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Letters

Surface energies of silicate glasses
calculated from their wettability data

When a series of homologous liquids is placed on a
flat solid substrate, forming small sessile drops, the
cosine of the contant angle (6) of the drops
increases linearly with decreasing surface energy of
the drops (yyv ), with:

(1)

It has been shown that the surface energy of the
substrate can be calculated from the linear corre-
lation [1-3];

cosd = a—Dbypy.
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where ygy is the surface energy of the substrate
and 7, is the surface energy of the liquid drop
when the contact angle 6 approaches zero. The
experimental method, in principle, is fairly simple
and straightforward, so that the surface energy of
a solid substrate can be readily determined. The
purpose of this note is to demonstrate how the
surface energies of glasses can be calculated from
their contact angle data.

A sessile drop of methylene iodide on soda-lime
glass exhibits a contact angle of 13° and that of
tetrabromoethane 9° at 20° C at an r.h. of 1% [4].
From these data b is found to be 0.00424 and
v =44.7ergcm™? (Fig. 1). Substituting these
values into Equation (2), the surface energy of the

soda-lime glass is found to be 83.4 ergcm™. This
value is not much greater than the surface energy
of water at 20° C (72.8 ergcm™2), thus suggesting
the presence of adsorbed water. The wetting of
borosilicate glass by Na—K and Hg at 20°C in
vacuum [5] is shown in Fig. 2. In this case, the cal-
culated surface energy value is 110ergem 2, which
is still not too much greater than that of water.
Huang et al. measured the reduction in surface
energy of E-glass due to water vapour adsorption
to be 247 to 254 ergem™?at 20° C [6]. According
to Bondi {7], the temperature coefficient of sur-
face energy of soda-borate glass is —0.05 ergcm™
°C™'. It is reasonable to assume that these values
are applicable to soda-lime glass. Taking the aver-
age value of 251ergcm™2, we obtain 310 (83 +
251 —0.05 x 480)ergcm™2 for the surface energy
of soda-lime glass at 500° C, which is in excellent
agreement with the value 312 ergcm™2 determined
by Parikh [8] for soda-lime glass in the neighbour-
hood of 500°C in vacuum, using the fibre
elongation method.

Good et al. [9] estimated the contact angles of
Hg and Ga on baked-out glass (unspecified) in
vacuum to be aprroximately 70° and 110°, respec-
tively. Taking the surface energy of 484.5 ergcm™
for Hg [10] and 735ergem™ for Ga [11] at 30°C
we obtain the surface energy value 254 ergcm™>
for the baked-out glass at 30°C in vacuum. This
value becomes 230ergem™ at 500°C and com-
pares favourably with 210ergcm™ determined by
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Figure 1 Wetting of soda-lime glass by methylene iodide
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and tetrabromoethane [4].
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Figure 2 Wetting of borosilicate glass 1.0

by Na-K and Hg (A) [5] and baked-
out glass by Hg and Ga (B) [9].
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Parikh [8] for lead disilicate glass at 500°C in
vacuum. The results indicate that adsorbed water
on glass persists even in vacuum unless it is baked-
out at higher temperatues.

Admittedly the cases cited above involve only
two datum points. Nevertheless the results clearly
indicate that the surface energy of glasses can be
calculated from their contact angle data.
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