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INVESTIGATION INTO THE EFFECTS OF LASER TEXTURING ON
THE WETTABILITY OF TI-6AL-4V ALLOY

Summary

Laser surface texturing is a technology that enables us to achieve very complex surface
geometries. In this study, geometries created on the Ti-6Al-4V surface were in the form of
parallel grooves. Those geometries were obtained by changing the laser beam speed and the
number of passes (one or two). The effects of laser texturing on the roughness and the contact
angle of Ti-6Al-4V surfaces on the first day and after 80 days were investigated. The results of
this study indicate that the samples treated with two passes of the laser beam and at a lower
speed scan show regularities of roughness profile geometry while other laser-treated samples
do not. It is shown that the surfaces laser-textured with either one or two passes of the laser
beam show no significant changes in the surface wettability after 80 days. The statistical test
proves that there is a significant difference (level a = 0.05) between the contact angles on the
untreated sample on the first day and after 80 days of treatment.

Key words: Ti-6A1-4V, laser surface texturing, surface topography, roughness,
wettability

1. Introduction

All components used in transportation, production, and energy generation are made up
of moving parts whose surfaces are in contact with each other. To extend their service life,
it is necessary to study the friction between the materials in contact. Friction and wear depend
on the topography of surfaces and on a given tribo-pair. Rough surfaces in contact cause
increased wear of the material, and it is well known that surfaces are not ideally smooth.
From the microscopic point of view, rough surfaces are described by a series of irregularities
of different shapes, arrangements, and sizes [1]. Therefore, tribology is increasingly focused
on the study of surfaces and on surface preparation. In the field of surface preparation, the
use of conventional procedures is well documented in the literature, while the use of
advanced technologies and its effect on the behaviour of treated surfaces are less commonly
known [2]. In the surface treatment of titanium and its alloys, it is mechanical pre-treatment
that is predominantly applied. Titanium alloys are widely used in medical applications as
implants because of their good mechanical properties such as strength and their
biocompatibility. However, a problem with these alloys is their low wear resistance; in order
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to improve it, the roughness of surfaces in contact should be reduced by pre-treatment [3].
Micro-hardness, roughness, and contact angle tests carried out on the pre-treated surfaces
show that their negative tribological properties have been improved [4]. The low wear
resistance of Ti6Al4V alloy has limited the use of this material in medicine. In the human
system, when Ti6Al4V is worn, corrosion can occur, which can lead to an accelerated
implant breakdown [5]. To improve the topography and surface roughness of Ti6A14V alloy,
new technologies, such as laser processing, are increasingly being used [6]. Laser processing
techniques allow a contactless treatment of the surface of the material. This technology is a
clean and precise procedure due to the excellent control of heat absorption in the heat-
affected zone and the ability to focus the laser beam on small surfaces [7]. Laser processing
can be used to control surface roughness by texturing different shapes in different dimensions
[8]. Microstructures resulting from laser texturing can act as reservoirs for wear particles of
the materials in contact [9]. Laser surface treatment with a pulse duration ranging from a few
microseconds to a few nanoseconds can form coarse layers, such as ring edges around holes
or micro-dots, which increase the coefficient of friction of metals [10]. Laser-induced phase
transitions, such as melting followed by rapid solidification, can modify the structure of the
material [11]. Such an effect leads to an increase in surface hardness and improved wear
resistance [12]. The structures produced by laser can affect the surface contact angle, i.e. the
surface wettability, which can be relevant for the use of lubricants [13]. Chemical reactions
after laser treatment can have an additional effect on the wettability of the surface. Laser-
treated surface layers can show a wide range of mechanical properties and act as grooves for
the accumulation of harmful substances contained in some lubricants [14]. The results
presented in [15] showed that the laser treatment in the micro- and nano-areas resulted in
high, but uniform, surface roughness. However, laser-treated metal surfaces still exhibit
higher wear than the desired. As a result, various coatings, such as diamond-like carbon,
titanium nitride, and titanium carbo-nitride coatings, have recently been applied to titanium
alloys as well as lubricants. These coatings have excellent properties of reducing surface
friction and allow the application of titanium and its alloys in industries where tribological
issues are of major importance [16]. However, the roughness of a surface has a significant
influence on its adhesive properties and on the thickness of the coating itself. As a result, an
increasing number of studies are focused on the use of an ultra-short laser beam, which
produces extremely low roughness when applied to metals [17]. Femtosecond (fs) lasers
have an ultra-short pulse duration and for that reason they may be the tool for processing
almost any material [18]. A remarkable feature of femtosecond lasers is that they have a
minimal heat-affected zone. In addition, femtosecond lasers have a higher degree of
precision in the texturing and modification of the treated material. The heat-affected zone is
much smaller than that created by irradiation with nanosecond-to-microsecond laser pulses
[19]. With femtosecond lasers it is possible to produce the shapes of random grooves, waves,
and parallel grooves on a metal surface. Geometries obtained by changing the parameters of
power, speed, and size of the laser beam bring about the effect of a uniform surface with
very low roughness; depending on the desired outcome, hydrophobic or hydrophilic surfaces
can be created [20]. Moreover, the shapes created on the surface increase adhesion of the
coating to titanium alloys without changing the microstructure of titanium substrate [21].
The result is an excellent wettability of the coating surface, and therefore its adhesion, which
gives the Ti-6Al1-4V alloy high wear resistance [22].

