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no measurable amount of foam. Similar tests on solu-
tions containing 40 ppm of ABS and 10 ppm of the
cationic Hyamine 1622 failed to create any measurable
amount of foam. Therefore, small concentrations of
natural antifoams, such as cationic surfactants, can
destroy potential foaming in sewage effluents. ‘Cationic
surfactants like Hyamine 1622, which is a germicide,
might function to destroy bacteria and foams simul-
taneously.

This study indicates that water supplies tapping
ground water aquifers should not foam vigorously at
ABS concentrations of less than 2.0 ppm, if ABS is
the only surfactant present.

The stability of foams in natural water is influenced
by several variables. Foams are more stable at lower
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temperatures. Foams are unstable at concentrations
of less than 2.0 ppm of ABS but may foam at lower
concentrations if other organic surfactants such as
soaps or proteinaceous material are in solution. The
types of surfactants most common in natural water
probably contribute more readily to foaming in the
pH range from 7 to 10. ZEscherichia coli in surface
water enhances the tendency to foam. Small concen-
trations of cationic surfactants or other antifoaming

compounds can reduce or destroy foaming produced

from the anionic surfactant ABS.
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179. SURFACE TENSION OF DETERGENT SOLUTIONS
By C. H. Wayman, J. B. RoBertson, and H. G. Pacg, Denver, Colo.

Work done in cooperation with the Fed_eml Housing Administration

The importance of the physicochemical property sur-
face tension in reactions at solid-gas, solid-liquid, or
solid-liquid-gas interfaces has not been fully realized.
Surface tension has significance in wettability, which
indirectly influences adsorption, and in the movement
of liquids through porous media. A profuse literature
is available on the surface tension of pure and “built”
detergent solutions (Fischer and Gans, 1946; Harris,
1946; Mankowich, 1953; and others). The surface

tension of natural water and industrial waste water, -

‘including sewage-plant and septic-tank effluents, is
virtually uninvestigated; the only significant study
in this field is that of Bowers (1952) on sewage water
of Indianapolis. Bowers’ study indicated that the
surface tension of the sewage water ranged from
38.9 to 71.6 dynes per cm; surface tension decreased
with increase in content of suspended solids; surface
tension increased with dissolved-oxygen content; and
detergents are probably the most important sur-
factants that lower surface tension. -

The effect of concentration of surfactant, pH, tem-
perature, ions present in commercial detergent com-
pounds, and bacteria, on the surface tension of de-

tergent solutions is discussed in this paper. Data
consist of surface-tension measurements made on labo-
ratory-prepared detergent solutions and sewage efflu-

‘ent from the Denver sewage-treatment plant.

The surface tension of all solutions was measured
with a Cassel-type tensiometer, employing the maxi-
mum-bubble-pressure technique. In figure 179.1, the
surface tension of solutions containing various anionic,
nonionic, and cationic surfactants is plotted as a func-
tion of concentration at 20°C. Nonionic compounds
are more surface active than either anionic or cationic
compounds, which are about equally surface active.
Santomerse, a low-foaming surfactant, displays the
lowest degree of surface activity, probably because it
contains surfactant depressants.

The influence of temperature on surface tension of
the anionic detergent alkylbenzenesulfonate (ABS) was
determined in the range 20°C to 35°C for concentrations
of as much as 3,000 ppm (parts per million). At 20°C
the change in surface tension with concentration (dv/dc)
is 0.18 for as much as 110 ppm of ABS; at 35°C the
value is 0.36 for as much as 55 ppm of ABS, indicating
a much steeper surface tension—concentration gradient
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FI1GuRE 179.1.—Variation of surface tension with concentration for various surfactants at 20 °C.

at higher temperatures. The Gibbs adsorption equa-
tion for surface excess (I', in moles per cm?) is:

c v
Q¢

I'=R

(1)

where
¢=concentration in moles per liter
R=gas constant
T=absolute temperature

and dy/dc=slope of surface tension—concentration
curve.

