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Summary

Wetting agents are frequently added to herbicide formulations
to increase retention of spray droplets. The effectiveness of a
wetter depends on the ability of surfactant molecules to reach
the expanding droplet -air interface and reduce surface tension.
If surface tension is not reduced rapidly enough, the droplets
may rebound from the leaf surface. The measurement of Dynamic
Surface Tension (DST) can provide information on the behaviour of
surfactants from near equilibrium conditions to 10 milliseconds.
This paper compares equilibrium surface tension data with Dynamic
Surface Tension measurements obtained using the Maximum Bubble
Pressùre Method (MBPM).

Introduction

To understand how Dynamic Surface Tension behaviour can
influence the retention of spray droplets on the leaf surface, it
is important to understand the bouncing process of a falling drop
(Figure 1).

Figure 1: Bouncing Water Droplet
(a) Deformed Droplet
(b) Rebounding Droplet
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On impact with the surface, the drop deforms and its surface
area increases (Figure la). The surface tension of the drop
tends to minimise surface area opposing the stretching process
and thus promoting elasticity of the surface. If the surface
tension is great enough to overcome the stretching forces the
droplet will recoil elastically (Figure lb). It is likely that
these reflected droplets will fall to the ground. Obviously any
active material contained in the drop will be wasted.
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Figure 2: Water Droplet with Wetter

(a) Surfactant at Maximum Surface Concentration
(b) Increased Surface Area of Deformed Drop Results in Gaps

Surfactant molecule

Leaf surface

If a wetter is present, the surfactant molecules concentrate
at the liquid -air interface minimising the surface tension of the
falling droplet (Figure 2a). On impact, when the droplet is
being stretched, the surface concentration of surfactant is
reduced (Figure 2b). As a consequence the surface tension, and
hence elasticity of the droplet is instantaneously raised. The
elasticity may be reduced if excess surfactant, present in the
bulk of the droplet solution, can migrate quickly to fill the
gaps created by the increasing surface area. To favour droplet
retention the surfactant must be available and mobile enough to
migrate to and orientate at the expanded interface area within
the stretching time (approx. 10 ms) [1].

Conventional Measurement Techniques

Conventional techniques that measure equilibrium surface
tension do not address the dynamic situation. A surfactant may
be good at reducing the surface tension of water at equilibrium
but if the surfactant does not have the ability to migrate to a
rapidly expanding surface, it may not reduce the dynamic surface
tension as effectively. A technique is required that can measure'
the ability of a surfactant to reduce surface tension in time
frames of tens of milliseconds.

Dynamic Surface Tension Measurement

The dynamic surface tension of a surfactant in water may be
determined by application of the MBPM [2]. Bubbles of air are
blown through a fine capillary of known radius (r) into the test
solution. As the bubble grows, the liquid -air interfacial area
increases. To keep the surface tension of the bubble minimised,
surfactant must migrate from the bulk of the test solution to the
liquid -air interface quickly. Maximum bubble pressure occurs
when the bubble radius is at a minimum (ie. the bubble is a
hemisphere). By measuring the pressure drop (AP) across the
bubble interface at this point, the surface tension (3) can be
determined through the application of the Laplace equation [3],
AP = 2 3 /r. Interface ages down to 10 ms can be achieved by
increasing the bubble frequency.
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Results

To highlight the differences between equilibrium and dynamic
situations the dynamic surface tension behaviour of two
surfactants, "Teric" N8 (nonylphenol with 8 ethylene oxide units)
and "Teric" N20 (nonylphenol with 20 ethylene oxide units) was
measured in distilled water, over a range of frequencies using
the maximum bubble pressure method.

Table 1: Comparison of Surface Data for "Teric" N8
and "Teric" N20

Equibrium Surface DST (dynes /cm2)30Hz
Tension (dynes /cm2)

at 0.10%
at 0.12%

"Teric" N8 29.4 60.0
"Teric" N20 41.7 54.2

Figure 3: Dynamic Surface Tension Measurements
Teric N8 vs Teric N20
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Under equilibrium and near equilibrium conditions, "Teric" N8
molecules have sufficient time to achieve optimum interfacial
packing to produce low equilibrium surface tensions (Table 1).
"Teric" N20 being a bulkier molecule, does not pack at the
interface as well, thus it has higher equilibrium surfacé
tensions.

In dynamic situations such as bubble frequencies greater than
10Hz, th'e results (Figure 3) suggest that "Teric" N20 molecules
can migrate from the bulk solution to plug the gaps in the
expanding bubble interface more effectively than "Teric" N8.
This is consistent with the higher availability of "Teric" N20
molecules in solution compared to "Teric" N8 and the ability of
"Teric" N20 to more readily dissociate from micelles.
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Conclusion

When evaluating a surfactant for use in a dynamic application
such as an agricultural wetter, dynamic surface tension data
may provide very useful information. The results obtained
for "Teric" N8 and "Teric" N20 show that relative dynamic
surface tension properties are quite different from
equilibrium surface tension properties. In the case of a
bouncing drop dynamic surface tension would appear to be more
appropriate.
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