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ABSTRACT: Cassie-Wenzel wetting state transition is a typical phenomenon in the failure of superhydrophobic surfaces and
has attracted much more attention recently. The force response curve method, which is carried out by squeezing a liquid droplet

on the tested superhydrophobic surfaces, is a typical method to characterize the Cassie-Wenzel wetting state transition. In this
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force response curve method, extracting the wetting state transition information from the force response curve is critical, which
requires choosing suitable value of experimental parameters. In order to find out the suitable experimental parameter range for
obtaining stable transition information of wetting state, the work aims to investigate the effect of experimental system error,
experimental process parameters, surface wettability and wettability transition conditions on the wettability transition
information in the force response curve. According to the theory of the force response curve method, a series of force response
curves with the Cassie-Wenzel wetting state transition information were calculated for the squeezing droplet processes with
different experimental parameters. The calculated results were verified by comparison with the force response curve from the
former experiments. When the volume of droplet was 0.1 mL in the squeezing droplet experiment, a distance error of 1 um and a
force error of 0.8 mN could ensure the obvious wetting state transition information in the force response curve. More errors in
both the distance and the force would make a considerable fluctuation on the force response curve, which might cover up the
wetting state transition information. In the general situation of testing systems with a less precision, a droplet with volume above
0.050 mL could be used in the experiments to obtain the wetting state transition information. A volume above 0.010 mL could
be used in experiments on testing system with a higher precision. The optimum value range of loading step was 10~25 um,
which could guarantee a reasonable wetting state transition information over the fluctuation on the force response curve. The
above calculated results were verified by comparison between the former experiments from two different groups. Moreover, it
was observed that both the wettability of the loading surface and the wettability of the surface to be measured in Cassie state had
few effect on the wetting state transition information on the force curve. However, increasing the contact angle of the surface to
be measured in Wenzel state might decrease the width of the bulge that represented the wetting state transition information. The
wetting state transition information on the force response curve can be enhanced by using a smaller distance error and a force
error, a large droplet size and a variable loading step length. Another wetting state transition information, a much more
deflection on the force response curve induced by the droplet filling into the microstructure of the tested superhydrophobic
surface during the wetting state transition process, can be used in the squeezing droplet experiment. By optimizing the
experimental parameters based on the guidance in this work, the mechanism of the Cassie-Wenzel wetting state transition may
be further reliably explored.

KEY WORDS: superhydrophobic surface; state transition; Cassie state; Wenzel State; force response curve method; experimental
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Tab.1 Experimental parameters set for the calculation
Parameters oy/um op/mN V/imL AH/pm 0A/(°) Os/(°) Osw/(°) Hr/mm
OH 0.5/1.0/2.0/4.0 0.1 0.100 10 150 160 120 0.4
OF 1.0 0.1/0.2/0.4/0.6 0.100 10 150 160 120 0.4
0.200/0.100/
V 1.0 0.1 0.050/0.025 10 150 160 120 0.4
AH 1.0 0.1 0.100 10/15/20/25 150 160 120 0.4
N 1.0 0.1 0.100 10 120/140/160/180 160 120 0.4
150/160/
O 1.0 0.1 0.100 10 150 170/180 120 0.4
110/120/
Opw 1.0 0.1 0.100 10 150 160 130/140 0.4
Hr 1.0 0.1 0.100 10 150 160 120 0.2/0.4/0.6/0.8
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Fig.2 Effect of experimental error on the wetting transition information: a) distance error; b) force error
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Fig.7 Effect of wetting property of the tested surface on the force
response curve: a) Cassie state; b) Wenzel state
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