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Physical Properties of Hydrocarbons

PART 26—Misce|laneous'A[dehydes

o

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

There are almost endless varicties of aldehyde com-
pounds that can be produced. Many of them are prod-
ucts used in specialty applications or as intermediates
in the production of other compounds. This article pre-
sents the physical properties of four typical compounds
that have achieved conunercial importance.

Phosgene was the most effective poisonous gas used in
World War I. In recent vears, it has become a major
commercial product as a raw material in the production
of isocyanates. Almost 300 million pounds were consumed
in isocvanates in 1966. Another 50 1siilion pounds were

—~sed in the production of polvearbonates and pesticides.
,‘ﬁ p A p

Chloral is used in the production of DDT and in medi-
cines. Like phosgene, it is an extremely hazardous chemi-
cal. It is generally produced by the chlorination of ethyl
aleohol, followed by reaction with sulfuric acid.

Acetvl chloride is so corrosive that it is often manu-
factured and used “in situ,” especially as a catalyst for
preparation of acetic acid. It is also used as an acetylat-
g agent for producing. specialty chemicals.

The use of acrolein as a raw material for the produc-
tion of elveerine has hoosted acrolein into major chemical
status in-the 1960°s. THigh toxicity and a tendency to poly-
merize have linited the comimercial uses ol acrolein, but
its availability fromi propylene via oxication or condensa-
tion of acetaldehyde and formaldehyde makes it available
at a price.that should enable it to grow steadily as a raw
material choice.

The high reactivity and extreme toxicity of these com-
pounds have limited the amount of experimental work
on physical properties. Consequently. estimation methods
have been used extensively to provide data over a wide
temperature range.
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Critical Properties and Vapor Pressure. The critical
properties of phosgene have been determined experi-
mentally. » * 3 The method of Vowles' has been used to
estimate the other critical temperatures with a probable
ecror of less than 5°C, and the critical densities within
0.01 grams/milliliter. The critical pressures were esti-
mated by the method of Lyderson.*

Stull presents vapor pressure data on phosgene up to
the critical point.! Data up to the boiling point only are
available for the other three compounds.®®° The method
described in previous articles has been used to calculate
the vapor pressure of these compounds up to the critical
point.” The method gave an average error of 1.4 percent
when compared to experimental data for phosgene,

Heat of Vaporization. O'Hara and Fahien® have calcu-
lated the heat of vaporization of phosgene up to its critical
point, using vapor pressure data. The heat-of vaporiza-
tion hias been measured at the boiling point for phosgene®
and acetyl chloride.®® The method of Riedel* has becn
used to estimate the heat of vaporization of chloral and
acrolein at their boiling points. The boiling point data
have been extrapolated over a wide temperature range by
Kharbanda’s nomograph.*?

Heat Capacity. The vapor heat ¢apacity of phosgenc is
available in the literature.® ** The method of Rihani

TABLE 26-1—Physical Properties of Miscellaunecous Aldehydes

Critieal Properties
Boiling [ Melting| Moles —
Point Point cula
°C °C Welght
Pliosuene. ... e, 8.3 —-128 68.098 81, .
Chl R 47.6 - &7 147.4D S i | f
Acetyvl Chloride. . . 5.8 —113 785D 244 s15% | 03040
* Acrolein: .. caien 52.5 — B8 56.06 3 t0206%

* Estimated.
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Fig. 26-1—Gives vapor pressure of miscellaneous aldehydes from
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Fig. 26-2—Gives vapor pressure of miscellaneous aldehydes from —20° C to --240° C.
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Fig. 26-3—Gives heat vaporization of miscellaneous aldehydes from —80°C to --290° C.
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Fig. 26-4—Gives vapor heat capacity of miscellaneous aldehydes from 0° C to 1,000° C.
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Fig. 26-5—Gives liquid heat capacity for miscellaneous aldehydes from —80° C to. 4-100° C.
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Fiz. 26-6—Gives liquid density of miscellaneous aldehydes from —80° C to +300° C.
145

July 1968, Vol. 47, No. 7




225

PHYSICAL PROPERTIES OF HYDROCARBONS . . .

146

340

300

260

220

180

MICROPOISE -

140

100

€0

100 200 300 400 500
°CENTIGRADE

Fig. 26-7—Gives vapor viscosity of miscellaneous aldehydes from 0° C to --500° C.
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Fig. 26-8—Gives liquid viscosity of miscelianeous aldehydes from 80 Cto - 120 C.°
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Fig. 26-9—Gives surface tension of miscellaneous aldehydes from —80° C to +120° C.
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Flg. 26-10—Gives vapor thermal conductivity of miscellaneous aldehydes from 0° C to +500° C.
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and Doraiswamy!? has been used to calculate the heat
capacity of the other three compounds, with a probable
error of 3-3 percent.

The liquid -heat capacity of phosgene has been mea-
sured up to its boiling point.®** The only other data is
acetyl chloride at 0°C.® Consequently, the heat capacity
of chloral and acrolein at 20°C has been estimated from
their molecular structure and extrapolated over the tem-
perature range by the method discussed in prcvlous arti-
cles. The probable error is 5-10 percent.

Density. The density of phosgene has been measured up
to its critical point.® The room temperature densitics of
the other three compounds are reported in the literature.®
The method of Lydersen, Greenkorn, and Hougen has
been used to estimate the densities up to the critical tem-
perature.* The error is normally 1-3 percent.

Viscosity. The vapor viscosities have been estimated by
the method of Bromley and Wilkes.*®

Only the liquid viscosity of chloral has been experi-
mentally determined.? The viscosities of the other three
compounds have been estimated by the method proposed
by Thomas.* The error is probably 10-15 percent for these
polar compounds.

Surface Tension. The surface tension of phosgene, chlo-
ral, and acetyl chloride have been measured from 0 -
50° C. Kharbanda's nomograph has been used to extend
the data over a wider temperature range.** The method
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Fig. 26-11—Gives liquid thermal conductivity of miscellaneous aldehydes from

80 = 120

—80° C to --120° C.

of Sugden was used to estimate the surface tension of
acrolein.?” The probable error is less than 5 percent.

Thermal Conductivity. The vapor and liquid thermal
conductivities have been estimated by methods discussed
in previous articles.!® *?
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