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Abstract — In this study, the effect of hydrophobic coating of electrode surface on the charging behavior of droplets in
the contact charging phenomenon of conductive droplets in a non-conductive medium was analyzed. In the same
experimental device, the type of electrode coating was changed, and the change in charge amount was analyzed by
changing the size of the droplet and the intensity of the electric field under each coating condition. The experiment on
the electrode that was only polished was set as the control group, and the droplet charging experiment was conducted
by applying Teflon and Thiol coatings as hydrophobic coatings. The Teflon-coated electrode showed an increase in
the contact angle of about 10° compared to the control group, but the charging performance was at the level of 90%,
and the deviation of the charging amount was also larger. In contrast, the thiol-coated electrode showed the highest
hydrophobic characteristics with a contact angle increase of approximately 21°, but a peculiar phenomenon that has
not been reported in the existing droplet contact charging phenomenon was found, in which almost no charging
occurred at the anode. The peculiar charging behavior exhibited by the thiol coating is presumed to be due to the
strong surface charge of the thiol coating, but confirmation through additional research is necessary in the future.
Based on the experimental results, if a hydrophobic coating is to be applied to the electrode surface used in the ECD
experiment, it is possible to apply a Teflon coating. However, in the case of a thiol coating, although the hydrophobic
properties are very excellent, it is not suitable as a hydrophobic coating for the electrode due to the rapid change in
contact charging behavior and charging amount.
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Fig. 1. (a) Experimental setup of the ECD system, (b) Comparison
of contact angles of 1 pL. water droplets on copper electrode
with different surface treatments. Before-polishing electrode
remained untreated, the average contact angle was 90 + 6.6°.
After-polishing, Teflon-coated and Thiol-coated electrode were
all polished. The contact angle of the After-polishing, Teflon-
coated, and Thiol-coated electrode was 94 + 5.5°, 104 + 5.5°,
and 115 + 3.5°, respectively.
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Fig. 2. Analysis of droplet videos of the ECD system using a Python program. The droplet size ranges from 0.1 to 3 pL. A 1pL droplet is
shown in all images. The estimated velocity includes both horizontal and vertical components, where the horizontal velocity corre-
sponds to the movement driven by the electric force. (a) The extracted image of droplet from video frames. (b) Binary image conver-
sion for droplet position tracking. (c) Detecting the position and size of the tracked droplet. (d) Sx magnified view of (c) the center
detected droplet is indicated by a red dot, the surface is outlined in green.
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Fig. 3. Result of ECD experiment under the control electrode condition. (a) Velocity distribution of a 0.1 pL water droplet over time. (b)
Velocity distribution of 0.1 pL. water droplet. Droplets move left to right at positive velocities and right to left at negative velocities. (c)
Dimensionless charge of various-sized (0.1~3 L) droplets under different electric fields. (d) Scaling law describing water droplet
charging. The reference state was set as a,=377 um, E;=2 kV/em, Q,=1.48x10"" C. For the linear plot, R?=0.934.
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Fig. 4. Result of ECD experiment under the Teflon coated electrode condition. (a) Velocity distribution of a 0.1 pL water droplet over time.
(b) Velocity distribution of 0.1 pL water droplet. Droplets move left to right at positive velocities and right to left at negative velocities.
(c) Dimensionless charge of various-sized (0.1~3 pL) droplets under different electric fields (d) Scaling law describing water droplet

charging. The reference state was set as a;=371 um,

E;=2 kV/em, Q,=1.13x10""" C. For the linear plot, R’=0.907.
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Fig. 5. Result of ECD experiment under the Thiol coated electrode condition. (a) Velocity distribution of a 0.1 pL water droplet over time. (b)
Velocity distribution of 0.1 pL water droplet. Droplets move left to right at positive velocities and right to left at negative velocities. (c)
Dimensionless charge of various-sized (0.1~3 mL) droplets under different electric fields (d) Scaling law describing water droplet
charging. The reference state was set as a,=401 pm, E;=2 kV/cm, Q0=6.87><10'12 C. For the linear plot, R?=0.926.
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