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ABSTRACT

Interaction of a TEA CO; laser, operating at 10.6 nm wavelength and pulse
length of 100 ns, with titanium target (implant), in nitrogen and carbon-
dioxide gas ambience was studied. The Ti-surface modifications were
studied at moderate fluence (~17 J/cm?) and intensity (=60 MW/cm?)
regime. The energy absorbed from the laser beam was partially converted to
thermal energy, which generated a series of effects, such as melting,
vaporization of the molten material, shock waves, etc. The following Ti-
surface changes and phenomena were observed: (i) superficial damages in
both atmospheres; (ii) creation of cone- and hill- like structures in
atmosphere of N> and CO», respectively; (111) possible formation of TiN, Ti-
oxide(s) and, Ti-carbide layers, in N> and CO; gas, respectively and, (iv)
occurrence of plasma in both gas ambiences. It can be concluded that the
applied laser fluence was high enough to produce effective modification of
the T1- implant target i nitrogen as well as in carbon-dioxide gas. Creation
of plasma may provide sterilization effect.

INTRODUCTION
One of possible methods for processing and surface modification of
refractory metals is by lasers |1]. Generally, study of laser-refractory metal
interaction is scarce in the literature. Titanium is metal which possesses
extraordinary properties such as high melting point, high strength-to-weight
ratio, excellent corrosion and erosion resistance, etc. Because of that,
titanium has been used in a variety of fields like medicine (as implant),
industry, aerospace engineering, etc. Recently, titanium and its alloys have
been considered for fusion area applications.

Bio-mtegration of Ti-implant depends on the state of the surface |2-4|.
One of possible approaches for surface morphology alternations is a laser

561



PHYSICAL CHEMISTRY 2016 H-15-P

treatment |3-5]. In addition, formation of compounds at the surface, e.g.
oxides, can have positive effect on bio-compatibility |5].

The present paper studies the effects of a pulsed TEA CO; laser emitting
in the infrared (10.6 pm), at moderate fluences ~17 J/cm? and intensity of
~60 MW/cm?, on a titanium surface in controlled nitrogen and carbon-
dioxide gas atmosphere. As the TEA CO; laser—titanium interaction was
accompanied by the appearance of plasma, optical emission spectroscopy
was applied to analyse the plasma emission.

EXPERIMENTAL

The experimental set-up used in this study was described in details in
reference |5]. It consists of the laser source, target placed in a vacuum
chamber which could be filled with various gases, and plasma emission
detection system (spectrometer coupled with a CCD detector). A CO» laser
was a commercial version of the system developed at the VINCA Institute
of Nuclear Sciences |6]. The pulse repetition rate was 1 Hz, and the laser
was running under moderate fluence (~17 J/cm?) and intensity (~60
MW/cm?) regime. The optical pulse had a gain switched spike followed by a
slowly decaying tail. FWHM of the spike was about 100 ns while the tail
duration was ~2 ps. The laser beam was focused on the Ti-target with a
ZnSe lens (focal length 13.0 cm). The angle of incidence of the laser beam
with respect to the target surface was ~90°. A disk-shaped Ti samples (30
mm diameter and 5 mm thickness) were prepared by a standard
metallographic procedure.

Various techniques were used for the analysis of Ti-target surface before
and after the laser urradiation, e.g. optical microscopy, scanning electron
microscopy and interferometric profilometric analysis. A time-integrated
spatially-resolved plasma emission spectroscopy was applied for the
analysis of plasma emission.

RESULTS AND DISSCUSIONS

Surface modification of titanium generally depends on the laser output
parameters (energy density, intensity, pulse duration, number of
accumulated pulses, etc.), physicochemical characteristics of the material, as
well as on urradiation conditions (working atmosphere and pressure). Laser
induced morphological features depend, among other, from the temperature
attained at the irradiated surface area and the heat affected zone. Under the
applied experimental conditions, the heat affected zone was of the order of
micrometers. A nanosecond TEA CO; laser interaction with titanium was
accompanied by a series of processes, such as heating, melting, vaporization
of the molten materials, dissociation, ionization of the vaporized material,
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plasma creation, shock waves in the vapour and in the solid, etc. Surface
features, generated during the interaction, can be described as follows:

N: ambience:

Irradiation of Ti-target in N> ambience was conducted at the pressure of one
atmosphere. The obtained surface variations (Fig. 1.), can be summarized as
follows: (1) superficial target damages with sporadic cracking (damage
depth at 300 pulses was several micrometers); (i1) generation of conical
forms: (ii1) creation of the golden color layer and. (iv) creation of plasma
which had yellow-white color. The appearance of the golden colored layer
may imply a possible creation of TiN |5]. In the region close to the target,
plasma emission mainly consisted of neutral and singly ionized spectral
lines of titanium and nitrogen atomic lines.

(b) nm

+5459.80

0.1062

-3374.83

Figure 1. Interferometric profilometry (IP) analysis. (a) 2D- and (b) 3D-
view of Ti-surface after irradiation with 300 pulses in N> ambience.

CO; ambience:

Irradiation of Ti-target in CO> ambience was conducted at the pressure of
one atmosphere. Obtained morphology changes were different from those
obtained m N> ambience (Fig. 2.). Changes can be summarized as follows:
(1) superficial damage with intensive cracking (central zone): (i1) appearance
of hill-like structures; (ii1) creation of black and white colored regions: (iv)
creation of intensive plasma which had blue-white color. Appearance of the
characteristic colored locations may imply formation of Ti-oxides and Ti-
carbide layer at the surface. In CO> gas, analysis of plasma emission showed
the presence of Ti-atomic and ionic spectral lines, oxygen lines as well as
CO bands.
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nm
(b) +92731.14

0.1082 §

-37316.11

Figure 2. IP analysis. (a) 2D- and (b) 3D-view of Ti-surface after irradiation
with 300 pulses in CO> ambience.

CONCLUSION

Irradiation of titanium implant target by pulsed TEA CO> laser. in
controllable gas ambience of N> and CO;, resulted in intensive
morphological changes. Generally, the surface roughness was increased
with simultaneously possible formation of layers such as, TiN, Ti-oxides,
Ti-carbide. Irradiation process was accompanied by plasma creation in front
of the target which can provide additional effects at the surface, i.e.
sterilization effect.
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