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Abstract:

Background: Dental biomaterials made of titanium are commonly used. It depends on the
implant surface texture to improve fixation and prevent the unwanted adhesion of bone cells.
This study aimed to investigate whether continuous laser beam carbon dioxide (CNC - COy)
lasers produce specific textures on titanium surfaces with micrometer-sized indentations that
influence cell behavior. Materials and method: (CNC - CO,) red laser device; with a
fundamental wavelength of A=10600 nm and power pulses of 34 W were applied, and
textures on the surface of titanium discs were achieved. Results: Excellent degrees of
uniformity and repeatability were achieved for the desired portions of the surface by creating
different surface textures. The surface topography and chemical composition of the
specimens were investigated by scanning electron microscopy, electron dispersive
spectroscopy, X-ray diffraction, and surface roughness measurements. Also, a laser power of
34 watts raised the surface roughness, Ra (1.71 nm), and Rz (1.99 nm). Conclusion:
Titanium surface textures with unique qualities can be formed in response to an increased
heat input. When excessive laser power was used, the measured roughness increased because
of instantaneous re-melting. The use of a right continuous-wave (CNC - CO,) laser on
titanium used in dental implants can form specific surface textures.

Keywords: Direct laser texturing (DLT), scanning electron microscopy (SEM), energy-
dispersive spectroscopy (EDS), X-ray diffraction (XRD), (BIC) bone-implant contact, atomic
force microscopy (AFM).
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1. Introduction

Several surface modification techniques
have been developed to create featured
implant  surfaces to enhance the
mechanical bone-implant interface. ) The
CO; laser was one of the earliest gas lasers
developed in 1964. It includes a discharge
tube, an electric-powered pump supply,
and numerous optics, such as mirrors,
windows, and lenses. ) In CO lasers, CO;
gas fills the discharge tube and is
electrically pumped via DC or AC. CO;
lasers can generate an infrared output
wavelength from 9 to 11pum; 10.6 pm is
the maximum extensively used
wavelength. ® Owing to the infrared
wavelength, unique substances are used for
optical components, silver or gold for
mirrors, and germanium or zinc selenite
for windows and lenses. When compared
with  different  continuous-wavelength
lasers, CO, lasers offer excessive
performance (5-20%) and excessive output
power (0.1-20 kW) so that they can be
extensively utilized in material processing,
including slicing, drilling, and welding.
Furthermore, for  excessive  power
operation over numerous kilowatts, a heat
dissipation tool consisting of a water jacket
to cool the electrodes might be included.

The simplicity of the machine results
in a low price, excessive reliability, and
device compactness, which might be the
principal reasons why CO, lasers are
precision production workhorses. ©® The
CO; laser offers restricted work in the
manufacturing of metallic elements
because of its low light absorption
coefficient in the infrared region. ©

Laser micromachining has tremendous
capability to modify biomaterial surfaces.
The implementation of optical surface
texturing enables the intake of a large
amount of biomaterial surface, for which
unique textures and regular dimensions
may be replicable, controlled, and
sustainable. 7 Microgrooves may be
created at the surface using a continuous
laser beam, and a pulsed laser may be used
to create micropits. ® Hu and Ding
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(2012): © compare textures with a width
of 150 um and lines of 40 um. It was
determined that the texture with the
highest width was the most critical element
affecting topographic properties. The most
efficient texture diameter for the studied
prostheses of various sizes and textures
was in values—100-400 microns as the
ultimate width. Different studies have
affirmed that the minimum dimension of
the textures is 140-200 microns. ‘%

Pfleging et al. (2015) Y determined a
higher adhesion of osteoblasts and a
greater even distribution on laser-surface-
textured titanium. Better spreading of
biological fluids, osseointegration, and
bone-implant contact (BIC) strength.
Bioactivity is a feature of surface
chemistry and topography. This study
indicated that surfaces subjected to laser
texture have higher osseointegration. ®?
Surface roughness is influenced by cell
migration and widespread availability,
leading to a quicker BIC. ®® It is made
explicitly clear that only by changing or
adjusting the surface texture, specifically
the roughness (0.44 to 8.68 nm) of
titanium implants, preferred results such as
bone-implant interaction, retrieval torque
values, tissue reaction, and
biocompatibility can be attained. 44V

Current research emphasizes the use of
CO, laser processing for the development
of microstructures on titanium surfaces
and the characterization of these structures
by performing surface analysis procedures.

