Elastic modulus and structure of pure titanium and titanium alloy
for human body
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It is desirable that metallic implant materials consist of non-cytotoxic elements and have similar
mechanical properties, especially young's modulus, with human bone. Titanium, niobium and chromium
are recognized as non- or minimal-cytotoxic elements. However, young's modulus of titanium (106GPa),
niobium (103GPa) and chromium (245GPa) is much higher than that of human bone (10GPa ~ 30GPa).
Young's modulus of pure titanium, Ti-Nb and Ti-Cr alloys is investigated in relation to their microstructure.
Young's modulus of pure titanium produced by powder metallurgy, changing parameters of mechanical
grinding and sintering condition, decreases linearly from 110GPa to 27GPa with increasing amounts of
pore. It is known that young's modulus of meta-stable beta titanium alloy containing beta-isomorphous
alloy elements of niobium or tantalum is low, though it depends on amounts of alloy elements. Ti-Nb alloy
and also Ti-Cr alloy produced by powder metallurgy in this experiment showed lower young's modulus than
pure titanium. Thus, beta-eutectoid stabilized element of chromium was found to have the similar effect

on the decrease of young's modulus of titanium alloy with beta-isomorphous element of niobium.
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Table 1 Young s nodul us and conpact ratio of sintered pure titani um
and conpacting and sintering condition in powder netall urgy.
MA [% [ Gl
- 100MPa 1000 1h 84 49.7
- 500MPa 1200 6h 98 103.5
- 40MPa 1000 1h 86 57.6
- SPS 80MPa 1050 10nmin 92 121.1
1h 500MPa 1000 1h 62 27.6
lcc 1h 100MPa 1000 1h 72 61. 7
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Fig. 3 SEM-EPMA analysis of Ti-20mass%Cr alloy sintered

for 6 hours at 1000°C.
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Fig. 4 True stress - true strain curves of Ti-20nass%xr alloy.



