
mixtures inrolwd.  With such fundii- 
mcntal inforrnation, proccssrs may bc 
designrd to  cvaluate the fwsibility of 
thcsc proposcd lo\v-tempcraturc processes 
as coniparcd with cxisting prowdurcs for 
cffwting purification. Wcrc i t  riot for the 
lack of basic knowlrdgc in this firlil, 
applic-ations of the lo~~-t~~nipi!ratiirt?-~~roc- 
css tcchiiiqiic ~vr~ulrl no doubt bc more 
widespread than they :ire today. 

S a p  ( I )  his sirmniarizecl the piwent 
knowledge of thc physical pi'opcrties of 
binary systmis of tlic parafhn hytlro- 
carbons froni nicathane through decsne. 
I)csclincr, el al. ( 2 ) ,  srid >lulliris, el al. (3 ) ,  
havc proposcd tha t  nitrogcii be separated 
froni natural gas 1)y distillation a t  low 
temperatures. 1'. C. D:ivis, et ul. ( d ) ,  
haw contributed t1at:i on the phase and 
volunietric studirs of naturitl gas. Aroysn 
and Kats  (5)  have inwstigntcd the low- 
temperature equilibria in thc hydrogen- 
n-butane binary, and Isrown and Stutz- 
miin (G, 7) rcportcd on tlic low-tcnipcra- 
ture equilibrium constants for bhe 
nitrogeii-mcthnnc-ethane system. 

This p p c r  presciits the cxperimcntol 
data  of Beck (8) on thc  freezing points of 
the methane-n-hcxane binary and those 
of Papnhronis (9) on the frcczing points 
of thc incthsne*-octane system. In  
addition, thesc data  are compared with 
thosc of 1)onnelly and Kata  (10) on tlic 
metharic -carbon dioxide hinsry, togcther 
with extrapolated values of thosc other 
psraHin hydrocarbon mixturcs of mrthanc 
in d i i c h  the hcavicr constitucnt ranges 
from ethane to  nonanc, inclnsivc. 

Tlic iwrk of Ihtck (8) a i d  l'apahronis 
(9) was carried out in the apparatus 
previously tlcscribcd by Kohii and 
1Curst:t (If). 

DATA USED 

'I'hc cxpcrimc~~tal  freezing-point detcr- 
minations of the methane-ti-licxanc bi- 
nary as measured by llcck (S) are 
prrscntrrl in T:ible 1. 

TABLI.: 1. FRL;EZ.IS(: POINT o v  
CIi, .-7iC6€i14 . \IIXTI.RKS 

. \ I o l ~  frat:t.ion Frrcxirig point, 
flCalIl4 =I:. 

I .oo -138.0 
0 . ! I0  - 1-11 . (i 
0.80 -14.5.0 

0.70 - 149.2 
0.60 - 1 ,i3 . 0 
0.50 -157.6 

0.40 -1ti1.8 
0.30 -169.0 
0.20 -181.8 

0.10 - 207.4 
0.05 - 23ti . O  
0.0 -206.0 

The freezing-point d:ita of Papalironis 
(9)  on tlie methane-n-octaiic system arc 
given in Table 2 

TARI.E 2. FREXZING POIST OF 
CH4-nCs€iIla MIXTURES 

Mole fraction Frcezing point, 
nCJL P "Y. 
1 .oo - 70.3 
0.92 - 71.9 
0.895 - 73.0 
0.835 - 71.5 

0.762 - 77.2 
0.643 - 81.5 
0.56 - 81.0 
0.0 -2'36.0 

sumiiiary of the frccziiig point data  
of Donnelly and Katz (10) concerning 
the nicthaiic-cnrbon dioxide binary is 
prcsentcd in  Table 3. 

.\Iolc fr:iction Yrccxing point., 
COP "I:. 
1 .oo - 72 

- 74 0.90 
0.80 - I I  

0.70 - 81 
0.m - 83.5 
0.543 - 86 

0.50 - 86.5 
0.18 -1 l i  
0.0 - 296 

-- 

TAHLE 1. FREEZISG 1'0rh-r~ u v  
I'AR.\FFIN ~ ~ Y I I I I O C A R H O N S  

l h c z i n g  Differcnce in 
point, freczing point, 

Compound T. O F .  

CzHs -2!48 
CJiS - 306 8 

nC4HlO -217 
?tC~Hiz -201.5 -15.5 

fl(:sl{ir - 138 
nCrIIla -131.5 - 6.5 
flCaH1s - 70.3 
nCoHzo - 64 - 0 . 3  

TABLE 5. FHEEZISC L'OIh'TS OL.' 
PARAFFIN I I Y D R 0 C A l ~ I ) S S  

Freezing IXffcrericc in 
point, frccziiig point., 

Compound "I?. "Y. 
C3H8 - 306 
nC4H1o -217 - 89 
&Hi) -201.5 
nCeHi4 -138 -G3.5 

7IC,HI6 -191.5 
nCaHi8 - 72 -59.5 

EXTRAPOLATED FREEZING POINTS OF 
OTHER METHANE MIXTURES 

When the freczing poiuts of the pure 
paraffin hytlrocarboiis arc  tabulated arid 
paired as in Tables 4 and 5, some interest- 
ing observations may be made. 

Vol. 4, No. 3 A.1.Ch.E. Journal Page 317 



$' 
li! 

Fig. 1. 

NUMBER OF CARBON ATOMS IN HYDROCARBON 

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 CaH8. 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 CaH, 
and in Table 5 the paired hydrocarbons 
start with C3Hs. 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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MOLE FRACTION OF HEAVER CONSTITUENT 

Fig. 2. Freezing point of methane mixtures. 

carbon depends a great deallpon 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 methanen-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 a t  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 n-nonane, inclusive. In 
this graph the solid curves were plotted 
from experimental data and the dotted 
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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 can be tolerated in methane 
before the solids begin to form. 
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