902 % L W % 78 4E (1992) % 6 %

© 1992 1SLJ
I

X

AT ) = INF-BEE B D B R

SPREIEAL™ - ATAR D™ - IR - O

Apparent Viscosity of Semi-solid Metals

Masazumi HiRAIL, Katsuhiro TAKEBAYASHI, Yuji YOSHIKAWA and Ryoji YAMAGUCHI

Synopsis :

Cold model and stirring experiments of Al-10 mass% Cu semi-solid alloys on continuous cooling were car-
ried out to investigate factors affecting viscosity and the relationship between apparent viscosity and stir-
ring condition of semi-solid metals.

In the cold model experiments, the suspension viscosity of sphere particles was lower than that of irregu-
lar shape particles, and decreased with widening of particle size distribution. These behaviors were ex-
plained well by the equation proposed by Mori-OtoTake which is a function of particle shape, the critical
fraction solid for fluidity and the fraction solid of suspension. The measured apparent viscosity of Al-10
mass % Cu semi-solid alloys was regressed with this equation. The regression curves were well fitted with
the measured values, and the coefficients of regressed equations depended on solidification rate and shear
rate. The apparent viscosity increased with increasing solidification rate and decreasing shear rate. The
critical fraction solid for fluidity increased with decreasing solidification rate and increasing shear rate.
These results depended on the shapes of suspended particles in semi-solid metals. In case of the dendritic
structures with many arms or the network structures, the viscosity was increased and the critical fraction
solid was decreased. The apparent viscosity equation of Al-10mass% Cu semi-solid alloy is proposed as
follows, »

- 2.41X105Cv35,-4/3 }

”b"”L“{ 1+ 2[1//,—1/(0.72—8.82C'*7~173)] (Pa-s).
Key words : viscosity; viscosity of semi-solid metal; semi-solid metal ; semi-solid alloy ; semi-solid Al-10
mass % Cu alloy ; Al-Cu alloy; viscosity equation of semi-solid metal ; shear rate: critical fraction solid for

fluidity.
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Fig. 1. Apparatus for cold model experiment.

b) Atomized Al particles
Microphotographs of particles for the
cold model experiments.

a) Glass spheres
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Apparatus for semi-solid metal experi-

Table 1. Experimental condition.

Metal composition Al-10 mass % Cu
Metal weight 20 kg

Stirring speed . 21~63rad-s”!
Average shear rate (7) 90~500 s~ !
Average cooling rate 0.05~1.0K-s™!

Solidification rate (df,/dt) 0.001~0.025s"!
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Fig. 6. Relationship between volume fraction solid
and relative viscosity for various particles.
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