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Abstract

Aluminiumfoamsiwerelproducedbyeanslaf thelpowder-metallurgi cal mhethod. D uringfloaminglih]
thelfurnacelthefoamsiwerelsubjectedfolalhomogeneous, [$ynchrotron-generated X -raybeamlof (1501
mmChel ghtCandCA0CmmCi dthCvithCenergi esCbetween[BOCand[70CkV Caccordingtolthelsamplel]
composi tion@ndldepthlof [thefloamldol umnshivhi chivari edetween[7 [@nd20m. [T helradi ographi c[]
imagesWereltecordedWith[a1024x1024pixel (CCD [detector.[UptolBlimagesper[secondWerel]
taken.[T he[Vari ousl$tagesLof [foaminglandphenomenalknownFromLaqueousioams, Chamely[porel]
initiation,[growth,[Goal escenceldf Bubbl esiandldrai nagelof [l qui dimetal [Goul dbeldl earl y[Observed. 1T
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10 Introduction

Whil eldlbtlislknown@bouthow [fbproducelhetal floams, i ttl elisiknownldboutMowiblexplainfthel]
mechani sms[governingthefloaminglprocess.[T his@ppli esliblmost [0f thelproductionprocesses]l1,2].[]
Currently[a humber [of [TesearchlCgroupsLincludingCourCownCone havellaunchedlinvestigations[iol]
clarifylSomelof [theselmechani smsi{seelpapersin[Ref.[[13]).[WhilelSomeldroupshaveldevel opedibol s[]
that[allowFor[observinglihefoamldluringihefoaminglprocess,(hamel y[thel$hapelof [Thelfoaming[]
front[or[@venlihelévol utionlaf [thelgasbubbl es, [0thersihavelbeen(iryi nglibsimul ateltheldrowthliof thel
bubbl esiwith[éomputati onal [(inethods(]|4- 7] .LOnelmanuf acturi ngoutelhasldai nedparti cul ar [interest ]
inlthelpastflewyear: fhelpowder-metal | urgi cal [foutel]18] . [T helflermfpowder-metal lurgical” [ef ersiiol]
thefiirst[of [thelfwolmai niprocess ngstepsiwhi chlincl udeléompacti nglalmix [of [inetal [powderslandal]
smal | fracti on[of [ABI owi nglagent[powder [fblaldenselbil | et [@ndfloami ng(thi sibil | et ih[@SecondStepBy [
melting[it.[T hefloami nglis(iri ggeredbytheldecompositi onlof [thelbl owinglagent[{usual ly[TiH, [ [Ti [
+[H,) [duringlitsimhel tingland(iakes[pl acelinthelSemi-liqui didr Ti qui distatelof thelmetal [Or[dl | oy. 1T

ThefoamingprocesslisiVery[tomplex[becauselmany[phasesarelinvol ved: [therelis Al faseousl]
phase, [@l qui d[phaselwhi chlistsual lylalow el ti ngleutecti cldomponent[of [thelrnel tingl(al | oy, @nd[a[]
solidCphaselivhichl¢onsi stslof [Theltes dual [$olidLtomponent[of [Thelinel ting[al | oy [and [l solbxides]
whichCareldnevitabl eCivhen[processi ngpowdersCandCiwvhichCarelalways present[in[the[powder[]
compacts]7].[Thel¢ompl exitylof [Thelfioami nglprocesshecomeslévident if Lonelpreparesisampl esiin[]
variousl stageslbf [(expansionCand[tarries[out[metall ographi cl]4,7] CorCcomputer-tomographic]9] [l
investigationsionthem.[Oneldan(See,[e.g.,[Aowhetal [powder [mixesflorm(an(all oy[duringfioaminglor[]
how (theldel | s[of [thelfloam(@relfiormed.[However, [theldi sadvantageldf [Suchlex-situléxperimentslikithat []
each[foam(stagelinvesti gatedel ongsliolaldli fferent[foamSampl eland(that[Thelévol utionlof [features]
cannotJbeJfollowedJinConeJsampl e.0In-situl](real -time) Uinvesti gationsDwerellimitedJtothe
measurementof [(temperaturelandyol umelof Cexpanding[foamsLinthepast] 7] .M oLbbtainCmorel]
information[Wel tarriedCbut[teal -timel X -ray[tadi oscopi clinvestigations of Cexpanding[foamsCand[]
obtai ned[@lpi cturelof [thelihternal [Structureldf (hetal foamslihi siivay. [
|



200 Experimental [Procedurel]

Aletal (powder [blend[AI 37 0vt. %S [{purity[99.5%,3100mesh) (vasiixedvith[D.60vt. %l of (1
powderedIiitani umhydridel(TiH.) [&fter vhi chthelmix Waslhot[pressed@t[450° Cland120M Pa.[Thel]
resulting[tabl etstwerelVirtual lyCdensel{<0.75%[porosity).[FoamingLof (thelall oy[Wasliriggeredby[]
heati ng(tabl etsibthelmel tingdangelof [Al Si 7[(577-620°C) ih[Aormal @mosphere. [T hi sldausedipartial (]
mel tinglof [thelal | oy, Tydrogen(riel easelbythelbl owing@gentandflormati onlandlinfl ati on[of (bubbl es.[]
ThelFullyCexpandedf oamstontai nedapproximatel yspherical Cbubbl esCof (L[ to[ bLmmtiameter]
occupyingB0-90%(of [thelfbtal Molume. [T