The present research is aimed to investigate the laser surface texturing of the Ti-6Al-4V
alloy and its effect on the topography and wetting properties of the resulting surface after 80
days.
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2. Materials and methods

In the present investigation, the Ti-6Al-4V alloy was chosen as the experimental material;
samples were produced in dimensions 17 x 17 x 7 mm. Prior to laser treatment, the Ti-6Al-4V
samples were abraded with silicon carbide sandpapers of various grits on a Buehler Phoenix
Alpha machine. The process parameters were as follows: a rotating speed of 300 rpm and the
P320, P1000, P2000, and P4000 grit sandpaper. After grinding, the samples were mechanically
polished on a Struers DAP-V machine in two phases. During the first phase, polishing was
performed using an MD-Largo plate and 9 pm diamond paste. In the second phase, polishing
was performed using an MD-Chem plate and liquid silica with a particle granulation of 0.03 um.
In both phases of the mechanical polishing process, the speed was 150 rpm and the pressure
force was 20 N. The samples were ultrasonically cleaned in an ethylene bath and air-dried
before laser treatment.

A Ti:Sapphire laser system (SpectraPhysics Spitfire seeded by Tsunami) operating at a
1kHz pulse repetition rate was used in the experiments. The laser system delivered 120fs pulses
at 800 nm with a maximum laser energy per pulse of 0.8 mJ. The energy stability was within
2%. In typical measurements, much less energy was needed and the original beam was
attenuated by a set of absorptive neutral density filters. The laser pulses were focused on the
sample surfaces by passing them through a 500 mm focal length lens to a focal spot of 80um in
diameter. The texturing was performed line by line, and the distance between lines was
h =15 um. The spot size of the beam in the focal area was 80 um in diameter; thus, for a power
of 16 mW, the fluence is equal to 0.28 J/cm?. The distance between two consecutive spot centers
dis defined as d = v/f, where v is the scan velocity, and fis the repetition rate of the laser; hence,
d equals 5 and 10 um for velocities of 5 and 10 mm/s, respectively. The effective number of
pulses per unit area is defined as:

TXW3
dXxXh

Nesr = (1)

where mo is the radius of the focal spot. This means that every point on the surface is exposed
to a certain effective number of pulses. The effective number of pulses (NVerr) at a velocity of
5 mm/s was 75.5, and at 10 mm/s it was 37.7. The laser parameters, i.e. the laser irradiation
power and scanning speed, together with the number of passes were varied to create lines on
the surface. Samples without surface texturing were used as references.

The tested samples are:
e RS — Mechanically pre-treated samples.
e LST 16-5-1 - Laser power, P=16 mW, scanning speed, v=5 mm/s; no. of passes: 1;
e LST 16-5-2 - Laser power, P=16 mW; scanning speed, v=5 mm/s; no. of passes: 2;
e LST 16-10-1 - Laser power, P=16 mW; scanning speed, v=10 mm/s; no. of passes: 1;
e LST 16-10-2 - Laser power, P=16 mW; scanning speed, v=10 mm/s; no. of passes: 2;

A schematic picture of the surfaces obtained after the laser treatments with one and two
passes is shown in Figure 1.
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Fig. 1 3D representations and details of samples laser-treated with: a) one-pass and b) two-passes

After laser treatment, the topography of surface was determined using a TESCAN VEGA
5136 MM scanning electron microscopy system.

Surface roughness measurements were performed using a stylus instrument, Mahr Perthen
Perthometer S8P. A Gaussian filter was used with a cut-off value, Ac, of 0.25 mm, evaluation
length, /n, of 1.25 mm, and a tip radius, », of 5 um. Samples were measured before and after
laser treatment. For each sample, six measurements uniformly distributed over the sample
surface were scanned. The arithmetical mean and standard deviation of roughness parameters
Ra, R, and Ry were calculated.

