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Research Progress on the Grain Refinement Method of Cast y-TiAl Alloys
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Abstract: Due to the low density, high strength and excellent high-temperature performance, y-TiAl alloys are new
lightweight high-temperature structural materials with good application prospects. y-TiAl alloys can partially replace
Ni-based superalloys, which have been used in hot end parts of aircraft engines, such as low-pressure turbine blades and
valves, automotive engine exhaust valves and other hot end components. With the rapid development of modern industry,
the service environment of high-temperature components in the future will become increasingly harsh, and it will be a
challenge to exceed the service temperature of existing y-TiAl alloys and improve their mechanical properties. In this
paper, the solidification characteristics of cast y-TiAl alloys and recent research progress on grain refinement are reviewed.
The characteristics of the solidification behavior and corresponding microsegregation behavior of the alloy are discussed. At
the same time, to solve the problems of microsegregation and refine the grain size, the grain refinement methods for y-TiAl
alloys are summarized in detail. Finally, a new method of grain refinement with a metastable microstructure is introduced,
and the problems faced by the existing refining methods are described, which can provide guidance for the production and
development of y-TiAl alloys.
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Fig.1 Relationship between the specific yield strength and
temperature of selected structural materials in comparison with
intermetallic y-TiAl based alloys"!
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Fig.3 Segregation of high niobium-containing TiAl-based alloys: (a) S segregation, (b) B segregation, (¢) a segregation!
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5l 4 7€ 1m) 5 [5 Ti-46A1-8Nb Fl Ti-46A1-8Ta & & M il A1 ZUE 5 . (a) V=1.39x10° ms”, G,=5x10° Km", (b) V=1.39x10° ms", G,=8
x10° Km™, (¢) G;=2x10° Km™, V=1.39x10° ms™, (d) G, =2x10°* Km™, V=2.78%x10" ms™*
Fig.4 OM micrograph showing transverse sections from the mushy zone of DS Ti-46Al-8Ta alloy prepared under different conditions:
(a) V=1.39x10° ms™”, G;=5x10° Km, (b) V=1.39x10° ms”, G;=8 x10° Km™, (¢) G;=2x10° Km", V=1.39x10° ms™, (d) G, =2x10° Km™,
V=2.78x10" ms'*!
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Fig.5 IPF maps showing post-deformation microstructural development as a function of deformation temperature and strain rate’
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K 6 Ti-46Al-1Cr-2V & & fff ¥ P4k B T 2008 2 149
Fig.6 Cycle heat treatment (CHT) process parameters of Ti-46Al-1Cr-2V alloy™

I 7 Ti-46Al-1Cr-2V & 4 2 CHT+HT #AL IS R4 : (a) SEM JESL, (b) AH 34 &1, (c) ke R 1415
Fig.7 Microstructure of Ti-46Al-1Cr-2V alloy after cycle heat treatment+heat treatment ( CHT+HT) processes: (a) SEM

microstructure, (b) phase fraction image, (c) grain size image
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Fig.8 The grain refinement process of TiAl alloy: (a) binary phase diagram of TiAl alloy, (b) schematic of multistage heat treatment
for refining the microstructure of Ti-48A1-2Cr-2Nb, where *T, is the « transus temperature of 1 365 “C in Ti-48Al-2Cr-2Nbt!
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i 30 min A 24k H )
Fig.9 Average grain size of alloys: (a) annealed at 1 300 C for 24 h and subjected to SHT at 1 380 C for 60~120 s, (b) aged at 800 'C
for 30 mint!
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Fig.11 SEM-BSE microstructures of Ti-48Al-3Nb-1Ta alloy: (a) after homogenization, (b) after one cycle of air-cooling heat

treatment, (¢) after five cycles of air-cooling heat treatment!
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