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Abstract. Static contact angle was determined experimentally in the
condition of wetting of polished and laser patterned surfaces of stainless
steel substrates by distilled water drops with different volumes. In contrast
with polished surface, the contact angle was found to depend on drop
volume on micro patterned surfaces. In addition, the enhancement of both
hydrophilic and hydrophobic properties was observed on laser patterned
surfaces.

1 Introduction

Nowadays there is a search of ways to create surfaces with controlled wetting. Studies in
this field [1-5] are motivated by developing the scientific bases of creation of self-cleaning,
anti-microbial, anti-corrosion, waterproof materials. It is known [6-8] that many factors
affect the intermolecular interaction of condensed liquid and solid phases. The main factors
are the chemical composition of the liquid and the surface, and the roughness. To create
special micro or nanostructures modifying wetting properties, the following methods are
used: sublimation, templating methods, chemical deposition of structures from the gas
phase, lithography. All of them require significant financial costs; their technical
implementation takes much time. The laser light is promising as a method of surface
treatment to create the necessary wetting properties. It is relatively low-cost and
technologically simple. However, the scientific bases of using laser are not developed at a
level to create the metal surfaces with hydrophobic or hydrophilic properties [9-23].

The purpose of this work is to determine experimentally the dependence of the static
contact angle (0) on the distilled water drop volume (V) on the treated surfaces by the laser
radiation.

2 Experimental procedure

Experimental studies were carried out on the setup; the principle of its operation is shown
in [24]. We used eleven laser patterned and one polished surfaces made of stainless steel.
Technical characteristics used for each surface in “MiniMarker 2 M 20” laser system are
listed in Table 1.
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The drop was placed on the surface by the precision dispenser. The following drop
volumes were used: 10, 20, 30, 40, 50, 60uL.

Table 1. Technical characteristics of “MiniMarker 2 M 20” laser system used during surface

treatment.
No of samples
made of stainless 1 2 3 4 5 6 7 8 9 10 11
steel
Frequency oflaser | g5 | g9 | 99 | 50 | 50 | 20 [ 20 | 99 | 99 | 99 | 99
beam, Hz
Traverse speed of
laser beam, 200 | 400 | 800 800 | 400 200 | 800 800 800 | 800 | 800
107 m/s
Power offaser 1 | 55 | 29 | 20 | 20 | 20 | 20| 10 | 14| 16 | 18
radiation, Wt

The average arithmetic roughness (Ra) was defined by using “HOMMEL TESTER
T1000” profilometer.

3 Results and discussion

Systematic component of the error was neglected. Parasitic errors were rejecting during
processing stage. Each experiment was repeated at least five times. All experimental results
at fixed parameters were average. The relative measurement error did not exceed 5%.

According to the experimental results, dependences of static contact angle on liquid

volume were obtained (Fig.1).
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Fig. 1. Dependences of static contact angle on distilled water drop on stainless steel surfaces with
numbers: a) 1; b) 2; ¢) 3;d) 4; e) 5; f) 6; g) 7; h) §; 1) 9; m) 10; n) 11. Contact angle on: 1 — polished
surface; 2 — patterned surface.

The static contact angle is found not to depend on the volume on stainless steel polished
surface (Ra=0.079 pum). However, on laser patterned surfaces the static contact angle
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depends on the liquid volume and microstructure (Fig.3). The change of the contact angle 6
can be explained by the following way. The behaviour of drop on the surface is known to
be described by to models, Wenzel and Cassie-Baxter states. The first model characterizes
heterogeneous wetting when the liquid does not penetrate into the micro cavities on the
surface. The second one is homogeneous; the liquid penetrates into the micro cavities. In
the Cassie-Baxter state (1) the proportion of projection of wetting area on substrate surface
changes at increasing liquid volume:

cos@ = f(cosg,+1)—1 (D

Decrease in this proportion leads to increase in static contact angle. It can be concluded
that the portion of curves (Fig.3), where 0 decreases with increase in volume, correspond to
the Cassie-Baxter state. A further increase in liquid volume results in complete filling of the
cavities on the surface. There is a transition from heterogeneous to homogeneous wetting
mode. It can be assumed that the portion, where 6 changes sharply, corresponds to the
transition from the state of Cassie-Baxter to the Wenzel state.

It is found that the static contact angle increased on surfaces No 1, 4, 9, 10, 11 (the
hydrophobic properties improved). However, 6 decreased on the surfaces No 2, 3, 5, 6 (the
hydrophilic properties improved). The curves of static contact angle on surfaces No 7, 8
have a sinusoid nature.

4 Conclusion

The influence of the volume of distilled water on the value of the static contact angle of a
drop placed on laser patterned surface made of stainless steel was studied. The possibility
of controlling the wetting by laser treatment of surfaces was approved. The micro asperities
and cavities are found not to impact the static contact angle on relatively smooth surfaces
(Ra = 0.079 um). The static contact angle on patterned surfaces compared to polished
depends on the liquid volume. Change of laser radiation power, impulse frequency and
traverse speed of laser beam allows to improve hydrophilic, as well as hydrophobic
properties.

This work was carried out at the Kutateladze Institute of Thermophysics SB RAS and
financially supported by the Russian Science Foundation (project number 15-19-10025).
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