2. Materials and Methods
2.1. Specimen preparation:

Thirty discs with dimensions of 30 mm
in diameter and 5 mm in thickness were
prepared from commercially pure titanium
(grade 2) rod utilizing a lathe cutting
device (DREMEL MULT PRO., model
394, AMC- Denmark). ® The discs were
ground on silicon carbide paper (Strurer,
Denmark) with 1000 grit at 250 rotations
per minute (rpm) for two minutes for each
grinding step.
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Ultrasonic  cleaning was performed
sequentially in 90% acetone, 90% ethyl
alcohol, and deionized water using an
ultrasonic cleaning device (CODY/CD-
2800, China) to eliminate particles and
contaminants from the polished specimens.
This procedure was performed for 15 min.
Then these specimens were dried in a hot-
air oven (MTI Corporation, USA) for 15
min at 100 °C.

2.2. Direct Laser Texturing (DLT):

The specimen’s substrate surface was
scanned by a head of laser device
(Wanchai, JAFFETEC, Hong Kong,
China) to generate the required strut hatch
network design, which was stored in the
device memory. The laser beam with
power of 20 Watt focused on a metallic
substrate to create a molten metallic pool
on the surface that melted and solidified.
This process was continued in an identical
manner until the entire part of the 3 -
dimensional CAD model was produced on
the surface of the specimen substrate.

All  specimens were ultrasonically
disclosed for 1h in acetone (SIGMA-
ALDRICH, Germany, expire date: 2024)
and 99.8% anhydrous ethanol (SIGMA-
ALDRICH, Germany, explre date: 2024)
baths at room temperature *®, and rinsed
with de-ionized water for 1h after of each
solvent. 7

2.3. Continuous laser beam carbon
dioxide (CNC-CQ,) laser system.

Texturing titanium discs was performed
with a continuous laser beam carbon
dioxide (CNC - CO,) red laser system
(Wanchai, JAFFETEC, Hong Kong,
China) at a fundamental wavelength of
A=10600 nm. The laser beam was focused
onto the surface of the samples utilizing an
80 mm diameter zinc selenide lens (ZnSe)
with a 190 mm focal length. The pulse
power in the range of 34 W was used for
processing, lower than this range resulted
in no surface texturing. On the other hand,
power of more than 34 W leads to
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complete reflection of the laser from the
titanium substrate surface.

2.4. Morphological surface analyses
2.4.1. Scanning Electron Microscopy

Before the scanning procedure, all
the specimens were coated with gold. The
process started with sputtering for two
cycles (every 20 s) at 0.12 mA and 30
mbar with a thin layer of gold to decrease
the electric charge of SEM samples and
achieve the maximum possible value of
imaging. The microstructure and
surface morphology of the control and
laser-textured titanium samples were
characterized using scanning electron
microscopy (FEI-company, model S-50,
Netherlands inspect) at various resolutions
(100, 200, 500, 1000 2000, 5000, 10000,
and 20000X) ™ and an accelerating

gglztlage of 20 kV for the entire surface.

2.4.2. Elemental energy-dispersive
spectroscopy (EDS) analysis

X-ray excitation of the specimens
was accomplished for the evaluation of
each unique element. Distinctive X-rays of
the elements present in the sample were
emitted after exposure to high-intensity X-
rays, and the detector picked them. After
that, the signals from the detector were
examined. Every distinct element has an
atomic structure that allows the emission
of electromagnetic spectrum to have a
distinct set of peaks for the chemical
characterization of specimens. ?

In order to improve surface
conductivity, the samples were sputtered
with a thin layer of platinum (white gold)
using sputterlng equipment prior to
detection. ®® To ascertain the level of
surface contamination on titanium, a
unique phase comparison of Iaser textured
titanium discs was carried out. {

A 15 kV acceleration voltage, a
12 mm operating distance, and a 60-
second EDS series duration were the
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characteristics that were employed. The
EDS device (Bruker Company-Germany,
X-Flash, Model-6L) was provided with a
software package for recording the spectra,
and manual measurements were made at a
3000X magnification.

