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Recent Applications, Research and Development in Titanium and Its Alloys

Mitsuo NIINOMI

Synopsis : Titanium and its alloys are still very advantageous for aerospace applications in the world. Non-aerospace applications of titanium and its al-

loys are much emphasized comparing with aerospace applications in Japan. Recently, titanium and its alloys are getting much attention in

medical applications and health care goods. Other new applications of titanium and its alloys are progressively growing. Topics of applica-

tions, research and development of titanium and its alloys in aerospace and non-aerospace including medical and health care goods, automo-

bile parts, sport and leisure, consumer goods, architecture, marine and smelting fields are described in this paper.

Key words : titanium alloys; aerospace applications; non-aerospace applications; medical applications; healthcare goods; dental applications; automobile;

sport; leisure; consumer goods; architecture; marine applications; new smelting process.
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Fig. 1. Shipment of titanium mill products break down by usage in USA and Japan (1999).
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Fig. 2. Aircraft landing gear applications: Outer cylinder is
made of steel and truck beam is made of Ti-10V—
2Fe-3Al.
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Table 1. Young’s moduli of representative titanium alloys
for biomedical applications.

Material Young’s modulus (GPa)
Ti-6Al-4V (Annealed) 113
Ti-6A1-4V ELI (WQ) 118
Ti-13Nb-13Zr

*WQ 64—77
*WQ + aged 81
*AC 83
“WQ + 50-75% 44—51
CcwW
Ti-12Mo-6Zr-2Fe 74—85
Ti-29Nb-13Ta-4.6Zr
*WQ 63
*WQ + aged at
673 K for 3.6 k 97
*WQ +CW 62

WQ: Water quenching after solution treatment
AC: Air cooling after solution treatment
CW: Cold working
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Fig. 4. Tensile strength, 0.2% proof stress, elongation, re-
duction of area and Young’s modulus of swaged
Ti-29Nb-13Ta-4.6Zr as a function of cold work-
ing ratio.
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Fig. 5. Frequency of nickel sensitization in the population
in Europe.
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Fig. 6. Tensile loaded-unloaded stress—strain curve of cold
extruded Ti—29Nb-13Ta—4.6Zr wire with a diame-
ter of 1 mm: Elastic strain is 2.7%.
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Fig. 7. Crown made of Ti-29Nb-13Ta—4.6Zr by dental
precision casting using duplex calcia coating
method.
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Fig. 8. Fatigue strength (S-N curve) of TFC, TFCA and
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Fig. 10. Titanium suspension spring on the left and steel
suspension spring on the right.
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Fig. 12. Art by color titanium.
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Fig. 13. Relationship between thickness of oxide layer and
applied voltage.

Fig. 14. Colored titanium roof of Kitano-Tenmangu Shrine
in Kyoto (courtesy Japan Titanium Association).
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