In[@rder [folobservelthelévol ution(of [thelinternal [Structureldf metal floamsiihireal [fi me, foamsiwerel]
generatedin[afurnacelihi chivasléqui ppedivithwolvater-cool ed[A | livindowslihroughOivhi ch@]
synchrotronX -ray[beam[toul dCpass{see[ Fig.[11).[Tr he[beam, Cmonochromatized[to[B3.17[keV,[]
generated@n(@bsor ptionlradi ographiwhi chiwasldapturedwith[@n(el ectroni cldetector [Systembased[0on[]
a1024x1024[pixel [CCD [dameralwith[40[mpixel [Size.[The[CCD [dameralwasrieadlout @t [frequen-
cieslbetween2[and[3Hz. [T helentirefloami nglex periment[fook [Eflew i nutes, [dorrespondingfb[500-
900(radi ographs{fior [@éach(of [the[60[ihdividual [éxperimentsidarriedlout. (Synchrotronbeamshadfobel]
usedbecauselof [thei rhi ghlintensity[@ndveryTbwI(divergence.[Conventional [mi cro-focusiX -ray(fubes(]
havelbeenltisedfiorreal [fi meldbservati onslof [1i qui dlnetal s, but[Theydomei ther [al | ow Tor [obtai ning[]
sufficiently(sharplimagesiof [thelthi n[structuresinor for [@xposurelilmesiwel | el owlonelSecond.[]
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Figur e[1.[Experimental [Set-uplfor [rleal -timelradi oscopy. [ThelBeamisH [Z[150mmIhi ghl@and[40mhmU]
wide, [thelSampl esiwerelBetweenlRZ[4[and7 [hmhi ghbef orelfloami ng, thei r [thi cknesslriangedfrom(d[]
=[B{b200mm.[
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30 Examplell

Figurel2[shows[10leévol utionlstepsiof [ALA| Si 7[Hoam. [T helti meslgji venltefer [folfhellegi nningLof [Thel]
foamingprocessiwhi chiwasabout[2[mi nuteslaf ter [putti ngthelfloamabl e[Sampl elintotheflurnacelpre-

heated[1o[700°C.LT helfirstframel$howsLTirst[porelformation[and[$omel dlel aminati onsLonthefopl]
surface.[Quiteldlearly, [Thelinitial (poreformati onldoesnot [¢reateldoundvoi dsibutldbl ate, [crack-likel]
pores.[Thisliklaknownleffect([7] [@ndlisiduelfblgasiormati onlihihelSolidistatelbef orelthelmetal [Starts[]
tolthelt. [T helSubsequent!(ri selof [thelfloamTeads(iolmoreldandlmorelfoundediporesi(frames2[ib(5).[Thell



final rol umelof [thelfloam(ex pansi onlisreachedihframel7(after113[Seconds.[Foamsgrowthdomesibl]
anlend[andlonly[¢oal escencellleadslfolafurther [évol utionlof [thelStructure.[Oneldcan(duiteldl earl y[Seel]
that(Thel &veragelporelsi ze[{al thoughldliffi cul t[foldetermine@romtheltadi ographs)increasesas ¢el | (1
walls[iupture.[Thel¢oal escencelratelisihi ghestlinléar|y[Stageslandgetslower [asthefloam(getslover-
aged.[A[Tairly[stabl e[ statelisfeached[ &fter[Tabout[bLminutes.[ ThelfemainingCcell DvallsCtemain(]
unchangedCandittl e[ drai nageABnd[toal escencelisLbbserved &t this stage.[Thislis tompatibleltol]
previouslieasurementsiwith{aldilatometer[[I7] . Inltheléntire[loami ngleéxperi ment (i ttl eldrai nagel¢an[]
belSeen. [Thislisldifferent(at[hi gher femperaturesiwhen(thelvi scosity[df thelhel tidecreases. [T

U
411 Summaryl

X -ray(radioscopi clreal -timelheasurementsial | ow [for[@nldbservati on(of [thelihternal [Structurelof [metal []

foamslduringltheirflormation. Detail s[suchl@slindividual [filmslandPl ateauordersiandlthei r[dhangel]

inCtimeltan[beltesol ved.[Futurelivork (Wwill Cal solincludelfurther [Fadi oscopi cCstudiesCwith[better[]

resol utions[{10[umor Tess) [@ndhi gher[imagi ng(frequenci esl{upfo10MHz) [foldapturelinoreldetail Slof (]

thelmetal [floaminglprocess.[]
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Figure[2.[X-raylradiogrammesLof Lan[expandingCAl|Si 7(foam.[1mageslarel brdered tolumn-wise.[]
Foamingltimeslare:[0,(29,53,[76,[88,[113,[120,[143,[302[Seconds.[]



