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Abstract: An ytterbium pulsed laser was used to modify Ti-6Al-4V surfaces. With pulse duration of 150 ns and wavelength
of 1,064 nm, the laser variation was based on three parameters: speed, power and number of passes. Was observed the
influence of this laser parameters variation on surfaces characteristics. In this sense, this work sought to identify
correlations between pulsed laser parameters (nanosecond temporal width) and effects generated in grade 5 titanium
(Ti-6Al-4V alloy) in terms of roughness and topography, effects directly associated with osseointegration of prostheses
and dental implants. The methodology of planning the experiment and characterizing the surfaces are described, as well
as the methods for extracting effects are detailed. It was found that the three parameters used for laser variation (speed,
power and number of passes) influenced the roughness values and topography pattern. The increase in speed and the
number of steps contributes to the increase in roughness, while the increase in power caused a reduction.
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1. INTRODUCTION

Laser texturing is a manufacturing process used to modify material surfaces through the incidence of pulsed laser
beams. It is a surface structuring process that can be completely digitized, capable of generating textures and engravings
(2D/3D) manufactured in a precise and direct manner, aiming to improve and/or change the aesthetic appearance,
functionality and performance of product surfaces and components. Thus, among the techniques available for surface
modification, laser texturing stands out for its versatility, precision and repeatability, especially in medical, dental,
industrial and aerospace applications (GF MACHINING SOLUTIONS, 2017).

Considering the range of materials associated with these different applications and segments, grade 5 titanium (alloy
Ti-6Al-4V) is one of those that stands out, both in the interaction with pulsed laser (allowing for sharp, clean and
permanent textures), as well as for its high mechanical strength, low density, excellent corrosion resistance and high
melting point, properties that, as a biomaterial, favor its use in medical prostheses, dental and orthopedic implants
(CAMPBELL, 2006; HUTCHING and SHIPWAY, 2017; SCHAEFFER, 2012).

Using laser texturing for surface modification of Ti-6Al-4V alloy, Melanie et al. (2016) investigated the results of
implant osseointegration, comparing it with other types of processes and different surface conditions of the same material,
citing that laser texturing has been a successful alternative to increase implant fixation, given its ability repeatability of
patterns to create pores in the material, generating rough surfaces.

Other studies cite roughness as a relevant effect associated with osseointegration of dental prostheses and implants,
such as Grizon et al. (2002) who, in their studies to improve the osseointegration of titanium surfaces of dental implants,
observed that the increase in roughness values generated more robust bone responses. And Christoph et al. (2019) who
used pulsed laser, varying parameters, to create titanium surfaces, with increased cell adhesion, highlighting the potential
of this process in improving the osseointegration of dental implants, demonstrating that this process presented roughness
values lower than the reference value used by the authors.

Uhlmann et al. (2018), also consider the effects of roughness in their studies on the effects of laser texturing on Ti-
6AIl-4V surfaces for dental implants. As well as A Jodb-Fancsaly et al. (2002), who in their studies on the structuring of
titanium surfaces (for dental implants) using pulsed laser, investigated the influence of the variation of the geometries
created on the surfaces of the material, which is associated with roughness; the authors mention that when it comes to
osseointegration, smoother surfaces are less favorable than rough surfaces.
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Roughness can be observed as the surface irregularities inherent in the interaction between the manufacturing process
and material and, in addition to being associated with the topography and integrity of modified surfaces, it is directly
influenced by the parameters of the aforementioned manufacturing processes. Thus, the correlation between roughness
and process parameters can contribute to manufacturing strategies and optimizations, as well as to the observation of
aspects associated with performance and safety in functional applications of products and components (SANTOS and
SALES, 2007; JESUS, 2013; MIRHOSSEINI et al., 2007; DENKENA et al., 2018; TAYLOR ROBSON, 2003).

The present study sought to verify the influence that the variation of parameters of the pulsed ytterbium laser can
generate on the modification of Ti-6Al-4V alloy surfaces, considering the dental implants context.

