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Simulation of primary dendrite spacing in
unidirectionally solidified alloy
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Abstract: A two-dimensional cellular automaton model for simulation of dendritic growth during solidification of binary
alloy was built. The microstructural evolution in a directionally solidified succinonitile-2.5% (mass fraction) ethanol alloy
was simulated. The results show that the primary dendrite spacing may vary in a range under a given solidification
condition. Its value depends on the solidification history of the sample. The calculated upper and lower limits of primary
dendrite spacing at different cooling rates are in good agreement with the experimental results. The effect factors of the
solidification history dependence of the primary dendritic spacing were analyzed in detail. It indicates that the interfacial
energy and the solute diffusion coefficients are the main factors if there is no convection in the liquid phase.
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Table 1 Thermophysical properties of succinonitrile-2.5%

2 ZREITIE othanol
Parameter and description Value Ref.

2.1 —RAcamE BERY i SEAR K

XTI —2.5% £ T () 5 i sk R R AT T A UL AT Gibbs-Thomson coefficient, ”/mK ~ 6.3X10°° [26]
o T ZH5-2.5% LRERI R TE SR 1. BEHUE X
HUANG 20 OV557 Fi (4 52 [ [ 520 2 Ak« 68 ] L T B Solute difmsilgr;(iit;fjf)ient in liquid, 127X10° [26]
YSHR IR G =10.8 K/mm. WAHIE% N 0.54 1
K/s(H R RS BEE HEE y v=50 /). ALK 8 5 Interfacial energy, of/(Jm™)  8.95X10° [26]
J55 (T TP [ 5 1)) oA 3 mme B 52T ARV A K Liquidus slope, my/(K-% ") 56 7l
e H (n) 26 T 8 [ B[ 2 G ARk 7, &5 R T
2. AL, Y a<<13 W, EPANHIEE— B a4 T A Partition coefficient, 0.044 [27]

B — R, RS KR — YR b TR BE /N T T 46
— UK SRR 24 33=n=14 I, LEWIEE I — A

Degree of anisotropy of surface energy, ¢  0.0055  [28]

AR
B 2 ANEWIEF A T 05-2.5% LI 5E [A) dk [ 1k 2 Fa 23 I 5k & 41

Fig. 2 Steady state dendrite arrays in directionally solidified succinonitrile-2.5% ethanol sample with different initial dendrite seeds

LA

number (n) (Temperature gradient in front of solidification interface is 10.8 K/mm. Sample were solidified at rate of 50 pm/s):
(a) n=8; (b) n=13; (c) n=14; (d) n=25; (e) n=33; (f) n=34)
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Fig. 3 Relationship between stable-steady spacing and initial

dendrite spacing
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Fig. 4 Schematic diagrams of constitutional undercooling of
liquid between two dendrites of different spacing and
possibility to form new dendrite between two original dendrites
(Dash-dot lines are temperature profile, solid lines indicate
liquidus temperature, dashed lines are concentration of liquid,
cross hatched region is constitutional undercooling zone, ;<<
Hh<<ty)
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Fig. 5 Variation of simulated upper (4m.x) and lower (Amin)

limits of primary dendrite spacing in directionally solidified
succinonitrile-2.5% ethanol sample with solid/liquid interface
energy (Temperature gradient in front of solidification interface
is 10.8 K/mm, samples were solidified at rate of 50 pm/s)
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Fig. 6 Relationship between upper and lower limits of
primary dendrite spacing in directionally solidified
succinonitrile-2.5% ethanol sample and solidification rate
(Temperature gradient in front of solidification interface is

10.8 K/mm)
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