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Physical Properties of Hydrocarbons

Part 15—C,-C, Alkanes
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ParTs oF THE PrRopUGT MIX of every refinery are the
C; to Cy alkanes (pentane, hexane, heptane, octane). In
ANy Cases, Ih(‘}' Never cmerge as a pure pmdm't but are
upgraded into gasolines or cracked to lower molecular
weight hydrocarbons. Although over a billion pounds are
produced every year, only a small part of this appears as
a purified product for sale. Texane has achieved a size-
able market as a solvent in polyolefin processes.

Because these compounds are important products in
petroleum refining, their physical properties have been
extensively studied. Consequently, physical property data
arc available on all four compounds over a wide tempera-
ture range. Sage and co-workers have been the outstand-
ing contributors for the G; to C alkanes.

Critical Properties and Vapor Pressure. The critical
properties of all four compounds have been experimen-
tally determmed. Agreement among various investigators
is excellent,h®*

Experimental data are available on the vapor pres-
ures un to the critical point for pentane,™* hexane, ™7
heptane,' and octane.”®® The American Petroleum In-
stitute has compiled a bibliography of all available litera-
ture data on vapor pressures of hydrocarbons.® This is
an extremely valuable reference work and, hopefully, the
forerunner of additional physical property compilations.

Heat of Vaporization. Kozicki and Sage have measured
the heat of vaporization of pentane from room tempera-
ture to its critical temperature.’® Data are also available
for hexane up to its critical point.”'* The experimental
data, available up to the boiling point for heptane and
octane,*'* have been extrapolated to the critical point
by the Watson equation. Calculated values, when com-
pared with experimental data for pentane and hexane,

has determined the vapor heat capacity of pentane and
hexane. Person and Pimental'* provide data for pentane,
hexane, and heptane. A third investigator'® closely dupli-
cated the data of Kobe and Person for pentane. Hence,
it appears the vapor heat capacity data are extremely
reliable, The heat capacity of octane was calculated by
the method of Rihani and Doraiswamy,'® with a probable
error of less than 2 percent.

The liquid heat capacities are available up to 100° C
for hexane,®'" heptane,”®'? and octane.”'? Pentane
data are available only up to 25° C.»® The data for all
compounds have been extended to 160° C by the method
of Chow and Bright.?® Above the boiling point, the error
averages about 10 percent.

Density. The liquid density of all four compounds has
been experimentally determined up to the critical point.®*
Additionally, the efTect of pressure on the density of hex-
ane,” heptane,” and octane® has been experimentally
measured and is presented in Figures 15-6, 15-7 and 15-8.

Viscosity. The vapor viscosities of pentane'™*® and hex-
ane®® have been measured up to 300° C. The method of
Bromley and Wilke*® has been used to extend these data
to 500° C for pentane and hexane and to cover the
0-500° C range for heptane and octane. Comparison with
nine experimental points gave average and maximum
errors of 2.0 percent and 5.1 percent, respectively. Above
150° C, the error averages 1 percent.

The liquid viscosities of all four compounds have been
studied over a wide temperature range.®!**%%5 Figure
15-11 presents the effect of pressure on the liquid vis-
cosity of pentane.?

Surface Tension. Jasper and Kring*’ have determined
the surface tensions of all four compounds up to their
boiling point. Jeffries and Derrick®® have measured the

TABLE 15-1—Physical Properties of the C;-C; Alkanes
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Fig. l#rl—Givcs vapor pressure for C,-C, alkanes from —20° C to +240° C.
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Fig. 15-2—Gives heat of vaporization for C-C, alkanes from—40° C to +295° C.
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Fig. 15-3—Gives vapor heat capacity for C.-C, alkanes from 0° C to --1,000° C.
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Iig. 15-6—Gives pressure effect on liquid density for hexane up to 10,000 psia and 240° C.
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Fig. 15-7—Gives pressure effect on liquid density for heptane up to 10,000 psia and 256° C.

i T i
s

>
o

e
4] 40 Bd 20

July 1967, Vol. 46, No. 7 . b

P e




PHYSICAL PROPERTIES OF HYDROCARBONS . . .

68 7 3 A R TR IR

«
524
i |
o
=
48!
0
=
g
i <
: 0
a4; .
i
HERT R it asdas i, H
R At F-ii THEE 2 T H
40 3} : e i et inies BN §
120 10 8 200 22 240 260 280 300
° CENTIGRADE

Fig. 15-8—Gives pressure effect on liquid density for octane up to 4,410 psia and 275° C.
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Fig. 15-9—Gives vapor viscosity for C,-C, alkanes from 0° C to -600° C.
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Fig. 15-10—Gives liquid viscosity for C.-C, alkanes from —20°C to +180° C,
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Fig. 15-11—Gives pressure effect on liquid viscosity for pentane up to 5,000 psia and 140° C.
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Fig. 15-13—Gives vapor thermal conductivity for C;-C, alkanes from 0° C to +-500° C.
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Fig. 15-14—Gives liquid thermal conductivity for C;-C, alkanes from —40° C to +-160° C.

surface tension of pentanc up to 150° C. These data have
been supplemented by other available data™'** and ex-
tended up to 200° C by the nomograph of Kharbanda.*
The error averaged 3.6 percent when compared with
cight experimental values.

Thermal Conductivity. The only extensive vapor ther-
mal conductivity data are that of Wiley'” for pentane
from 50° C to 150° C. The data of Lambert™ for the
vapor thermal conductivity of pentane, hexane, and hep-
tane at 66° C and octanc at 82° G have been used to
calculate the quasicritical thermal conductivity according
to the method of Owens and Thodos.*' Using their corre-
lation with reduced temperature, the vapor thermal con-
ductivities of the four compounds have been calculated
for the 0-500° C temperature range. The error should
be less than 3 percent.

Jobst™ has carried out an extensive study of liquid
thermal conductivities over wide temperature ranges. In-
cluded are alkanes, alcohols, ketones, and aldehydes. For
the alkanes, he has measured the thermal conductivity up
to the boiling point. The data have been expanded to
160° C by the method of Robbins and Kingrea.®* Com-
parison of calculated values with the experimental data
of Jobst gave an average error of 4.4 percent for 19 ex-
perimental points. Above 0° C, the average error was
3.5 percent for 11 points.
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Characteristies/-7, Tcmpcralum 6, Vapor Phase-5.

Part 16 “C,-C; Alkenes” will appear in an early issue.
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