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ABSTRACT
Formationof CaAlzOAin 1:1molarmix of CaO and AlzOJoccursat higher
temperaturethroughformationof mainly lime rich phases such as CJA and
C1~7.In BaO-AlzOJmix,howeverstoitiometricformationof BaAlzOioccurs
at relativelyhighertemperaturedueto largerionicsizeofBariumions.The rate
ofBaAlzOdformationismoreasthe interdiffusioncoefficientvaluescalculated
for BaO-AlzOJsystemwere foundmuchhigherthan in CaO-A120j.Sintering
studiesshowedslowerrate of densificationin BaAlz04powdercompactsand
weredueto highermolecularweightof BaA1204thoughthe valuesof apparent
diffhsioncoefllcientscalculatedwere found to be comparablein both the
systems.O 1997Elsevier Science Ltd

Introduction

The solid state reactionsbetweenconstituentparticlesinvolvethe nucleationof phase at
separatepointson thesolidsurface.Thesenucleigrowin sizeand forma continuousreaction
interface.Furtherreactionsoccurby diffisionof reactantsacrossthe interface.Variousfactors
suchasparticle,ionicsize,mixingratio,chemicalpotentialgradient,retentiontime, sintering
temperatureanddifiisioncoefficientsof thereactingspeciesgoverntheproductformation.In
generalreactionsoccurby difision of ionsfromloweroxygenaflinityoxideto higheroxygen
affinityoxide.Reactionleadingto aluminateformationin CaO-AlzOJandBaO-AlzOJsystem
havebeenreportedto occur(l-3) by diffision of Ca and Ba intoAlzOJthroughrigidoxygen
lattice.

The sinteringin CaAlzOdand BW204 powdercompactsat highertemperaturesoccurby
bulkmasstransportthroughvolumedifision. Studiesrevealrapidsinteringrate of CaAlz04
comparedto BaAlz04(4,5).

The present paper highlightsthe comparativeevaluationof CaO-AlzOJand BaO-AlzOs
systems.Thethermodynamicfimctionsanddiffisioncoefficientsof the formationandsintering
of aluminateshavebeenpresented.

J.FormationReactionsmCao
. . -ALO,andBaO-Al,O,Svstem. Studiescarriedout in 1:1molar

“mixesof CaO-AlzOJandBaO-AlzOjreportedformationof high limeintermediatephasessuch
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TABLE1

ThermodynamicFunctionsof Formationof CaAlzOdand BaAlzOq

system Temp Act i vat ion Act i vat ion Chemica1 Rate
(“c) f roe entropy potent ial constant

energy {AGI (As) grad i ent
(Kca1/mole) (cal/mole/°K)

1200 113.67 -51370 12.0 -44.16xIQ-4
CaA1204 1250 116.08 -51270 13.2 6.94x10-4

1300 119.42 -51760 14.4 6.33x1O
1380 122.79 -51290 15.0 2.OOX1O-3

1300 76.47 .4970 -448.8 23.3 X10-4
BaA1204 1350 78.00 -5760 48.0 30.8 X10-4

1380 78.87 -6180 47.7 36.8 x1O

as C~A,C1zA7in caseofCaO-A120J.In BaO-A120Jsystemhoweverthere isastoichiometric
reactionleadingto formationof BaA120dundersimilarconditionsof reaction.The formation
of BaA120qoccur at relativelyhigher temperature.The rate constantsand the activation
thermodynamicfimctionsdeterminedfor theseoxidesare givenin Table 1.

Thenegativeentropiesinbothcasesimplya moreorderedtransitionstatethan the reacting
substances.

2. InterdiffusionCoefflcients of Formationof CaA ,0. an1 d BaAl,OA. The interdiffusion
coefficientscalculated(1,6)at differenttemperaturesfortheformationofCaA120qandBaA120i
are given in Table2.

