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Ficure 14.

water vapor permeability.

@. Sulfonated oil; A, acrylate resins;
stuffing.

TasLe 10.

Effect of various leather impregnants on the

D, solvent stuffing; O, rubber; X, wet

which degreased chrome-retanned upper leather
was treated with various types of impregnants.
These impregnants included sulfonated oils, stuff-
ing greases, rubber, and acrylate resins. The
stuffing greases were added in two ways: (1) by
the customary procedure, which is by wetting the
leather and then applying the molten greases to
the surface, and (2) by using a solvent. The
solvent method was used principally so that a
legitimate comparison could be made between the
grease and the rubber and the resins, the last two
of which were added in a solvent. The addition of
a small amount of the stuffing grease by the usual
procedure cannot be done uniformly, and con-
siderable variation was obtained, as is indicated
by the results that are given in table 10 and plotted
in figure 14. The stuffing mixture used was ob-
tained from a manufacturer of upper leather and
consisted of petroleum wax, moellen, and fatty
oils and greases.

(Water vapor permeability in g/25 cm?2X100 min)

Water vapor permeability of leathers treated with various types of impregnants
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As shown in this figure, the stuffing procedure
forms a film over the surface of the leather, and a
nearly impermeable membrane is formed for low
concentrations of grease. This is also shown in
figure 9. The stuffing grease added by means of
a solvent shows a less rapid decrease in water
vapor permeability with increasing grease content,
probably because a more uniform distribution of
the grease is obtained. The leathers treated with
rubber show less decrease in water vapor permea-
bility than the stuffing greases. Sulfonated oil
shows very little effect on the water vapor per-
meability, and the acrylate resins appear to
maintain fairly high rates of transmission. These
results are in agreement with the hypothesis that
polar groups influence the water vapor permea-
bility, since both sulfonated oils and the acrylates
contain these types of groups. Rubber also
maintains fairly high permeability in leather.
This might be explained by assuming that it enters
and fills only the larger pores, the smaller pores
remaining intact for the transmission of water
vapor. The latter hypothesis might be applied
to all types of resinous materials. Thus it might
be assumed that these particles can enter only
those pores that are above a definite range in size.
This hypothesis can be further studied by making
experiments with polymers with varying molecular
weight ranges.

8. Effect of Gross Air Pressure and Flexing on
Water Vapor Permeability

In order to perform some tests that would
approach more nearly the conditions to which
shoes are subjected in actual service, a method of
measuring the water vapor permeability of leather

ANNULAR RING FOR
CLAMPING CHAMBERS
TOGETHER VARIABLE SPEED
TRANSMISSION
0 TO 220 RPM
MANIFOLD
A EE Tk WET GAS
N 1 ] INLET
o ! v
VALl N —T’ . I::,“_‘!
7
i

ADJUSTABLE
1| HUMID M
M _CHAMBER —=-GAS OUTLET

jﬁ? Lo
RUBBER GASKET

LEATHER DIAPHRAGM
DESICCANT

Frcure 15.  Sketch of the equipment used to determine water
vapor permeability under dynamic conditions.
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during flexing was developed. A sketch of the
equipment is shown in figure 15. The principle
of dynamic gas streams used by Edwards [2] and
by Maeser [5] was applied. The apparatus con-
sists of two chambers separated by a diaphragm
of the leather under test. The conditions of
relative humidity and pressure in each chamber
may be varied as desired. The amount of
moisture that penetrates the leather is determined
by the pickup in the dry gas stream, the moisture
being removed from this stream after it leaves the
chamber by passing it through a tube containing
a drying agent. The leather specimen may be
flexed as a diaphragm, to simulate the flexing of -a
shoe vamp in walking. The flexing is done by a
rod fastened to the center of the specimen and
connected by an adjustable cam to a variable
speed transmission. Any speed up to 220 rpm
with any stroke up to 1.5 in. may be attained.
Tests may also be made with the leather dia-
phragm under static conditions (no flexing).

The results obtained with the dynamic equip-
ment on degreased upper leather are shown in
figure 16, where the water vapor permeability is
plotted against the difference in pressure of air
between the two chambers in centimeters of
diamyl phthalate (approximately g/em.?). The
dry air was passed through one chamber at the
rate of 2.0 ft3/hr, whereas air saturated with water
vapor at 73° F was passed through the other
chamber at different rates to give the differences
in pressures of air shown in the figure. Since it
was difficult to obtain exactly equal pressures on
both sides to give a zero difference, tests were
made varying the pressure from a high on one
side to a high on the other. The point where the
curve crosses the zero pressure line is equivalent
to the water vapor permeability at zero air
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Ficure 16. Influence of flexing on the water vapor per-

meability of degreased upper leather.
@, Static, before flex; O, static, after flex; X, flexing.
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pressure difference. The negative pressure given
on the graph is indicative of highest pressure on
the side through which dry air was passed. The
flexing in these experiments was done at a rate of
60/min, and the stroke was % in.

