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Abstract

One of the main benefits of ultrashort laser micromachining is the possibility of preparing various surface
structures, including a diversity of shapes and dimensions. The goal of this paper was to fabricate hydrophobic
surface structures and to study coherency between the wettability and antibacterial properties of these
structures for their further ways of application. The picosecond laser with a galvanometer scanner was used
in the experiment for the fabrication of several types of surface structures. The next part of the experiment was
testing of fabricated structures. Their wettability and antibacterial properties were tested and analyzed during
several months. Tests showed that the fabrication of surface structures changed the wettability of the tested
samples (the samples became more hydrophobic) and also showed that these structures affect their bacterial
properties.
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1. INTRODUCTION

Nowadays, the laser technologies belong between technologies that are very innovative. By using laser, it is
possible to fabricate microscopic entities in a very short time with very high accuracy. Specific changes of
surface structure can cause the transition of the physical and chemical properties of the surface. These
controlled changes of surface properties could be useful in many industries such as machine, medical,
energetic industry, etc.

Wettability represents a property of surface which describes the ability to adhere or repulse liquid to/from the
surface. The most used quantity to describe the wettability is the contact angle (CA). It is defined as the size
of the angle between surface and tangent to the surface of the liquid droplet. The surfaces can be divided into
three main groups according to the size of their CA: hydrophilic surfaces (CA < 90°), hydrophobic surfaces
(90° < CA > 150°) and superhydrophobic surfaces (CA > 150°) [1,2]. Hydrophobic surfaces have a wide range
of applications, e.g., anti-icing surfaces of airplane wings, easily washable surfaces, surfaces of medical
equipment, etc. [3,4]. In terms of the process of contact angle measuring, there are several different methods
(e.g., sliding angle measurement, the CA hysteresis measurement, the static contact angle measurement,
Wilhelmy balance method, etc.). One of the most used methods is the static contact angle measurement
method [5].

Bacterial adhesion process comprises the initial adhesion and the main adhesion to the surface. Many factors
such as properties of the bacteria, conditions of the surrounding environment, properties of the surfaces
influence the initial adhesion. The main adhesion can be amplified or inhibited by properties of surfaces,
including topography of surface. This main adhesion is divided into two phases. First phase is very quick and
it represents only the primary interaction between bacteria and surface. During the second phase, specific and
nonspecific interactions occur between proteins on the surface of the bacteria and binding molecules of the
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material. Studies show that some bacteria species are attracted by hydrophilic surfaces (e.g., Staphylococcus
aureus, Escherichia coli), while other are attracted by hydrophobic surfaces (e.g., Pseudoxanthomonas
taiwanesis, Staphylococcus epidermidis). It was also observed, that superhydrophobic surfaces reduce the
bacterial adhesion, probably because of the air bubbles that are created in surface microstructures [6,7].

The hydrophobic surface structures may consist of different types of shapes. Some of them are inspired by
nature (e.g., lotus leaf hierarchical structures), however, commonly used geometric entities in the fabrication
of hydrophobic structures are grooves, micro holes, papillae, etc. [8-12].

2. EXPERIMENTAL SECTION

The experiment consisted of designing and
fabricating eleven surface  structures
(Figure 1) which should change the
wettability of testing material. Dimensions of
fabricated structures were from 10 ym up to
150 ym. The stainless steel AISI 316L was
chosen as the testing material. The chemical
composition of test material is shown in
Table 1. Designed structures were fabricated
by Nd: YAG picosecond laser with these
properties: wavelength = 532 nm, duration of
pulses = 13 ps, frequency  =200-1000 kHz,
average laser power = 12 W.

Figure 1 Designed surface structures

Table 1 The chemical composition of stainless steel AISI 316L (m%) [13]

C Mn Si Cr Ni Mo P S
max. 0.03 max. 2.00 max. 1.00 16.5-18.5 10-13.0 2-2.5 max. 0.045 max. 0.03

Subsequently, fabricated structures were tested. The wettability of samples was analysed in the first round of
testing by using the static contact angle measurement method. Therefore, the device Drop Shape Analyzer —
DSA30E with distilled water as a testing medium was chosen. The volume of used droplets of distilled water
was 1 pl. Each fabricated structure was tested during two months to observe changes in the CA over time.
The time between each measurement was approximately one week. Each sample was tested on five different
spots and the average of the measured values was used as a result value.

