Physical Properties of Hydrocarbons

Part 41—Cyclic Hydrocarbons

From charts you can get these
properties for cyclic hydrocarbons:

Vapor Pressure

Heat of Vaporization
Heat Capacity
Density

Viscosity

Surface Tension
Thermal Conductivity

Robert W. Gallant, The Dow Chemical Co.,
Plaquemine, La.

Of the cyclic compounds, cyclohexane is the only major
commercial product. The major source of cyclohexane
is the hydrogenation of benzene. Most of the two billion
pounds a year goes into nylon production. With nylon
usage continuing to grow rapidly, cyclohexane can look
forward to continued good growth.

Cyclopropane, cyclobutane, and cyclopentane are spe-
cialty products. Cyclopropane is widely used as an an-
esthetic. Cyclopentane became available in commercial
quantities for the first time in 1968.

Cri~yl Properties and Vapor Pressure. The critical
pro..rtics have been measured for cyclopentane! %4
and cyclohexane.m ® The critical temperature and pres-
sure are available for cyclopropane.® The other critical
constants were calculated by the method proposed by
Lydersen.” When compared with the experimental values
for the other compounds, this method gave an average
error of 0.5 percent for critical temperature and density,
and 1 percent for critical pressure,

The vapor pressures up to the critical point are reported
in the literature for cyclopropane®®® and cyclohex-
ane,® 1% 11,12 and to the boiling point for cyclobutane® *
and cyclopentane.® * ®* The vapor pressures above one
atmosphere were estimated by the method used in previous
articles, with a probable error of 2-3 percent,

Heat of Vaporization. Various experimenters have
measured the heat of vaporization at the boiling point for
all four compounds® ® ® 1%131%1617 Kharbanda’s

Bomograph was used to extend the data to other tem-
Peratures'®
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Heat Capacity. The vapor heat capacities have been de-
termined for all but cyclobutane.'® 1% 20 21 22 Cyclobutane
was estimated from its molecular structure.®®

Liquid hecat capacity data are available for cyclopro-
pane from —123° C to —30° G;* ° for cyclobutane from
—83° C to +7°C;" for cyclopentanc from —87° C to
+-27° C;* and for cyclohexane from its melting point to
93° C.% 1 28 The data were extended over a wider tem-
perature range by the equation used in previous articles.
Nine experimental values showed an average error of 3.2
percent and a maximum of 7.5 percent,

Density. The density of cyclohexane has been measured
from its melting point to the critical point,® 1 12, 26, 27, 28
Data on the other three compounds are available up to
the boiling point.# 26 27: 28 20, 30 [ yderson’s method” was
used to calculate the densities up to the critical temper-
ature. Comparison with eight experimental values gave
an average crror of 0.5 percent.

Viscosity. The vapor viscositics were estimated by the
method proposed by Bromley and Wilke.3' Comparison
with the experimental data of McCoubrey and Singh®?
from 24° C to 184° C for cyclopentane showed an aver-
age error of 3 percent.

Extensive liquid viscosity data are reported for cyclo-
pentane and cyclohexane from 0° to 80° C.» % ™ 11, 27 The
viscosities of cyclopropane and cyclobutane were estimated
by the method developed by Souders.” This equation,
which relates the viscosity to the density and a structural
constant, gave an average error of 6 percent for cyclopen-
tanc and cyclohexane.

Surface Tension. Data are available up to the boiling
pnint for cyclopentane™ *® and cyclohexane. ™ 26 32 Sud-
gen’s method was used to calculate the surface tension of
cyclopropane and cyclobutane and above the boiling pomt
for cyclopentane and cyclohexane.™

Thermal Conductivity. The vapor and liquid thermal
conductivities were estimated by the methods used in pre-

vious articles.? 3¢

TABLE 41-1—Physical Properties of Cyclic Hydrocarbans

Critical Propertles
Boiling | Freezing s

Poi.nl, Point, |Molecular Tc Pe de
°C °G Weight °G psia g/ml
Cyclopropane.] =32 3 —127.4 42,08 124.6 796 243%
Cyclobutane. . 12,6 - 980.7 56,10 190% 713* 208%

Cyclopentane. 4.3 - 939 7018 238.6 654 270

Cyclohexane. . 80.8 6.5 54.16 281.0 H96 272

* Estimated.
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Fig. 41-2—Heat of vaporization of cyclic hydrocarbons from —80° C to -{-280‘
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Fig. 41-3—Vapor heat capacity of eyclic hydrocarbons from 0 to 1000° ¢
Continued on next page
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Fig. 41-4—Liquid heat capacity of cyclic hydrocarbons from —80° Cto 4-120° C.
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Fig. 41-5—Liquid density of cyclic hydrocarbons from —80° C to -1-280° C. 5
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Fig. 41-6—Vapor viscosity of cyclic hydrocarbons from 0 to 500° C.
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Fig, 41-7—Liquid viscosity of cyclic hydrocarbons from —80° C to 4-120° C. =
Continued on next page
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Fig. 41-8—Surface tension of cyclic hydrocarbons from -—80° Cto 4 120° ¢C.
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Fig. 41-9—Vapor thermal conductivity of cyclic hydrocarbons from 0 to 500° £,
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Fig. 41-10—Liquid thermal conductivity of cyclic hydrocarbons from —80° C to +120° C
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Part 42—Miscellaneous Cyclic Compounds
will appear in an early issue
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