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Simulation of dendritic growth and solute concentration
distribution during solidification process of
Fe-0.04%C alloy weld molten pool
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(School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: Based on the diffusive interface model of dendritic growth, a new model of dendrite growth and solute
concentration distribution of Fe-0.04%C (mass fraction) alloy was developed by the improved cellular automaton method,
combined with the finite difference method, considered concentration field, temperature field and the shape of molten
pool. This model simulated the growth morphologies of a single equiaxial crystal, the relationships between dendrite tip
growth and time, multiple equiaxial crystals growth morphologies and solute concentration distribution, the growth of
columnar crystal, columnar-to-equiaxed transition after coupling temperature field, and compared with the experimental
results. The results indicate that the orientation angles have certain influence on dendrite morphologies, the dendrite tip
growth rate tends to be stable with the extension of time in the end, the shape of molten pool influences the growth
morphologies of columnar crystals, the solute concentrate in the dendrite roots and grain boundaries. The simulation
results are in accord with the experimental ones well.
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Table 1 Thermo-physical property parameters of Fe-C alloy

Parameter Value
Alloy composition, ¢y/% 0.04
Liquid slope, my/K -80

Solute diffusion coefficient in liquid

phase, D/(m*s ") 3%107
Partition coefficient, & 0.17
Anisotropy strength, G, 0.3
Gibbs-Thompson coefficient, I” 1.9x1077
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Fig. 1 Single dendrite morphologies of different preferred directions of Fe-0.04%C: (a) 0°; (b) 30°; (c) 45°; (d) Relationship

between dendrite tip growth velocity and time
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Fig. 2 Multi-dendrite growth morphologies and liquid and solid solute concentrations distributions of Fe-0.04%C at different time:
(a) Dendrite morphology at 3X 107 s; (b) Dendrite morphology at 5X 107 s; (c) Solid concentration distribution at 3 X107 s;
(d) Solid concentration distribution at 5X 107 s; (e) Liquid concentration distribution at 3X 107 s; (f) Liquid concentration

distribution at 5X 107 s
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