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Abstract

A water drop on a small cylindrical pillar reminds of a crystal ball on a stand and creates a
hydrophobic effect. Differentdrop volume generates various contact angles with a pillar made
of a non-hydrophobic substance. The contact angles change from a large angle, which is
considered hydrophobic, to a minimal hydrophilic angle until the end of the drop evaporating.
The pillar's top edge and the drop create the edge effect proposed by Gibbs; the drop's triple
contact line is pinned to the sharp edges.

We followed the first stage of the evaporation, the volume loss, which is the main stage using
drops ondifferentpillar diameters and a big flat surface. The contactangle changed according
to the drop volume. The comparison revealed non-dimensional relation between the volume
and the contact angle.
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Introduction

Pillars, as small targets, have a unique influence on water drop behavior due to the flip in the
ratio of the dimensions; the drop diameter is equal to or bigger than the target diameter. The
natural evaporation allows us to observe gradual changes in the drop volume on different
pillars. We are specifically interested in the TCL (Triple Contact Line) and the CA (Contact
Angle) changes.

The literature divided the drop evaporation on the surface into stages. At the initial stage, the
TCL is pinned, and the CA decreases. The following stage depends on the surface and
ambient properties; therefore, different studies reported similar but not identical descriptions.
The TCL is de-pinned and decreases with the CA, for metal surface At a CA of about 20°[1].
Other studies found that the receding CAis the minimal CA that remains constant, and only
the TCL decreases [2]. A third stage is defined for small volume, and all parameters decrease
[3], [4].

Gibbs, in 1906, defined the contact angle hysteresis for drop encountering a sharp edge by
geometrical inequality condition [5].

0, < 6 < (180°— ¢) + 6, (1)

Where the equilibrium contact angle is 6, and ¢ is the angle between the surfaces that
generate the solid edge, which is 90° for the pillars in this study.

The sharp edge effectfor drops on pillars is studied in different aspects, such as howgeometry
can enhance the TCL pinning effect [6], the geometrical effect of the pillar section cut [7], and
the coffee ring effect by the drop evaporation [8]. We studied the similarities and differences
between the drop edge effect and evaporation on two small pillars and a big surface.
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Material and Methods
Triple distilled water drop positioned on high polished top of tool

steel cylindrical pillar. Before every experiment, the pillar
working surface was polished on sandpaper with 1200/2000 grit ‘ .
up to a mirror state. The pillar was cleaned by rinsing in tap

water, drying, rinsing in ethanol, and drying.

The examined pillar's diameters are 1.2 mm, 2.4mm as small
targets, and 6mm, a larger diameter than the examined drop's
maximal spread and considered a big surface. Each drop
evaporated under similar ambient conditions, and we recorded
the process.

We measured the initial CA of a drop laying on a big surface, which is the equivalent CA, 6, =
61.5° The drop did not reach the edges, and the equivalent CA applies to all experiments with
the same solid surface and liquid drop (see Figure 1). We defined non-dimensional volume to
normalize the pillar differences, the ratio between the measured drop volume at any timeV (t)
and the volume measured at the equivalent CA during the evaporation, defined as the
reference volume, V(6,).

Figure 1. Measured equivalent
CA of drop on big surface

Results and Discussion

The shape of the water drop on a surface is round and truncated. Drop on pillars can generate
various contact angles even over 90 degrees, angles that are considered hydrophobic (see
Figure 2, left side).

Figure 2. Liquid drop evaporation on a pillar

The pillar's sharp edge enables this large contact angle, even though the pillar substance is
not hydrophobic. The contact angle valueswere described by Gibbs inequality (see Equation
1) and used for sharp edges analysis [8]-[10]. The achieved stable drop for large CA agrees
with Gibbs inequality high limits (90° + 6,). We placed a drop with an initial CA of 110° on the
pillar (2.4mm) and added water in doses of 0.01pL. Initially, the CA increased with the volume
up to the maximal CA and maintained with additional volume. At a certain point, the drop lost
its symmetrical position with a minor contact angle reduction, which was the stability loss
trigger, and the drop on the pillar collapsed (see Figure 3).
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Figure 3. Drop contactangle during increasing the drop volume until stability limit
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All our trails to generate stable CA a larger than Gibbs 6,,,,,. , failed; also, a close value was
Hard to achieve stability due to the sensitivity of the drop at those values. Therefore, our
evaporation experiments begin with a smaller angle.

