2018
NAN OCO N © Oct 17t - 19% 2018, Brno, Czech Republic, EU

SURFACE CHARACTERIZATION OF TITANIUM AFTER ARGON SPUTTER CLEANING
Tomas HORAZDOVSKY, Zdenek TOLDE

Faculty of Mechanical Engineering, Czech Technical University in Prague, Czech Republic, EU

Abstract

Surface integrity plays a key role in the surface modifications and coating processes that provide high and
long-term performance of the treated components. Argon ion bombardment is widely used in many surface
modification processes and for surface pre-treatment. The effect of argon sputter cleaning on the residual
stress, hardness and surface morphology of commercially pure titanium is investigated in this work. Titanium
samples were mechanically polished and then etched by argon ions. The thickness of the sputtered layer was
measured by a quartz thickness monitor. The hardness was investigated by nanoindentation, the residual
stress was measured by X-ray diffraction, and the surface morphology was monitored by atomic force
microscopy. Removal of the surface layer by argon ion bombardment caused a decrease in residual stress
and a decrease in hardness. Uneven sputtering of grains resulted in increased surface roughness. The
observed changes in surface properties increased with increasing thickness of the removed layer.
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1. INTRODUCTION

Titanium and its alloys are used in many engineering applications in the aerospace, automotive, chemical and
biomedical industries, due to their high strength, low density and good corrosion resistance in many
environments [1-4]. However, a significant disadvantage of titanium alloys is the high coefficient of friction and
wear [5]. Advances and innovations in surface engineering have significantly enhanced the performance
of commercially available titanium materials. Surface properties can be improved by advanced methods using
accelerated ions, such as magnetron sputtering, plasma-assisted chemical vapour deposition, ion implantation
and ion beam assisted deposition [6-9]. Surface integrity plays a key role in the surface modifications and
coating processes that provide high and long-term performance of the treated components. A major aspect
of the structural bonding of coating materials to titanium is the surface pre-treatment of the substrates. The
pre-deposition treatment of the substrate has a significant influence on the durability of the adhesion bonds.
lon sputter cleaning in the pre-deposition phase of the coating process is often used to improve the adhesion
of coatings [10,11]. lon etching of the surface leads to the removal of impurities after mechanical polishing and
the removal of contaminants from the air. The conditions of the sputter cleaning process (e.g. ion current
density, processing time, incidence angle, etc.) influence the amount of material that is removed. Different
thickness of the removed layer can have a significant effect on the surface properties of titanium and on the
quality of its surface treatment.

This work presents the effect of argon sputter cleaning on the internal stress, hardness and surface
morphology of commercially pure titanium grade 2. Hardness was investigated by nanoindentation, residual
stress was measured by X-ray diffraction (XRD), and surface morphology was monitored by atomic force
microscopy (AFM).

2, EXPERIMENTAL

The substrates were made of commercially pure titanium grade 2 in the form of a cylinder 14 mm in diameter
and 3 mm in height. The samples were cut from a titanium bar, and were then ground with a series
of waterproof abrasive papers. Final polishing was performed with diamond paste. Before the sputter cleaning
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process, the samples were ultrasonically degreased in acetone for 20 minutes, and in isopropyl alcohol, also
for 20 minutes.

The samples were placed on a sample holder mounted on a rotary manipulator in a vacuum chamber, and
were sputter cleaned with 700 eV argon ions to etch and remove the surface layer. The ion beam current
density was about 90 yA-cm=2. The sputtering rate and the thickness of the removed layer were measured by
a quartz crystal monitor located in the vacuum chamber. An experimental arrangement of the sputter cleaning
process is presented in Figure 1. The sputter cleaned samples were prepared in two groups. The thickness
of the removed layer was 1 ym for the first group and 3 um for the second group.

The nanoindentation method in continuous measurement mode (CMX) was applied to obtain depth profiles
of the surface hardness [8]. The CMX indentation function was prescribed by a quasistatic force (Pgstat) in the
range from 2 to 10000 mN. The dynamic actuation force (Payn) was prescribed in the range from 3 to 202.9
mN at a frequency of 200 Hz. For the sputtered sample, average values were obtained from 16 indents in a 4
x 4 matrix with a separation step of 5 um. The residual stress was investigated by XRD analysis. A PANalytical
X'Pert PRO horizontal powder diffractometer was used with a Co anode (A= 0.178901 nm), a Gébel mirror in
the primary beam and a parallel plate collimator in a diffracted beam. The residual stresses were evaluated
using the siny? method. The sputter cleaned surface was analysed by an atomic force microscope (AFM). The
AFM was used in tapping mode.
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Figure 1 Experimental arrangement of the sputter cleaning process

3. RESULTS AND DISCUSSION

Figure 2 shows the evolution of the macroscopic residual stress with the thickness of the surface layer
removed by argon sputter cleaning. The residual stress after polishing was found to be approximately 190
MPa. Argon sputter cleaning reduced the residual stress to approximately 124 MPa for a removed layer 1 pm
in thickness, and to approximately 116 MPa for a removed layer 3 um in thickness. There are two causes for
the reduction in stress, both of which act simultaneously. In the first case, the residual stress is reduced by
removing the layer in which the stress was induced by polishing. In the second case, the pressure stress
induced by argon sputter cleaning counteracts the stress caused by polishing.
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Figure 2 Macroscopic residual stress vs. thickness of surface layer removed by argon sputter cleaning

Figure 3 shows the hardness profiles measured on the polished sample and on the samples sputter claned
by argon ions. It can be seen that the course of the surface hardness is not constant. Locally increased surface
hardness is probably caused by internal stress after mechanical polishing. The hardness, with the maximum
in the near surface region, decreases towards the depth of the sample. The results show that the surface
hardness decreases with increasing thickness of the layer removed by argon sputter cleaning. A very flat
profile with an almost constant course of hardness was measured on the sample with the removed layer 3 ym
in thickness. The results presented here indicate that a reduction in internal stress leads to lower surface
hardness values. This phenomenon has also been observed in the strained titanium lattice after ion
implantation [8].
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Figure 3 Hardness profiles of mechanically polished titanium and ion sputter cleaned titanium with different
thicknesses of the removed surface layer
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Representative AFM surface morphology scans are shown in Figure 4. The mechanically polished surface is
relatively smooth, without major protrusions. However, the surface appears to be wavy. The typical morphology
with exposed grain boundaries is observed on the surface sputter cleaned by argon ions (Figure 4b). Uneven
sputtering of grains with different orientations leads to increasing roughness. The roughness (Ra) increased
from 0.006 pm for a mechanically polished sample to 0.135 um for a sputter cleaned sample with a removed
layer 3 pym in thickness. The results show that sputter cleaning of a titanium substrate leads to increased
surface roughness and reduced residual stress. These factors play a significant role in the adhesion of coatings
[10-12].
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Figure 4 Representative AFM images of a mechanically polished surface (a), and an argon sputter cleaned
surface (removed layer 3um in thickness) (b)

4, CONCLUSION

The influence of the argon sputter cleaning process on the residual stress, the hardness and the surface
morphology of commercially pure titanium has been demonstrated. Argon sputter cleaning reduces the
residual stress from approximately 190 MPa for a mechanically polished sample to approximately 124 MPa for
a removed layer 1 ym in thickness, and to approximately 116 MPa for a removed layer 3 um in thickness. The
reduction in residual stress had an impact on surface hardness. It has been demonstrated that the surface
hardness decreases with increasing thickness of the removed layer. Uneven sputtering of grains with a
different orientation led to increasing roughness after sputter cleaning.
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