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The quality and competitiveness of casting strongly depends on the quality of molten alloy and the
technology used to produce it. With regards to quality, the casting of aluminium alloys is not easy, since
alloys are prone to dendritic and heterogeneous structures, as well as the absorption of hydrogen
during melting, which requires a specific melt processing operation in order to reduce and control the
level of porosity in a microstructure after solidification. By H. Puga*, M. Prokic**, N. van Dongen***

Aluminium alloys have been gaining
increased acceptance as structural
materials in the automotive and
aeronautical industries, mainly due to their
lightweight, good formability and
corrosion resistance. However,
improvement of mechanical properties is
constant in research activities, either by the
development of new alloys or by
microstructure manipulation.

The aluminium foundry industry have
acquired know-how to supply mentioned
demanding markets, and it is able to
produce high structural quality aluminium
based components, by sand, ceramic, die
casting or DC casting processes. However,
the strict environmental protection
regulations, and the increasing costs of
raw materials and energy, associated to the
increasing advances of emergent countries,
expose aluminium industrial activity to
enormous risks and strong
competitivenessl!l.  Thus, the current
challenges that the aluminium foundry

industry is  facing, requires the
development of new manufacturing
techniques  with  high-tech  alloys

processing parts in order to fulfil the needs
of the markets at competitive cost. The
development of casting techniques will
surely have a positive impact over the life-
cycle cost, both in what concerns final
products, manufacturing tools and
equipmentl!]. Moreover, techniques must
focus on decreasing the environmental
impact of the activity itself, either by
reducing the quantity of raw materials, or

increasing the process yield and reducing
energy costs.

High intensity ultrasound applied to
non-ferrous alloys melt processing
Ultrasonic degassing/refinement/modifica-
tion focus on an effective dynamic
methodology for degassing metallic melts
and to perform microstructural refinement
and modification of light alloys, namely
aluminium alloys, by applying ultrasonic
vibrations after melting and during
solidification. This technique improves the
mechanical properties of those alloys,
avoiding the use of traditional chemical
based degassing and refining
methodologies, which are less effective
and present environmental impact.

Ultrasonic vibrations are proven to be
effective  in  degassing, controlling
columnar dendritic structure, reducing the
size of equiaxed grains and, under some
conditions, producing globular non-
dendritic grains, and modifying the
eutectic silicon cells in Al-Si alloys. The
influence of high intensity ultrasonic
vibrations on  the  microstructural
refinement is based on the physical
phenomena — cavitation, arising out of
high-intensity ultrasound propagation
through a liquid!2!.

Cavitation
When a liquid metal is submitted to high
intensity  ultrasonic  vibrations, the

alternating pressure above the cavitation
threshold creates numerous low-pressure

cavities in a liquid metal, promoting two
effects:

(1) Degassing effect: The cavitation
achieved by application of ultrasonic
vibrations intensifies mass transfer
processes and accelerates the diffusion of
hydrogen from the melt to the developed
bubbles. As acoustic cavitation progresses
with time, adjacent bubbles touch and
coalesce, growing to a size that allows
them to rise up through the liquid, against
gravity, until reaching the surface.

(2) Microstructure refinement and
modification effect: The alternating
pressure achieved by application of
ultrasonic vibrations above the cavitation
threshold generates low pressure (almost
vacuum) bubbles in a liquid metal, which
start growing, pulsing with a continuous
expansion/compression regime and finally
collapse. During expansion, bubbles
absorb energy in the melt, under cooling
the liquid at the bubble-liquid interface,
resulting in nucleation on the bubble
surface. When bubbles collapse, acoustic
streaming develops in the melt,
distributing the nuclei into the surrounding
liquid and producing a significant number
of nuclei in the molten alloy, thus
promoting heterogeneous nucleation.

Practical problems

Current ultrasonic applications are based
on fixed-frequency, well tuned ultrasonic
sources, whereby a number of design and
matching parameters must be respected,
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Fig 1. Windows compatible software developed by MPI
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