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Phase field simulation of formation and continuous propagation of
columnar grain structure during directional annealing
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Abstract: Based on the moving hot zone model under directional annealing, the effects of the hot zone width on the
formation and continuous propagation of columnar grain structure during directional annealing in polycrystalline
materials were studied by phase field method. The simulation results show that increasing hot zone width is beneficial to
the formation of columnar grain structure, and the aspect ratio of the columnar grain increases with increasing the hot
zone width. For a given zone speed, the critical hot zone width for propagation of columnar grain is smaller than that for
its formation. When the hot zone width is 1.5 times greater than the initial grain diameter, the effect of the hot zone width
on critical hot zone speed necessary for the continuous propagation of columnar grain structure is rarely small.
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Fig. 1 Schematic diagram of moving hot zone with infinite

temperature (7) gradient™"!
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Fig. 3 Grain morphologies of system at same hot zone speed (v=0.002 gp/ts) and different hot zone widths W during directional
annealing : (a) W=5 gp; (b) W=10 gp; (c) W=15 gp; (d) W=20 gp; (e) W=30 gp; (f) W=50 gp
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and hot zone width
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Fig. 5 Effect of hot zone width /¥ on continuous propagation of columnar grain structure (hot zone speed v=0.002 gp/ts) (Position

and width of hot zone are indicated by gray rectangular regions): (a) W=30 gp; (b) W=15 gp; (c) W=10 gp
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Fig. 7 Grain morphologies of different hot zone widths and speeds (Fig.7(a)~(f) corresponding to points from A to F in Fig. 6,
respectively): (a) W=15 gp, v=0.00067 gp/ts; (b) W=20 gp, v=0.0033 gp/ts; (c) W=50 gp, v=0.0044 gp/ts; (d) W=15 gp, v=0.0050

gp/ts; (e) W=20 gp, v=0.0050 gp/ts; (f) W=50 gp, v=0.0054 gp/ts
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