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Effect of withdrawal rate on microstructure of
directionally solidified Ni-45Ti-5Al alloys

YANG Chun-lei, ZHENG Li-jing, LI Yan, ZHOU Lei, ZHANG Hu

(School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The phase compositions and shapes of directionally solidified (DS) Ni-45Ti-5Al (mole fraction, %) alloys
were investigated in the Bridgman liquid-metal-cooling directional-solidification process at withdrawal rates of 20, 100
and 200 pny/s. The results show that the columnar grain growth is observed in the DS specimens. The preferred crystal
orientation of NiTi matrix is [100] direction and that of Ti,Ni phase precipitated on the matrix is [111] direction. With the
increase of withdrawal rate, the Ti,Ni phase becomes finer and distributes from continuously to discontinuously in the
intercellular region. When the withdrawal rate varies from 20 pum/s to 200 pm/s, all the solid/liquid interface
morphologies are cellular, the DS microstructure is refined obviously and the cellular spacing decreases from 85 pm to
25 pm.
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Fig.1 Macrostructures of longitudinal section of DS ingots grown at different withdrawal rates: (a) 20 pum/s; (b) 100 pm/s;

(¢) 200 pm/s
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Fig.2 XRD patterns of as-cast and DS Ni-45Ti-5Al alloys
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Fig.3 Backscattered EPMA images of Ni-45Ti-5Al alloys: (a)
As-cast specimen; (b) Longitudinal section of steady state zone

of DS specimen at withdrawal rate of 100 pm/s
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Table 1 Compositions of constituent phases in both as-cast and

DS specimens shown in Fig.3 analyzed by EDS

Mole fraction/%
Specimen Phase
Ni Ti Al
Matrix 49.37 4599 4.64
As-cast
Precipitate  33.39 63.94 2.67
DS Matrix 49.77 4548 475
(1550 °C, 100 pm/s)  Precipitate  34.10  63.10  2.80
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Fig.4 Longitudinal OM images ((a), (c), (e)) and transverse SEM images ((b), (d), (f)) of steady state zone of DS samples at different

withdrawal rates: (a), (b) 20 pm/s; (c), (d) 100 um/s; (e), (f) 200 pm/s
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Fig.5 Morphologies of solid/liquid interfaces of DS samples
at different withdrawal rates: (a) 20 pm/s; (b) 100 um/s; (c) 200
pum/s
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