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Fig. 1. The morphology evolution of columnar crystal in a
straining flow on the cross-section of Oxy plane at t = 396,
where I'=0.25, M} =0.01, MZ=0.02, CL{OO = 1.0,
Cf oo =30, Ay =33, mi=-16, ma=-233 E=
0.3, My =0.01, kr =1.23, A\s=0.01, A}, =0.01, A2 =
0.02, € = 0.05.

—-10 —10

Bl 2 fEt=3968f, HAR MK R HIES. Hrh I = 0.25,
M} =0.01, MZ =0.02, Cﬂm = 1.0,03700 =3.0,A, = 3.3,
m1 = —1.6, mg = —2.33, E = 0.3, My = 0.01, kr = 1.23,
As =0.01, Ay =0.01, A3 =0.02, e =0.05, A=0.9

Fig. 2. The morphology evolution of columnar crystal in a
straining flow at ¢ = 396, where I = 0.25, Mé =0.01,
ME = 0.02,03700 = 1-0»03,00 =3.0,A) =3.3,m; = —1.6,
mo = —2.33, E=0.3, My =0.01, kr =1.23, Ag = 0.01,
Ay =0.01, 3 =0.02, e=0.05, A=0.9.
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Fig. 3. Interface morphology of columnar crystals affected
by different sizes of straining flow, where ¢ = 256,
I'=0.25M} =001, M2 =0.02,C}  =1.0,C¢ _ = 3.0,
Ay =33, my =—1.6, mg =—2.33, E=0.3, My = 0.01,
kr=1.23, X\s=0.01, A\, =0.01, X} =0.02, ¢=0.05.
Ais 0.9, 0.6, 0.3, 0 from left to right, respectively.
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Fig. 4. Evolution of columnar crystal interface with time in
the Oxzy plane, where I' = 0.25, M} =0.01, M2 =0.02,
Cﬁ,oo = 1.0, Cf,oo =30, Ay\=33, mi=-16, my =
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Fig. 5. Effect of straining flow on the interface morphology
of columnar crystals in different impurity content, where
t =256, I' =0.25, Cﬁ’oo = 1.0, Cim =3.0, Ay =3.3,
m1 = —1.6, mg = —2.33, E = 0.3, My = 0.01, kr = 1.23,
As = 0.01, AL =0.01, A3 =0.02, ¢ =0.05.
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Fig. 6. Effect of straining flow on the interface morphology
of columnar crystals in different impurity content, where
t =256, I' =0.25, Oﬁm =1.0, CE,OO =3.0, Ay, =3.3,
m1 = —1.6, mg = —2.33, E = 0.3, My = 0.01, kr = 1.23,
As = 0.01, AL =0.01, M3 =0.02, e =0.05.
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Fig. 7. The change of impurity concentration at the inter-
face of columnar crystal in the R, plane, where t = 256,
I'=0.25, M} = 0.01, Mg =0.02, Cf = 3.0, A\ =323,
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Effect of straining flow on growth of columnar crystal in
ternary undercooled melt”

Fan Hai-Long  Chen Ming-Wen |

(School of Mathematics and Physics, University of Science and Technology Beijing, Beijing 100083, China)
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Abstract

As an important microstructure, columnar crystal growth technology, especially the growth technology of
single columnar crystal plays an important role in improving the performances of semiconductor, optical devices
and other related products. In many practical applications, because the alloy is composed of multi-component
and there is inevitably flow in the melt, it is necessary to study the growth of columnar crystals in multi-
component melt with flow separately. The growth of columnar crystal in a ternary undercooled melt subjected
to straining flow under non-isothermal conditions is studied, and the approximate analytical expression for
growth morphology of columnar crystal is given by using asymptotic method. It can be seen from the expression
that straining flow is an important reason for irregular columnar crystal. When analyzing the effect of straining
flow on the growth of columnar crystal in ternary melt, it is found that the incoming flow accelerates the
growth velocity of the interface, while the outgoing straining flow reduces the growth velocity of the interface,
namely, the straining flow makes the interface of columnar crystal deformed. At the same time, it is found that
the interface deformation becomes more intense with the increase of flow velocity. The above conclusion can
also be applied to the effect of straining flow on the interface morphology of columnar crystal in pure melt and
binary melt. The comparison of the effects of straining flow on the interface of columnar crystal among pure
melt, binary melt and ternary melt, shows that the interface morphology of columnar crystal in dilute alloy
melt is more affected by straining flow than in the pure melt, but the more components are more easily affected
by flow. However, the number of components in melt is not a decisive factor for the change of interface
morphology of the columnar crystal, but the constitutional undercooling is an important factor for determining
the interface morphology of multicomponent alloy. According to the conclusion of this paper, the influence of
straining flow on the interface morphology of columnar crystal growth can be quantitatively predicted, which

provides the necessary theoretical guidance in accurately controlling the interface morphology in the future.

Keywords: columnar crystal, ternary melt, straining flow, interfacial morphology
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