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Abstract—Methods for determining contact angles between a liquid droplet on a solid surface in the pre-
sence of vapour both in equilibrium with the liquid and under mass-transfer conditions are reported. Angle
values are presented for the systems methyl alcohol-water and n-propanol-water. The results suggest that
the contact angle plays a predominant role in the stability of liquid films under distillation conditions.

THE IMPORTANCE of contact angle in under-
standing the phenomenon of liquid film break-
down under heat- or mass-transfer conditions
has recently been described [1, 2]. Methods for
determining contact angles under equilibrium
conditions and under mass-transfer conditions
at total reflux are described here. Results for the
systems methanol-water and n-propanol-water
on a graphite surface are presented.

1. CONTACT ANGLE OF A LIQUID IN

EQUILIBRIUM WITH THE SURROUNDING VAPOUR

The apparatus iltustrated in Fig. 1 consists
of a 1-1. still, a cell mounted vertically above the
still in which the graphite specimen is mounted,
and a condenser. The still is fitted with a ther-
mometer pocket and a condensate return line.
The cylindrical cell {15 cm x 10 cm O.D) is
split into two sections, the bottom section being
fitted with three optical flats. The graphite
specimen is supported on a horizontal glass
plate above the vapour line from the still. The
still and the cell are heated electrically, the power
input being controlled by two Variacs. The
whole apparatus is lagged with asbestos rope
to minimise heat losses. The graphite surface
was carefully prepared by polishing (to a sur-
face roughness measured by a Talysurf meter
of 1-2 x 107° in), degreasing and finally wash-
ing in boiling distilled water.

A period of 2-3 h was allowed for the still to
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reach equilibrium. A liquid sample was then
removed from the still, via the thermometer
pocket, with a 2 ml syringe and re-introduced
into the cell to form a sessile drop on the speci-
men surface. Sufficient liquid was added to the
drop to establish an equilibrium drop height
[3]. The drop was then allowed to come to
equilibrium with the surrounding vapour in the
cell. The contact angle § was then measured
by observation through a travelling microscope
using a goniometer eyepiece. This procedure
was repeated several times for the same liquid
composition and an average value for § taken.
These values were reproducible to +1°. Graphs
of contact angle vs. liquid composition for the
systems methanol-water, and n-propanol-water
are shown in Figs. 3 and 4.

2. CONTACT ANGLE OF A LIQUID
UNDER CONDITIONS SIMULATING
TOTAL REFLUX

The apparatus for this is shown in Fig. 2. To
simulate total reflux conditions a glass wetted
wall column 20 cm x 6 cm LD. was mounted
above a 1-1. still. The vapour was condensed in a
water cooled glass condenser and refluxed
back to the column as a film. The graphite
specimen was mounted horizontally in the
vapour space immediately opposite a liquid
sample line positioned in the wall of the column.
A capillary tube was sealed into the specimen
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FIG. 2. Contact angle measurement under total reflux condition.
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F1G. 4. Equilibrium contact angles for n-propanol-water—
graphite system.

surface. The sample liquid was introduced onto
the specimen through this tube. Optical flats
were fitted into the column either side of the
specimen. The column was fitted with an “iso-
tape” and the whole apparatus lagged with
asbestos rope. The graphite surface was care-
fully prepared as described previously.

The boil up rate of the still was adjusted and
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FiG. 5. Contact angles measured under total reflux condi-
tions for methanol-water—graphite system.
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the apparatus allowed to reach equilibrium.
A liquid sample was then removed from the
liquid film and introduced onto the specimen
surface. An equilibrium drop height was again
attained before the contact angle was measured.
This was repeated several times for each liquid
concentration as before. These values were
again reproducible to + 1°. The contact angles
for a range of liquid compositions for methanol-
water and n-propanol-water are shown in
Figs. 5 and 6.
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FiG. 6. Contact angles measured under total reflux condi-
tions for n-propanol-water-graphite system.

3. DISCUSSION

The results show that the contact angle is
altered when mass transfer takes place between
vapour and liquid (cf. Figs. 3-5, 4-6). The results
may be used to interpret the behaviour of
minimum wetting rate in the system n-propanol—
water.

Norman [4] has shown, when studying the
minimum wetting rate of n-propanol-water
mixtures in an annular wetted wall column
under mass-transfer conditions, that for pure
water in equilibrium with its vapour the mini-
mum wetting rate was 12 Ib/fth. For 5% n-
propano! the minimum wetting rate was re-
duced to about 1 Ib/ft h but as the concentration
of n-propanol approached the azeotropic com-
position (43 9, n-propanol) the minimum wetting
rate rose sharply. It continued to rise above
the azeotropic composition and at compositions
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between 709 and 909 n-propanol the mini-
mum wetting rate was so high that it was
impossible to maintain a continuous liquid
film. Above 909, n-propanol the minimum
wetting rate decreased again to a final value of
12 Ib/fth for pure n-propanol. This behaviour
can be interpreted from the dependency of
contact angle with concentration under mass-
transfer conditions presented in Fig. 6 where
after an initial reduction in contact angle 6 a
rapid increase in 6 was observed around the
azeotropic composition. At concentrations of
n-propanol >67%, the contact angle decreased
being zero for pure n-propanol.

These results again demonstrate the impor-
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tance of contact angle in assessing underwetting
in transfer equipment.
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Résumé—On décrit des méthodes de détermination d’angles de contact entre une gouttelette liquide et
une surface solide en présence de vapeur en équilibre avec le liquide ou avec un transport de masse. Les
valeurs des angles sont présentées pour les systémes, alcool méthylique—eau et n-propanol-eau. Les
résultats suggérent que 1’angle de contact joue un réle prédominant dans la stabilité des films liquides

pendant la distillation.

Zusammenfassung—Es wird iiber Methoden berichtet, den Randwinkel eines Tropfens auf fester Unter-
lage bei Anwesenheit eines Dampfes zu bestimmen, sowohl im Gleichgewicht als auch bei gleichzeitigem
Stofftransport. Messwerte der Randwinkel werden wiedergegeben fiir die Mischungen Methylalkohol/
Wasser und n-Propanol/Wasser in verschiedenen Konzentrationen. Aus den Ergebnissen lisst sich schlies-
sen, dass der Randwinkel eine entscheidende Rolle bei der Stabilitit eines verdampfenden fliissigen

Filmes spielt.
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