The Gibbs inequality low angle is the equivalent CA and represents the lower initial CA for a
fresh drop. Aged drop during the evaporation process can generate smaller CA.

The values and relations between the horizontal surface area and the drop volume determine
the drop roundness. We compared drops on two pillars with a CA of a 125° Symmetric
positioning of the drop keeps the whole drop on the surface top, and the TCL is along the
pillar's upper edge. The ratio between the diameters of the examined pillars is similar to all the
geometrical properties ratios between the drops, the drop volumes, maximal diameters, and
maximal heights (see Figure 4).

Top plane

a b
Figure 4. Alldrops’ Contact angle are 125° a) 2.4mm pillar diameter b) 1.2mm pillar diameter

We followed the thanges in the CA during evaporation. The first stage of drop£&vaporation
from pillar is similar te_the big plane surface pinned TCL and decreases in costact angle (see
Figure 2).

The following stages, which.end with complete evaporation, should e studied separately;
different recording paces and image magnifying are required. In agr€ement with the literature,
our observation indicates that the next stage begins with CA/approximately at 20°. The
following stages last a short period, while the TCL and CA of thie drop decre ase until the liquid
evaporates.
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Figure 5. Cdntact angle during evaporation vs. none-dimensional volume for different surfaces, all
cunes unify.
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Focus on the first stage shows that the CA changes along the non-dimensional volume
evaporation unify for all examined surfaces, two pillars, and a big surface (see Figure 5). Each
experiment began with a different CA depending on the ability to achieve a stable drop. For
the big surface, the maximal initial CA is the equivalent CA. The curves unify with no regard
to the drop age; each contact angle relates to the same non-dimensional volume. To enhance
the conclusion about the drop age, we compared similar drops distinct only by the initial
volume on the same pillar and found that all drops have the same relations between similar
values of CA and volume.

The pillar edge creates a hydrophobic effect. The drop lays on the pillar, like a crystal ball, and
therefore accumulates more liquid volume per contact areathan a surface without sharp edge.
At the hydrophobic CA, the drop losses most of its volume with a light changes in the contact
angle. In the range of 100° to 80 °, as the drop CA changes to hydrophilic, the tendency
gradually changes and flips rate, and the contact angle decreases faster.

Occasionally the drop TCL may exceed the pillar's horizontal surface [5]. The TCL descends
along the pillar circumference (see Figure 6). We found that the deviation from the pillar top
occurs when the drop is placed asymmetrically. Therefore, the TCL is a three-dimensional
curved line pinned during the evaporation to the pillar's vertical wall. Even though the contact
is along the vertical wall, traditionally, the CA measured refers to the horizontal plane from the
contact height [5] and not to the vertical wall (see Figure 6¢). The deviation from the horizontal
plane is slight, and most drop volume lies on the horizontal plane. This method enables
consistent analysis of the drop characteristics and evaporation process. The TCL on the
vertical wall creates a partial coating of the pillar, which enlarge the free surface area for

Top plane

a b c
Figure 6. All drops’ on 1.2 mm pillar, the drop position changes the TCL location a) symmetric
b) slightly asymmetric c) extremely asymmetric

evaporation. The contactangles along the TCL varies with significant differences between the
pillar sides. Therefore, the maximal angle we measured was close to the maximal angle
defined by Gibbs inequality for a sharp corner. Achieving a stable maximal angle was easier
for asymmetrical drop positioning.

Conclusions

We confirmed the CA stability limit by Gibbs inequality for a drop on a sharp edge. The drop's
geometrical proportions are the same between different pillars: CA, height, diameter, and the
relative drop volume. The CA reduction during volume lost by the first stage of drop
evaporation unifies all non-dimensional volume with no regard to the plane dimensions or the
drop age.
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Nomenclature

o

6o

(0]
V(t)

Contact angle (CA)

Equilibrium CA

Angle between the edge surfaces
Drop volume at any time

V(6,) Drop volume at Equilibrium CA
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