
“Al20Cu_equiaxed” shows directional solidification of an Al-20wt%Cu alloy inoculated 
by grain refiners added to the melt corresponding to 25 ppm Ti and 5 ppm B. New 
aluminium grains nucleate more or less continuously in the melt ahead of the coherent 
crystal network. A fraction of the crystals is found to nucleate from seeds that stick to the 
exterior oxide skin of the metal sample, the sample BN-coating or the quartz-glass sample 
container. These crystals are easily distinguished from those that nucleate freely in the 
melt due to the substantial free crystal flow caused by buoyancy from a substantially 
denser and solute enriched melt. Even at C0 the melt density is roughly ~ 1.4 times that of 
the α-Al solid, and consequentially buoyancy is more than large enough to overcome 
counterbalancing forces like Stokes drag exerted from the melt on the moving crystals and 
damping caused by the Hele-Shaw-type confinement of the sample cell.  Since the 
solidification direction is parallel to gravity, upward motions of the free crystals are 
blocked as they impinge on the coherent network. As long as the crystals flow freely they 
exhibit rather globular envelope morphologies, whereas, when attached to the sample 
exterior or impinging on the network, the dendrites readily loose their eqiuaxed 
morphology attaining significantly higher growth rates for dendrite branches oriented 
more parallel to the imposed temperature field. The video sequence also show the presence 
of intricate flow fields in the freezing zone, visualized by substantial horizontal 
components in the trajectories of some of the free dendrites. The flow is assumed to be 
caused partly by strong local flows of solute enriched melt out of relatively open channels 
in the coherent network and the obverse flow of less dens melt and solid into the same 
regions. Over the full width of the sample, however, isotherms turn out to be slightly 
curved, i.e. there is a certain horizontally directed heat advection from the sample centre 
towards the edges, which could give rise to thermo-solutal convection on the macroscopic 
scale. [Reference to original work: L. Arnberg and R. H. Mathiesen, JOM 59, 2007, 20-26]         
 


