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Study on the solidification process of NH,Cl aqueous solution by volume-averaged
method
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ABSTRACT The solidification process of NH,Cl—70% H, O ingots was simulated and experimentally investigated based on the solid-
ification theory and a volume-averaged multiphase solidification method. Although the solidification process of NH,Cl—70% H, O ingots
has been investigated previously but these researches are mainly focused on the single phenomenon of the process such as the forma—
tion of channel segregation convection or the formation of grains. On the basis of foreresearches combining numerical simulation
with experiment nearly all the phenomena occurring in the solidification process of the ingot were investigated in this paper especially
the equiaxed crystals’ floating and settling down on the bottom of the ingot and the convection induced by such floating of equiaxed
crystals which was reproduced by the simulation. Finally the mechanism of the forming of macro-segregation was deeply discussed.
The calculation showed that equiaxed grains floated down from the mold wall and tended to settle down on the bottom of the ingot.
When the volume fraction of equiaxed grains accumulated up to a critical value columnar grains would stop their growth and so the
columnar-to-equiaxed transition( CET) process was to the end. Owing to solute partitioning and the sedimentation of equiaxed grains
there was negative macro-segregation in triangle shape on the bottom of the ingot while a wide range of positive macro-segregation was
constructed on the upper part of the ingot. The calculated results are relatively conformed to the experimental ones in aspects of the
sedimentation of equiaxed grains and the induced fluid convection indicating that the key factors leading to macro-segregation are crys—
tal sedimentation and fluid convection.
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ATy /K furitiea H,/(Wem™2+K™!)
2
Table 2  Process parameters
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Fig.2 Temperature field ( K) of liquid phase at different time: (a) 238s; (b) 416s; (c) 589s; (d) 653s
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Fig.5 Volume fraction of equiaxed grains at different time: (a) 238s; (b) 416s; (¢) 589s; (d) 653s
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Table 3 Comparison between the NH, Cl concentrations of sampling points at 416 s
1 2 3 4 5 6 a b c d
/% 28.3 28.5 27.5 27.4 28.2 29.9 28.8 27.9 28. 1 27.8
/% 27.1 27.4 26. 1 25.8 28.8 29.8 27.7 27.5 27.8 28.1
4 589s NH, Cl
Table 4 Comparison between the NH, Cl concentrations of sampling points at 589 s
1 2 3 4 5 a b c d
/% 26.7 30.0 37.2 26.2 29.9 28.6 29.0 29.8 30.5
/% 25.4 28.3 26.4 26.3 29.6 27.4 28.2 28.4 29.8
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Table 5 Comparison between the NH, Cl concentrations of sampling points at 653 s
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