Physical Properties of Hydrocarbons

PART 34-Ethylamines

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

THE ETHYLAMINES (monoethylamine, diethylamine
and triethylamine) are produced largely by the reaction of
cthyl aleohol and ammonia in the presence of alumina
at 400° C and high pressure. They are used largely as in-
termediates in the production of specialty products.

Ethylenediamine is an important intermediate in the
production of coatings and adhesives. It is extensively used
in the textile and paper industries to increase wet strength
and tensile strength. Approximately 50 million pounds
were produced in 1966, largely by the reaction of ethylene
dichloride and ammonia in the presence of caustic soda.

The physical propertics of these compounds have been
studied extensively below the boiling points.

Ty
\ feal Properties and Vapor Pressures. The critical
temperatures and pressures bave been measured for the
cthylamines.»»*?* The critical densities are available for
dicthylamine and triethylamine.* The critical densities of
monocthylamine and ethylenediamine were calculated by
the method of Vowles, with a probable error of 1-2 per-
cent.? Riedel’s method was used to calculate the critical
temperature and pressure of ethylenediamine.”

Stull reports the vapor pressures of monocthylamine and
diethylamine up to the critical point and of tricthylamine
and ethylenediamine up to the boiling point. The vapor
pressures of triethylamine and ethylenediamine above the
boiling point were calculated by the method described in
previous articles. This method gave results with an error
of 1-3 percent for diethylamine.

Heat of Vaporizafion. Only the heats of vaporization
at the boiling points have been experimentally deter-
mined.”* Kharbanda's nomograph has been used to cal-
culate the heats of vaporization to the critical tempera-
ture.®
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Heat Capacity. The vapor heat capacities have been cal-
culated from the molecular structure.®

Hough and co-workers™ have determined the liquid heat
capacity of ethylenediamine from 30-70° C. The heat ca-
pacities of the ethylamines were calculated by the method
proposed by Johnson and Huang.® This technique gave
an error of less than 2 percent for ethylenediamine and
about 6 percent for the methylamines. The data were ex-
tended over the —40 to +160° C range by the equation:
heat capacity times density equals a constant.

Density. The orthobaric density of triethylamine has been
reported from 0° C to the critical temperature.*® The
densities of the other three compounds have been mea-
sured from 0-80° C.*7* The Lydersen technique was used
to calculate the densities up to the critical point.* When
compared with 13 experimental points, this method gave
an average error of 0.8 percent and a maximum error of
2.4 percent. Fig. 34-6 shows the density of aqueous ethyl-
enediamine solutions over the 10-90° C range.”

Viscosity. The vapor viscosities from 0-500° C were cal-
culated by the equation proposed by Bromley and Wilke,
with a probable error of 2-5 percent.

The liquid viscosity of menocthylamine has been deter-
mined at —-33.5° C.# Data are available on diethylamine
from —35° C to +50° C,*% on triethylamine from
—35°C to +80°C,>® and on ethylenediamine from 10
to 210° C.*'* The method of Thomas was used to cal-
culate the viscosities from —40° C to +160° C.*

TABLE 34-1-—Physical Properties of Ethylamines

Critical Properties
Abbre- Boiling Freezing | Molecular T. E | % d.
Compound viation | Point, °C | Foint, °C Weight C | psia &/ ml
Ethylamine. ... . MEA 16.6 - 810 45.08 18338 | 8l 0.253*
Diethylamine,.. .| DEA 55.0 = 5.0 73,14 2235 | 536 0.246
Triethylamine...| TEA 88.8 =144 10010 | 2620 | 430 | 0.252
Ethylenediamine.| .. 117.2 85 0.1 318* | 016* ! 0257
* Estimaled.
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Fig. 34-1—Vapor pressure of eihyIamInes from —20° C to 240" C.
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Fig. 34-2—Heat of vaporization of ethylamines from —40° C to -}-320° C,
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Fig. 34-6—Liquid density of aqueous ethylenediamine from 0° C to 90° C.
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Fig. 34-7—Vapor viscosity of ethylamines from 0° C to 500° C.
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Fig. 34-11—Liquid viscosity of aqueous ethylenediamine from Q° C to 90° C.
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Fig. 34-12—3surface tension of ethylamines from —40° C to +160° C.
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Fig. 34-14—Liquid thermal conductivity of ethylamines from —40° C to 4-160° C.

Barfield has measured the aqueous solution viscosities
of diethylamine.!® These data are presented in Fig. 34-10.
Mason has studied the effect of pressure on the liquid
viscosity of ethylenediamine.’* Fig. 34-9 shows thesc re-
sults. As can be secen from the graph, viscosity is only
slightly affected by pressure. At 250 atmospheres, the vis-
cosity is only about 10 percent higher than the viscosity
a“-atmospheric pressure.
ig. 34-11 shows the effect of temperature on the aque-
ous solution viscosities of ethylenediamine.”

Surface Tension. The surface tension has been measured
from —74°C to +35°C for ethylamine,®** from 10°
to 56° C for diethylamine,*** and from 0 to 90° C for
tricthylamine.®** These data have been extended from
—40° C to +160° C by the equation relating surface ten-
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sion to density, molecular weight, and parachor.* This
method was used to calculate the entire curve for ethylene-
diamine.

Thermal Conductivity. Vines and Bennett have measured
the vapor thermal conductivities of dicthylamine and tri-
ethylamine from 80° to 150° C.'* The method of Owens
and Thodos was used to calculate the vapor thermal con-
ductivities over the 0-500° C range.’®

The liquid thermal conductivities were calculated by
the method proposed by Robbins and Kingrea.'?
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