2. METODOLOGY

A factorial experiment with two levels and three factors was structured. Each one of the sixteen tests conducted was
on sixteen individual samples. There are to surfaces somples for each one of the eight parameters combinations (A, B and
C): V35P50N1; V35P50N4; V35P100N1; V35P100N4; V140P50N1; V140P50N4; V140P100N1 and V140P100N4. The
tests were replicated in order to verify the process repeatability and variations in the mean roughness values Sa, Sz, Ra
and Rz; where Sa and Sz represent area roughness (3D) and Ra and Rz represent profile roughness (2D); with emphasis
on Sa and Ra that, according to Manera et al. (2017), are roughness parameters recommended in the area of dental
implants.

For surface texturing, a GF P1000U laser texturing machine was used, with: a Ytterbium fiber laser source, wavelength
of 1,064 nm, max. power between 45 and 50 Watts, pulse duration of 150 ns and frequency of 2 kHz. The characterization
of surface roughness and topography, both before and after laser texturing, was performed using the interferometry
technique (optical profiling), by Taylor Robson interferometer; a ZEISS Axio CSM 700 confocal microscopy; and, a
Hitachi TM3000 SEM (Scanning Electron Microscope).

3. RESULTS
Topographies for each textured sample are showed in Figure 1, organized in such a way that it is possible to view the

two samples, side by side, for each laser parameter combination. There is a similarity in the topographies of the textured
surfaces pairs, demonstrating the repeatability of the process, as stated by GF Machining Solutions (2017).
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Figure 1. Topographies of textured surfaces.
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Itis verified that, for all sixteen samples, there was an increase in the values of the four roughness parameters (Sa, Sz,
Ra and Rz), the results obtained represent the difference between the roughness values after and before the laser.
Therefore, untreated surfaces had the lowest roughness values, a condition also found and described by Mirhosseini et al.
(2007). The results of the variations in roughness values are shown in Table 1 and Figure 2, considering (A) the percentage
between the roughness of the samples after and before laser texturing.

Table 1. Correlation between laser parameters and roughness increase (in percentagem, %).

Pulsed laser samples Roughness variation (A) percentage (%0)
parameters (A+) Sa (A+) Sz (A+) Ra (A+) Rz
VESPSONL 141430 (11 anastimes) (116t (977 tmes
V35PSON4 4 and 11 (101,'3%32?%) (5,f:fi0;:es) (S,SS?iZ:es) (G,SE?iZ:es)
V3SPI00NL 8 and 12 (151,5579;?%) (9,(?26 fio;:es) (1;2?3:13) (101,6%62?135)
V35P100N4 - 7and 15 (232,i?)21§::;)es) (121,226322:::)es) (252,5518t1i:ﬁes) (171,5779t7i::)es)
V140PSON1 13 and 16 (252,55592::(1)%) (242,.711373::(1)%) (252,i5'3>1::e3) (333,'1113::}5)
V140PSON4 S and 14 (36?&)650t5i(r?(1)es) (35?55592?%) (38?68553:%) (373:'7273?%)
V140P100NT  2and 3 (1;;;2'[?r(r)::s) (121,52853(;::%) (151,5519t1i(rfes) (101,5%52::%)
2.620% 2167%  2947%  2.740%

V140P100N4 6 and 9 (26,2 times) (21,67 times) (29,47 times) (27,40 times)
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Figure 2. Graphic correlating laser parameters and roughness.

All processed samples showed an increase in their roughness values, for which the speed of 35 mm/s contributed to
the lowest roughness values, compared to the speed of 140 mm/s. With a speed of 35 mm/s and a nominal power of
50% (~ 25 W) the variation in the number of passes (1 or 4) resulted in similar roughness values. With a speed of 140
mm/s, for either 1 or 4 passes, the nominal power of 100% (~ 50 W) contributed to an increase in roughness, in relation
to the nominal power of 50%. The highest roughness values were observed with a speed of 140 mm/s, a nominal power
of 50% (~ 25 W) and 4 passes; by reducing the number of passes to 1, a reduction in roughness values was observed, a
reduction that was accentuated when the power was increased to 100% (~ 50 W).

Based on the results described in Table 1, Table 2 was drawn up, in which the largest and smallest variations in the
mean roughness values of the sixteen samples are highlighted.
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Table 2. Average roughness values variation (A).

