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ALTHOUGH WELL-KNOWN for many years, the G;-C,
aldehydes (formaldehyde, acetaldehyde, propionaldehyde,
and butyraldehyde) continue to enjoy a high growth rate.
Already a billion-pounds-per-year commodity, formalde-
hyde usage is increasing 10 percent a year. In 1966, about
1.2 billion pounds of 100 percent formaldehyde was used.
Commercially, formaldehyde is sold as a 37 percent aque-
ous solution. On this basis, 3.3 billion pounds of solution
was consumed in 1966 and over 4.5 billion pounds will

- be used in 1970. Half of this will be used in phenolic,

urea, and melamine resins. Another 25 percent will go

" into producing glycols, alcohols, and pentaerythritol. Good

reactivity, low price and important end use markets have
combined to give formaldehyde its growth impetus. Most
of the 15 producers make the formaldehyde by vapor
phase oxidation of methanol. The advent of big single-
train methane oxidation plants should mean cheaper
methanol but a tight balance between salcs and produc-
tion will keep the price firm.

Acetaldehyde production probably topped 1.3 billion
pmmds in 1966. Almost 100 percent of it was converted

the plantsite to another product. Acetic acid alone
claimed 50 percent of the acetaldehyde produced. Alco-
hols, glycols, and acetic anhydride accounted for most of
the rest. Like many large volume chemicals, acetaldehyde
production is yielding to new, more economical processes.
Oxidation of ethylene is bidding to replace oxidation of
ethyl alcohol as the favorite route.

Proplonaldchyde and butyraldehy rde have never
achieved the importance of the other two aldehydes. They
are used chiefly as intermediates in production of synthetic
resins, solvents, plasticizers, and rubber accelerators. Pro-
pionaldehyde will become increasingly available as a by-
product if oxidation of propylene to propylene oxide goes
commercial. Butyraldehyde is produced from crotonalde-
hyde or butyl alcohol.

Critical Properties and Vapor Pressure. Decause the
aldehvdes tend to polymerize at higher temperatures, their
critical properties and vapor pressures above the boiling
points have not been experimentally measured. The ecriti-

TABLE 24-1—Physical Properties of €. - €, Aldehydes
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Fig. 24-1—Vapor pressure of C.-C, aldehydes from —150°C to
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Fig. 24-3—Vapor pressure of aqueous formaldehyde from 20°C to 110G,
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Fig. 24-4—Partial pressure of aqueous formaldehyde from 20°C t0 110°C.
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Fig. 24-6—Vapor heat capacity of C\-C, aldehydes from 0°C to 1,000°C.
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Fig. 24-8—Liquid density of C,-C, aldehydes from —80°C to +-240°C.
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Fig. 24-10—Vapor viscosity of C.-C, aldehydes from 0°C to --500°C. i i

lay 1968, Vol. 47, No. 3 157




207

PHYSICAL PROPERTIES OF HYDROCARBONS i

158

I,4I:

CENTIPOISE |

%5 ~40 e s T B e )
SCENTIGRADE

Fig. 24-11—Liquid viscosity of C,-C; aldehydes from —80°C to - 80°C.
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Fig. 24-13—Vapor thermal conductivity of C,-C, aldehydes from 0°C to 500°C.

cal temperatures were estimated by the method of Riedel,’
with a probable crror of only a few degrees centigrade.
The eritical pressures and densities were determined by
the method proposcd by Lydersen et al.?

The vapor pressures of all four compounds have been
measured up to the boiling point.**#5 Christensen and
suith® have determined the vapor pressure of acetalde-
invde up to 150° C. The vapor pressures from the boiling
wint up to the eritical point have heen caleulated by the
wethod deseribed in previous avticles.” When compared
with the experimental data on acetaldehyde, the error
weraged 3 percent,

Figs, 24-3 and 21-1 present data on the pressures of
aneous  formaldehyde solutions. Mg, 243 shows the
wtal pressure of the system. Iig. 21-1 gives the partial

rossiire of the formaldehyde in the solution.

Heat of Vaporization. The heat of vaporization at the
iling point has been measured for the four com-
unds. 2 %1 Data over a wide temperature range are
vatlable on acetaldehvde® The Im:a:nf_{"raph of Khar-
ada has been used to extend the data to the critical

deat Capacity. "I'lic vapor heat capacities of formalde-
s and acetaldehyde are availuble from the litera-
JEE The data for propionaldeiivde and butyralde-

e have been estimated by the nicthod proposed by
ani and Daoraiswamy.'* This method gave an error of

1968, Vol. 47, No, 3

less than one percent when compared to experimental
acetaldehyde data.

Coleman and De Vries® have measured the liquid heat
capacity of acetaldehyde from the boiling point to 150° C.
Parks and coworkers’® have done the same for butyral-
dehyde over the temperature range of. —93° C to +27° C,
Only the heat capacity at 0° C is available for propion-
aldchyde.’® The heat capacity at 20°C has been esti-
mated for formaldehyde by the method of Johnson and
Huang* The data for all four compounds have been ex-
tended by the equation: density times heat capacity is
equal to a constant, The constant is calculated from ex-
perimental data, The average error for six experimental
points was 5.1 percent.

Density. Only the room temperature densities of the four
aldehydes have been measured.”*® Consequently, the
previously described method of Lydersen, Greenkorn, and

"Hougen® has been used to estimate the liquid densities up

to the critical point, with a probable error of one percent,

Viscosity. The vapor viscositics have been estimated by
the method of Bromley and Wilke."

There is a limited amount of data on the liquid viscos-
ities of acetaldehyde,>*® propionaldehyde,'® and butyral-
dehyde.’™ ™ The method of Thomas' has been used to
estimate the liquid viscosities of all four compounds. The
error averaged 10 percent when estimated values were
compared with experimental data.
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Fig. 24-14—Liquid thermal conductivity of C\-C, aldehydes from —80°C to --80°C,

Surface Tension. Only the surface tension of acetalde-
hyde has been measured.!® The surface tensions of all four
compounds were estimated by the method described in
previous articles, This method relates surface tension to
the Parachor, density, and molecular weight.’® The error
is less than 5 percent,

Thermal Conductivity. The vapor thermal conductivi-
ties have been ‘estimated by the method of Owens and
Thodos.'* The data of Vines® were used to calculate the
quasicritical thermal conductivity of acetaldechyde and
propionaldchyde,

Jobst has carried out an extensive series of liquid ther-
mal conductivity measurements over a wide temperature
range on a variety of compounds.** Jobst's apparatus ap-
pears to have solved the problem of inconsistency that has

About the author

R. W. GALLANT s a group leader in the
Research and Development Departinent
of The Dow Chemical Co., Plaquemine,
La. His dutics inelude process design,
production plant trouble-shooling, pilot
plunt operations, product development,
and process development, Mre. Geallunt
recctved o DS, tn chemienl engineering
from the University of Florida.

plagued most investigators, His data on acetaldehyde, pro-
p'onaldehyde and butyraldehyde are presented in Fig,
24-14. The data for [ormaldchyde were estimated by the
method of Robbins and Kingrea ™
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