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Fig. 1. Electromagnetic levitation experiments for Ti-
25 wt.%Al alloy: (a) Maximum undercooling desig-
nated in Ti-Al alloy phase diagram; (b) XRD patterns

versus undercooling at room temperature.
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Table 1. Physical parameters of alloy and medium

used for theoretical calculations.

P FF5 (PhL) Bl SOk
Ti-Al & HIRT  Co (wt.%Al) 25 [30]
PETURE 2R T (K) 1903 [30]
PERRMAR R my (K/wt.%)  —7.027  [30]
STV 54 B R 3L ke 0.8052  [30]
WEGEEE pL(kg/m?3)  3.481 x 103 [33]
WAEEGEWHR Cpr (J/molK)  33.74 [33]
BEAEEEH Cps(J/molK) 26.55 [33]
Bt e AHy (J/mol) 1.372 x 10* [33]
ANl o (J/m3) 0.2413  [33]
WAIERY BN T Do (m?/s)  1.392 x 10~7 [33]
TR B g Q (J/mol)  4.064 x 10* [33]
TRy BRI ap (m) 3x 10710 [33]
WG IR eL 0.4075  [33]
TR BUR B ar, (m?/s)  1.936 x 107° [33]
Gibbs-Thomson £% I (K-m)  3.499 x 10~7 [33]
ETEIVAE S s p (m/s:K) 0.9111  [33]
Ar R po (kg/m?) 0.266 [33]

Ar " FE no(Pa-s) 7.6 x 1073 [33]

Ar KA Cpo(J/kg-K) 520 [33]

Ar TR AR Xo(W/m-K)  6.26 x 1072 [33]
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Fig. 2. Nucleation of primary 8 phase versus undercool-

ing: (a) Thermodynamic driving force for solidification;

(b) nucleation rate in undercooled liquid alloy.
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itated Ti-25 wt.% Al alloy versus undercooling:
(a) AT =14 K; (b) AT =196 K.
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Fig. 4. (color online) Measured and calculated kinetics
parameters for dendritic growth of primary 8 phase:
(a) Dendritic growth velocity; (b) partial undercool-
ings versus total undercooling; (c) curvature radius of

dendrite tip.
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Abstract

It is highly desirable to undercool titanium based alloy melts and modulate their dendritic solidification process due
to the relevant applications in aerospace engineering. But the serious chemical reactivities of this category of alloys result
in potent heterogeneous nucleation and suppress remarkable undercoolings in the course of normal material processing.
This paper shows that such a challenge can be solved by containerless processing approach. Liquid Ti-25 wt.%Al alloy
is highly undercooled and rapidly solidified under containerless state by both electromagnetic levitation and drop tube
techniques. Its metastable undecoolability, crystal nucleation mechanism and dendrite growth process are examined
experimentally and analyzed theoretically. Those heterogeneous nuclei with wetting angles above 60° are found to
be quite difficult to eliminate even during levitation processing, thus reducing the undercoolability of this alloy. The
maximum undercooling of bulk alloy melt reaches 210 K (0.11 71.). The thermodynamic driving force to initiate the
nucleation of 3-Ti phase increases almost linearly with the enhancement of undercooling. The 3 phase dendrite displays
a growth velocity up to 11.2 m/s, indicating that the rapid solidification is realized at the relatively slow cooling rate
of levitated alloy melt. With the increase of undercooling, 5 phase dendrite experiences a kinetic transition from solute
diffusion controlled to thermal diffusion controlled growth. Once undercooling exceeds 100 K, the nonequilibrium solute
trapping effect brings about the practically desirable segregationless solidification. Nevertheless, the single condition
of substantial undercooling is insufficient to suppress the solid state transformation of 5 phase. It is decomposed into
a2-TizAl phase plus a small amount of «-TiAl compound after containerless solidification at levitated state. A more
efficient approach to controlling and modulating the solidification microstructures is to utilize the coupled effects of high
undercooling and rapid quenching, which proves to be feasible through the rapid solidification of alloy droplets inside
drop tube. For those alloy droplets with diameters ranging from 77 to 1048 um, their cooling rates attain a maximum of
1.05 x 10° K/s, and the predicted maximum undercooling is 227-778 K. In this case, S phase dendrites are well refined
and kept in a metastable state until ambient temperature. The heat transfer calculations indicate that the thermal
radiation is the dominant cooling mechanism for the large alloy droplets above 690 um, whereas thermal convection
becomes the major cooling mechanism for the small alloy droplets below 690 pm. The microgravity condition during

free falling does not show apparent effect on the microstructural formation of these alloy droplets.

Keywords: liquid alloy, substantial undercooling, rapid solidification, dendritic growth
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