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Heat Treatment Processes and Mechanical Properties of New
B-type Biomedical Ti—29Nb—13Ta—4.6Zr Alloy

Daisuke KURODA, Mitsuo NIINOMI, Hisao FUKUl, Akihiro Suzuki and Jiro HASEGAWA

Synopsis : Practical size ingot of new B-type titanium alloy, Ti-29Nb—13Ta—4.6Zr, which was composed of non-toxic elements of Nb, Ta and Zr, with

lower modulus of elasticity, high strength and excellent biocompatibility was tried to be fabricated. Then the heat treatment processes of the

alloy, which gave a good balance of strength, ductility and modulus of elasticity, were investigated in this study.

Practical size ingot of Ti-29Nb~13Ta—4.6Zr with a weight of 17 kg has been successfully fabricated. The distribution of alloying elements

was homogeneous through the ingot. The practical size ingot can be easily hot forged and cold rolled by a total reduction of 98%.

Ti-29Nb—13Ta—4.6Zr which was aged after cold rolling indicates higher strength and lower elongation as compared with those of the alloy

aged after solution treatment. In the aging temperature range between 598K and 648K, the alloy indicates relatively higher strength and lower

elongation. The precipitation of @ phase increases tensile strength and decreases elongation in the alloy aged between 598K and 643K after

solution treatment. In the aging temperature above 673K, the precipitation of ¢ phase increases tensile strength and elongation in the alloy

aged after solution treatment. New alloy has excellent strength ductility relationship when aging temperature was above 673K.

Key words: implant material; S-type titanium alloy; non-toxic elements; modulus of elasticity; tensile properties; heat treatment process.
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Fig. 1. Schematic diagrams of thermomechanical proc-
esses ; (a) aging after solution treatment and (b)
aging after cold rolling.
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Table 1. Chemical compositions of top, middle and bot-
tom positions of Ti—-29Nb-13Ta—4.6Zr alloy 17

kg ingot.
(mass%)
Positions Ti No Ta Zr Fe Al C N o] H
Top Ba. 318 120 45 003 <002 002 002 013 0006
Middle Bal. 314 114 47 003 003 002 003 013 0005
Bottom Bal. 314 113 47 003 <002 002 003 016 0005
Ave. Ba. 315 116 47 003 (<0.02) 002 003 014 0006
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Fig. 2. Mechanical properties of Ti-29Nb—13Ta—4.6Zr aged after solution treatment at 1033K for 1.8 ks as a function
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Fig. 3. Mechanical properties of Ti-29Nb—13Ta—4.6Zr aged after cold rolling as a function of aging temperature. Aging time is
(a) 100.8 ks and (b) 259.2 ks.
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Fig. 4. Comparison of moduli of elasticity of Ti-29Nb-
13Ta—4.6Zr, Ti-6A1-4V ELI and Ti—13Nb-13Zr in
each heat treatment. ST, CR and STA indicate as-
solution-treated, as-cold rolled and aged after solu-
tion treatment, respectively.
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Fig. 5. Changes in X-ray diffraction profiles of Ti—
290Nb-13Ta—4.6Zr aged between 573K and 753K
for 100.8 ks after (a) solution treatment at 1033K
for 1.8 ks and (b) cold rolling.
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Fig. 6. SEM fractographs of Ti-29Nb—13Ta—4.6Zr aged at
573K, 598K, 623K and 673K for 259.2 ks after so-
lution treatment at 1033K for 1.8 ks.
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Fig. 7. SEM fractographs of Ti-29Nb—13Ta—4.6Zr aged at
573K, 598K, 623K and 673K for 259.2ks after
cold rolling.
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