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Abstract

This paper explores the use of lasers with a focus on'stkface engineering. Its primary aim is to generate surface structures
capable of influencing the characteristics of the, matériai that is tested. Mainly the wettability of the surface, more
particularly the enhancement of hydrophobic (properties. A laser machine with ultrashort pulses was used to produce
hydrophobic surface structures. This paper concludes/by evaluating the surface structures and describing the aspects that
influence the genesis and proposed functionseof these surface structures.
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1. Introduction

Laser machining is beginningto/be a more and more common type of machining process. It can be divided into a lot
of groups such as laser welding;“eutting, machining, surface structuring, etc [1], [2], [3]. Each of these groups of
technologies is very interesting and has already been discussed in academic works. This article focuses especially on
surface structuring, and thesmain‘goal of this article is to describe possibilities of laser surface structuring which could
lead to the change of its Wettaljility.

Creating surfaCe stfuctures using a laser can lead to a modification of the inherent properties of the given surface.
Laser structuring allows, for the alteration of factors beside the surface wettability such as surface roughness, optical
properties, tribolegy and so on. Wettability is the ability of a liquid to adhere to the surface of solid substances. This
capability depénds @n. the surface structure of the solid material, which affects the size of the contact angle between the
liquid and the ‘Selid surface. Surfaces can be categorized in terms of wettability as hydrophilic, hydrophobic, and
superhydraphobie— the differences between these types of surfaces are illustrated in Fig. 1, based on the magnitude of the
contact @hglejwhich can be measured using numerous methods.
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Fig. 1. Categorization of surfaces according to contact angle [4]

Contact angles could be measured by multiple methods of measuring. These methods incldde£0r éxaniple Young-Laplace
method, the circle and polynomial fitting, the mask method, etc [5].

In the available academic publications, there are two main views on the designing‘@ihydrophobic surface structures.
The first one consists of known geometrical shapes such as cubes, dots, and gréavess[4], [5]. These elementary shapes
are often combined with special structures called LIPSS (laser-induced periodical surface structures).

Fig. 2. Metrix structure with LIPSS dnl measured contact angle of this structure [7]

The second view of designing surface structuressis‘inspired by nature. The shapes are more loose and whole structures
are more complex. The best example of a hiy@drophobic surface structure is the surface of the lotus leaf.

F1g. 3. The water droplet on the lotus leaf (a), the contact angle of the droplet [8]

Coritrolied wettability of the surface can play a crucial role in engineering in the development of new functional
surfaces, tfie design of innovative machining technologies involving cutting fluids, or the production of workpieces with
precisely defined surface properties. For instance, in the aviation industry, a significant challenge is the formation of ice,
yritieh detrimentally affects the operations and flight safety of aircraft and helicopters [6]. The complexity of surface
struciure laser fabrication and their overall effect on surface wettability are investigated in the experiment of this article.
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2. Experiment

As the tested material the austenitic chromium-nickel steel stabilized with titanium (X6CrNiTi18-10) was used. Fhis
material holds significant prominence in numerous industrial domains that concentrate on laser surface structuringtand
its subsequent applications. The surfaces of the samples have been ground and the final roughness of the surfacemwas
approximately R, = 0,4 um this value of surface roughness was crucial for the rest of the experiment to measure only‘the
effect of the manufactured surface structures on the wettability of the surface.

Before the fabrication process the design of possibly hydrophobic structures was made.

1. Cube

This surface structure was modified to the 5 variants which dimensions can be seen in the picture gellov

variant a fumf b {um] c [um]
| 50 5 20
i 50 10 20
I ) 10 10
% 50 20 20
v 50 20 13

Fig. 4. Design and dimensions of structure Cube {a-/side of a cube; b — depth; ¢ — pitch)

2. Hole

This surface structure was modified to the 5 variants'\whieh specifications can be seen in the picture bellow.

variant r[um] afum] b [um]
10 12 20
10 12 10
15 12 20
15 12 10
15 12 5

S N PO NCR N

Rig. 5. Design and dimensions of structure Hole (r — radius of a hole; a — depth; b — pitch)

Once the désigmof4fie individual structures was created, it was possible to proceed to their production. A laser system
with ultrashost pulses was used for it, the parameters of which are:

o (| Wawelength =532 nm

o Laser pulse length = 13 ps

e Repetition rate = 200 — 1000 kHz

e 7 Average laser power < 12 W
It was necessary to used specific laser parameters for the manufacturing of all designed surface structures.
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3. Results &

After the production of the designed structures (it was produced 10 types of structures), each structure was scansed@
measured by an optical microscope (Alicona Infinite Focus) to verify the fabrication of the correct dimension (Fi N
Fig. 7).

z
¥
*

GEElsasbnianio
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%2% of fabricated surface structures type Cube (variant | — V)

All surface structu ere produced with maximal dimensional deviation of 5 pm.
The next step in the experimental process was to examine the influence of structures on the wettability of the surface

(measurement contact angle). The method of Sessile drop (static contact angle for the surface) was used for the
evaluation of bility. For this measurement, the Drop Shape Analyzer (DSA30E) was used. The actual test of
wettability ndicted for each produced surface structure. Based on the research study, water droplets with a volume
of 3.5 {1l chosen [6]. The wettability angles were measured twice for each sample — first immediately after landing

\b
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on the created surface structure and secondly, 10 seconds after landing on the surface structure. The measurements took
place approximately two weeks after the fabrication of the surface structures using the picosecond laser system.

Based on these measurements, it was found that the most hydrophobic structure from the type Hole was variagt ne,5
and the least hydrophobic was variant no. 3. Regarding the surface structures type Cube the most hydrophobic was vatiant
no. Il and the least hydrophobic was the variant no. I1I.

Fig. 8. The measured contact angle of surface structure Hole variant nig. 5 (fignt — just after landing of the droplet on
the structure, left — 10s after landing of the dropi€t on the structure)

Fig. 9. The measured contact angle of surface structure Cube variant no. Il (right — just after landing of the droplet
on the stfucture, left — 10s after landing of the droplet on the structure)

4. Conclusion

Several surface strugtties whose purpose is to change the wettability of treated surfaces were designed based on published
articles on a similaf topic. These structures are the structures of recurring cubes and recurring holes. It was designed with
five variations from €ach group. All 10 surface structures were manufactured using a picosecond laser system and their
dimensional accuracy was verified using an optical microscope. After the fabrication, the contact angle of every structure
was measuredandybased on which the wettability was determined. It was found that the contact angle of the most
hydrophobic_stiuctyre - type Hole was 99,2° (which is 3,8 degrees more than the non-treated surface). Regarding the
structures {typeCulge the biggest measured contact angle was 120,8° (which is 25,4 degrees more than the non-treated
surface).

Aftér alfinit could be said, based on the experiments carried out, that the picosecond laser system is a useful tool for
the falyrication of surface structures that have an influence on the surface property especially on the wettability of the
surface.

However, it is important to say that the wettability of a surface is not only affected by the morphology of the surface to
deterinine the specific factors contributing to changes in surface wettability, but it would also be convenient to
manufacture and test an even greater number of samples. Subsequently, the produced samples could be subjected to
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testing using an alternative method for measuring the contact angle of the liquid (such as the dynamic drop method) or
employing a different measuring liquid (such as distilled water). This expanded scope of experimentation would enabie
a more comprehensive understanding of the underlying mechanisms affecting surface wettability. Also, for the fiext
research work, it would be very interesting to manufacture and test the properties of some structures inspired by nattre.
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