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Physical Properties of Hydrocarbons

Part 44—Sulfur-Containing Hydrocarbons

This is the final part in a long
running, very popular series. The end
of the article contains a complete
index to all 44 parts—the series
having started in July 1965

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

Carson pisuLFpE has been a major chemical for many
vears. In 1968, about 800 million pounds were consumed.
Two-thirds of this was in viscose rayon and cellophane
production. Most of the rest was used to produce carbon
tetrachloride. Neither of these outlets appear to provide
much future growth for carbon disulfide. The major man-
ufacturing route is to react methane and sulfur vapor at
900° C.

Methanethiol is produced from methanol and hydro-
gen sulfide. It is used in production of methionine, jet
fuels and fungicides.

Dimethyl sulfide and ethanethiol are well-known to
most engineers as odorants in fuel gases. They arc also
used as intermediates and solvents.

The physical properties of all four compounds have
been extensively studied by various investigators.

Yapor Pressures and Critical Properties. The critical
properties and vapor pressures of methanethiol,# 3+
ethanethiol,»®% dimethyl sulfide"® %" and carbon disul-
fide%® have been experimentally determined,

Heat of Vaporization. O’'Brien and Alford have mea-
sured the heat of vaporization of carbon disulfide from
0° C to the critical point.® The value at the boiling point
is reported for the other three compounds.*® %7 Khar-
banda’s nomograph was used to estimate the heat of va-
porization at other temperatures.’® Comparison with five
experimental values showed an average errvor of 2.9 per-
cent.

Heat Capacity. The vapor heat capacities are reported
in the literature for all four compounds.® % 11,1213

Liquid heat capacity data are available rom the
melting point to the boiling point for all four com-
pounds.t &1 The data were extended by the equation,

TABLE 44-1—Physical Properties of Sulfur-Containing

Hydrocarhons
Critical Prnpl_r:!ea
Boiling | Melting | Mole- |———— —— el

Point, Point, cular T: l’¢ de
°G °G Weitht °C psin ¢ /ml
Methanethiol, , ... 2.0 —-123.0 45,102 10350 0.323
Ethanethiol. .. ....] 344 =147 6213 795 0,501
Dumlil)l Sulfide. - 98.3 LEAH] =0 0,306
Carbon Disulfide, -112 Th. 143 1105 | 0368

heat capacity times the cube root of the density equals
a constant. The heat capacities of these compounds
change very slowly with temperature. Consequently, bet-
ter accuracy was obtained by using the cube root of the
density in the equation. The average error for 10 points
was 1.3 pEI'CEHt.

Density. The densities from 0° C to the critical points
have been measured for all four compounds.® % %19

Viscosity. The vapor viscosities were estimated by the
method proposed by Bromley and Wilkes.®

Liquid viscosity data are available for ethanecthiol at
25° C;* for dimethyl sulfide from 0-36° C;! and from
—13°C to -+46°C for carbon disulfide.”® Souder’s
method was used to estimate the viscosities at other tem-
peratures. The constant in the equation was calculated
from an experimental data point for all but methanethiol,
The constant had to be estimated [rom the molecular
structure for methanethiol. The probable error is 5-10
percent.

Surface Tension., The International Critical Tables* and
Timmermans® report viscosity data from 0 to 60° G for
the compounds. The data were extended over the —80
to -+ 120° C range by the equation, surface tension equals
a constant times the density raised to the fourth power,
The error should be about 2 percent.

