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Abstract: The morphological linear stability and nonlinear stability of the solid-liquid interface of an Al-0.3 wt.% Si-0.1 wt.%
Cu ternary alloy were investigated via thermodynamics methods. Typical parameters of the phase diagram and different
stable regions between the linear stability and nonlinear stability of the solid-liquid interface were discussed via two
parameters, which were calculated via the thermodynamic method and the linear parameter method, respectively. The stable
regions, unstable regions, and subcritical bifurcation regions of the solid-liquid interface are also presented. The results
reveal that the typical parameters of the phase diagram obtained via thermodynamic calculations vary with temperature
rather than being linear parameters with constant values. The stable regions calculated by coupling with the thermodynamic
method are less than those calculated by linear parameters under the conditions of either linear stability or nonlinear
stability theory, and the judgment of solid-liquid interface instability is more stringent. When the perturbation frequency is
large enough or small enough, the parameters obtained via thermodynamic calculation and linearized parameters can be
substituted for each other, with little impact on the final judgment of solid-liquid interface stability.
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Tab.1 Thermodynamic parameters of the Al-Si—Cu
ternary alloy™

Parameters Liquid FCC_A1l
Las’ —11340.1-1.233 94T -3 143.78+0.392 97T
Las' -3530.93+1.359 93T
Las’ +2265.39
Lac —66 622+8.1T —-53 520+2T
Lac! +46 800-90.87+107xIn(T) —38590-2T
Laa’ 2812 +1170
Les’ -38763.5+12T -42203.5+13.891 37T
Las! ~52431.2+27.457 1T -1102.2-18.177 912T
Los’ —29426.5+14.775T
Laas’ +78 020.276 5-69.996 308 2T
Laas! +141 474.671-73.379 401 2T
Lacs? ~29 828.793 5+11.673 360 3T
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Fig.1 Partition coefficients and slopes of the liquidus lines of Si and Cu during solidification of Al-0.3 wt.% Si-0.1 wt.% Cu:
(a) partition coefficient; (b) slope of the liquidus line
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Tab.2 Physical parameters of Al-Si—Cu used in the
numerical calculation™"

Parameter Unit Value Ref.
ki cuLinear 0.14 [19]
ki inear 0.12 [19]
My, Lincar Kiwt.% -2.6 [19]
NS, Lincar K/wt.% -6 [19]

Do, m?s 3.0x10” [20]
Ds; m’/s 3.0x10” [20]
r K-m 2.4x107 [20]
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Fig.2 Stability map of the planar front predicted for the Al-0.3 wt.% Si-0.1 wt.% Cu alloy (G=1 000 K/m): (a) stable region formed by
v and w; (b) variation in S(w) with w at various growth velocities
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