SR e e s aaeal) b e A Rl P G Sl Pl .5

Physical Properties of Hydrocarbons

Part 39—Benzene Compounds

from charts you can get these
properties for benzene compounds:

Vapor Pressure

Heat of Vaporization
Heat Capacity
Densﬂy

Viscosity

Surface Tension
Thermal Conductivity

Kobert V. Gallant
The Dow Chemical Co., Plaquemine, La.

BenzeENE s one of the most important raw materials
in the petrochemical industry. The 1970 demand is ex-
pected to be close to 10 billion pounds. Most of this
benzene is produced by the petroleum industry by reform-
ing or by dealkylation of toluene. Styrenc accounts for
" st 40 percent of benzene usage. Phenol and cyclo-
neaane account for 50 percent of the rest. The future
zrowth of benzene depends largely on the growth of these
three end-use markets.

Cumene is produced by alkylating benzene with pro-
pylene. Most of the cumene js converted to phenol and
acetone. 1n 1970 cumene production will top one billion
pounds,

Ethylbenzene is made by the alkylation of benzene and
then dehydrogenated to produce styrene monomer. About
4 billion pounds of ethylbenzene will be produced in
1670, Propylbenzene has not achieved the significant com-
mercial importance accorded to benzene, cumene and
ethylbenzene.

Critical Properties and Vapor Pressure., The critical
temperatures and pressures of all four compounds and the
critical densities of benzene and ethylbenzene have been
measured. The critical densities of propylbenizene and
cumene were estimated by the method of Lydersen, with
a probable error of 1-2 percent.®

“The vapor pressures have been determined up to the
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critical point for benzene™® and ethylbenzene,»* and to
the boiling point for propylbenzene® and cumene.»* The
vapor pressures above the boiling point were estimated
by the method used in previous articles in this series.*®

Heat of Vaporization. Data are reported in the litera-
ture for benzene up to the critical temperature™® and at
the boiling point for ethylbenzene.! The equation pro-
posed by Giacalone was used to calculate the heat of
vaporization at the boiling point for propylbenzene and
cumene.? For ethylbenzene, this equation gave a value in
exact agreement with the experimental data. ‘The nomo-
graph of Kharbanda was used to extend the boiling point
value to other temperatures.*!

Heut Capacity. Vapor heat capacities have been deter-
mined for all four compounds.® S 1214

Liguid heat capacities are available for benzene from
0-80°C;» %1515 for ethylbenzene from —92°C to
+27°C:7 and from —92°C to -+98°C for propylben-
zene.™ The heat capacity of cumene at 20°C was calcu-
lated by the technique of Johnson and Huang.? The data
were extended to 200°C by the equation, density times
heat capacity equals a constant. For five experimental
values, the error averaged 2.1 percent.

Pensity. The densities have been measured from 0°C
to the critical point for benzene;®1%20 from —80°C to
+4130°C for ethylbenzene’'®*' and propylbenzene;t % %!
and from 0°C to 40°C for cumenc.'®?*" The data were
extended to the critical point by the Lydersen method.®
For five experimental values, the error averaged 0.2 per-
cent,

Viscosity. The vapor viscosities have been estimated, with

a probable error of 3-5 percent.*
Licuid viscosity data are available to the critical point

TABLE 390-1—=Physical Properties of Eenzene Compounds

Critical Properties

Molecular] Te | I;c de

Bolling | Freesing
Poinr, “C | Peint, "C ] Welght & peia .| #/ml
Benzene, ..., e 50.1 Fd isn 714 1 0.304
Ethylbenzene. . . 138.2 ~ 03,00 106,16 o | o
Propylbenzene. . 159.5 =806 120,19 | O
Cumene, ... .... 1524 —04.1 120.19 0.255#
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Fig. 39-2—Heat of vaporization of benzene compounds from O to 360° C.
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Fig. 39-3—Vapor heat capacity of benzene compounds from 0 fo 1000° C.
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Fig. 39-4—Liquid heat capacity of benzene compounds from 0 to 200° C.
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Fig. 38-5——Liquid density of benzene compounds from 0 to 3607 C.
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Fig. 39-6—Vapor viscosity of benzene compounds from 0 to 500° C.
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Fig. 39-7—-Liquid viscosity of benzene compounds from O to 200° C.
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Fig. 39-8—Surface tension of benzene compounds from 0 to 200° C.
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Fig. 39-9—Vapor thermal conductivity of benzene compounds from 0 to 500°C.
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Fig. 39-10—Liquid thermal conductivity of benzene compounds from 0 to 200° C.

« benzene®” and from the melting point to +40°C for
- other three compounds.®™** The experimental data
i used to caleulate the constant in the Thomas equa-
<% From this, the viscosities were calculated at higher
cperatures, with an average error of 2.0 percent.

¥ e Tension. The International Critical Tables®® re-
“ the surface tension of benzene from 0°C to the
*eal point. Donaldson and Quayle® have incasured the
“ace tension of all four compounds over the 20-40°C
. These data were used to calculate the constant in
Sugden equation and the data were extended to
€, with a probable error of 2-4 percent.

faermal Conductivity, The vapor thermal conductivi-
" were caleulated by the method used in previous
Ucles, 2
Liquid thermal conductivity data are reported in the
“rature for benzene from 0-170°G;*** at 20 and 80°G
7 cthylbenzene;®™ and from 0-100°C for cumene.®®*
"¢ various investigators agree within about 10 percent.
method of Robbins and Kingrea® was used to cal-
e the thermal conductivity over the 0-200°C. The
T averaged 7.3 percent when compared to nine ex-
imental values.
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