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Abstract

Data have been obtained in steady-state batch operated thermogravitational
separation columns using different binary mixtures to test the theory recently
published by Morgado et al. The experimental results confirm that separations by
thermal diffusion are asymmetrical except when the initial concentration is 0.5 and
that the asymmetry is larger as the initial concentration deviates from 0.5 and as the
separation potential increases.

INTRODUCTION

In a recent paper Morgado et al. (I) developed the theory of Furry et al.
(2) for nonsymmetrical separations in thermal diffusion columns. The
conclusion from the studies was that all separations are generally asym-
metric, and that for particular initial concentrations the asymmetry is larger
as the separation potential increases. Only when the initial composition of
the binary mixture is 0.5 mol fraction can the separation be regarded as
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symmetrical. The majority of experimental data reported often relate to
equimolar test mixtures which from the developed theory (1) would give
symmetrical separation; this can lead to misinterpretation. No recognition of
the possibility of nonsymmetrical separation, for instance, was made in the
papers of some workers (3-6).

From the theory of Furry et al. (2) for thermogravitational columns in
steady-state batch separation, expressions for concentration distribution of
the specified component can be derived:
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If the symmetry of separation is defined as an ‘‘asymmetry factor” A,

Cree ™ C,
Ap=In T2 (3)
Co — Cpw

where cr.. refers to the extremity where the specified product accumulates.
By substitution of Egs. (1) and (2) into Eq. (3):
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A symmetrical separation can be defined if
CTe — Cy = Co — Cge (5)

i.e., A,= 0, and the solutions to Eq. (4) are zero when A = 0 and there is no
separation, and ¢, = 0.5.

For each value of the separation potential, the asymmetry of separation
increases as the initial concentration is further removed from 0.5. Further-
more for a given initial concentration, the asymmetry is larger as the
separation potential increases.
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EXPERIMENTAL

Mixtures with different initial concentrations ¢, were introduced into two
experimental thermogravitational columns and the concentrations at the
extremities of the columns measured after steady-state separation had been
achieved. Steady-state was assumed to have been reached when variations
less than 0.5% in the concentration of samples taken from ports located at
the top and bottom of the respective columns were observed over a period of
2 h.

The dimensions of the two columns are listed in Table 1. Both columns
were cooled on one side with water pumped from a thermostatically
controlled tank. Column 1 was heated by water pumped from another
thermostatically controlled tank whereas Column 2 was electrically heated.

The binary systems investigated in the experimental equipment are listed
in Table 2. .

Measurements of the refractive index were used to analyze the compo-
sition of the liquid samples by using an accurate Abbe refractometer at 25°C.
Calibration curves for each mixture were made by using mixtures of known
composition so that sample composition could be directly determined.

The asymmetry factor 4, was obtained directly from Eq. (3), and the
separation potential A was calculated from

>\=lnw (6)

el — C7a)

Theoretical values of A, were obtained from Eq. (4).

The data obtained are shown in Fig. 1 to 4 which are plots of asymmetry
factor A, against separation potential A for different initial compositions of
the feed mixture. Although there is considerable scatter in the results, it is
possible to determine trends which would be expected from the theory (as
defined by the line shown on the curves). The asymmetry is larger as the
initial concentration is removed from 0.5 and, furthermore, is larger as the
separation potential increases.

TABLE 1
Column Length Annulus width,
no. {m) m X 10%
1 0.83 5.00
2 1.27 3.09
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TABLE 2
Column Symbol used
no. Binary mixture in Figs. 1-4
1 n-Heptane, toluene
n-Heptane, methylcyclohexane
2 Cyclohexanol, n-hexanol

Benzyl alcohol, n-octanol
Acetophenone, n-nonane

m-Xylene, isooctane

Ethylbenzene, n-octane

n-Butanol, 1,1,2,3-tetrachloroethylene
n-Hexanol, benzyl alcohol

o+ X 0qg0

SYMBOLS

asymmetry factor

initial concentration

concentration in the bottom of the column in steady-state
concentration in the top of the column in steady-state
separation potential
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FiG. 1. Asymmetry factor vs separation potential for initial concentration 0.1 mol fraction.
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F1G. 2. Asymmetry factor vs separation potential for initial concentration 0.3 mol fraction.
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F1G. 3. Asymmetry factor vs separation potential for initial concentration 0.7 mol fraction.
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FiG. 4. Asymmetry factor vs separation potential for initial concentration 0.9 mol fraction.
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