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Intermetallics by Reactive Sintering

Young-Jin Kim, Seung-Kyun Hyun and Mok-Soon Kim
Department of Metallurgical Engineering, Inha University, Inchon 402-751, Korea
(Received October 31, 1997)

ABSTRACT Engine valve-shaped TiAl-Mn intermetallics containing 43.5 to 47.5at%Al (Mn/Al=0.036)
are successively fabricated by reactive sintering the clemental powder mixtures near-net shaped by extrusion
and dic forging. A duplex structure consisted of lamellar grains and equiaxed y grains is developed for all com-
positions, and the arcal fraction of the lamellar grains(or cquiaxed y grains) decreases (or increases) with in-
creasing Al content. As Al content increased, the clongation increases with accompanying decrease in yield
strength and ultimate tensile strength at both room temperature and 8007, This indicates that the suitable com-
po- sition is Ti-45at%Al-1.6at%Mn in considering the balance of ambient and clevated tensile properties. The
reactive-sintered Ti-45Al-1.6Mn alloy shows superior oxidation resistance not only to the plasma arc melted
one but also to the heat resistance steel STR35(representative exhaust valve head material for automotive en-
gine). The reactive-sintered Ti-45Al-1.6Mn alloy coated with an oxidizing scale exhibits a better wear resis-
tance than induction hardened martensitic steel STR11(representative exhaust valve tip material for automotive

engince).
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Fig. 2. (a) Photograph showing an engine valve-shaped
mixtures of Ti and Al-Mn powders. (b) Microstructure
of the cross section for a stem part in Fig 2(a). (¢) The
shape of a commercial steel valve (STR35 with STRI11).
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Fig. 3. Ti-Al binary phase diagram showing HIP'ed
temperature.
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Table 1. Chemical composition of experimental alloys

Specimens Ti (at%) Al (at%) Mn (at%)

reactive-sintered TiAl-Mn bal. 449 1.6

remelted TiAl-Mn bal. 44.7 1.59
Spectmens  Fe (wt%) Cr (wt%) Mn (wt%) Si (wt%) Ni (wt%) C (wt%) P (wt%) S (wt%) N (wt%)
STR11 bal. 7.5-9.5 <0.6 1.0-2.0 <(.6 0.45-0.55 <(0.03 <(0.03 -
STR35 bal. 20.0-22.0  8.0-10.0 <().35 3.25-450  0.48-0.58 <0.04 <0.03 0.03-0.5
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Fig. 4. Microstructures of (a) reactive-sintered Ti-43.5Al-1.6Mn, (b) reactive-sintered Ti-45Al-1.6Mn, (c) reactive-
sintered Ti-47.5A)-1.7Mn, (d) remelted Ti-45A1-1.6Mn, (¢) STR11, and (H STR35.
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Fig. 11. SEM image for the cross-sections of oxide scale. (a) remelted TiAl-Mn specimen oxidized at 900 °C for 24 h,
(b) reactive-sintered TiAl-Mn specimen oxidized at 1000°C for 24 h, and (c) STR35 specimen oxidized at 900°C for 24 h.
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Fig. 13. (a) SEM image and (b) EDS analysis of worn
surface of reactive-sintered TiAl-Mn alloy coated with
an oxidizing scale.
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