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The vapour-liquid equilibrium in binary acetaldehyde-diethyl ether, acetaldehyde—ethanol and
acetaldehyde-water systems was measured at the pressure of 101-32 kPa. The experimental data
were correlated by the two- and three-constant Redlich-Kister equation.

During the production of ethanol by direct hydration of ethylene, we can find among
reaction products a mixture of ethanol, water, acetaldehyde and diethyl ether. For
the rectification of synthetic ethanol by extractive distillation it is necessary to know
the equilibrium data in all of the corresponding binary systems.

EXPERIMENTAL AND RESULTS

Materials used: acetaldehyde, a product of ‘“The British Drug Houses Ltd.”, was used without
further purification, since the chromatographic analysis indicated at least 99-9% purity. Dena-
turated ethanol was dehydrated by azeotropic rectification with an additional portion of benzene.
Before the measurement itself, ethanol was refluxed with freshly annealed CaO and then rectified
again. Diethyl cther was shaken subsequently with an acidified solution of FeSO, to remove
peroxides, with a 0-5% solution of KMnO, to remove aldehydes and finally with a 5% solution
of KOH. Then it was dried with CaSO, and rectified with sodium. Redistilled water was employed
with a specific conductivity of ~4 . 1076Q Y cm~!. The physico-chemical constarts of the
substances used are given in Table I. The saturated vapour pressures of pure substances were
taken from the literature! and their Antoine equation constants are also reported in Table 1.

The method of measurements. The modified Gillespie recirculation still was used. The measure-
ments were performed at a constant pressure of 101-32 kPa, the boiling point temperature of the
mixture was determined by calibrated Anschiitz thermometers. The recirculation vessels con-
taining the liquid and condensed vapour phases were efficiently cooled with a mixture of solid
CO, and acetone to reduce losses of extremely volatile diethyl ether and acetaldehyde. The low-
boiling mixture of acetaldehyde and diethyl ether was heated only by a 250 W infrared lamp.
The analysis of samples of both vapour and liquid phases was performed in the following manner;
0:5—~1-0g of the analyzed solution in a sealed ampoule was weighed and broken inside an excess
amount of an 0-5M aqueous solution of hydroxylamine hydrochloride. After 30 minutes, this
solution was back titrated by an 0-1M solution of NaOH in the presence of bromophenol blue.
The maximum error of this analytical method was determined as 4-0-3 wt.% on samples with
a known composition.
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Experimental data are given in Table II and in Fig. 1. The data were correlated
by the two- and three-constant Redlich-Kister equation

Q = g&/(2-303RT) = xx,[b + ¢(x; — x;) + d(x; — x,)* + ...], (1)
logy; = x3[b + e(3x; — x3) + d(x; — x5) (6x; — 1) +...], 2
logy, = xi[b + e(x; = 3x,) + d(x; — x2) (1 — 6x;) + ...] . (3

Constants in this equation for the systems investigated are given in Table III and
they were obtained by minimizing the function

F =

(yl,exp - yl,vyp)z > (4)

™Mz

where N is the number of experimental points. The calculated constants were used
for calculating back the vapour phase composition and differences between experi-
mental and calculated values can be found in Table II.

Tabre I
Physico-Chemical Properties of Pure Components

Property® Exp. Literature Ref.  Property® Exp. Literature Ref.

Acetaldehyde Ethanol

d388:2 07847 07846 1 d333:2 07895 07893—5 2

n.b.p 293-4 293-4 1 n393-2 1-3613 1-3614 2

4 — 8-00552 3 n.b.p. 351°5 351-4—6 2

B — 1 600-017 3 A - 811220 3

c - 291-809 3 B — 1.592:864 3

c ' - 226184 3

Diethyl ether Water

d388-2 07193 0-7193 2 A - 7-96681 4

n88-2 1-3556 1:35555 2 B — 16682 4

A - 692032 3 c — 2280 4

B — 1 064-066 3

[of - 228-799 3

“9 A, B, C are constants in the Antoine equation log P = A4 — B/(T — 273:2 4+ C), where P is
in Torr and T in K.
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TasLE 111
Constants in the Redlich-Kister Equation for the Systems Investigated
System b c S(RK2)* JRK3)*
Acetaldehyde 0-3230 0-0752 0-003 —
Diethyl ether 0-3277 00881 0-0520 — 0-0035
Acetaldehyde 0-0081 0-0098 0-009
Ethanol 0-:0030 0-0572 0-0517 — 0-009
Acetaldehyde 0-8448 0-4387 0-006 —
Water 1-3702 1-9885 1:1516 — 0-005
¢ Mean deviations y ... — ¥ cate-
T T T T T T
a b
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Fig. 1
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T-x-y Diagrams a the Acetaldehyde-Ethanol, b Acetaldehyde-Diethyl Ether and ¢ Acetaldehyde-
—Water Systems; x;, y; Are the Mole Fractions of Acetaldehyde
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Our experimental azeotropic data in the acetaldebyde —diethyl ether system, i.e.,
X,, = 0837 and T,, = 292-8 K, differ somewhat from those reported by Nycander®,
who found x,, = 0-846 and T,, = 2921 K.
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