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Table 1. Material properties values chosen for simulation.

Property Value in simulation

me/K-(wt. %) =1 —65
ke 0.204
Tv/K 1810

Dy, /m?.s~1 2.0 x 10~8

Dg/m?2.s71 1.0 x 1079

p/kg-m~3 7.01 x 10~3
L¢/J-mol 1 15170
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Table 2. Phase-field model parameters for simulation.

Phase-field model parameters Value in simulation

A 16
wp/m 1.0 x 1077
T0/s 1.0 x 1076
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Fig. 1. (color online) Phase-field results for DS with varying anisotropy parameters and Vp = 4 mm/s,
t = 800: (a) (0,—0.01); (b) (0.08,—0.01); (c¢) (0.12,—0.01).
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Fig. 2. (color online) The variation of the dendrite 3D morphology in different pulling velocities: (a) 2 mm/s;

(b) 4 mm/s; (c¢) 6 mm/s; (d) 8 mm/s.
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Fig. 3. (color online) Velocity results at +X axis for
DS with varying pulling velocities.
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Table 3. Tip splitting time and velocity in various

pulling velocities.

Pulling Tip splitting Tip splitting
velocities/mm-s~1 time /o velocity /mm-s~1
2 700.9 0.96
4 259.6 1.22
6 182.6 1.32
8 169.2 1.32
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Fig. 4. (color online) C concentration in liquid channel

at different time step with Vp = 4 mm/s.
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Fig. 5. (color online) C concentration in X = 90 plane

with Vp =4 mm/s, t = 600 (percent content).
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Fig. 7. The variation of the dendrite morphology in
different pulling velocities at 6007y (1, 4 mm/s; 2,
6 mm/s; 3, 8 mm/s).
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Abstract

In directional solidification, two characteristic parameters determine the dendritic growth: the thermal gradient and
the pulling velocity. To achieve the suitable microstructure and improve the performance of casting, they are usually used
to resize the pulling velocity or temperature gradient in directional solidification process. The structures obtained under
different directional solidification conditions, and their associated properties both have been hot research points. It is
difficult to observe the microstructure, which is usually on a micrometer scale, directly in experiment, and the phase-field
method becomes a strong tool to understand the dendrite growth pattern. We mainly study the liquid channel formed
after Fe-C alloy dendrite tip splitting under the specific condition of directional solidification and analyze the influence
on liquid channel of pulling velocity in this paper. We choose the fixed thermal gradient G = 20 K/mm which is on the
order of the experimental value, and pulling velocity Vp no more than 10 mm/s to keep the cooling rate in the range
of low speed in dendrite growth, so that the interface kinetic effect can be neglected. Recent experimental results show
the different interfacial energies in various compositions of Al-Zn alloy and Fe-C alloy, then we can investigate a series
of directional solidification microstructures with fixed alloy Fe-0.5 wt.%C composition at different interfacial energies
in our simulations. We find that the liquid channel is formed as a result of anisotropy competition between system
and materials, the length and C concentration of liquid channel increase with the pulling velocity increasing, while the
diameter of liquid channel is constant. It is interesting to find that there is a minimum of pulling velocity almost equal to
1 mm/s, the tip will not split and no liquid channel forms in the following steps either when the velocity is smaller than
the minimum. We also compare the segregation caused by solute enrichment in liquid channel and solute segregation
between dendrite arms in a series of simulations: the former is more serious than the latter. Then we point out the
way to reduce the segregation caused by liquid phase channel by reducing the pulling velocity properly. It will be more

practical to couple the flow field with other external field, such as magnetic field, in the simulation.

Keywords: directional solidification, liquid channel, pulling velocity, segregation
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