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Experimental and simulation of primary dendrite spacing in
directional solidification of Al-7Si-0.36Mg alloy
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School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The directional solidification dendritic morphology evolution and primary dendrite arm spacing selection
process of Al-7Si-0.36Mg alloy were studied by directional solidification experiments and cellular automaton model. The
results indicate that there is a continuous range of primary dendrite arm spacing under the given solidification condition.
Under the condition of the given temperature gradient and various solidification velocities, the relationships between the
primary dendrite arm spacing parameters (Ayax, Aave> Amin) Of Al-7Si-0.36Mg alloy and growth velocity were expressed,
and Apa/Amin~>3. The simulated results show a quite good agreement with the experimental results, which is better than
predicted results of Hunt-Lu model. The comparisons reveal that the present CA model has a high accuracy in simulating
the evolution of dendrite morphology and predicting primary dendrite arm spacing in directional solidification. Based on
the predictions and related literatures, the factors influencing the selection of primary dendrite arm spacing, such as
growth velocity v, temperature gradient G, interfacial energy effect, solute diffusion coefficient Dy, as well as the
deviation angle 6 between the dendrite growth direction, and heat flux direction were analyzed.
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Fig. 1 Dendrite morphologies on transverse sections of Al-7Si-0.36Mg alloy directional solidified at different growth velocities:

(a) 50 um/s; (b) 100 um/s; (c) 150 pum/s; (d) 200 um/s
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Fig. 2 Size distribution of primary dendrite spacing 4, solidified at different growth velocities: (a) 50 pm/s; (b) 100 um/s; (c) 150

umy/s; (d) 200 pm/s
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Fig. 3 Steady state dendrite arrays in directional solidification at different initial primary dendrite arm spacings (4;,;) and different

growth velocities: (al)—(a4) 50 um/s; (b1)—(b4) 100 um/s; (c1)—(c4) 150 um/s; (d1)—(d4) 200 um/s
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Fig. 5 Simulated steady state dendrite arrays at different growth velocities in directional solidification: (a) 200 um/s; (b) 150 pm/s;

(¢) 100 pmy/s; (d) 50 pm/s
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Fig. 8 Effects of deviation angle € between dendrite growth
direction and heat flux direction on dendrite growth and

dendrite spacing (G=15 K/mm, v=200 pum/s)
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