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Alal･geamountandmanykindsofrefractol･leSal･eusedinthemetallic

smelting pl･OCeSS. As the refractol･1eS alle genel.ally utihzed ata hlgh

tempel･aturelnametallicsmeltlngpl･OCeSS,thosearereusableenoughinalow

temperatureprocess,e.g･,aluminum alloycastingprocess Thecastingprocess

oftenneedsdl.eSSlngmaterials,whlChal.eSprayedonthesul.faceofmoldand

dl･ledbyheating Thespl･ayedthin丘lm fol･medonthesullfaceofthemold

enab lesth erepetitlVeuseOfthemolddu etopreven tion Ofdll･e Ctcontactbetw een

themoldandmoltenalumlnum.Therefol･e,thewettabilltyOfdressingmatel･1alS
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bymoltenalullllnumlSanimpol･tantfactorcontl･011ingthelongevityofthemold.

BecauseceramlCOXidessuchasalumlna,magneSla,andsilicaal･ewidelyusedas

thereh.actol･leSOfametalLcsmeltingpl･OCeSS,thewettabilityofthecel･amlC

oxidesby molten aluminum hasbeen studied extensively HI Howevel･,

wettabilltybetweenmoltenalumlnum andceramicsCOnSistulgOftwool･mOl･e

oxidesystemhasnotbeenwellundel･StOOd.ThlSStudyfocusedonAl203-MgO

refractol･iesthathavebeenwidelyusedinsteelsmelting.Inol.del.tOObtalrla

basICdatafortherefl.aCtOl･leSreusedasanaggl･egateOfdressingmaterlals,the

wettabilltyOfA1203-MgOsubstl･ateSbymoltenalumlnumWaslnVeStlgated

Cylm dersofpurealumlnurn(99.99mass%)with5mm dlarneterand6

mnlheightwel･emechanicallygl10undusillga】1elllerypaper(#800)alldsoakedin

asodium hydl･OXidesolutiontoobtainacleansurface. Al203-MgO ceramics

wel･eprepared assubstratematel･1alswhel･ethepowdersofalullm aand

magnesiaweremi3(edlnanalumlnapotm山,fouowedbypl･eSSwith 150kgf/cm2,

sinteringat1873Randpohshingwithemerypapel･(#1500).Thusthreekinds

ofsubstl･ateSWhichwel･eOfAl203freefrom MgO,Al203-10mass%MgO,and

A1203128mass%MgOwel･ePl･epal･ed.Acommel･Clal alumina,whichwas99.5%

pureanddense,wasalsoprepal,edassubstratelnthlSStudyfol･COmparlSOn

Flgul･e1showsan assemblesystem fol･thewettabilltymeaSu1･ement.
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Thesystemcomposedofan electl･1Cfu1･naCe,aVacuumpump,atungStenfi1ament

lump,andacameratotakeaplCtul･eOfaluminum dltOplet.Thetl･anSParent

silicatubeof30mm dlametel･Wasemployedasacoretubeoftheful･naCe.

WettabilltymeaSullementwasCal･riedoutbythesessiledropmethod.Thecore

tubewasevacuateddownto1.5Paandheatedtothemeasul･ementtemperature.

PICtul･eSOfalumlnum dl･Opletwel･etakenatintervalsof丘VemlnuteSandthe

contactanglebetweenalulnlnum dllOpletandsubstratewasdlreCtlymeasulled

fromthenegatlVefilm

X-1･aydi瓜actlOnPatternsOfthethl･eekilldsofAl203-MgOsubstrateal･e

shown ln 丘gul･e 2 Substl･ate OfA12031S Of Lt-alumlna and thatof

Al203-28mass%MgO totally splnel phase of MgA120･1. Substl･ate Of

Al203-10mass%MgOISOfamlXtul･eOf｡t-alumlna alldthesplnelphases.The

spinelphaseofAl203-28mass%MgOIS111agl･eementwlth stoIChiometrlClawas

Indicatedm thephasediagl･am l2】. Ontheotllerhand,thesplnelphaseof

A1203-10mass%MgO ISnOn-StOichiometrlCand consIStSOf20mass%MgO as

reportedpreviouslyl3).

