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Fabrication and modification of titanium alloy implant for improving

engineering properties and biocompatibility
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Abstract
Sub program 1 Development of “Gum Metal” for biomedical applications

The excessive modulus, inadequate strength and toxic compositions have
been classified as limitations of present biomedical alloys for orthopedic patient
treatment. This research aims to investigate several parameters for the fabrication of
biomedical titanium alloys, which consist of niobium, tantalum, zirconium and
oxygen, called “Gum Metal”. In this study, the influences of cold-rolling, oxygen and
zirconium content together with aging temperature on properties of gum metal were
investigated. The alloys were fabricated by arc melting technique and the chemical
compositions were set at Ti<(30, 33)Nb-2Ta-(1-5)Zr-(0.3-0.7)0 (wt %). All specimens
were homogenized at 1,473K for 60 minutes. The ingots were sliced and cold rolled
to the final cold-work reduction ranging from 30% to 90% of thickness. Aging
temperatures were set at 523K, 623K and 723K for 10 minutes, respectively. From X-
Ray Diffraction (XRD) results, all gum metals revealed Body Centered Cubic (BCC)
structure. Stress-induced Martensitic transformation could be confirmed by tensile
test. It is found that mechanical properties of the alloys were affected by oxygen and
zirconium content in both specimens before and after aging treatment. Moreover, it

is also found that precipitation hardening by aging consequently affected mechanical



properties. It could be concluded that the most appropriate aging condition was at
623K for 10 minutes. Finally, Ti-33Nb-2Ta-3Zr-0.70 (wt %) alloy without aging and Ti-
33Nb-2Ta-37r-0.50 (wt %) alloy after aging at 623K for 10 minutes exhibited the most
suitable properties for biomedical applications with tensile strength higher than 1,400
MPa, yield strength higher than 1,200 MPa and elastic modulus less than 42 GPa.
When compared with commercial SUS316L stainless steel and Ti-6Al-4V alloys, the
fabricated gum metals showed higher strength and more human bone-like elasticity.
Sub program 2 Fabrication of stent using in Coronary thrombosis treatment

Coronary Artery Atherosclerosis is the top three of common cause of death in
Thailand. One way to treat this disease is to utilize metal wire mesh called “Stent”
to expand a blood vessel. Nowadays, since it is reported that the number of patient
is obviously increasing more than in the past, the number of stent imported from
aboard is more required. In order to reduce the cost of import, the locally made
stent is one of the solutions. The present research focuses on the fabrication of self-
expansion shape memory alloy stent using the braiding technique. The objective is
to clarify the effect of braiding angle, number of wires and wire diameter on the
mechanical properties of braided stent. During the present year, shape memory
alloy wires were selected and the stent was designed and made by hand in order to

confirm the stent ability properties.

Keyword Modulus of Elasticity; Gum metals; Coronary vessel; Stent; Smart material
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