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1 Formation Process

Thenew scienceof metallicfoamsisgrowing rapidly,
in both the scientific researchcommunityand in
industrial applications. Several methodsnow ex-
ist for foamingmetals.Oneof thesewasinvented
a few yearsagoat theFraunhofer-Institute in Bre-
men [1, 2]. The foam is fabricatedfrom a metal
powder, often aluminium, which is mixed with a
blowing agentthat is chosento releasegasclose
to the melting point of the metal,e.g. 99.5%alu-
miniumpowderand0.5%titaniumhydridepowder.
This powder mixture is processedto give a dense
precursormaterialwhich is thenheatedup to the
melting point of the metal. As the metalstartsto
melt, the blowing agentreleasesgasandthe mix-
tureexpands.Theresultingfoamis thencooledto
freezethestructure,resultingin a solid foam. Fig-
ure1 shows anexampleof sucha foam,whichcan
easilybe fabricatedinsidea mould, leadingto the
possibilityof reducedpost-processing.

After theexpansionphasetherefore,thefoamed
liquid metalundergoessimultaneousliquid drainage
andcooling.Theliquid drainage,dueto gravity, in-
troducesinhomogeneityinto thestructure,whichis
generallyundesirablein view of theuniform prop-
ertiesrequiredin thesolidifiedstructure.If it con-
tinuesfor too long,ruptureandcollapseof thebub-
bleswill occur. Thesemechanismsareprevented
if the freezingprocessis rapid enough. Freezing
frontsmove inwardsthroughthesample,arresting
thedrainageprocess.In themodeldescribedbelow
we estimatetheir velocity in relationto theveloc-
ity of drainage.Figure1 shows thatuniformfoams
cancurrentlybe fabricated.We wish to definethe
physicalandmaterialparameterswhich will allow
othermaterialsto befoamedwith thisprocess.

2 Mathematical Model

Wemodeltheprocessof solidificationanddrainage,
assumingthat the bubble melt hasbeenfully ex-
panded.Themathematicalrepresentationis based

Figure 1: Cross-sectionthroughan aluminium foam
fabricatedby thepowdermetallurgicalprocess[2]. The
foam hasbeenformed in a mould to improve its me-
chanicalproperties.

uponthenow well-known foamdrainageequation,
which hasbeenextensively testedandverified for
aqueousfoams[3, 4, 5, 6]. This nonlinearpartial
differentialequationdescribesthe variationof the
liquid fraction of a foam (herewe prefer the term
relative density, sincethefoamsolidifies)with po-
sition andtime. In thepresentmodelthis is com-
binedwith theequationsof heatconduction,soas
to describethe motion of the freezingfronts. For
moredetailssee[7], whichtreatsaone-dimensional
foam,andincludeseffectssuchasbubblegrowth.

Thesetwopartialdifferentialequationsarenon-
dimensionalisedandsolved simultaneously, using
a finite differencerepresentation.The boundary
conditionson theliquid arethat thereis no flow at
theedgesof thesampleandthattheprofile of rela-
tive densityis initially uniform - i.e. the foamhas
the samewetnessthroughout. The conditionson
the temperatureare that it is equalto the melting
temperaturethroughoutthebulk andfixedat some
appliedcoolingtemperatureat theedges.
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Figure2: A cubeof solidifiedfoamfrom whichaquar-
ter segmenthasbeenremovedto show the distribution
of relative density, which is arbitrarily denotedby the
sizeof thespheres.

3 Numerical Results

Figure2 shows the distribution of relative density
in a cubeof metallic foam. Liquid is lost from
close to the top, which addsto the relative den-
sity in the lower half of the foam. Particularnote
shouldbetakenof thetriangularregionsof homo-
geneousfoam. In general,the volumeof uniform
foamcanbeincreasedby changingtheaspectratio
of thesample;i.e. by aligningthe long sideof the
foamwith thedirectionof gravity.

4 Theory

A one-dimensionaltheoreticalanalysis[7], based
uponconservationof liquid andof energy, leadsto
a predictionof the distribution of relative density
in the solidified foam. It shows good agreement
with one-dimensionalnumericalcalculationsand,
moreover, it givesacriterionfor obtaininguniform
samplesof foam. That is, we obtaina relationship
betweenthe relevant parameterswhich describes
theconditionsunderwhich thedegreeof inhomo-
geneityin thefinishedproductwill besmall. This
homogeneity criterion is

L f ρ2gLα0

κΘcrit η
�
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whereL f , ρ, κ, Θcrit and η are the latentheatof
freezing,density, thermalconductivity, meltingtem-
peratureandviscosityof the liquid metal,L is the
lengthof thefoam,Φ0

l is theinitial relativedensity,
andg is theaccelerationdueto gravity.

5 Outlook

A greatdealof effort is beingexpendedin apply-
ing thetechnologyof metallicfoamsin theautomo-
bile industryandelsewhere.Excitingopportunities
alsoexist in thefield of microgravity research[8],
wherethereducedeffectof gravity will make these
foamseasierto fabricate.
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