Flgul.e3Showschangelncontactangleofthemoltenalurlllnum and

substrateswithholdingtlmeWhel･etheplottedvaluelSanaverageOfseveral

measurements. Contactanglesfl･OnlAl203Substl･ateal.elnagreementWlth
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thosereportedlnthelltel･atul･eSrlI,5]･NochangelnCOntaCtanglewithholding

tlmefol･A1203-10mass%MgOcanbeobservedalthoughtherelSanaPpl.eCiable

changeoftheangle,depen血lgOntheholdingtempel･atul･eWhenheldat1023K

to1223K A1273K,theangledecl･eaSeSWlthholdingtlmeand丘nal1yl･eaChes

100deg.ThecontactanglefortheAl203-28mass%MgOstlbstratelS150deg,

anddoesnotchangewlthbothholdlngtimeandtemperature

Itiskn Ownthatsul.facecondltlOnOfsubst1･ategenel･allyulfluencesonthe

contactangle,1.e.,thewettabillty Thel･eWeremanypOl.eSlnailsubstl･ateS

becauseslnterlngadditiveswasnotaddedtoavoldpollutlOnWlththelmpul･ltleS.

Contactangleu血lgaCOmmel･C1alalumlnablockwithfewporeswasmeasul･edto

compal.etheself-madeones As shownlnfigu･e4,thesametendencywlththe

self一madeAl203Substl･atelSObselVed.Therefol･ethedecl･eaSelnCOntaCtanglelS

pl･Obablygovernedbytheothel･factol･Sthanthesurfacepore

A vIVldmet,al上clusterwasobsel･Ved atthesul･faceofthemolten

aluminum WhellthesubstratesofAl203W ereheldat1223Kand1273Kandof

Al203-10mass%MgO at1273K Undel･0thel･eXpel･1mental condltlOnS,the

metalLcluster,whlChwasobsel.Vedonlyatanlnitlalstageofholdlng,dlmlnlShed

wlth lnCl･eaSingtheholdingtlme. OxldatlOnOfaluminum sul･facelSgenerany

unavoldablebecausealumlnumispl･OnetObeoxldlZedbyoxygen Thefol.ned



5

oxldefilm lSexpectedtopreventalleXtenSIOnOfdl･Oplet.Howevel･,thel･elSa

possibilitythattheoxide丘1m,1.e.,thealumlna丘hュ1Sl･emOVedbythefollowlng

1･eaCtionwithmoltenalumlnumE4)

Al203(S)+4Al(1)=3A120(g) (1)

Table1showspal･tlal pressul･eOfAl20 atequillbrlum. ItlSSeenthatthC

1･eaCtlOnlSfavol･edathlgherthetemperature Themetalliclustel･Obsel･Vedln

Al203Substrateathightemperatul･eSOf1223Kand1273Kmayl･eSultfromthe

removal ofthealumma丘1m throughreactlOn(1),bringingaboutapl･Ogl･eSSOf

wettabilltytOShow thedecl･eaSedcontactangle(seeuppel･110W Of丘gtll･e3).

Ful.thC1･mOl･C,Pal･tlal pl･eSSureOfAl20aboutlolaPalSaCllltlCal pressul･etO

removetilealumlna丘lmof血oplet(seeequatlOn(1)andtable1)_

Theoxide丘lm maynotbecomposedonlyofpul･ealumlnaWhenthe

substratecontalnSMgO Thesplnelfillnfol.nedonthedltOplet'ssul･facemust

lnnuenCeOnthewettabilitypl･OVldedthatitlSthel･mOdynamlCallystable.Itis

necessary,therefol･e,tOCO】1Sldel･thefollowingl･eaCtlOnlnOl.delltOundel･Stand

stab山tyofthespmel丘1m.

