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Abstract

A numerical analysis on the microstructural evolutions of microcellular and cellular a-aluminum
phase in the gas-atomized Al-8wt. pct droplets was represented. The 2-dimensional non-Newtonian
heat transfer and the dendritic growth theory in the undercooled melt were combined under the as-
sumptions of a point nucleation on droplet surface and the macroscopically smooth solid-hquid inter-
face enveloping the cell tips. It reproduced the main characteristic features of the reported microstruc-
tures quite well. It predicted a considerable volume fraction of segregation-free region in a droplet
smaller than 10g#m if an initial undercooling larger than 100K is given. The volume fractions of the
microcellular region(gs) and the sum of the microcellular and cellular region(g,) were predicted as
functions of the heat transfer coefficient, h and initial undercooling, A4T. It was shown that g, and g,,
in the typical gas-atomization processes with h=0.1-1.0W/cm°K, are dominated by 4T and h,
respectively, but for h larger than 4.0W/cm?K, a fully microcellular structure can be obtained irrespec-

tive of the initial undercooling. (Received October 6, 1993)
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numbers(P and Pu) with the tip velocity.
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Fig. 5. Comparison of the calculated interface profiles (solid lines) with Newtonian ones (filled circles) for
AT=10K, h=0.1W/em’K end D=10xm : (a) without (b) with a correction (Eq. [18]) on the growth direction.
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APPENDIX — Thermophysical data used in calculation

AH(latent heat of fusion) =1044J/cm?

Cy (specific heat of liquid) =2.6J /cm*K

Cs(specific heat of solid) =3.0J/cm’K

K. (thermal conductivity of liquid) =0.9J/cmKsec

Ks(thermal conductivity of solid) =2.1J/emKsec

D{(diffusion coefficient of Fe in liquid)
=2.95-10%exp(-40000/RT)cm?/sec

I'(capillary constant) =1.0-10""km

Ti(melting temperature of pure Al) =933.6K

mg(liquidus slope of a-Al in Al-Fe phase diagram)
=-3.5K/wt.%

ko(equilibruim partition coefficient of Fe) =0.038

T,(atomozition gas temperature} =300K
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