A = Average variation between the roughness of the two pairs of samples

Pulsed laser produced with the same combinations of laser parameters
parameters
ASa (um) ASz (um) ARa (um) ARz (um)
V35P50N4 1.521 £ 0,017 12.165 + 0,355 1.409 £ 0,053 9.840 = 0,700
V35P50N1 1.605 19.945 1.43605 12.17
V35P100N1 1.7565 17.365 1.63 13.585
V140P100N1 1.9385 23.705 1.9025 14.955
V35P100N4 2.4725 24.13 2.386 18.666
V140P100N4 3.318 37.64 3.3065 28.0135
140P50N1 2.4925 40.865 1.883 27.1545

V140P50N4  4.742 + 0,567 64.845 + 8,865 4.350 + 0,776 45.965 + 9,315

It is noted that, for both the smallest and the highest average roughness values, the results were obtained from pairs
of samples produced with the same sets of parameters, samples 4 and 11 (V35P50N4), and 5 and 14 (V140P50V4). The
variation of the speed values impact on the roughness, since the samples from tests 4 and 11 were textured with a speed
of 35 mm/s, while the samples from tests 5 and 14 with a speed of 140 mm/s, in both cases were kept fixed for the other
parameters (power and number of passes). Therefore, the increase in speed contributed to the increase in roughness values.
Roughness profiles (2D) are showed in Figures 3, 4,5 e 6.

um Length = 4.19 mm Pt=12.8 pm Scale = 20.0 ym

Figure 3. Sample 4 (2D) roughness graphic. Profile at 50%.

um Length =4.19 mm Pt=13.7 pm Scale =20.0 pm

Figure 4. Sample 11 (2D) roughness graphic. Profile at 50%.

m Length = 4.19 mm Pt="51.2 pm Scale = 100 pm

Figure 5. Sample 5 (2D) roughness graphic. Profile at 50%.

um Length =4.19 mm Pt=69.5 pm Scale = 100 pm

m—li ¥ I ., | _‘ Pl e ,"‘l.”.\ Itl‘”lu llnlw‘ll. J l Ll _‘Ihn E

T T T T T T T T T T T T T T T
0.5 1 1.5 2 25 3 3.5 4mm

Figure 6. Sample 14 (2D) roughness graphic. Profile at 50%.
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Roughness graphics (3D) and SEM images are showed in Figures 7, 8, 9 and 10. Diferently from 2D roughness profile
(information basically from one line in the middle of the surface), 3D graphics allow the whole surface area observation,
consequently, increasing the information quantity and quality, about the surface condition. SEM images contribute
showing the surface morphology, as surface’s resolidification behaviour and craquelure formation (or not) on oxide
surface.

A X=419mm
Y =4.199mm

Z=136 ym

O = N W A OO N ©® ©

A4_CL_0002 A D49 x15k  50um

Figure 7. Sample 4: 3D graphics and SEM images, made by:VV35P50N4.
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Z=145um
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Figure 8. Sample 11: 3D graphics and SEM images, made by:V35P50N4.
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Figure 9. Sample 5: 3D graphics and SEM images, made by:VV140P50N4.
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Figure 10. Sample 14: 3D graphics and SEM images, made by:VV140P50N4.

In general terms, such behavior is in line with the trends suggested by GF Machining Solutions (2017) which, using
laser with the same characteristics as the pulsed ytterbium laser used for the tests in this work, states that the increase in
speed results in an increase in roughness. Where, in addition to speed, other parameters are associated (power and number
of passes), indicating that the roughness increases as the power values decrease and the number of passes increases, as
can be seen in Table 2 and Figure 2.

Roughness increases and oxide craquelures were also observed by Lima e Almeida (2017), but this authors had
observed, roughness decrease too. It may be associated with some pulsed laser parameters diferences and specificities.

4. CONCLUSION

The present work explored the potential of surface modification through pulsed laser technology, verifying that this
process is capable to change (increase) roughness values. It was found that the three parameters (speed, power and number
of passes) of the pulsed laser, influenced the roughness parameters (Sa, Sz, Ra and Rz) observed, generating an increase
in the roughness values of all tested samples.

Considering (as mentioned by several authors) roughness as one of the relevant factors for cell growth/adhesion in
orthopedic and dental implants, it was found that the parameterization and repeatability of laser texturing, through the
variation of its parameters, can contribute on the modification of surfaces associated with osseointegration.
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