MgA1204(S)+6Al(1)=Mg(め+4A120(g) (2)

MgA120Jl(S)+4Al(1)=MgO(ど)+3A120(g) (3)

BecauseMgOISthermodynamlCallymorestablethallAl203,MgOISunlikely
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1･educedtoMggas;thel･efore,thel･emOValofthesplnelfilmbyreactlOn(2)cannot

beexpected,Inregal.Atol･eaCtlOn(3),thealnOuntl･atlOOfgeneratedMgOgas

andAl20gasmustbe1:3.Thecalculatedequillbl･lurLlpal･tlalpl･eSSureSOfA120

ofl･eaCt10n(3)aretheeol･foul･Orderslowel.thanthoseofl･eaCt10n(1)(seetable

2).ThlSlndlCateSthatsplnellSthemlOdynamlCal1ymorestablethanalumlna,

that lS,the spinelmm lS hal･dly i.emOVed. In fact,the dl･Opletof

Al203-28mass%MgO substl.atedidnotshow ametalliclustel･. Mol･eOVel･,the

con tact anglehadaverylligh Val u e of150deg(see丘g･ure3) Theseal･e

consIStentWlth the thermodyna1111c cOnSlderatlOn,WhlCh l･equll･eS hlghel･

tempel･atul･ethallforremovmgthespulelfi1m.

TheAl203-10mass%MgO substratealsoconsIStSOfthesplnelphase,

whlChisnon-stoIChiometl･lCOWulgtOthelnSufBclentcontentOfMgO【3㌧ Inothel･

words,thesplnelphaselSaSOlidsolutlOnhavingexcessA1203.Thel･efol･e,the

splnelphasechangestoseparateltSelf111tOAl203andaspinelphasethat

contalnSmoreMgOduringholdingathlgh temperaturesLG),aswould.beexpected

f110m thephasediagram l2】. Fl･Om thlSpOlntOfview,theMg2十10nSinthe

A120LrlOmass%MgOsubstratehardlycontributetothesplnelformatlOnOnthe

dl10plet'ssul.face.As al･eSult,theoxlde丘lmdoesnotconsistofthesplnelphase

butthealuminaphase.Thealuminamm formedontheAl203110mass%MgO
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mayberemoveddunngholdingatahlgh temperatul･ethrough the1.eaCtlOn(1)_

ThisISconsistentwlth thatthecontactangledecl･eaSeS(seefigure3)andthe

metalliclustellWasObsel･Vedat1273K.

Flnally,twodatabooksr7･8Jwel･erefelll･edlntheabovethel･mOdynamlC

calculation,alldthethel･mOdynamlCdataofthenon-stoIChiometl･icsplnelphase

hasbeen 1･ePlacedby thestoIChlOmetnCOnebecausethel･ehasbeen no

thel.mOdynamlCdataofthenon-stoich10metnCSPlnelphase.

Thepl･eSentWOl.klndlCateSthattheoxlde丘lmformedonthesurfaceof

moltenaluminumplaysanlnlPOl･tantl･01einthewettabihtybetweenmetaland

ceramlC. Substrate ofA1203-20mass̀%MgO,wlllCll COnSIStS Ollly of the

stoIChlOmetnCMgAl20′lSplnelpal.tlCles,exhibltShlgh contactanglesabout150

deglnatemperatul･el･angeOf1023Ⅹto1273K.Thesplnelfi1mmaybefol･m ed

onaluminum surfaceandobst1.uCtStheprogl･eSSOfwettlng Fol･Substrateof

Al203110mass%MgO consIStingof(t-alumlnaandspinetphases,thecontact

ang lehasal m ostco nstantvalue of 14 0to150degdul･1ngholdln gat tem Pel･atul.e S

lowel･than1223K.ThlSISduetotheformatlOnOfalumlna丘1m011thesurface

ofaluminum dl･Oplet.Ontheothel･hand,thecontactanglegraduallydecreases

wlthtlmeatahigh tempel･atureOf1273Kduetotheremovalofalumlnafi1m.
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TablelTbP: ,hf aErl; S/ui eofAhOFasCalCulabpdN:a/Spend on equahon'1'-

1023 2.7× 10ー7

1123 1.2× 10

~51223 4.1× 1

0-Ll1273 2

.0× 10~3Table2 Pal･tlalpl･eSSul･eOfMgOandA120gascalculated

basedonTem,eeqrua;uhroen/'空 ･ pw /pa p

NA′P｡1023 3.0× 10LH

9.1× 10.tl1123 4.4× 10

i) 1.3× 10~81223 2.

6× 10一8 7.8× 10 .81273
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