For every disk, five to six
randomly chosen points in the center (3
mm from the periphery) were examined. It
was determined that concentrated electrons
penetrated the sample to a depth of almost
1.5 mm. @

2.4.3. X-ray diffraction analysis

By using X-ray diffraction, the
crystalline structures of the laser-textured
and control specimens were examined and
contrasted. A D2 Phaser diffractometer
(XRD-Bruker, Germany, 2010) operating
at 40 kV and 40 mA, which used Ni-
filtered Cu Ko radiation (A= 1.5418 A) to
|dent|fy the constituent phases of the disc
specimens was used to detect phase *°
from 20 and 80 using a 50 s/min counting
rate. The surface layer's calculated
detectable depth is about 0.2 mm @®, even
though the complex macro- and micro-
texture structures in XRD records should
prevent quantitative interpretation of the
data. %

2.4.4. Atomic force microscopy analysis

To acquire a 3-D surface profile, ten
standardized points from each specimen

3. Results

3.1. Topography of the laser surface texturing

were chosen and scanned. The points were
spaced 3 mm apart and measured from the
disc's diameter center, starting at the
outside edge on one side and moving
toward the other. The software application
Gwyddion was utilized to analyze these
images and determine the common
roughness 2 and  peak-to-valley
roughness (Rz). {

The titanium discs were cleaned in
99.8% ethanol (SIGMA- ALDRICH,
Germany, expiration date: 2024) and
placed on a platform so that the measuring
plane  was perpendicular to the
profilometer before the surface topography
was characterized. Sequential
determinations of textured and untextured
specimens were made beneath the contact
surface profilometer EAABOOO Angstrom
Advanced Inc., USA).
surface

2.45. Microstructural and

feature analyses

Discs micro structural evaluation was
performed using an optical light
microscope (Olympus, Japan). " The
pictures were captured with Axioplan 2
and photograph module, with DC500 with
software LEICA IM1000 V.4.0 (Leica
Microsystems Imaging Solutions Ltd.,
Cambridge, United Kingdom). @' An
optical stereoscope has been extensively
utilized to evaluate the homogzeneity of the
entire surface microstructure.

During the process of laser texturing with a 32 W CO;, laser, the titanium surface exhibited
a consistent and distinct rectangular pattern, as depicted in Figure (1), and evidenced by the

high-definition images captured.
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Figure 1: Topographic images: CO, textured titanium discs.

3.2. Optical Stereoscopy

Figure (2) presents the outcomes of examining the laser-textured surface through a
photographic system linked to an optical stereoscope. The findings indicate a consistent
pattern when observed under 40X magnification with a CO;, laser.

Figure 2: Optical microscope pictures X40 of CO, laser pattern.

3.3. Scanning Electron Microscopy (SEM):

Electron microscope was used to obtain images of the laser-textured surfaces. The images
indicate that CO, laser texturing depicts a more orderly and less disorganized pattern, as
displayed in Figure (3).

Figure 3: SEM micrographs of titanium surfaces textured using a CO; laser.

3.4. The Elemental analysis:

Table 1 presents the elemental concentrations of both the textured and untextured regions, as
determined by the use of EDS for chemical characterization. It was observed that the primary
chemical alteration occurring within the textured regions was the oxidation of titanium, a
conclusion supported by the presence of oxides resulting in coloration within these regions.
The energies of Ti, oxygen, and nitrogen at 4.50, 0.50, and 1.50 KeV respectively, are shown
in Figure (4).
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Table 1: Elemental analysis of titanium substrates textured by CO, laser texturing.

[norm. wt.%0] [norm. wt.%]
Element Titanium 56 Oxygen 8 Nitrogen 7 Carbon 6 Sum of (K-
(L-series) (K-series) series) (K-series) wt%
Untextured Ti 89.56 10.43 0 0 100
CO; laser 84.49 1251 2.99 0 100

Ti:84.49%
0:12.51%
N:2.99%

Figure 4: EDS of titanium substrate textured by CO; laser.