During second round of testing the antibacterial properties of fabricated structures were tested. Antibacterial
properties of 2 out of all 11 structures (the most hydrophobic and less hydrophobic structure) and a reference
sample for comparison were analyzed. The dimensions of these chosen surface structures were from 10 ym
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up to 23 uym. The principle of testing was that saline solution that contained bacteria Streptococcus Aureus
was deposited on the surface of the tested samples. After that, the samples were left for five hours at room
temperature for growing and adhesion of bacteria to the surface. Then the samples were washed to remove
non-adherent bacteria of the surface. The process of washing was carried out in two ways. The first way was
done by physiological saline solution only. The second way was done by physiological saline solution in
ultrasonic purifier (Figure 2). This testing was done for each type of structure five times (always with different
samples) for the credibility of the measured data. After that, the samples were examined under the microscope.
Then the images that were obtained by the microscope were evaluated by software NIS — Elements BR in
order to detect the amount of bacteria that have deposited on the samples.
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Figure 2 Washing of the samples. Left — washing by physiological saline solution in ultrasonic purifier,
right — washing by physiological saline solution only

3. RESULT AND DISCUSSION

3.1. Wettability

A graph with values from measurement was made for better observation of changing contact angle and for
comparison of fabricated structures with original surface (Figure 3).
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Figure 3 Evolution of CA of surface structures during time
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Based on the wettability testing, it was shown that 10 out of 11 structures became hydrophobic within the 66
days. Also, it is shown that CA of surface structures that were made by the picosecond laser were not constant
immediately after the fabrication. The values of CA became stable after some period of time. This problem can
be caused by ongoing chemical reactions on the surface which were started after the interaction of the surface
with the laser beam. This problem can be solved by the chemical coating of the surface structures immediately
after their fabrication [14].

3.2. Antibacterial properties

Three samples were chosen for testing of antibacterial properties (sample of the original surface, the sample
of structure no. 3 (CA = 113.94°) and the sample of structure no. 4 (CA = 84.43°)). Figure 4 shows the number
of bacteria (green dots) that were on the samples after the washing processes. Images made by microscope
were analysed by the software NIS — Elements BR and the data obtained by this software was

graphed (Figure 5).

Figure 4 Examples of the images which were analysed by the software NIS — Elements BR. A) Washing by
physiological saline solution in ultrasonic purifier, B) Washing by physiological saline solution only.
1 = Original surface, 2 = structure no. 3, 3 = structure no. 4
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Figure 5 The quantity of bacteria for three samples. A) Washing by physiological saline solution in ultrasonic
purifier, B) Washing by physiological saline solution only
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The testing showed that fabrication of surface structures has significant influence on bacterial properties of the
surface. The CA of both samples (no. 3, no. 4) was higher than the CA of original surface. It is possible to
notice that higher CA of samples correlates with the higher amount of bacteria adhered to the surface. Neither
one of the both studied surface modifications did not enhance the antibacterial properties of samples in the
case of Streptococcus Aureus. These results indicate that Streptococcus Aureus is possibly the specie of
bacteria that is attracted by hydrophobic surfaces. These modified surfaces can be used, for example, in the
manufacture of containers which are used for the cultivation of bacteria or in the production of water purifiers
where filters with these modified surfaces could capture bacteria and thereby support bioremediation effects.
These findings are limited because antibacterial properties of only 2 surface modification were studied and it
is possible that antibacterial properties of surface probably could not be connected only to the wettability, but
to many other attributes, for example the type of used material, dimensions and shapes of surface structures
etc.

4. CONCLUSION

Eleven different surface structures were designed and prepared using a picosecond laser. Subsequently, the
wettability of all 11 surface structures and antibacterial properties of 2 of them were tested. The wettability of
the samples was analysed during the 66-days-long period of time and it was noted that values of CA are not
constant immediately after the fabrication. Ten of all structures were found hydrophobic after 66 days. In terms
of the antibacterial properties, it was observed that the modified surfaces were more appropriate for the
bacterial adhesion of Streptococcus Aureus than the original surface. This finding offers new possibilities for
using these surface structures such as water purifiers, containers for bacterial growth, etc.
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