It is apparent from the table that the values of interdiffusioncoefllcientsof formation
of BaA120daremorecomparedto CaAlzOQindicatingthat the reactionleadingto formationof

TABLE2

InterdiffisionCoefllcientsof Formationof CaA120qand BaA120,

System temperature Interd i f fusion
(“c) coe f ~ i c i ent

(cm /see)

1200 13. 03% 10::
CaA1204 1250 21.31 x 10-9

1300 29. 14x 10-9
1380 41. 85x 10

1300 7. 18X10::
BaA1204 1350 9. 62x 10

1380 11. 52x 10
-4
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BaA120Ais fasterthan that of the formationof CaA1204.Thisis alsoevidentfromthe higher
valuesof rate constantsfor BwU204formationas givenin Table 1. Sincethe ionicradiusof
Ba+2ion is 1.43AOand higherthan that of Ca+2ions 1.06AO(7), the formationreactionof
BwU204involvesrapid growthof productlayer at the interface.Therequirementof higher
temperatureof reactionisdueto highersizeofBa ionsfortransportcomparedto thatof Ca ion.
The temperature dependence of the interdiffisioncoefilcientsfor CaA120~and BW11204
formationare givenas

D = 4.165 x 10-4(- X#%la 2 St%-’ . . . . . forCaAl204

and

D -9.596 x 10-4(- *)cm* WC-l . . . . . forBaAl204

3. Sinterirwof CaA1.O.and BaAl,O. and DiffusionParameters. The sinteringstudiesof
CriA1204and BwN204powder compactsreported (4,5) showedrapid rate of sinteringof
Cti1204 comparedto BwM204undersimilartemperatureconditions.Difhsion is apparently
the mechanismof masstransportin sinteringof solids.In volumediffusion,the atomsmove
through the latticesto the neck region and the particlescome closer causingshrinkageof
compact.Basedonthevaluesof linearshrinkage,thesinteringkineticsofBaAlz04andCOAIZ04
havebeengivenandthevaluesof apparentdiffusioncoeftlcientscalculated(4,5)are given in
Table3.

TABLE3

ApparentDiffision Coefficientsin the Sinteringof CaAlz04and BaAlz04

System Temperature Apparent d i f fus ion

5
coef ic i ent

(“c) (cm /see)

1350 9. 59x 10
-11

1400 19. 82x 10: ;:
CaA 1204 1420 48. 25x 10-,0

1440 ::. ::: W+og
1460 .

1300 ; . ;:; ;:::;
BaA1204 1350 .

1400 8.91 X 10:::
!450 11. 20X 10
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Fromthe Table3, it is clearthatthevaluesof apparentdiffusioncoefficientsof the CaAlzOq
andBaA120darecomparable.TheactivationenergyrequirementforsinteringofBaA1204is 188
Kcal/moleand is slightlyhigherthanthat for CaAlzOqwhichis 167Kcal/mole.Therelatively
higher energy requirementfor the densificationof BaAlzOAis due to the higher molecular
weightof BaA120i.Thehighermolecularweightof BaA120qaffectsthe rate of masstransport
adversely.Thetemperaturedependenceof selfdiffusionof the CaA120qand BaA120dare also
shownin equations

1) - fj.28 X10-9(.W~T )Cm2 six-’ . . . . . forCaAl~04

and

D . 8.04 X 10-9(. 188 @O---)cmz See-l . . . . . forBaAl*04

1.

2.

3.

Conclusions

Theinterdiffusioncoefficientsof BaAlzOiformationishigheras comparedto CaAlzOq
whichindicatesrelativelyrapidformationofBaAlzOd.Thisisalsoevidentfromthe lower
value of activation energy for interdiffusionof BaO into A1203as compared to
CaO-A1203.
Theapparentdiffusioncoefficientsleadingto sinteringofCaAlzOdandBaAlzO~aremuch
lower than the formationin CaO-AlzOjand BaO-A120Jmixes. Thus the formation
reactions are fasterthan the sinteringprocesses.
The apparentdiffhsioncoefficientsof sinteringof BaAlzOqarecomparableto that of
calll,o,.
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