3.5. X-ray diffraction (XRD) analysis

The quantity of untextured titanium material was 100 percent, as measured by X-ray
diffraction (XRD), as shown in Figure (5. A). After laser texturing, the quantity was
lower than that of the untextured material; however, it was slightly identical for all
situations near 100 %. Additionally, XRD determined that the amount of TiO on the
surfaces varied. It was confirmed that the percentage of TiO was a feature of heat input.
The amount of oxide displayed a possible saturation of 65.7 % for CO, laser texturing,
as shown in Figure (5: B).

ITTTTINTTTRIETY

(A) (B)
Figure 5: A: XRD patterns of un-textured titanium disc, while B: XRD patterns of un-textured
titanium disc.

3.6. Atomic force microscopy (AFM):

Starting with un-textured discs with values of arithmetic roughness Ra: 1.16 nm
and the maximum height of the roughness profile Rz: 1.32 nm. The granulation
distribution charts of the surface are shown in Figure (6: A). The untextured titanium
surface appears to be uniform, with less roughness, minimal loss of parts of the surface,
no noticeable cracks, and good granulation distribution. On the other hand, the
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roughness profiles of the textures created by the CO, laser consisted of an array. The
rounded tops are due to the re-solidification of the molten material, as shown in Figure
(6: B). The roughness profiles created using the CO; laser are listed in Table (2).

Figure 6: B: Analysis of surface roughness and distribution chart for textured titanium discs.

Table 2: Average values of Ra and Rz of titanium discs textured by CO, laser.

Untextured CO,-textured
Ra 1.16 nm 1.71 nm
Rz 1.32 nm 1.99 nm

4. Discussion:

For CO, laser texturing, the high power of
the laser implies light absorption that
causes a temperature to rise on the external
surface layer, melting, or vaporization. ¢
%) Which leads to a noticeable crater
formation with slightly different colors
(brown) which were regular, with optimum
dimensions? ©* 3 This is a direct
consequence of different oxide films
formed on the surface of the textured
areas. &

When comparing images of un-textured
titanium surfaces with those acquired after
texturing. Un-textured titanium discs have
a smooth surface; with only significant

48

faults of linear lines that emerge because
of manufacturing and processing. For the
SEM examination, the titanium laser-
textured surface exhibited consistent
patterns throughout the entire surface.
Exhibiting microscopic characteristics that
play a significant role in expanding the
external surface area. In contrast, there
were only scratching structures on the
entire untextured titanium surface, and
there were no microscopic characteristics.
This implies that the untextured surface
has little impact on the surface area
compared with the laser-textured sites. ¢

Also, the EDS spectrum revealed that there
was an absolute improvement in the
concentration of titanium oxide in
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comparison with un-textured sites. ¢ The References
results show that oxygen was present in 1. Spencer, N.D. (2011). Tailoring
the textured regions, whereas it was absent surfaces:  Modifying  surface

in the untextured sites, which have no
oxidizing activity. The structures formed
through laser texturing mainly consist of a
large part of TiO rutile phase, which can
be related to the multi-oxidation process of
the tetragonal rutile structure of TiO. ©®
Also, the EDS assessment demonstrated
that Ti, O, and C were the only three
components observed in the laser-textured
titanium surfaces. While only titanium was
discovered on the un-textured surface,
indicating that this surface has a thickened
oxide layer compared to the un-textured
surface. ©¢73®)

The roughness of the textured area simply
reflects the increase in power during
texturing which leads to an increase in
roughness owing to the modification of the
texture dimensions; this effect of an
increase in roughness occurred with 32 W
of CO, texturing, with parallel micro-
features noted, as they were parallel to the
direction of the laser translation, but it was
slightly moderate because of the high
superposition of pulses. ¥ In addition, a
lower power tends to melt the surface with
thermo-capillarity, causing a net change in
surface roughness. %4V

5. Conclusion:

The CO, laser can be used as an effective
tool for texturing titanium implant surface.
This laser can be used as a continuous
laser beam for texturing the surface of
titanium with better surface
characterization outcomes.
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