Thermal Conductivity. The thermal conductivities were
estimated by the mecthods used in previous articles.!s:®
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Fig. 44-1-—Vapor pressure of sulfur-containing hydrocarbons from —75 to 240°C.
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Fig. 44-2-—Heat of vaporization of sulfur-containing hydrocarbons from —80 to 275°C.

i T e T T T

800 800 1000

°*CENTIGRADE

400

200

Do

WYyd9/S3180TIVY

Fig. 44-3—Vapor heat capacity of sulfur-containing hydrocarbons from 0 to 1,000°C.
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Fig. 44-4—Liquid heat capacity of sulfur-containing hydrocarbons from —-80 to 120°C.
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Fig. 44-5—Liquid density of sulfur-containing hydrocarbons from —80 to 275%C,
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Fig. 44-6—Vapor viscosity of sulfur-containing hydrocarbons from 0 to 500°C.
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Fig 44-7—Liquid viscosity of sulfur-containing hydrocarbons from —80 to 120°C.
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Fig. 44-8—Surface tension of sulfur-containing hydrocarbons from --80 to 120°C.
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Fig. 44-9—Vapor thermal conductivity of sulfur-containing hydrocarbons from 0 to 500°C.
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Fig. 44-10—Liquid thermal conductivity of sulfur-containing hydrocarbons from —80 to 120°C.

About This Series

Since the beginning of this series, Mr. Gallant has reported
on roughly 150 compounds. For each of these he has given the
latest data pertaining to: vapor pressure, critical properties, heat
of vaporization, heat capacity, density, viscosity, surface tension
and thermal conductivity. Both the liquid and gas phases have
been covered. Where possible, experimental data are reported.
When cxperimental data were not available, correlations were
used. Tn most cases, estimates have been included as to the ac-
curacy of the correlations used. Most parts were prefaced by a
short section dealing with pertinent market data conecrning the
compounds covered.

Complete Index to “Physical
Properiies of Hydrocarbons’’

Part No. Subject Month, Year
1 Methane-Ethane-Propane-Butane July 1965
2 C: to Ci Monoolefins Aug. 1963
3 C: to Cy Alkynes Sept. 1965
4 C. to Ci Diolefing Oct. 1965
5 Chlorinated Methanes March 1966
6 Chlorinated Ethylenes June 1966
7 Chlorinated Aliphaties July 1966
8 Primary Alcohols Oct. 1966
9 Thermal Conductivity of
C; to Gy Hydrocarbons Dec. 1966
10 C; to €y Hydrocarbons Jan, 1967
11 Miscellaneous Aleohols Feb. 1967
12 C: to C, Oxide March 1967
15 Ethylene Glycols April 1967
14 Propylene Glycols and Glyeerine May 1967
15 C; to Cs Alkanes July 1967
16 C; to Cs Alkenes Aug, 1967
17 Cs to Cs Branched Hydrocarbons Sept. 1967
138

Part No. Subject Month, Year
18 Ci to Cs Branched Hydrocarbons Oct. 1967
19 Chlorinated C. Compounds Dee. 1967
20 Halogenated Methanes Jan. 1968
21 Halogenated Hydrocarbons Feb. 1968
22 Fluorinated Hydrocarbons March 1968
23 Brominated Hydrocarbons April 1968
24 Ci to Gy Aldehydes May 1968
25 C; to C; Acids June 1968
26 Miscellaneous Aldehydes July 1968
27 Ketones Aug, 1968
28 Ethers Sept. 1968
29 Acetates Oct. 1968
30 Acrylates Nov. 1968
31 Esters Dec. 1968
32 Cyeclic Ethers Jan. 1969
33 Methylamines April 1969
34 Ethylamines May 1969
35 Miscellaneous Amines June 1969
36 Nitriles July 1969
37 Nitrogen Containing Compounds Aug. 1969
38 Miscellaneous Nitrogen

Compounds Sept. 1969
39 Benzene Compounds Nov, 1969
40 Toluene and Xylene Dec. 1969
41 Cyclic Hydrocarbons Jan. 1970
42 Miscellaneous Clyelic

Compounds Feb. 1970
43 Halogenated Aromatics March 1970
44 Sulfur-Containing Hydrocarbons April 1970

The entire series will soon be available in hardback book form,
Volume 1 is already in print and includes Parts 1 through 23,
Volume 2 will soon be published to include Parts 24 through 44.
Volume 2 will also include a section of physical properties of
water. Both volumes are available from Gulf Publishing Co.,
Book Departinent, P. O. Box 2608, Houston, Texas 77001,

April 1970 HyprocarBoN PROCESSING.



