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Physical Properties of Hydrocarbons

Part 1—Methane-Ithane-Propane-Butane
Part 2—C, to C, Monoolefins

Part
Part

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

AS A STARTING RAW MATERIAL for many petrochemical
products, the monoolefins  are unsurpassed. In 1964,
approximately 8 billion pounds of cthylene will be used
in making such products as polyethylene, cthylene
glveol, vinyl chloride, cte. Propylene usage as a starting
compound for polypropylene, propylene oxide, isopropa-
nol, cumene, and a variety of other products will reach
3.5 billion pounds. The butenes, althoueh dwarfed by
these two giants, continue to increase in value as sterco-
specific Gy polymers grow in usage. Probably cvery en-
gineer, at one time or another, uses one of these hydro-
carbons in his process.

The presentation of the physical properties for the
monoolefins is essentially the same as in Part 1. As much
as possible, reference is made to the sources of data for
those who may be interested in reviewing the sources
or in gathering more detailed information. Physical prop-
crties arc not as casily available for the monoolefins,
especially the butenes. A considerable amount of esti-
mation was necessary to present butene data over a wide
range.

Vapor Pressure. The vapor pressures of all five com-
pounds have been fairly extensively explored. The best
sources are the three earlier mentioned ones of Stull**
Hachmuth,'” and Maxwell.” For the butene compounds,
Hachmuth is the best source available from the temi-
perature range of —73° G to the critical pressure. He has
carcfully reviewed the literature and, wlicre data were
lacking, calculated the values.

Thermal Properties. Maxwell” presents data for the
heat of vaporization to the critical point for cthylene and
propylene. Data for the butenes are mostly in the —60

16 +25° C range and so the low and high temperature

range data arc largely extrapolated using the method
of Watson, which relates the heat of vaporization to the
reduced temperature. This method appears to be highly
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3—C, to C,. Alkynes
4—C, to C, Diolefins

accurate. Comparison with four experimental points gave
a maximum error of 0.9 percent and an average error
of 0.5 pereent,

The vapor heat capacities were drawn largely from

the compilation of Kobe.”* Once again, liquid heat

capacity data are almost nil for the monoolefins and these

data have been calculated by the method of Schiff.

Liquid Density. Maass and Wright*® present density:

data for cthylene and propylene. Maxwell” presents data
over a wide temperature range for all five compounds.
The equations presented by Francis®* were also used to
calculate the densities for ethylene, propylene, l-butene,
and trans-2-butene, Agreement among the various sources
was excellent.

Liquid and Vapor Viscosity. The vapor viscosity of
cthylene is available in several of the handbooks.®" Data
for propylene, and especially the butenes, are rather
Jimited. However, Flynn and Thodos™ presented in 1961
an improved method of accurately calculating the vapor
viscosity for hydrocarbons in the pressure range of 3
psia to 75 psia. The only propertics needed are the molec-
ular weight, critical pressure, and critical temperature.
The method gives an average error of 2.2 percent, well
within the accuracy needed for most engineering cal-
culations. This method has been used here for propylene
and the butenes. Because pressurc affects the viscosity
so little up to 100 psia, these results could be used for
pressures from atmospheric to 100 psia and still be

within the experimental error.

Liquid viscosity data for ethylene, propylene, and 1-
butene aré vailable in Reid and Sherwood’s book' in the

low temperature range. This has been extrapolated by

the method of plotting the log of the viscosity versus the
reciprocal of the absolute temperature. The liquid vis-
cosity for ¢is- and trans-2-butene was calculated by the
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Fig. 2-1—Vapor pressure over a range of —150 to +50°C,
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i method of Thomas, which relates the liquid viscosity 10-20 percent by this method. No more reliable method
! to the reduced temperature, molecular structure of the is known at this time.
i

Y s i : "t bly :
compound, and liquid density. The error is probably Surface Tension, Maass and Wright have Seii

data for cthylene and propylene in the low temperature

L == o .
TABLE 3=1=—Cs to C¢ Monneiating range.2* Data for the butenes were taken from Project

= 44 of the APL?® The data were extrapolated to the wider
e !
Bolling | Freezing Gritleal Properties  yomnerature range by the method of Othmer.
Point Point | Molecular | °C ‘ psi | a/ml T '
Compound G °G Welght e | Pe de
Tothyion 103.7 160.1 28.052 g0n 742 | 0 LTEERSRURR SELED
FEhylenc, coesis o] mRNR] T g, e 7. i i 3 Flynn, L. W. and Thodas, G., “Viscosity of Hydrocarbon Gases at Nor-
B e o Rt I T 121‘;"’l la“":il B3 mal Drorsures,” Journal of Chemical and Engincering Data 6, pp #7-9
Cis-2-Butene. ... SO E L) ko [ 180 ) 0] 7 s S0 : '
Trans-2-Butene. . .| 0.9] —1064 56104 155 b5 238 See Part | for earlier references.
Charts continued on next page
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