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Analysis on the Solute Redistribution in Coarsening Dendrite Arms during

Key

Solidification of Binary Metal Alloys
Hoseon Yoo

Words : Solute Redistribution (8- =%u)), Microsegregation (=] 4]# 4]), Binary Alloys
(o] ¥3t&), Dendrite Arm Coarsening or Ripening(<+%2] 47}= =i 3}), Back

Diffusion (¢ gk4})
Abstract

This paper presents a simplified model for approximate analysis of the solute redistribution in
coarsening dendrite arms during solidification of binary metal alloys. By introducing a quadratic
concentration profile with a time-dependent coefficient, the integral equation for diffusion in the
solid phase is reduced to a simple differential relation between the coefficient and the solid-liquid
interface position. The solid fraction corresponding to the system temperature is readily deter-
mined from the relation, phase equilibrium and the overall solute balance in which the liquid
phase is assumed to be completely mixed. In order to validate the developed model, calculations
are performed for the directional solidification of Al-4.9 mass % Cu alloy. The predicted eutectic
fractions for a wide range of the cooling rate reasonably agree with data from the well-known
experiment as well as sophisticated numerical analyses. Also, the results for the back diffusion
limits are consistent with available references. Additional calculations show that the characteris-
tic parameters such as the coarsening, density variation and nonlinarity in the phase diagram
signicantly affect the microsegregation. Owing to the simplicity, efficiency and compatibility, the
present model may be suitable for the micro-macroscopic solidification model as a microscopic

component.
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Table 1 Thermophysical properties of Al-Cu alloy.

Property Value
Density of aluminum, p*[kg/m?®} 2550
Density of copper, p®[kg/m?®] 7670
Liquid mass diffusivity, D,[m?/s] 5x107°
Solid mass diffusivity, Ds[m?/s] 0.29Xx 10 e 156107
Latent heat, /4,[J/m?] 1.07%10°
Eutectic composition, Cew[mass %] 33.2
Eutectic temperture, Teu[K] 821.2
Surface energy per unit area, y[J/m?] 0.093

Table 2 Experimental data®’ for comparison.

Case RIK/s] Az (¢5) [ppm] Ffo[mass %] go[vol %]*
C1 0.1 91 4.18 2.58
C2 1.05 46 4.90 3.02
C3 11.25 23 5.14 3.28
C4 65 14 5.37 3.44
C5 187 10 5.62 3.61
Cé 1700 5.4 4.66 2.95

* converted by Battle & Pehlke!?.
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Table 3 Converted eutectic fractions [vol %] by different procedures.
Case SI:ref. (13) S2 i ref. (14) S3 : present
C1 5.54 5.32 5.74
C2 6.52 6.23 6.73
C3 6.86 6.76 7.05
C4 7.16 7.09 7.37
C5 7.50 7.44 7.72
Cé 6.19 6.08 6.38
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Table 4 Comparison of predicted eutectic fractions [vol %] for limiting cases.

Limiting cases Present Ref.(14) Analytical
Scheil limit :
Ds=0, kp=0.14 8.79 8.66 8.70*
and fixed arm spacing
Diffusion controlled 7 60 749 )
limit : Ds=0 ' '
* by Scheil equation, Eq. (21)
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