According to the graph, the water vapor perme-
ability of the degreased leather is the same
whether or not the specimen is flexed. The slope
of the curve indicating the rate of water vapor
transmission with difference in air pressure is the
same whether the pressure is high on the dry or
moist chambers. This appears to indicate that
some of the moisture passes through independently
of the air stream and even counter to it. If the
moisture moved entirely within the air stream,
zero water vapor permeability would be expected
at zero pressure. It might be expected that the
value for the water vapor permeability at the
point where the curve crosses zero pressure is that
normally obtained by the difference in concentra-
tion of water vapor. The slope of the curve
would then be caused by the moisture that passes
through the pores of the leather in the air stream.
However, the slope of the curve above zero
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Ficure 17. Influence of flexing on the water vapor per-
meability of upper leather containing a high percentage of
grease.

@, Static, before flex; O, static, after flex; X, flexing.
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pressure is slightly greater than that which can
be accounted for by the moisture content of the
air. It is therefore probable that the moisture is
adsorbed by the leather and is conducted over its
surface more rapidly than if it were carried along
with the air stream. The increase in transmission
with increase in pressure must be partially caused
by increased adsorption of moisture by the
leather.

The influence of flexing on the water vapor per-
meability of upper leather containing grease is
shown in figure 17. These experiments were
performed by the same procedure as that for the
degreased leather. The results show that the
water vapor permeability under static conditions
after flexing is increased, and the permeability
during flexing is substantially increased. In the
discussion of ficure 5, it was shown that the
barrier offering the main resistance to the passing
of water vapor for the highly greased upper
leather was the thin top grain split. Flexing
would undoubtedly break this impermeable film,
and after flexing, its permeability to water vapor
should be increased as is shown. The further
increase in water vapor permeability shown during
flexing is probably caused by a wider opening of
this film, allowing the moisture to pass on through
in the air stream. The difference between the
rate of the water vapor permeability at zero air
pressure for the flexed leather and that obtained
on increasing the air pressure is equal to the
amount present in the air stream that passes
through the leather. The explanation for the
difference in behavior in this respect between the
degreased and the greased leather is the lower
adsorbing power of the latter.

The fact that the water vapor permeability of
heavily greased leather increases on flexing has an
important practical significance. The percentage
of the total area of the upper of a shoe that is
flexed to any extent is probably about 50 percent,
so that the increase in total water vapor perme-
ability might be significant. The water vapor
permeability increases further on flexing with
increase in pressure. There is undoubtedly some
increase in pressure in a shoe on walking; however,
the amount is not known.

V. Conclusion

The results of the experiments indicate that in
addition to gaseous diffusion, water is transmitted
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through leather by conduction over the surface
or by some form of activiated diffusion. The evi-
dence for the conduction mechanism has been
pointed out briefly within the paper. This evi-
dence consists of the behavior at low relative
humidities, existence of energy of activation,
influence of temperature, comparison of air per-
meability and water vapor permeability, experi-
ments with fabrics and glass disks, variations of
diffusion constants, and studies of the effect of
gaseous air pressure with the dynamic equipment.

The behavior at low relative humidity shows
the influence of strong adsorption forces that
appear to hold the water within the leather so
that a definite pressure head seems to be required
to force it through. The effect of temperature
on water vapor permeability also shows the influ-
ence of the surface. At a higher temperature the
water molecules have a greater kinetic energy so
that the diffusion forces are greater; however, for
the same vapor pressure, the permeability is
actually lower, which is in line with the fact that
the adsorption of moisture is decreased as the
temperature is increased. Here again is shown the
influence of the surface properties.

The fact that water vapor passes through glass
disks having small pores at a greater rate than
through those having larger pores can be explained
only by the fact that the smaller pores are asso-
ciated with greater surface areas. Likewise the
variation of the diffusion constants with the thick-
ness of the materials and with relative humidity
gradient shows the influence of the material itself
on the permeability. These results indicate the
greater activity of the highly polar glass, leather,
and cotton surfaces as compared to the less polar
nylon surface. The influence of polarity is also
shown in the studies of the effects of different
impregnants.

Studies of the effect of gross air pressure in the
dynamic equipment indicate that the water vapor
permeability is not dependent on the air permea-
bility and may proceed counter toit. The variation
of water vapor permeability with apparent density
is believed to magnify the importance of diffusion;
since the surface area will also increase with de-
crease in apparent density, and this may be the
reason for the increased permeability under these

conditions. As a result of these studies, it appears
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that activated diffusion is an important mechanism
in the transference of water vapor through leather.

As stated in the introduction, the purpose of this
work was to study the mechanism of water vapor
permeability and to develop a test method. It
would be well to follow this with a study of the
comfort and health of the foot as influenced by
water vapor permeability. A study of this prop-
erty as influenced by special treatments and by the
use of a variety of materials might lead to the
development of a more comfortable and more
serviceable shoe and would be extremely valuable
to the Armed Services.
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