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Abstract

Introduction: Amorphous materials are of interest to academic and
industry researchers due to their special properties. Optically and
electronically they look like ordinary metals, but the absence of crystals
and defects as vacancies, dislocations, or grain boundaries increase their
chemical, physical and mechanical properties.

Methods: In this study, Tis7-Cuss-Zr75-Fez.5-Shp-Sit-Ag2 and Tiss-Cuyz 5-
Zr115-C07-Sns-Sit-Ags (Yat) Amorphous alloys were produced by the
mechanical alloying (MA) process and spark plasma sintering (SPS)
technique, and their structure and corrosion behavior were evaluated. In
order to study phase evolutions, evaluate the thermal stability and
microstructure of the powder and compacted samples, XRD, DSC and
FE-SEM were used, respectively. Furthermore, polarization method was
used to evaluate corrosion.

Findings: The results showed that 45 hours of milling can tend to
amorphization of powders. Tisz-Cusg-Zr75-Fe25-Sny-Sit-Age and Tise-
CuUz75-Zr115-C07-Sn3-Sit-Aga (%at) amorphous  powders — were
compacted by plasma sintering process at 300 and 420 °C under 180 Mpa
uniaxial pressure. The evaluation of the compacted samples showed that
the samples sintered at 300°C temperature under 180 MPa retained their
amorphous state. Additionally, investigation of corrosion behavior
revealed that the amorphous TiCuZrSnSiAgFe alloy exhibited better
corrosion resistance in the body simulation solution in comparison with
TiCuzrSnSiAgCo and conventional Ti6AI4V alloys.
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Fabrication of Ti Bulk amorphous alloys by mechanical alloying and plasma sintering methods ...

Extended Abstract

Introduction

Amorphous materials possess properties such
as high strength, low elastic modulus, high
corrosion resistance, and excellent soft
magnetic  properties compared to their
crystalline counterparts. However, titanium-
based amorphous alloys have gained special
attention due to their low density, high specific
strength, good corrosion resistance, and
excellent biocompatibility. Furthermore, the
combination of yield stress and strain in
titanium-based amorphous materials shows
potential for applications requiring high load-
bearing capacity and elastic energy storage.
Another significant advantage of these
materials is their excellent biocompatibility and
corrosion  resistance in  body-simulated
solutions, acidic environments, and alkaline
environments, making them superior to many
common metallic biomaterials due to their
chemical and structural homogeneity. A critical
fact about titanium-based amorphous materials
is the conventional high content of Ni, Be, and
Pd elements for amorphous structure formation.
However, the contamination with toxic
elements (Ni and Be) and high cost of Pd limit
their application as biomaterials. Therefore,
development of Ni, Be, and Pd free titanium-
based amorphous alloys with high strength,
good corrosion behavior, and biocompatibility,
is of great importance for biomedical
applications. In this study, two types of
amorphous alloys, Tis7-Cuss-Zr75-Fe2 5-Sny-Sis-
Agz and Ti4e—Cu27_5—Zr11,5—007—Sn3—Sil—Ag4
(%at), were synthesized by mechanical alloying
of elemental powder mixtures. In these alloys,
Co and Fe elements were substituted for Ni, Be,
and Pd elements to reduce toxicity.
Mechanically alloyed powders were spark
plasma sintered in order to attain amorphous
bulk samples. Microstructure and corrosion
properties of sintered samples were studied.

Findings and Discussion

Journal of New Materials. 2024; 15 (55): 44-56

Ti47-Cu3g-Zr7,5-Fe2_5-Sn2-Si1-Ag2 and Ti46-
Cuz75-Zr115-C07-Sn3-Sii-Aga (%eat) amorphous
alloy powder were synthesized by mechanical
alloying (MA) process and compacted by spark
plasma sintering (SPS). The milling operation
was carried out at a rotation speed of 700 rpm
for 50 hours, with the process being paused
every 2 hours for 10 minutes to prevent the
powder from overheating. XRD, DSC, and FE-
SEM were used to identify phase evolution,
evaluate the thermal stability and characterize
microstructure of powders and sintered
samples. Spark plasma sintering was performed
at 300°C and 420°C under uniaxial pressure of
180 MPa in a vacuum chamber with 1073 mbar
pressure.

The initial TiCuZrSnSiAgFe and
TiCuZrSnSiAgCo powder mixtures, displayed
peaks corresponding to the constituent elements
before MA process. After 15 hours of the MA
process, peaks related to most elements were no
longer detectable in the X-ray diffraction
pattern. However, in the XRD pattern of Co
containing powder small peaks corresponding
to Cu and Ti solid solutions can be
differentiated from the halo. With increasing
the milling time to 45 hours, the XRD patterns
of both powder compositions displayed only
the typical broad halo of amorphous alloys. As
can be seen in SEM images, the powders
exhibited an almost spherical shape with a
relatively smooth surface. The average size of
iron-containing powder particles was larger
than that of cobalt-containing powder particles.
The advantage of spherical powder particles
produced by the MA process is the improved
fluidity of the powders during processing,
which facilitates filling the mold during
sintering process and reduces the formation of
porosity. According to the DSC diagram, the
crystallization ~ onset  temperature  for
TiCuZrSnSiAgFe and TiCuZrSnSiAgCo alloys
was found to be 487 and 490°C, respectively.
Therefore, the maximum temperature for the
SPS sintering operation was set at 420°C to
prevent crystallization. In the X-ray diffraction
patterns of samples sintered at 420°C, peaks
related to crystal planes appeared. However, in
the XRD patterns of the samples sintered at
300°C, amorphous halo remained near 40
degrees, and crystalline peaks were not
detected. Therefore, it can be concluded that the
samples sintered by SPS method may be

¥o



Naseri et al

completely amorphous or have minimal
amounts of tiny crystals undetectable by X-ray
diffraction method. According to the results
obtained from density measurements by
Archimedes’ method, with increasing the
applied temperature density of the sintered
samples increased and the porosity decreased.
Furthurmore, TiCuZrSnSiAgFe-300 sample
exhibited a corrosion current of about 64.57 nA,
indicating better corrosion resistance compared
to  TiCuZrSnSiAgCo-300 sample and
conventional Ti6AI4V alloy.

Conclusion

In this research, Tis-Cusg-Zr75-Fez5-Sno-Sis-
Agz and Ti46—Cu27_5—Zr11,5—Coy—Sn3—Si1—Ag4
(%at) amorphous alloys were synthesized by 45
hours of mechanical alloying. The
crystallization ~ onset  temperatures  for
TiCuZrSnSiAgFe-300 and TiCuZrSnSiAgCo-
300 alloys were determined to be 482°C and
490°C, respectively. With spark plasma
sintering of the powders obtained from
mechanical alloying at 300°C under 180 MPa
uniaxial ~ pressure, amorphous  structure
maintained in bulk samples. The results of the
polarization corrosion test showed that the

46

amorphous TiCuZrSnSiAgFe-300 sample with
a corrosion current of 64.57 YA has better
corrosion resistance compared to the samples of
TiCuZrSnSiAgCo-300 and Ti6Al4V alloy with
a corrosion current of 145 pA and 104.54 YA,
respectively.
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