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Effects of Microstructure and Simulated Body Environment on Fatigue Crack
Propagation Behavior of Ti—-5A1-2.5Fe for Biomedical Use

Mitsuo NuNowmi, Akira SAGA, Lei WANG and Kei-ichi FUKUNAGA

Synopsis : Fatigue crack propagation behaviors of Ti—5A1-2.5Fe with various microstructure for biomedical use were investigated in air and a simulated

body environment, Ringer’s solution, in comparison with those of Ti~6A1-4V ELI and SUS 316L stainless steel.

The crack propagation rate, da/dN, of equiaxed « structure is nearly the same as that of Widmanstatten ¢ structure in Ti-5A1-2.5Fe in air
when da/dN is related to the nominal cyclic stress intensity factor range, AK. Ti-5Al-2.5Fe shows nearly same da/dN as Ti-6A1-4V ELI hav-
ing equiaxed « structure, but shows a greater one than Widmanstatten ¢ Ti—~6A1-4V ELI. Without fine precipitated ¢, the da/dN of
Ti—5A1-2.5Fe tested in air and in Paris regime is nearly equal to, but in threshold regime, greater than that of SUS 316L stainlsess steel. Fine
precipitated o of Ti-5Al-2.5Fe tested in air makes the da/dN in threshold regime nearly equal to, but in Paris regime greater than that of SUS

316L.

When da/dN is related to AK, testing in Ringer’s solution makes greater the da/dN of both Ti-5Al-2.5Fe and Ti-6Al-4V ELI than that ob-
tained by testing in air. However, when da/dN is related to the effective cyclic stress intensity factor range, AK, g, the da/dN of both alloys is

nearly the same in air and in Ringer’s solution.

Key words : biomaterial; Ti-SAl-2.5Fe; Ti-6Al-4V ELI; SUS 316L; simulated body environment; fatigue crack propagation; stress intensity factor

range; crack closure behavior.
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Fig. 1. Geometry of specimens in mm for four-point bend-
ing fatigue crack propagation test.
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Fig. 2. Schematic illustration of Ringer’s solution circula-
tor system.
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Fig. 3. Light micrographs of Ti—5A1-2.5Fe conducted with various heat treatments. AC and WQ .indicate air cooling and water
quenching, respectively.
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Fig. 5. Fatigue crack growth rate, da/dN, as a function of
nominal cyclic stress intensity factor range, AK,
and effective cyclic stress intensity factor range,
AK g, in variously heat-treated Ti-5Al1-2.5Fe and
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Fig. 6. Crack closure behavior of variously heat treated

Ti-5A1-2.5Fe, Ti-6A1-4V ELI and SUS 316L.
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Fig. 7. Crack path morphologies of variously heat treated Ti—-SAl-2.5Fe in Paris’ region.
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Fig. 8. Number of secondary cracks per unit area in Paris’
region in variously heat-treated Ti-SAl-2.5Fe and
Ti-6Al-4V ELI.
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Fig. 9. a.g/a of fracture surface in Paris’ region in various-
ly heat-treated Ti—5A1-2.5Fe and Ti-6A14V ELL
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Fig. 10. Fatigue crack growth rate, da/dN, as a function of
nominal cyclic stress intensity factor range, AK, in
Ti-5Al-2.5F¢ conducted with B process and
Ti—-6A1-4V EL I conducted with F process in air
and Ringer’s solution.
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Fig. 11. Fatigue crack growth rate, da/dN, as a function of
effective cyclic stress intensity factor range, AK ¢,
in Ti-5A1-2.5Fe conducted with B process and
Ti—6A14V ELI conducted with F process in air
and Ringer’s solution.
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