The Vickers method was used to measure microhardness on a hardness tester
manufactured by Indentec, type ZHVpu-ST, serial number 206030, according to the EN ISO
6507-1 standard. The compressive force of the indenter was 10 kg (HV1) and the dwell time
was 15 seconds. Lengths of the impression diagonals and the hardness of samples were
determined using a measuring microscope. Measurements were performed on a reference
sample and on the samples treated with the laser beam. Each sample was measured 5 times;
based on the measurement results, average values of hardness were obtained.

X-ray diffraction analysis (XRD) was carried out on a Shimadzu XRD 6000
diffractometer with CuKa radiation, operating at 40 kV and 30 mA; the aim of XRD was to
identify the phases of the Ti6Al4V alloy before and after laser processing. Data were collected
in a step-scan mode between 20 and 100 °20 with steps of 0.02 °20 and a counting time of 0.6 s.

The contact angle between the liquid and the Ti-6Al-4V surface was measured using a
Dataphysics OCA goniometer. Measurements were performed as follows: distilled water was
used as the test liquid, the drop volume was 2 pl, and the time to establish balance was
10-30 seconds. During the measurements, the samples and the droplet were visually monitored
via an optical system (which allows a magnification of 0.7 - 4.5x) connected to a computer. The
results indicate the mean value of the contact angle obtained in 7 measurements. The tests were
carried out at an ambient laboratory temperature, T, of 21°C and at a relative humidity, rH, of
45%. The equilibrium contact angles were measured after 20 s from water drop depositions.
The measurements of contact angle were repeated after 80 days in the same conditions.

In order to determine the differences between the contact angles of various textured and
non-textured surfaces on the first day and after 80 days, the mean differences between two sets
of observations were compared. A statistical test comparing the means of two dependent
samples was used to determine whether or not there are significant differences between the true
means of the paired samples which were observed.

In a paired sample t-test, each subject or entity is measured twice, resulting in pairs of
observations. The paired sample t-test has two competing hypotheses, the null hypothesis and the
alternative hypothesis. The null hypothesis assumes that the true mean difference between the
paired samples is zero. In this model, all observable differences are explained by random
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variation. Conversely, the alternative hypothesis assumes that the true mean difference between
the paired samples is not equal to zero. The alternative hypothesis can take one of several possible
forms depending on the expected outcome. If the direction of the difference does not matter, a
two-tailed hypothesis is used. The upper-tailed or the lower-tailed hypothesis can be used to
increase the power of the test. The null hypothesis remains the same for each type of alternative
hypothesis. The p-value gives the probability of observing the test results under the null
hypothesis. A low p-value indicates decreased support for the null hypothesis. However, the
possibility that the null hypothesis is true and that we have simply obtained a very rare result can
never be ruled out completely. The cut-off value for determining statistical significance is usually
decided upon and a value of 0.05 (or less) is chosen. This corresponds to a 5% (or less) chance of
obtaining a result like the one that was observed in the case when the null hypothesis was true.

3. Results and discussion

3.1 Surface characterisation

In this study, the SEM analysis of all tested samples was carried out. The SEM analysis
results of the laser-treated sample are shown in Figure 2.

Fig. 2 Top-view SEM images of the Ti6Al4V alloy surface after femtosecond laser texturing: (a) Reference
sample (RS), (b) LST-16-5-1, (c) LST-16-5-2, (d) LST-16-10-1, (e) LST-16-10-2.

Under the laser irradiation at a power, P, of 16 mW and a variable scan speed, the surface
of the Ti6Al4V samples exhibited linear grooved nanostructures. There are visible changes on
the surfaces of all laser-treated samples (LST-16-5-1, LST-16-5-2, LST-16-10-1, and LST-16-
10-2) with respect to the reference sample (RS). There are no clearly visible traces of lines as
in [19] due to the low power of the laser beam used for the treatment of the sample surfaces.
Lines and pores observed on all tested samples (Figure 2) could originate from mechanical pre-
treatment, or they could be attributed to microstructural inhomogeneity. Table 1 shows the
results of the surface roughness measurements after laser surface treatment expressed by the
parameters Ra, Rz, and Rp.
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Table 1 Parameters of roughness after laser surface treatment of the Ti6AI4V samples

Investigation Into the Effects of Laser Texturing
on the Wettability of Ti-6Al-4V Alloy

Roughness
Ra(um) R, (um) Ry (nm)
RS 0.026 +0.002 0.198 £0.012 0.083 £ 0.009
LST 16-5-1 0.034 £ 0.002 0.289+0.016 0.132+0.073
LST 16-5-2 0.036 +0.001 0.249 £ 0.024 0.167 £ 0.065
LST 16-10-1 0.022 +£0.002 0.176 £ 0.017 0.068 + 0.009
LST 16-10-2 0.040 £ 0.002 0.277+£0.016 0.133+£0.019

All values are denoted as mean = SD for n = 6.

