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Change in apparent viscosity of stirred slurry during production

of semi-solid hypereutectic Al-Si alloy by slurry-melt mixing process

Tatsuya OHMI*, Kouki MINOGUCHI**, Masayuki KUDOH™*
Youichi ITOH* and Kiyotaka MATSUURA™*

A semi-solid slurry of a hypereutectic Al-Si alloy containing fine primary silicon crystals is producible by ‘‘slurry-melt
mixing (SMM)’’ process. In the SMM process, a melt of a phosphorus-added hypereutectic Al-Si alloy (second-alloy
melt) is mixed with a semi-solid slurry of a hypoeutectic Al-Si alloy (first-alloy slurry) which has been solidified with
stirring in a furnace-cooled vessel. In this study, the change in apparent viscosity of the stirred slurry, whose silicon con-
tent changed from 8 to 20 mass% by mixing of molten Al-32 mass % Si alloy, was measured continuously during the
SMM process. Immediately after the mixing of the second-alloy melt, the apparent viscosity decreases drastically from 7
to about 0 Pa-s. This abrupt change is attributed to the following facts: (1) The primary alpha-phase which has been
crystallized in the first alloy remelts rapidly in the mixed alloy. (2) The fraction of the primary silicon in the mixed alloy
is lower than that of the primary alpha-phase in the first alloy, though there is a strong driving force of crystallization of
the primary silicon in the mixed alloy in comparison with the conventionally solidified Al-20 mass%Si alloy. (3) The
apparent viscosity of the hypereutectic alloy is similar in order of magnitude to that of the hypoeutectic alloy of the same
fraction solid.
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Fig. 1 Typical thermal condition of SMM process
depicted on the Al-Si phase diagram.
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¢1, €9, Cpe: silicon concentration of the first alloy, the
second alloy and the mixed alloy, respectively.

T,, T,: temperature of the first alloy and the second
alloy, respectively.

T*, T)/*: parameters calculated by eq. (1) and eq.
(2), respectively.
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Table 1 Physical constants used in calculations

1.09 (k] -kg~!-K~1)
394 (k] -kg™1)
72(1075-m?-s™1)
38(106-m?2-s~1)

Specific heat capacity
Latent heat of fusion
Thermal diffusivity (solid)
Thermal diffusivity (liquid)
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Fig. 2 Experimental apparatus. (D second-alloy melt
@ launder @ stirrer @ first-alloy slurry ® ther-
mocouple ® electric furnace (7)) mixing vessel
elevating apparatus ® motor @0 control box @ data
acquisition controller @ personal computer.
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Fig. 3 Microstructures of slurry samples quenched
just before the eutectic solidification. (a) first-alloy
slurry (Al-8 mass%Si). (b) SMM slurry (A1-20
mass % Si) .
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Fig. 4 Change in temperature and apparent viscosi-
ty of Al-Si alloy during SMM process. Silicon con-
centration of the alloy changes from 8 to 20 mass%
by mixing of Al-32 mass% Si alloy melt.
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Fig. 5 Temperature change of the mixed alloy and
calculated relationship between the lifetime (¢,) and
the initial diameter (d) of remelting aluminum parti-
cle in the mixed alloy. The origin corresponds to the

onset of mixing.
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Fig. 6 Change in fraction solid (fraction of primary
silicon) of the mixed alloy calculated for two ex-
treme cases for the mixing condition: complete mix-
ing (C.M.) and complete segregation (C.S.).
Results for the conventional solidification (with stirr-
ing) of phosphorus-added Al-20 mass% Si alloy are
also shown, for comparison. The origin corresponds
to the onset of mixing.
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Fig. 7 Relationship between fraction solid and ap-
parent viscosity of Al-8 mass%Si alloy. Calculated
results for Al-10 mass% Cu alloy are also shown.
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Fig. 8 Relationship between fraction solid and ap-
parent viscosity of Al-20 mass2Si alloy. The values
of fraction solid were calculated on the assumption
of complete mixing.
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