Calculations based on equation 1 indicate that dv/o¢
changes only slightly for as much as 140 ppm of ABS
in the temperature range 20°C to 35°C. Hence,
temperature has a greater influence on surface tension
than concentration for the range of conditions indicated.

Because most commercial detergents contain other

compounds as well as ABS, the surface tension was
determined for solutions of 17 different commercial

detergent products. Enough of each product was
used to give 100 ppm of ABS in solution. At this
concentration of ABS and at 20°C, the surface ten-
sion of the 17 detergent solutions ranged from 50 to
63 dynes per cm. These data indicate that, in de-
tergents, compounds other than ABS increase surface
tension. Solutions of commercial products containing
10 ppm of ABS plus 100 million bacteria per ml at
20°C gave surface tensions ranging from 70.5 to 72.0
dynes per cm as compared to about 68 without bac-
teria; apparently, bacteria reduce the surface activity
of surfactants in solution.

The influence of pH on surface tension is shown
in figure 179.2. In dilute solutions of anionic sur-
factants, surface tension increases with increase in
pH, whereas in solutions of cationic and nonionic
surfactants, surface tension decreases with increase
in pH. Phosphate, silicate, and carboxymethylcellu-
lose, along with ABS, tend to inhibit the influence of
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F1GUREe 179.2.—Variation of surface tension of surfactant
solutions with pH, at 20°C.

pH on the surface tension of a surfactant solution.
Mankowich (1953) has indicated that pH and other
ions have little influence on surface tension in highly
concentrated surfactant solutions (1,000 to 4,000 ppm) ;
. evidently, the pH effect is masked at higher concen-
trations by surfactant saturation at the' air-solution
interface.

Surface-tension measurements of the sewage effluent
from the Denver sewage-treatment plant were made
for a 2-month period. The surface tension of the
effluent ranged from 63 to 71.5 dynes per cm at 20°C;
the surface tension of pure water at 20°C is 72.75
dynes per cm. Weekly determinations of certain con-
stituents in this water had the following ranges:

detergent (ABS), 5.5 to 6.5 ppm; dissolved solids, "

750 to 1,120 ppm; bacteria (Zscherichia cols), 150,000
to 250,000 per ml; and dissolved oxygen, 0.0 to 3.5
ppm. For a sewage effluent at Indianapolis, Bowers
found that the surface tension ranged from 45 to 60
dynes per cm at 25°C. Although a minor amount of
the difference between the surface tension of sewage
effluents at Denver and Indianapolis can be attributed
to a difference in temperature of measurement (20°C
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at Denver and 25°C at Indianapolis), most of the
difference probably is due to variation in composition
of the sewage effluent at the two cities. The compo-
sition of a sewage effluent is influenced by waste dis-
posal from industry, agriculture, and other sources.
Because no two cities are likely to have sewage effluents
of identical compositions, differences in surface ten-
sions of their sewage effluents are to be expected.

In areas of sewage spreading or storage of natural
water containing surfactants, knowledge of the surface
tension of these liquids is important because the rate
at which water wets and infiltrates soils depends in
part on the surface tension of the liquid phase. As of
March 1962, the detergent (ABS) concentration of
most surface-water supplies is less than 10 ppm; at
this concentration, the surface tension of water con-
taining ABS surfactant is only slightly less than that
of pure water.

This study shows that the concentration of ABS
found in natural water cannot lower surface tension
appreciably below that of pure water. At temperatures
of more than 20°C, the surface tension-concentration
gradient increases considerably for dilute surfactant
solutions. In solutions containing less than 10 ppm
of ABS, ions other than surfactants tend to increase
surface tension above that of the pure surfactant alone;
bacteria make the effect more pronounced. The re-
sults .of this study will be applied to investigations
of the influence of surface tension on wettability of
soils and aquifer materials. The evaluation of sur-
face tension in flow. theory has received no significant
consideration to date.
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