Values of measurements taken after six repetitions on different positions on the sample
surface in the direction perpendicular to the surface texture are shown in Table 1. One can see
that the mean roughness profile Ra varies from 0.022 um to a maximum roughness of
0.040 pm. The surface of the LST-16-5-1 sample treated with one pass of laser beam, and those
of the LST-16-5-2 and LST-16-10-2 samples treated with two passes have higher values of
roughness parameters Ra, Rz, and R} than the reference sample (RS). The roughness parameters
of the sample LST-16-10-1 show no significant changes in their values compared to the
reference sample (RS). The low energy laser beam applied to the surface of the LST-16-10-1
sample has not significantly affected the sample surface [22]. Significant differences between
the reference sample (RS) and the samples treated with laser in one pass (LST 16-5-1) and two
passes (LST 16-5-2, LST 16-10-2) can be noticed in the roughness profiles shown in Figure 3
below.
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Fig. 3 Surface topography of the Ti6Al4V alloy samples after laser surface treatment: (a) Reference sample RS,
(b) LST 16-5-1, (c) LST 16-5-2, (d) LST 16-10-1, (e) LST 16-10-2.

Figure 3 shows the changes in the roughness profile after laser surface treatment in
relation to the reference sample (RS). Deep grooves on the roughness profile of the laser-treated
samples LST 16-5-1 and LST-16-10- are marked with A in Figures 3(b) and 3(e). The mark A
indicates potential pores in the material itself or a stronger effect of the laser beam intensity on
the phases and microstructure of the Ti6Al4V alloy. High peaks (marked with B) of
irregularities are shown in Figures 3(b), 3(c) and 3(e); these peaks could be the effect of droplets
formed by the melting of the material after linear grooves have been produced by laser
processing [20]. Laser irradiation at a high power intensity and lower scan speeds of 5 mm/sec
and 10 mm/sec increases the interaction time between the surface and the laser beam. A longer
interaction time and a higher laser intensity result in higher dissolution and improper re-
solidification [23]. In addition to the interaction time and laser intensity, other laser irradiation
parameters such as power, scanning speed, number of passes, and procedure of laser passages
also have an important role in laser texturing. The roughness profile of the sample LST 16-5-2
shown in Figure 3(c) has almost a regular profile of grooves and peaks, which is not the case
with the samples LST 16-5-1 and LST 16-10-2 (Figure 3(b) and 3(¢e)). Comparing the roughness
profile of the reference sample (RS) in Figure 3(a) with those of the samples in Figure 3(c) and
3(d), one can note the regularity of profile geometry of the samples LST 16-5-2 and LST 16-
10-1 (Figures 3(c), and 3(d)) while irregularities can be noted on the sample LST-16-10 -2
shown in Figure 3(e). In addition to the similarity in the geometry of roughness profile, the
measurements of the LST 16-10-1 sample shown in Table 1 show similarity with the reference
sample (RS). It can be assumed that the one-pass laser beam at a power of 16 mW and a
scanning speed of 10 mm/s has no significant effect on the roughness profile.

3.2 XRD analysis

The X-ray diffraction confirmed the presence of a-Ti and f-Ti phases in the Ti6Al4V
alloy. The a phase of Ti had a hexagonal close-packed crystal cell, where a =b= 0.29505 nm
and ¢ = 0.46826 nm, according to the reference code JCPDS #44-1294. The XRD measurements
also confirmed the [ phase structure with a body-centred cubic crystal cell, where
a = 0.33065 nm according to the reference code JCPDS #44-1288. Figure 4 shows the phases
of Ti6Al4V alloy observed on the reference and laser-treated samples.
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Fig. 4 X-ray diffraction analysis of phases on the reference and laser-treated Ti6Al4V samples

The X-ray diffraction shows that the reference sample and the samples treated with the
laser beam have the same phases of microstructure. Based on that, one can conclude that the
defined parameters used for laser processing do not affect the microstructure of the material.

