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Table 1.  The composition of solute in the CP-Al alloys
30]

used by Greer et al.3,

Liquidus  Partition  Solute composition/%

Element slope, m coefficient, & (weight percent) @
Fe —2.925 0.030 0.0825 0.234
Si —6.62 0.120 0.0475 0.276
Ga -2.52 0.140 0.0125 0.028
Ni -3.50 0.004 0.0051 0.018
\% 9.71 3.330 0.0079 0.167
Ti 25.63 7.000 0.0042 0.63
Na ~7.84 0.013 0.0015 0.012

2 BUUE I Tl aiss S4k 229052

Table 2. The parameters of CP-Al alloys used in the
simulations230:32,

Parameter Value
Cooling rate of the CP-Al melt/(K-s!) 3.5

Strength of the anisotropy of the

interfacial energy, 0-04
Gibbs-Thomson coefficient, 7 /mK 1.42 x 107
Heat capacity of Al melt, Cp/(J-K'-m?) 2.58 x 106
Average jump distance of Al atoms 10
in Al melt, §/m 287> 10
Boltzmann’s constant, kg 1.38 x 102
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Fig. 1. The supersaturation of the melt S = C; — C, (dash
line), the driving force of nucleation AGy (dot line) and the
heterogeneous nucleation rate I (solid line) of a-Al during
cooling the CP-Al melt inoculated by 0.01% Al-5Ti-1B mas-
ter alloy at the cooling rate of 3.5 K/s.
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Fig. 2. The radius distribution of a-Al nucleus at different
time during cooling the CP-Al melt inoculated by 0.01% Al-
5Ti-1B master alloy at the cooling rate of 3.5 K/s.

086402-5

1.2
-
0s | nay !
‘E Ndendrities
z
—
~
S o04f
\\
Tspherical
// \
0 /\ A L
17.10 17.25
t/s

Kl 3 0.01% Al-5Ti-1B H ] & 4 40 1 A B2 Tl 40 415 5 5
A, a-ALFAZ S EU ny, BOR T ngpherica LA B AL
BCH nondrivies FEI ] YA AL JE RS 3.5 K /s

Fig. 3. The number density of all nucleus n, in the Al
melt, the number density of spherical nucleus ng,perical and
the number density of dendrities ngonqrities during cooling the
CP-Al melt inoculated by 0.01% Al-5Ti-1B master alloy at
the cooling rate of 3.5 K/s.
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Fig. 4. Solidification microstructure evolution during cool-
ing the CP-Al melt inoculated by 0.01% Al-5Ti-1B mas-
ter alloy at a cooling rate of 3.5 K/s: (a) Solid fraction =
0.1%; (b) solid fraction = 1.0%; (c) solid fraction = 25.0%;
(d) solid fraction = 70.0%. The size of computational do-
main is 600 pm x 600 um x 600 pm.
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Fig. 5. Calculated heterogeneous nucleation rate I of a-Al
and the undercooling of the melt AT for the CP-Al inocu-
lated by different amount of Al-5Ti-1B master alloy at a
cooling rate of 3.5 K/s.
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Fig. 6. Simulated solidification microstructure for the CP-Al
melt inoculated by different amount of Al-5Ti-1B master al-
loy at a cooling rate of 3.5 K/s: (a) 0.005%; (b) 0.01%;
(c¢) 0.4%; (d) 1.0%. The size of computational domain is
900 pm x 900 pm x 900 pm.
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Fig. 9. Simulated solidification microstructure for the CP-Al
melt inoculated by 0.5% Al-5Ti-1B master alloy at the dif-
ferent cooling rate of the melt: (a) 1.0 K/s; (b) 2.0 K/s;
(c) 5.5 K/s; (d) 10 K/s. The size of computational domain
is 900 pm x 900 pm x 900 pm.
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Abstract

Solidification microstructure of aluminum alloy has a great influence on the properties of the casting. An
aluminum alloy with the structure of fine equiaxed grains has low casting defects and presents excellent
mechanical properties. Recently, chemical inoculation by adding grain refiner is the technique most extensively
used to achieve a fine, equiaxed grain structure of Al alloy in the industrial production. In order to investigate
the detailed solidification microstructure evolution of the alloy, many numerical models have been proposed.
Cellular automaton method is one of the powerful tools for simulating the morphology evolution of detailed
grains in the solidification process of alloy. However, the present cellular automata model has a shortcoming,
that is, its calculation of the nucleation rate is based on the experimental number density of grains. In this
work, a population dynamics-cellular automaton model is developed for describing the solidification
microstructure evolution of the inoculated aluminum alloy. The model takes account of the heterogeneous
nucleation of a-Al nucleus, the initial spherical growth of a-Al grains and the dendritic growth process. The
model is used for simulating the solidification microstructure evolution of the commercial-purity aluminum (CP-
Al) inoculated by Al-5Ti-1B master alloy. The results indicate that the heterogeneous nucleation process of o-
Al can be divided into the two stages. In the early stage of nucleation, there are enough effective particles in the
melt. The nucleation rate of a-Al increases with the increase of the undercooling of the melt. After a short time,
the nucleation of a-Al is dominated by the number density of the effective particles in the melt. Nucleation
process stops when the recalescence takes place. The effects of the additive amount of Al-5Ti-1B master alloy
and the cooling rate of the melt on the solidification microstructure of the CP-Al are investigated by using the
established model. The final solidification structures of CP-Al are predicted. And a comparison between the

predicted results and the experimental ones shows that they are in good agreement with each other.
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