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1 Formation Process

Thenew scienceof metallicfoamsis growing rapidly,
in both the scientific researchcommunity and in
industrial applications. Several methodsnow ex-
ist for foamingmetals. One of thesewasinvented
afew yearsagoat the Fraunhofefinstitute in Bre-
men|[l, 2. Thefoamis fabricatedfrom a metal
powder, often aluminium, which is mixed with a
blowing agentthatis chosento releasegasclose
to the melting point of the metal,e.g. 99.5%alu-
minium powderand0.5%titaniumhydridepowder.
This powvder mixture is processedo give a dense
precursomaterialwhich is then heatedup to the
melting point of the metal. As the metal startsto
melt, the blowing agentreleasegasandthe mix-
ture expands.Theresultingfoamis thencooledto

freezethe structure resultingin a solid foam. Fig- Figure 1: Cross-sectiorthroughan aluminium foam
ure 1 shavs anexampleof suchafoam,whichcan fapricatecby the povdermetallugical procesg2]. The
easilybe fabricatedinsidea mould, leadingto the foam hasbeenformedin a mould to improve its me-
possibility of reducedoost-processing. chanicalproperties.

After theexpansiorphasehereforethefoamed
liquid metalundegoessimultaneou$iquid drainage
andcooling. Theliquid drainagedueto gravity, in-
troducegsnhomogeneitynto thestructurewhichis
generallyundesirablen view of the uniform prop-
ertiesrequiredin the solidified structure.If it con-
tinuesfor too long, ruptureandcollapseof thebub-
bleswill occur Thesemechanismsare prevented
if the freezingprocesss rapid enough. Freezing
fronts move inwardsthroughthe sample arresting
thedrainageprocessin themodeldescribedelov
we estimatetheir velocity in relationto the veloc-
ity of drainage Figurel shaws thatuniformfoams
cancurrentlybe fabricated.We wish to definethe
physicalandmaterialparametersvhich will allow
othermaterialsto befoamedwith this process.

uponthe now well-knovn foamdrainagesquation,
which hasbeenextensiely testedandverified for
agqueoudoams[3, 4, 5, 6]. This nonlinearpartial
differentialequationdescribeghe variation of the
liquid fraction of a foam (herewe preferthe term
relative density, sincethe foamsolidifies)with po-
sition andtime. In the presentmodelthis is com-
binedwith the equationsof heatconduction,soas
to describethe motion of the freezingfronts. For
moredetailsse€ 7], whichtreatsaone-dimensional
foam,andincludeseffectssuchasbubblegrowth.
Thesedwo partialdifferentialequationgrenon-
dimensionalisednd solved simultaneouslyusing
a finite differencerepresentation. The boundary
conditionson the liquid arethatthereis no flow at
theedgesf the sampleandthattheprofile of rela-
2 Mathematical Modd tive densityis initially uniform - i.e. thefoamhas
the samewetnessthroughout. The conditionson
We modeltheproces®f solidificationanddrainage, the temperatureare thatit is equalto the melting
assumingthat the bubble melt hasbeenfully ex- temperaturéhroughoutthe bulk andfixedatsome
panded.The mathematicatepresentatiois based appliedcoolingtemperaturettheedges.
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Figure2: A cubeof solidifiedfoamfrom whichaquar
ter sgmenthasbeenremovedto shaw the distribution
of relative density which is arbitrarily denotedby the
sizeof thespheres.

3 Numerical Results

Figure 2 shaws the distribution of relative density
in a cube of metallic foam. Liquid is lost from
closeto the top, which addsto the relative den-
sity in the lower half of the foam. Particularnote
shouldbe taken of the triangularregionsof homo-
geneoudoam. In generalthe volume of uniform
foamcanbeincreasedy changingheaspectatio
of thesample;i.e. by aligningthelong side of the
foamwith thedirectionof gravity.

4 Theory

A one-dimensionatheoreticalanalysis[7], based
uponconseration of liquid andof enegy, leadsto
a predictionof the distribution of relatve density

in the solidified foam. It shavs good agreement [5]

with one-dimensionahumericalcalculationsand,
moreawer, it givesacriterionfor obtaininguniform
samplesf foam. Thatis, we obtainarelationship
betweenthe relevant parametersvhich describes
the conditionsunderwhich the degreeof inhomo-
geneityin the finishedproductwill be small. This
homogeneity criterion is

2

L:(%g.Lao (1)
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wherelLs, p, K, Oit andn arethe latentheatof

freezing,density thermalconductvity, meltingtem-

peratureandviscosity of the liquid metal,L is the

lengthof thefoam, ®? is theinitial relative density

andg is theacceleratiordueto gravity.
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5 Outlook

A greatdealof effort is beingexpendedn apply-
ing thetechnologyof metallicfoamsin theautomo-
bile industryandelsavhere.Exciting opportunities
alsoexist in thefield of microgravity researchi8],
wherethereducedeffect of gravity will make these
foamseasierto fabricate.
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