
lnfluenceofPoresonWettingofAtumlna-andZirconla-baseCeramics

byMoltenManganese

N.SHINOZAIU,H.KAm ,T.NOBORITATEalldK MUKAI

N.SHINOZAm,AssoclatePl･Ofessor,andK.MUEAI,Pl･0fessol･,al･ewlththe

Depal･trnentOfMaterialsSclenCeandEngl】1eerlng,FacultyofEn酢lleel･lng,

KyushulnstltuteOfTechnology,Tobata,Kita-kytlShu,804-8550,Japan.

H.KAI(U,fol･mel･lyGraduateStudent,Depal･tmentOfMatel･1alsScienceand

Englneerlng,KyushuInstltuteOfTechnology,lSEnglneel･wlth SankyuCo.Ltd,

Saki-no-hama46-51,Nakabal･u,Tobata,Kita-kyushu,804-8538,Japan.

T.NOBORITATE,GraduateStudent,DepartmentofMaterialsScienceand

Engineel.ing,ltyushulnstituteofTechnology,Tobata,Kita-kyushu,804-8550,

Japa工1.

Mostofthewettingsystemsbetweenceramicsandmetalsal･eaccompanied

by intel･faclal 1･eaCtions. These intel･facial 1･eaCt10nS make the wettillg

phenomenaconlPhcatedll).Fol･instance,Aksayetal.[2)explailledthetranslent

mlnllnumOfcontactangleinconnectlOnWlththefreeenergyofl･eaCtlOn Nakae

etal.川 showedthatthewettlngpl･OglleSSedth1･Ough foul･Steps dynamlC

non-equihbnumStep,quaSl-equillbl･1umStep,ChemlCalnon-eqtlJibl･1umStepand.

equihbl･ium step. BesldesthoseInfluenceofl･eaCtionltSe】∫onwettlng,the
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wol･kel･ShavetopayattenhontothechangeofgeometrlCalconditlOnOfintel･face.

InthlSStudy,theauthol･SlnVeShgatedanlnfluenceofporesexIStlnglnlntel･face

onwethngundertheassumphonthatpol､eSWOuldbeproducedm al･eaCtion

layel･.Manganesemetal,alumiJ1aCel･amlCandzu.coniaceramicWel･eChosenas

stal･tingmatel･1als ManganeselSexpectedtoform astableoxideofMnAl20▲l

splnelphase,1･eaCtlngWlthalumlna131anddi瓜lSeSIntoZ,lrCOnlalnaCCOl･dance

withoxygentochangetoastablephaseofcubiczll･COnlaL45l

Contactanglewasmeasul.edbymeansofthesessiledllOPmethodwhcl･e

themetallicmanganesealldcel･amlCSubstratewereheldatahightemperature

of1573Kinal･gOnatmosphere.

In ordel･tO Change the substl･ate Sul･face condihon,two typesof

alumma-basesubstl･ateSWel.eprePal･ed.FilLStly,moltenmanganesewaskepton

aluminasubstrateatahighertempC1･atuL･eOf1773Efol･1hl･followedbyfullnaCe

coollng. TlleSOlldifiedmanganesewasl･emOVedfL･Om thesubstl･ateatroom

temperature,1･eSultlnglnthedensesubstl･atewithonlyafewporesasshownul

Fi印rela. Thesul血cewassmoothaswellasanalumlnaSubstl･atebefolle

heating:thesurfaceroughnessR.wasin arangef110m 0.3to0.6トIm. The

substratesul･facewascon丘rmedtobeofMnAl204SpinelphaseusingX-ray

diffractlOnteChlllque.Next,porousMnAl20LISplnelsubstl･atewasPreparedln
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ananothel･WayWhel･ealumlnaandmanganesecarbonatepowdersweremlXed,

pressed,slntel･edat16731tfor2hl･SandpollShedwith#1500cmC1･yPaper.

ThereexIStmanypOl･eSaSShowninF1㌢11･elbanditsapparentporosltyfraction,

p,wasmeasul･edtobeO43 usulg theAI.ChlmedesInethod. Thesul･face

l･Oughnesswasmeasul.edfol･thel･eferencealthoughsulでacel･Oughnessmeasul･lng

devicelSunsuitablefol･pOl･OuSmaterials. OwingtOthepol･eS,R.washighvalue

o∫l.4トLm.

Also twotypesofzll･COnla･basesubstrateswel･ePl･ePal･ed Dense

ZrO2-Y203-MnOsubstl.ateWaspl･eParedinthesamepl･OCedurefo1.makingdense

MnAl204Substl･ate,lnWhichZrO213m01%(5.1mass%)Y203Substl･ateandmolten

manganesewel･el･eaCted.Fig-ul･e2ashowsascanllillgelectron(SE)lllic10glaJ)h

ofthesul･facewithnopol･e. Manganeseconcentrationwas7.7mass%,1.e.

