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This study

Microstructure and mechanical properties of extruded PM titanium with oxygen solid solutionMicrostructure and mechanical properties of extruded PM titanium with oxygen solid solution
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Load
Φ 41mm
600MPa

Green compact

RD : 85%

Extruded material

Φ 7 mm × 600 mm

Conventional extruded
pure Ti powder material
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content oxygen
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Rare-Metal-Free & Excellent PerformanceRare-Metal-Free & Excellent Performance
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of solute oxygen
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Cold 
compaction

Sintering

Temp.: 800-1000℃
Holding time: 180 min
Ar gas flow (3 L/min)

Hot extrusion

Pre-heating temp.:
1000℃, 3min, Ar
Extrusion speed:
3 mm /s
Extrusion ratio: 28
(Φ37 mm → Φ7mm
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MPa
UTS
MPa

Elongation
(%)

1.5 wt.%TiO2-800℃ 908 1203 7.9

1.5wt.%TiO2-900℃ 990 1158 23.9

1.5wt.%TiO2-1000℃ 947 1093 24.2

Ti-6Al-4V
(ASTMB 348-00-Gr5)
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Conventional Ti alloy

TiH2-1.5 wt.%TiO2

-900℃
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-900℃

Extrusion direction

0.38wt.%[H]
0.97wt.%[O]

d=1.8µm d=3.6µm

0.11wt.%[H]
0.97wt.%[O]

d=6.3µm

0.056wt.%[H]
0.97wt.%[O]

Titanium is one of the promising materials to be used as medical devices due to its excellent biocompatibility. The conventional
Ti alloys, however, contain expensive rare metals such as vanadium, molybdenum and niobium to improve the mechanical 
properties. Some of them have a toxicity to human bodies, and then it is necessary to develop high-strength Ti materials with no 
rare metal. In this study, high strength and ductility near α-Ti material with solid-solute oxygen or nitrogen atoms was fabricated 
in solid-state by powder metallurgy (PM) process. This is because both have a large solubility in α-Ti phase. Microstructural and 
mechanical properties were evaluated, and their strengthening mechanism was clarified by using Labusch model useful for the 
quantitative evaluation of solid solution strengthening effects.
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