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< ABSTRACT E13/C525

The theoretical equation for the final-stage densification of a polycrystalline compact during pressure-sintering, based

LEDGMENT on a model involving the stress-induced diffusion of vacancies, is discussed. Experiments are described which confirm the

ogy is thanked for supporting predictions of the equation with regard to the dependence of shrinkage rate on the amount of remaining porosity, the
h applied pressure, and the pore separation.
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Le frittage sous pression de U'alumine
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L - : Discussion relative a I'équation théorique de la densification finale d’un produit polycristallin compacté par frittage
fusion in Solids™ (McGraw-Hill, s p s opy o s o . ’ 5o

sous pression, basée sur un modele tenant compte de la diffusion des vacances sous effet des contraintes. L’auteur décrit
ic Migration in Crystals™ (Blaisdell, les expériences qui confirment ce que I'équation laissait prévoir au sujet de la corrélation entre la vitesse de retrait d’une

part, et la porosité résiduelle, la pression appliquée et la répartition des pores, d’autre part.

Drucksintern von Aluminiumoxid

Es wird eine theoretisch abgeleitete Gleichung fiir die endgiiltige Verdichtung eines polykristallinen Preflings beim
Drucksintern diskutiert, wobei ein Modell zugrunde gelegt wird, das die druckinduzierte Diffusion von Leerstellen beriick-
sichtigt. Experimente werden beschrieben, die Voraussagen der Gleichung beziiglich der Abhdngigkeit der Schwindings-
geschwindigkeit von Porositétsgrad, vorliegendem Druck und Porentrennung bestdtigen.

1. INTRODUCTION where do/dx is the stress gradient and D, is the effective

. 5 % » “ 9 -2 -1 >
In an earlier publication! a new equation was proposed molecular” diffusion coefficient.

to describe the final-stage densification of a polycrystalline

14z,—2z
compact during pressure-sintering, where the necessary Dp=—(Dr), (——“——c

) if (Dp)e> (Do)

change of grain shape occurred by the stress-induced ae
diffusion of vacancies. The proposed equation was oF
i 3 1 -z .
1dv__, o DO (P) " (D) (—*7’——2) if (D, >(Dy).
v, dt 2xT \5 cZa
s . ; . where the subscripts @ and ¢ refer to anions and cations
where V. is the volume of solid material, dV’/d¢ is the rate . h o . :
s ; B . respectively, Dy is the tracer diffusion coefficient, z is
Sg::::ﬁ%e :ﬁ:‘::;ﬂ;;ﬂ;;epig:;&?['1Zis'Slhdc g;(:?:tglg:g the ionic charge expresse}i as a multiple .of' the cha‘r_ge on
scparam;n D has the dimension.s of a self-diffusion ?he electror:, °0 thfat z. is always negative, and f'is the
. ’ . i X jump correlation factor. .
coefficient, Q is the relevant vacancy volume, k 1s The rate of volume change dV/d: of a pressure-

Boltzmann’s constant, T is the absolute temperature,

P is the fractional porosity and p the relative density

(s=1—P). Evidence was reported that the rate of volume 1 dV 7O
—Jat

sintered sample is given by

change of pressed alumina compacts was indeed proportio- V. dt
nal to (P/p)’, but experiments to test the other predictions
of the equation were incomplete at the time of publication.
These later experiments are reported in the present paper.

where Q, is the volume of a “molecule” of the ionic
crystal (i.e. of the least number of ions of both species
which maintain electrical neutrality). 4 is the total pore
surface area in unit volume of solid material. Jy, is now
the “molecular’ flux imediately below the pore surfaces.

2. THE PRESSURE-SINTERING EQUATION

2.1 Corrections to the Method of Derivation As has been suggested elsewhere, !
Equation (1) is not entirely satisfactory as it stands, ——

because the factors D and Q are not satisfactorily Acc(f) /1 and 95 oc__‘f(l_))

N defined. e/ dx I \p
in‘: ::E‘:g lls(wrl:xoc“’c:;,:tl:;lts):fb:zngg ?;gcl“:;’::sih:r'&r:j]?’; where / is the pore separation. Combining these relation-
e e g I ! ships with Equations (2) and (3) results in

and this theory will be used as the starting point for a

new derivation of the pressure-sintering equation. 1dv__ ¢ DyQ, (P\} 4
From reference 2. it may be assumed that the effective 17, dar 2 kT (;) ' - @

flux of complete “molecules™ in such a crystal is given by ) L o ) )
This equation is identical in form with Equation (1), H

Dy do ) ) ) but with the advantage of a properly-defined diffusion

Tigimie 0 EL
M kT dx coefficient.
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