9.9mass% asMnO,lnaregionneal･tOthehteesul･face.Thesubstratesul.face

wassmooth andthesul･faceroughness兄.wasm arange血om 0.1to0.2トIm.

An otheL･typeOfporousZl･02-4.6mass%Y203-9.9mass%MnOsubstl･atewasmade

from ZrO215.1mass%Y203andmanganesecal･bonatepowders:thosepowders

wel･emiXedandsintel.edat1673Ⅰ(fol･2hl･SfollowedbypolishingWlth #1500

emerypapell.ThereexIStpOl･eSinthesIZeOf1to5トIm aSShownlnFlgure2b

anditsappal･entpOl･OSityfl･aCtlOn,P,1S0.10.Thesul･facellOughnessa,was
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0.3Ltm,Shghtlyhigherthan thatofthedensesubstl･ate.Thesezll･COnia-base

substl･ateSconsistedofcubicphase.

Sevel･alth1nplatesofelectl･Olyticmanganesewerepiledtlphlgh onthe

substratebeforeheatingasshownlnFlgul･e3a.ThemangBLneSeplateswel･e

moltenbyheatingandthemolteT)mallgalleSeSpreadoverthesubstl･ate.A

photoP･aphofmallganeSedl･OpletimmediatelyaftermeltlngisshowllinFigul･e

3b:thecontactanglebetweenmoltenmallganeSeandsubstl･ateWashighabout

120degfol･aLnySubstrateprepal･edhere.Ittookseveral mlnuteStOreachthe

measurementtempel･atureOf1573Ⅰ(aftel･meltlngOfmanganese.

Flgtll･e4showscontactallglesmeasul･edat1573Kuslngthetwotypesof

MnA120LISpjnelsubstrates-Tbel.elSanapPalLentdiHerencelnCOntaCtangle

dependingOnthesul･faceconditionandthecontactangleshowshlgh Values

whenthesubstl.atehasalal･geamountOfpol･OSity. TheMnAl20.lSpinel

substl.atehavingallttlepol･ewaSfurtheI･densi丘edaftel･theexpel･lment,

1･eSultillglnaSul･facewlthnopol･ealldlal.gergrainsof5tolOトLm.Ontheother

hand,thesul･faceconditionsOfporousMnAl'_0+ISubstratesbefol･eandafterthe

measurementwet.eSlmilal･Oneanother.

Flgure5showscontactanglesforZl･02-4,6mass%Y203-9.9mass%MnO

substrates.Thecontactanglefol･thedensesubstl･ateisconstantbelngabout79
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degalthoughitsllghtlydeC1･eaSeSlnaneallystageofmeasul･ement.Fol･the

pol･OuSSubstl･ate,lttook2hl･Sun山thecontactanglei.eaChesconstantvalueand

theallgleishlgherthallthatforthedensesubstrate.Thechangeinthecontact

angledul･lngexperimentlSnotduetotheintel･facial1･eaChonandthechallgeln

geometrlCalCondit10nOfLntelLacebecausethecomposltionandthegeometl･yOf

substratesurfacehavehal･dlychangedbeforeandaftel.eXpel･1111e】1tatall Tlle

slow spl･ea血lgOfmanganeselSprovablyduetodistul･banceofpol･eS. The

i.eaSOnSeemstObethataconslderableulCreaSelnfl･eeenergylSrequlredto

makenewlyupmanganese-pore止Itel･facewllenmOltenthemanganesespreads

ove1･theporoussubstl･ate.

WenzelLG】haspl10pOSedthefollowingequationfol･thewettingOfrough

sul･faceassho那llnFigure6a

coseA=rCOS8 (1)

HeL.e6halld8al･etheappal･entCOntaCtanglefol･110ugh surface,andthecontact

angleforsmooth surface,respectively.Thel･Oughnessfactori.isthel･ahoof

actualsurfacetogeometriCalsurface.Equation(1)meansthatthecontactangle

decreasesappal･entlywithlnCreaSlngSul･facerouglmesswhen8islessthan

90deg.ItlSevident,therefol･e,thatWenzel'sconslderationcannotexplainthe

pl･eSellLresults.TheleとISOlli,eemStObebecausetherelSnOn･Wettedal･ealnthe
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substratesurface. Ithasalreadybeencon丘rmedthatmoltenmaJlganeSecould

notpenetl･ateiJltOpOl･eSOfMnAl20▲lSubstl･atel:ll.

