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Abstract

Introduction: Titanium and grade five titanium alloys are commonly
utilized in the production of artificial implants. The high Young's
modulus of titanium compared to bone and the occurrence of allotropic
transformation during fabrication, which results in residual stress, are
some of the challenges faced by titanium implants. The key solution to
address the issue of high Young's modulus is to create a porous structure,
which comes with a significant reduction in other mechanical properties.
If the spark plasma sintering (SPS) method can be used to prepare a
titanium part in a way that controls the occurrence of allotropic
transformation and the creation of porosity, it can be introduced as a
comprehensive method for manufacturing bioneutral artificial implants.
Methods: In this research, a core/shell bilayer structure (Ti-6Al-4V/Ti)
was designed and fabricated. Sintering of the structure was performed
using the SPS method, and powder particles with different morphologies
were used to create dense and porous areas in the structure.
Characterization of powder particles and the final sample was performed
using optical microscopy, electron microscopy, X-ray diffraction phase
analysis, and hardness testing. The biological behavior was evaluated by
analyzing the changes in ion concentration in the biological simulator
environment (SBF) using inductively coupled plasma spectroscopic
analysis.

Findings: Examining the microstructure of the piece revealed that an
allotropic transformation occurred solely in the core-shell interface
region, where 18% of the o phase in this region was converted to 8. The
irregular morphology of the powder particles resulted in an average
porosity of 3% in the shell region. The hardness test results indicated a
reduction in hardness from HV430 in the core region to HV390 in the
shell region, which is partially attributed to the presence of porosity.
Storing the sample in SBF solution resulted in a decrease in ambient ion
concentration and the formation of calcium phosphate precipitates with
an average surface area of 6.2 pm on the piece's surface, particularly in
porous areas.
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Extended Abstract

Introduction

In recent decades, extensive research has
focused on the utilization of metals in the
production of artificial implants. Metals have
garnered significant attention for their superior
mechanical  properties and exceptional
ductility. A crucial challenge with metal
application in biological contexts is their
elevated Young's modulus compared to that of
bone, leading to a stress shielding effect that
can compromise bone strength. Numerous
approaches have been suggested to mitigate
Young's modulus, notably through the
development of porous structures and
composites.

Several methods have been explored for the
fabrication of porous metal components,
including the use of metal foams and the
incorporation of volatile materials in the
creation of porous metal structures. However,
this study introduces a novel approach
involving the formation of a two-layer structure
(core/shell) with the chemical composition Ti-
6AIl-4V/Ti. This methodology aims to preserve
structural integrity by introducing porosity,
resulting in a final component with the desired
mechanical properties for biological implant
applications. The implementation of powder
metallurgy processes facilitates the generation
of porosity within the part. Furthermore, this
method offers benefits such as enhanced
dimensional precision and prevention of
titanium's allotropic transformation through
lower process temperatures and duration.

Findings and Discussion

In this study, a graphite mold was divided into
two regions, core and shell, which were
separated by a separating wall. Spherical Ti-
6Al-4V powder was added in the core region,
while irregular Ti powder was added in the
shell region. The sample was characterized by
evaluating the phases, residual porosity,
hardness, and biological properties. X-ray
diffraction (XRD) and field emission scanning

electron microscopy (FE-SEM) were used to
investigate the phases and particle shapes of the
raw materials. Optical microscopy (OM),
scanning electron microscopy (SEM), and
energy dispersive X-ray spectroscopy (EDS)
were used to investigate the microstructure,
residual porosity, and chemical composition in
the core, shell, and interface regions. The
hardness in each region was measured using
Vickers microhardness (HV). Simulated body
fluid (SBF) was immersed to evaluate the
biological properties. Changes in ion
concentration in the SBF solution were
analyzed using inductively coupled plasma
spectroscopy (ICP). The sample surface was
then evaluated using EDS and FE-SEM after
exposure to SBF solution for thirty days. The
core showed alpha phase with needle-like beta,
while the shell showed alpha matrix phase with
limited areas of beta. The shell region showed
more residual porosity than the core, which
resulted in a decrease in hardness in that region.
After 30 days of exposure to SBF solution,
calcium phosphate particles were observed on
the sample surface.

Conclusion

The results demonstrate that employing the SPS
method and irregular metal particles can
Improve both the mechanical and biological
properties  through  limited  allotropic
transformation and the generation of porosity.
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