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Development of Directional Solidification Technology
Based on Electromagnetic Cold Crucible to
Prepare TiAl Intermetallics

DING Hongsheng, GUO Jingjie, CHEN Ruirun, FU Hengzhi
( National Key Laboratory for Precision Heat Processing of Metals,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: On basis of electromagnetic processing principle of materials, directional solidification technology based on e-
lectromagnetic cold crucible integrates the inductive melting into electromagnetic continuous casting using a water-cooled
copper crucible device is investigated. It has been with much flexibility to perform directional solidification of TiAl avoi-
ding contaminations by the present method compared to a traditional Bridgeman method. By systematic experiments and a-
nalysis on the behavior of the electromagnetic and temperature field within cold crucible and their coupling effect, a semi-
quantitative relationship between temperature, electromagnetic intensity and unit parameters of crucible was set up. Bil-
lets with multiple cross-sections of round and square as well as near-rectangular were solidified successfully into unidirec-
tional structures for Ti-Al binary alloys, in which by controlling the compositions and modifying the microstructures it re-
vealed that the method is available for TiAl-based alloy in multiple composition and phases effectively. Finally, tensile
testing results show that a tensile elongation of about 1. 5% can be attained for as-DS samples. This means, due to the
improvement of castings quality, enhancing its application for light-weight high-Nb containing y-TiAINb are with great pro-
spective in the future.
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Fig. 1 The specific strength of TiAl alloys in comparison with other

alloy systems at different serving temperature
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Fig. 2 Electromagnetic cold crucible directional solidification

equipment (a) scheme and (b) structure of the crucible
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Fig. 3 Influence of input power (a) and coil number (b) on

the distribution of axial magnetic intensity
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Fig. 4 Changes of magnetic induction inside cold crucible with its height
at different sites of their positions (a), along the periphery (b)

and the diagonal line (c) of the crucible, respectively
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Fig. 5 The coherence of the heat flux directions and the solidification
mterface shapes: (a) solid-liquid interface convex, (b) solid-

liquid interface plane, and (c) solidliquid interface concave
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Fig. 6 The temperature field in a TIGAMYV ingot in variations
with the input currents; (a) 5.0 x 10 A/m?,

(b) 6.6 x10™ A/m?, and (¢) 6.7 x 10" A/m*
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section and (b) cross sections
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Fig. 16 Microstructure of as-DS samples withdraw at varying velocity
of (1)] mm/min, (2)1.2 mm/min, (3)1.5 mm/min,
(4)2 mm/min, and (5)2.5 mm/min
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Fig. 17 Tensile sample at room temperature
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Table 1 Tensile test results at room temperature

Maximum

N Maximum  Maximum disol N Elongacon  Modulus
o load/kN  stress/MPa 1splacemen /% /MPa
/mm
1 1.239 214. 4 0.047 9 1.553 130 700
2 2.114 351.2 0.039 7 0.175 157 900
3 1.976 335.0 0.045 3 0.229 149 700
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Fig. 18 Load-displacement curve of tensile testing at

room temperature
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Fig. 19 Tensile sample at elevated temperature
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Table 2 Tensile test results at high temperature

Maximum Yield Maximum

Yield Maximum

No. load/kN load/kN stress/MPa stress/kN  displacement/mm  Liongacon/% - Modulus/MPa
1 1.314 1.281 263.9 257.3 0.573 4 0.4357 18 030
2 2.120 1.704 425.7 342.2 0. 800 4 0.836 2 23 280
3 1. 649 1.508 344.9 315.4 0.7316 1.038 0 24 690
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Fig. 20  Load-displacement curve of tensile testing at

elevated temperature
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