3.3 Vickers hardness test

The values of Vickers hardness measured after six repetitions at different positions on the
reference sample surface and the laser-treated surfaces are shown in Table 2. No significant
changes in HV1 were observed on the laser-treated surfaces relative to the reference sample.
The hardness values of all samples are around 300 HV 1. The effect of surface hardening at low
intensity of laser beam was not confirmed, and, consequently, the formation of o martensitic
phase was not noted (Figure 4); the same findings were reported in [24]. According to XRD
analyses, the phases of microstructure of the tested samples are not changed. There are no traces
of cracks on the Ti6AL4V samples around the indentations made by the Vickers hardness tests.

Table 2 Vickers hardness HV1 of reference and laser-treated Ti6Al4V surfaces

Microhardness HV1
RS 295 +4.33
LST 16-5-1 300 +2.91
LST 16-5-2 299 + 5.66
LST 16-10-1 300 +3.14
LST 16-10-2 301 £2.47

3.4 Contact angle of laser-treated Ti6Al4V surfaces

The contact angle measurements of four laser-treated samples were performed to
determine the wettability of the surface. It was observed that the wetting behaviour of laser-
treated Ti6Al4V surfaces had changed over time; this was confirmed by the analyses
performed on the first day of treatment and after 80 days. After 80 days, the contact angles of
the laser-treated surfaces had changed from low contact angles to high contact angles; this
happened due to the formation of oxide layers resulting from the interaction of molecules
available in the ambient environment [23]. The values of contact angles were measured using
distilled water on the surface of five samples after 80 days to determine the effect of time on
the formation of oxide layers. The graph in Figure 5 shows the contact angle data of various
laser-treated surfaces (LST-16-5-1, LST-16-5-2, LST-16-10-1, and LST-16-10-2) and the
reference surface (RS).
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Contact Angle (°)

RS LST 16-5-1 LST 16-5-2 LST 16-10-1 LST 16-10-2
Day 1 52,85 76,00 67,38 76,56 70,10
Day 80 61,97 76,04 67,70 75,05 72,13

Day1 =Day 80

Fig. 5 Comparison of contact angles of various laser-treated samples and the reference sample on the first day
and after 80 days

In Figure 5 one can see that all tested samples have hydrophilic surfaces, i.e. wettable
surfaces. The contact angles of samples treated with one pass of laser beam, LST-16-5-1 (CA
of 76°) and LST-16-10-1 (CA of 76.56°), show the highest contact angles and the reference
sample the lowest. The samples LST-16-5-2 and LST-16-10-2 treated with two passes of laser
beam show lower values of contact angle compared to the samples laser-treated with one pass.
The surfaces of all samples remain hydrophilic even 80 days after laser treatment. The contact
angle on the reference sample (RS) surface shown in Figure 5 had increased by 14.71% after
80 days under ambient conditions. Samples treated with two passes of laser beam show a small
increase in the contact angle, LST 16-5-2 an increase of 0.48 % and LST 16-10-2 of 2.82%.
There are no visible changes in the contact angle of the sample LST 16-5-1 80 days after laser
treatment compared to the first day. A slight decrease in the contact angle of 1.97% can be
noted on the sample LST 16-10-1 80 days after laser treatment. The low values of the contact
angles 80 days after laser treatment can be explained by the fact that the subsequent exposition
to air leads to the formation of TiO2 and unsaturated chemical compounds on the surface of the
alloy; this is associated with the hydrophilic behaviour of the surface, i.e. its wettability [24]. It
seems that this mechanism depends on the fluence of a laser pulse, or rather on the irradiated
energy which seems to determine the level of oxygen on the surface [25].

After measurements, a statistical comparison of mean contact angles on the first day and after
80 days was carried out using the t-test. Statistical significance of the t-test is determined by
analysing the p-values. Lower p-values, less than a = 0.05, at the 5% significance level, lead to
the rejection of the null hypothesis. Summary statistics (central tendency measures, scatter
measures, shape measures) in Table 3 shows a range of different statistics commonly used to
summarize samples of variable data.

