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ABSTRACT EI37/ C525 

Pressure-silllerillg experiments are described, from It-hich Il'ere obtained aclivalioll ellergies for iOllic diffusion ill ull-doped 
alumilla, alld ill alum ilia doped Il'ith either magnesia or lantalum pellloxidi:. The thermodYllamics of vacallcy formatioll 
ill alum ilia hmle beell examilled, lIlId six theO/'etical aCfil'atioll ellergies for diffusioll have beell calculated usillg the three 
measured values, The calculated actil'ation ellergies have beell correlated with published values for tracer diffusion ill alum ilia , 
Calclllations of dijjilSioll coefficients /rom the pressure-sinlerillg Il'ork sholl' salisfactory agreement It'ith published tracer 
diffusioll coefficients. 

Eifet de quelqlles impllretes Sill' Ie frittage sous pression de I' allllnine 

L'auleur decril des experiellces de fri llage sous pressioll qui 0111 conduil a des ellergies d'aclivalioll pour la diffusioll 
iOlliqlle dalls {'allllllille 11011 dopee el dalls {'alumille dopee SOil avec de la magllesie, soil avec du pelltoxyde de tallIale, 
Les aspels IherlllodYllallliques de la forma tioll de vacances dans {'alulllille SOllt examilles el six ellergies d'actil'atioll 
theoriques SOllt calculees pour la dijJusiOIl a raide des trois valeurs mesurees. Les ellergies d'activatioll calculees SOll t 
cOlllparees aux valeurs pub/iees pour la d!/Jirsioll de Iracellrs dans {'alllllline, Les calculs de coefficiellts de dijjirsioll, bases 
sltr Ie friftage SOliS pressioll efleclue ell pratique, fournissellf des resllllats qui concordent de far;:on sati s/aisante avec les 
coefficienls publitfs pour la diffusioll des traCl'urs, 

Einfl;ijJe einigel' Verunrcinigullgen allf das Dl'Ilcksintem vall Alllmilliumoxid 

Experimente iiber Drucksillterung Il'erden beschrieben, aus den en die AktivierulIgsenergiell del' Jonelldiffusion ill 
wulolierlem Alulllilliul1Ioxid ulld ill solchent, das mit Magllesiwnoxid oder Tanlalpelltoxid dotierl Il'ar, ermiftelt I!'urden, 
Die Therll1 o(~l'/falllik der LeerstellellbildulIg ill Alulllillillmoxid It'urde ullfersucht lIIrd es liej3ell sich seclls Iheoretische 
Di!fusiollsaktil'ierullgsellergiell /lllter BellUlzulIg der drei gelllessenell Werle bereclll1ell . Die berechneten AktivierulIgsellergiell 
lI'urdell mit LiterafLInl'ertell der Tracer-Di/Ji,sion ill Alulllilliul1loxid ill Be=ielllll1g gesetzt , Die BerecllllulIg der Dijjirsiolls­
koeffiziellfell aus dell Drucksilller- Versucl,ell zeigell b~friedigende (Jbereinstim'lIlll1g mit den aus der Literalur bekalllltell 
Tracer- DijJusiollskoejjizielltell , 

1. INTRODUCTlON 

It has been shown elsewhere t that the shrinkage of an 
alumina polycrysta l during the final stages of pressure­
sintering is well descri bed by the equation 

~ dV = -Z'!. DMn, (~) ) 
V, dl 12 kT p 

(I) 

or 

- =- - ~ I +consta nt (p) ! 2Za D n 
P 3 12 kT 

(2) 

where V, is the volume of so lid material, d Vj<J. t is the 
rate of volume change of the compact. a is the app lied 
pressure , / is the mean pore sepa rat ion . D,,, is the effective 
"molecular" dilTusion coellicient . 11., is th.: volu me or a 
"molecuh:" of the crystal. k is Boltzma nn's constant. 
T is the absolute tempera ture, P is the fractional porosity 
and p the relative density (P ~ 1- ?), Z is a constant of 
proportionality. which must be evaluated before the 
equation may be used to determine diffusion coeffic ients. 
The effective "molecular" diffusion coenicicnt is defined 
by the relationships: 2 

D - -(D) (I +="-=") 'I' (D ) ~ (D) (3a) M - T u r., . I T e ra 
.Ia~ (" 

or 

DM= (DT)c (I +:a-Zc), if (DT).~(DT)c . (3b) 
f eza 

where the subscripts a a nd c refer to anions and cations 
respectively, DT is the trace r diffusion coefficient, = is 
the ionic charge expressed as a multiple of the charge o n 
the electron, andfis thcjump correlation factor. D'r can 
be expressed as Do exp ( - QI RT). where Do is a constant. 
Q is an acti vation energy, and R is the gas constan t per 
gram molecule . Thc present paper describes experim ents 
undertaken to determine the values of Q and Do' firstly 
in compacts of undoped a lumina. a nd then in compacts 
doped with impurities chosen for thei r effect on the 
vacancy equilibrium in alumina, 

2. APPARATUS 

The pressure-sintering apparatus has been fully 
described elsewhere. t The alumina powder (Linde A 
nominal pa rticle size O'3/<m) \Vas pressed in a graphite 
die with a 9·5mm bore. enclosed wi thin a sinten:d­
alumina vacuum envelope tube. This in turn "as sur­
rounded by a multi-element molybden um-in-al um ina 
furnace. the temperature of which could he controlled to 

within one or two degrees centigrade of the se t value by 
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