Cassiea工ldBa又terl71haveextendedWenzel'Sconsidel.ationlG)tothe

wettingofpol･OuSSul･faceasshowninFigure6bandpl･eSentedthefollowug

equation:

cos0.4=ACOS0-(2 (2)

Here,AandJ蔓arethetotal al･eaOfsohd-1lquldlntel･faceandthetotal al.eaOf

liquld-gasintel･faceonaplanegeometl･lCalsul･faceofunltyal･eapal･al1eltothe

roughsul･face,i.eSPeCtlVely

Thelntel･facebetween molten manganese and pol10uSSubstratelS

supposedtobelikeshowninFlgu1･e7a.Although thefactol･SliandA a1･e

lnfluencedbythesulfacel･Oughness,itlSmlpOSSibletoeshmateaccul･atelythose

factorsfrom兄.Value.Then,assurnlngtheslmpleinterfaceasshownlnFigulle

7b,equation(2)wasapphedtothepl･eSentInvestigationtOestimatetheappallent

contactanglefol･thepol･OuSSubstl･ateS.Here,Bandl2Ca一lbeestimatedeasdy

onthebasュsOfthepol･OSltyOfsubstratesul･face,thatlS,JI=1-pandi=p,

OwlngtOth1SSunplificatlOn,equatlOn(2)meansthattheappaltentcontactallgle

lnCl･eaSeSWlthlnCreaSlngporosityOfsubstl･ate.Thecontactanglesfol･Smooth

solld surface, 8, al.e 87 dcg fol.MnAl20̀l Spinel and 79 deg for
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Zl･0214.6mass%Y203-9.9mass%MnO (seeFlgul･eS4and5). Substltutlngthese

valuesforelnequation(2),theappal.entcontactangles,臥,al･eCalculatedtobe

114 deg for MnA120.1 Spinel with porosity of 0.43 alld 86deg for

ZrO2-4.6nlaSS%Y203-9.9mass%MnOwlthpol･OSltyOf0.10 Thesecontactangles

a1･elngoodagl･eementWlth thosemeasul･edasshowninFlgureS4and5.

Thepl.eSentStudyindlCateSthatthepol･eSlnnuenCeOnWettingprovided

thepol･eSal.eProducedbyanyl･eaCtionatthemetal-cel･aLmlCintel･face,thatis,the

pl･eSenCeOfporeslnCreaSeSthecontactallgle. GIVenhigh pol･OSity,wettable

metal-cel･amlCSystemChangespl･OVablytonon-wettablesystem. InothC1･words,

wecancorltl･01thewettlngOfmetal-cel･amlCWellbycontro】上I一gtheporosityof

cel･amic. ThisWayOfthlnklngispl･OVablyusefulevenlnthe丘eldofmetal

castingbecausethewettingbetweenmoltenmetalandmoldplaysanlmpOl･tant

l･01eincastingprocesses.Theauthol･Sal･eful･thel･Studyugonthewettingusing

cel･amlCSubstrateswithvariousporositiesinordertoclal･ify theinfluenceof

pol･eSOnmetal-Ceramicwettlng.

Theauthol･Sal･egratefultotheCentel･forInstl･umentalAn alysIS,Kyushu

InstituteOfTechnology,fol･theSEM obselVat10nandXRDmeasurements.
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Fig･1SEimagesofsurfacesofMnAl204Spinelsubstrates:

a,densesubstrateproducedbymanganese-aluminaheated
foronehourat1773K;b,poroussubstratesinteredat1673
Kfbr2hrs.



冠 ≒ :- ー套Fig･2 SEimagesofsurfacesof ZrO 2-4･6mass

%Y203-9.9mass%MnOsubstrates:a,densesubstrateprodu
cedbymanganese-zirconia(yttria)heatedfb∫onehourat1773
K;b,poroussubstratesinteredat1673Kfわr2



Manganesedrople

tCeramicsubstrateFig.3 Manganeseonsubstrate:a,manganeseplatespi

leduponsubstratebefbreheatlng;b,photographofmanganesedropletimmediately
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Fig.4Changeincontactangleasafunctionofmeasuringtime

fortwo-typesofMrA1204SPinelsubstratesmeasuredat
1573K.
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Fig.5 Changeincontactangleasafunctionofmeasuringtime

for two-types of ZrO 214.6mass%Y20319.9mass%MnO
substratesmeasuredat1573K.



F



Pores
Moltenmanganese

‥｢ ={-ILI=:.;.":._･･･I,｢ ∴ ｢ 責 ｢

(b) Moltenmanganese
Pores

Fig.7 Simplification ofporous Interface in orderto estimate

apparentcontactangleontllebasisofCassieandBaxter'S

equationl7]:a,mo-tenmanganese-poroussubstrateinterface;

b,simplirledmodelforporousinterface.


