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Abstract

Introduction: Titanium and Hydroxyapatite (HA) are widely used in
various industries, especially medicine and implants. The friction stir
welding process (FSP) is one of the best methods for the fabrication of
Ti/HA surface composites.

Methods: This research specifically examines the effect of pin shape in
FSP on the microstructure and mechanical properties of Ti/HA surface
composites. Process parameters including pin shape (triangular, square,
and conical pins), speeds of 1150 and 1250 rpm, and traverse speeds of
30 and 45 mm/min were used. Characterization of Ti/HA surface
composites was performed with the help of FESEM, X-ray diffraction
analysis, energy dispersive spectrometer (EDS) analysis, and tensile test.
Findings: The results of the microstructure investigation showed that the
triangular pin could not enter HA powder in the titanium substrate. At a
higher rotational speed, fusion occurs to a greater extent in square and
conical pins, reducing defects such as holes and cracks. The ultimate
tensile strength values for the square pin with traverse speeds of 30 and
45 mm/min were 772 and 605 MPa, respectively. For the conical pin with
traverse speeds of 30 and 45 mm/min, they were 894 and 747 MPa,
respectively. Therefore, it was found that the ultimate tensile strength
decreases with increasing traverse speed in both square and conical pins.
Additionally, the ultimate tensile strength is always higher in samples
processed with a conical pin than a square pin. These results show that
process parameters significantly affect the mechanical properties of the
specimens.
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Extended Abstract

Introduction

Titanium is widely employed in orthopedic and
dental implants due to its favorable properties.
Nevertheless, titanium encounters challenges
related to its weak bioactivity. In contemporary
practice, diverse methods have been developed to
augment the bioactivity of titanium implants,
encompassing surface modification and coating with
materials such as hydroxyapatite (HA). Notably,
HA-Ti surface composites have emerged as a viable
solution for enhancing the bioactivity of titanium
implants.

Friction Stir Processing (FSP) represents one of the
methodologies employed to enhance the bioactivity
of titanium, particularly through the production of
composite coatings on Ti surfaces. This technique
facilitates the creation of stable coatings,
demonstrating improved long-term outcomes for
patients undergoing orthopedic implant surgery.
Despite several studies investigating the utilization
of FSP for producing these composite coatings, a
comprehensive understanding of the influence of
process parameters on these composites is lacking.
Furthermore, no research has been conducted to
explore the effects of varying process parameters on
the mechanical properties of these composites.
Therefore, the primary objective of this study is to
scrutinize the mechanical behavior of HA/Ti surface
composite coatings on Ti substrates. The
investigation will specifically focus on evaluating
the impact of pin geometry under different rotational
and traverse speeds on the mechanical properties of
these composites.

In this investigation, sheets of CP-Ti grade 2
titanium were employed, and elemental analysis and
surface polishing procedures were conducted.
Subsequently, hydroxyapatite nanoparticles were
incorporated into the titanium specimen using the
Friction Stir Processing (FSP) technique.

Findings and Discussion

The phase analysis was performed through X-ray
diffraction (XRD) and PANalytical HighScore Plus
software. The microstructure and particle
distribution were determined using Field-Emission
Scanning Electron Microscopy (FESEM) along with
Energy-Dispersive X-ray Spectroscopy (EDS)
analysis. Additionally, the mechanical properties
were assessed through tensile testing, according to
the ASTM E8M standard.

The results indicated that the samples produced with
a triangular pin, had more defects, porosities, and
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abundant empty holes compared to other samples
produced with square and conical pins. Therefore,
the triangular pin has not been able to provide proper
fusion for HA and Ti. This phenomenon is attributed
to the inability of the pin space to be filled by the
tool shoulder, leaving the pre-existing groove in
these samples.

On the other hand, another result is that the
rotational speed of the pin at 1250 rpm has led to
better fusion and surface quality compared to a
rotational speed of 1150 rpm. Thus, increasing the
rotational speed from 1150 rpm to 1250 rpm has
significantly filled the voids left by the pin.
Additionally, the Nugget Zone formed in these
samples at 1250 rpm has a larger volume compared
to samples created at 1150 rpm due to the increased
heat generated by the higher rotational speed of the
pin.

For a more in-depth examination of the
microstructure, FESEM images of the cross-
sectional surface of the samples' rotation zone were
obtained. As evident, the traverse speed increase in
FSP and the change in pin geometry have resulted in
a more heterogenous distribution of HA particles in
the Ti matrix. Furthermore, FESEM images show
the presence of microstructural defects such as
cracks and porosities in the SZ region of samples
FSPed with square pins. These defects can have
detrimental effects on the mechanical properties and
performance of the component, indicating that a
conical pin geometry provides advantages in
reducing such defects during the FSP process.
Moreover, the ultimate strength values for samples
with square pins at linear speeds of 30 and 45
millimeters per minute were obtained as 18 + 772
and 16 + 605 MPa, respectively, while for conical
pins at the same traverse speeds, the values were 26
+ 894 and 24 + 747 MPa.

It can be seen that FSPed samples with conical pins
exhibit better yield strength and mechanical
properties compared to FSPed samples with square
pins (at both traverse speeds). Therefore, the
presence of cavities and porosities, especially in
samples FSPed with square pins, may reduce the
available cross-sectional area for load-bearing
applications and create vulnerable areas prone to
initiating cracks. Consequently, FSPed samples with
square pins showed weaker mechanical properties,
including ultimate strength and yield strength,
compared to FSPed samples with conical pins.

Conclusion

In conclusion, it can be seen that the higher the
traverse speed, the lower the mechanical properties
obtained in the sample. Also, it was found that
when conical pin is used for FSP process,
mechanical properties and fracture surface as well
as more suitable dispersion of HA particles in Ti is
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obtained. Therefore, in general, the FSPed sample
with conical pin and a rotational speed of 1250 rpm
and a traverse speed of 30 mm/min was identified
as the optimal sample.
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