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Tensile Properties and Cyto-toxicity of New Biomedical B-type Titanium Alloys

Daisuke KURODA, Mitsuo NIINOMI, Hisao FUKUI, Masahiko MORINAGA,
Akihiro Suzuki and Jiro HASEGAWA

Synopsis : Co-Cr alloy, SUS 316L stainless steel, pure Ti and Ti-6A1-4V ELI have been used as implant materials. Ti-6Al-4V ELI has been most
widely used as an implant material to date because of its excellent combination of biocompatibility, corrosion resistance and mechanical

properties. Since toxicity of V etc., and high moduli of elasticity have been pointed out, B-type biomedical titanium alloys are recently

getting much attentions. New S-type biomedical titanium alloys composed of non-toxic elements such as Nb, Ta, Mo, Zr and Sn with lower

moduli of elasticity and greater strength were, therefore, designed using alloy design method based on the d-electron theory in this study.

Tensile test, measurement of modulus of elasticity and evaluation of biocompatibility were conducted in order to investigate the mechani-

cal properties and biocompatibility of the designed alloy. Tensile strength and elongation of Ti-29Nb—13Ta—4.6Zr are, in particular, equiva-
lent to those of conventional biomedical titanium alloy such as Ti-6A1-4V ELI, and modulus of elasticity of Ti-29Nb—13Ta—4.6Zr is lower
than that of Ti-6A1-4V ELIL The moduli of elasticity of the designed alloys are equivalent or lower comparing with those of conventional
biomedical titanium alloys such as Ti-6A1-4V ELI and Ti~13Nb-13Zr. The biocomparibility of Ti-29Nb—13Ta—4.6Zr is equivalent to pure-
Ti, and biocompatibility of Ti-29Nb—13Ta-4.6Zr is much greater than that of Ti-6Al4V.

The new S-type titanium alloy, Ti-Nb-Ta—Zr, designed in this study is expected to have greater performance for implant materials.

Key words : implant material; S-type titanium alloy; non-toxic element; alloy design; tensile properties; biocompatibility.
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Fig. 2. Phase stability index diagram based on Bo and Md parameters. Modulus of elasticity (GPa) in each alloy is shown in the

parenthesis.
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Fig. 3. Geometries of specimens for (a) tensile tests and
(b) measuring of modulus of elasticity in mm.
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Fig. 4. Aging curves of the designed alloys aged at (a) 673K and (b) 773K after solution treatment.
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Fig. 5. Comparison of mechanical properties of the designed alloys and conventional biomedical titanium alloys, Ti—-6A1-4V ELI
and Ti—13Nb-13Zr, in (a) as-solution-treated (ST) and (b) aged (STA) conditions. Aging condition is 673K for 10.8 ks.
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Fig. 6. Comparison of modului of elasticity of designed

alloys and conventional biomedical titanium alloys,
Ti—6A1-4V ELI and Ti—13Nb-13Zr, in as-solution-
treated (ST) and aged (STA) conditions.
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Fig. 7. Microstructures of the designed alloys. (a) Ti-
29Nb-13Ta—4.6Zr solution-treated at 1117K for
1.8 ks and (b) Ti—16Nb—13Ta—4Mo solution-treated
at 1117K for 1.8ks.
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Fig. 8. Changes in X-ray diffraction profiles of (a) Ti-
29Nb-13Ta-4.6Zr and (b) Ti-16Nb—13Ta—4Mo
aged at 673K and 723K for 10.8ks after solution
treatment.
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Fig. 9. SEM fractographs of the designed alloys, (a) Ti—
29Nb-13Ta-4.6Zr solution-treated at 1117K for
1.8ks, (b) Ti-~29Nb—13Ta—4.6Zr aged at 673K for
10.8ks after solution treatment, (c) Ti—16Nb-
13Ta—4Mo solution-treated at 1117K for 1.8 ks and
(d) Ti~16Nb-13Ta—4Mo aged at 673K for 10.8ks
after solution treatment.
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Fig. 9 = Ti-29Nb-13Ta—4.6Zr &% ¥ & U Ti-16Nb-13Ta—
4Mo &4 D STH b L UVAR(LALER# 12 673K T 10.8ks DI
RYALEE 4 6 L 7= STA M DB [BRBEINT L 730 OB B E % 78
3, MREHAEDSTH (Fig. 9) HBE V() BFT4 7



I 608

$% &8 Tetsu-to-Hagané Vol. 86 (2000) No. 9

Extraction time

7 days
B 14 days

g Ti-29Nb-13Ta-4.6Z

0 20 40 60 80
Cell viability, %
@)

100 120

0 20 40 60 80

100 120
Cell viability, %

®

Fig. 10. Comparison of cell viability of (a) filtrated extracts and (b) non-filtrated extracts of pure-Ti, Ti-6Al-4V and

Ti—29Nb-13Ta—4.6Zr alloy evaluated by MTT assay.
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