Table 3 Summary statistics of contact angles of laser-treated samples and the reference sample on the first day

and after 80 days
Contact Angle (°)
Sample RS LST 16-5-1 LST 16-5-2 LST 16-10-1  LST 16-10-2
Day1l Day80 Dayl Day80 Dayl Day80 Dayl Day80 Day1l Day 80
Number of samples 7 7 7 7 7
Average 52.85 6197 76.00 76.04 6738 67.70 76.56 75.05 70.10 72.13
Median 52.50 62.69 7589 7727 6750 67.75 76.53 7453 68.82 71.35
Variance 391 452 1.88 839 0.85 1.59 427 1.63 646  8.15
Standard deviation 1.98  2.13 1.37 290 092 1.26  2.07 1.28 2.54 286
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Contact Angle (°)
Sample RS LST 16-5-1 LST 16-5-2 LST 16-10-1  LST 16-10-2
Day1l Day80 Dayl Day80 Dayl Day80 Day1l Day80 Day1l Day 80

Number of samples 7 7 7 7 7

Coeff. of variation, %  3.74 343 1.80  3.81 1.37 1.86  2.70 1.70  3.63  3.96
Minimum 5095 5822 73.80 71.02 6597 6528 7297 7342 6695 6845
Maximum 5726 65.15 77.85 79.69 68.61 6935 7887 77.03 74.16 76.67
Lower quartile 51.60 60.61 75.19 7394 66.64 67.12 7531 74.05 68.56 69.94
Upper quartile 53.02 6324 77.05 7820 68.14 68.64 7845 76.13 71.82 7427
Interquartile range 142 2.63 1.87 425 1.51 .52 314 209 326 433

To show the important features of numerical data, a box-and-whisker plot is shown in
Figure 6. The box-and-whisker plots summarize data samples through 5 data set features:
minimum, maximum, median, lower quartile, and upper quartile. The box-and-whisker
diagrams visually show the data distribution through their quartiles.

080
B LST 16-5-1 DAY 1

075 ‘ . i ' B LST 16-5-1 DAY 80
X
L

S win | I LST 16-10-2 DAY 1
%;n T B LST 16-5-2 DAY 1
§ 065 I LST 16-10-1 DAY 1
£ B RS-DAY 1
E 060
. B LST 16-5-2 DAY 80
055 B LST 16-10-1 DAY 80
8 B RS - DAY 80
050

Fig. 6 Box-and-whisker plot of contact angles of various laser-treated samples and the reference sample on the
first day and after 80 days

The t-test for testing the null hypothesis was also performed. The hypotheses that were
tested are:
e Null hypothesis HO: there is no significant difference between the groups (p > a=0.05)

e Alternative hypothesis H1: there is a significant difference between the groups
(p <a=0.05)

Results of the t-paired test for the contact angle performed for testing the null hypothesis
on the first day and 80 days after laser treatment are shown in Table 4.

Table 4 T-paired test for the contact angle performed for testing the null hypothesis

t - paired test

Sample RS LST 16-5-1 LST16-5-2 LST16-10-1 LST 16-10-2
p - value 0.003 0.947 0.235 0.620 0.462
Null hypothesis: Ho - Accept Hy Accept Ho Accept Hy Accept Hy

Alternative hypothesis: Hi Accept H; - - - -

It was proved that there was no significant difference between contact angles of various
textured surfaces on the first day and after 80 days at the level of significance a = 0.05. The p-
value of the reference sample (RS) is p = 0.003, which is less than 0.05, and thus the hypothesis
HO about the mean equality of the contact angle measured on the first day and after 80 days
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was rejected. At the level of statistical significance, it is indicated that there is no significant
difference between the mean values of contact angles on the samples LST 16-5-1 (p = 0.947),
LST 16-5-2 (p = 0.235), LST 16-10-1 (p = 0.620), and LST 16-10-2 (p = 0.462) and the
hypothesis HO was accepted.

4. Conclusion

The purpose of this research was to investigate the femtosecond-laser texturing of the Ti-
6Al-4V alloy and its effect on the topography and wetting properties of the resulting surface.
As aresult of this study, the main new findings about the nature of laser-treated sample surfaces
are:

e SEM images show changes in the surface topography of laser-treated samples.

e The smallest irregularity in the roughness profile geometry is shown on the sample
treated with two passes of laser beam at a scanning speed of 5 mm/sec.

e The defined parameters of laser processing do not affect the microstructure phases and
hardness of the material.

e The highest value of contact angle on the first day is exhibited by the sample treated
with one pass of laser beam.

e Laser-treated samples are hydrophilic on the first day and after 80 days.

e The statistical test showed that a significant difference between contact angles is noted
only on the reference sample (RS) on the first day and after 80 days.

Further research is required to fully explain the changes in the microstructure of Ti alloy
caused by laser pre-treatment. Future work is planned in order to examine the influence of
different values of laser beam power in dependence on low treatment speeds.
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