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means of a proportional controller system. Constant 
loads cou ld be applied to the die plunger by means of a 
wcighted levcr. and plunger displacement could be 
measured at any tim e during an exper iment using a 
sensitive dial gauge. 

3. EVALUATION OF THE CONSTANT Z 
A value of the constant Z in Equations (I) and (2) 

is required before diffusion coenlcien ts can be evaluated 
from pressure-sintering shrinkage data. 

An attempt was made to estimate Z by assuming that 
the compact contained equal-sized cqually-spaced pores. 
and that the avcrage length of the vacancy diffusion path 
was about one quarter the pore separation . Using 
these assumptions, a value Z ~ 20 was obtained but 
tentative evaluations of difl'usion coctlkients from 'some 
of the experimcntal data yielded values several orders of 
magnitude higher than tracer diffusion coefficients. [t 
was therefore decided to evaluate Z by comparison with 
the geometrical constant in the Nabarro- Herring creep 
equation, by obtaining creep data with a pressure­
sintered sample. 

3.1 Experimental Procedure 

A compact of Linde A alumina was pressed at 1304°C 
with an applied pressure of 5000 lb. in - 2, shrinkage data 
being obtained throughout the experiment. After the 
compact had cooled. its density was measured by weigh­
ing in air and in alcohol , so that the density at any time 
during shrinkage could be calculated. The pressing 
time was 71-h, and the pellet produced was 3·19mm 
thick, 9·595 mm diam .• with a relative density of 0·990. 
A plot of (pIP)1 I'ersus time (cf. Equation (2)) was a 
straight line of gradient 3·25 ± 0·15 h - I. 

The pellet was then inserted in a modified die. arranged 
so th~t it would experience no lateral constraint during 
pressing. The assembly was placed within the pressure­
sintering apparatus and the temperature was raised to 
the value used previously for compacting the pellet 
(I 304°C). After I h at this temperature, to allow the 

FIGUKE I 
Etched section of pressurc-sintcrcd specimen used for creep 

experiment 

apparatus to attain thermal equilibrium , a pressure of 
5000 Ib.in - 2 was again 'applied to the plunger. and the 
change in length of the pellet was recorded during the 
following 3 ~ h. Because of the absence of restraint On 
the sides of the pellet. the observed deformation was 
presumably the result of Nabarro- Herring creep unuer a 
uniaxial compressive stress: this mechanism has been 
confirmed consistently for stressed dense a lumina.)·4.l 
The observed strain rate was 5.10 - 3 h - I . 

On c.ompletion of the creep experiment the pellel 
was sectioned and polished (using 6-fLm and 1-/1001 
diamond paste on successive lead laps). The diffraction 
patterns generated by pores lying below the polished 
surface were then sought using reflected light with a 
X 140 oil-immersion microscope objective. The pore 
separation was est imated to be I fLm approximately. 

The polished surface of the specimen was then etched 
in orthophosphoric acid (30 sec. at 300°C) and examined 
microscopically ( x 3000 magnification. reflected light). 
The etched grain boundaries were easily distinguished 
(Figure I), and the grain size \vas est imated to be about 
1·5 fLm. 

3.2 Results 

From Equation (2), 

d (p)!_2Za D,'1n. 
Cit p -'jf2 kT (4) 

The theory of Nabarro- Herring creep, re-written as 
applying to a binary ionic polycrystal , predicts that the 
st rain rate 

(5) 

where L is the grain size. [n the case where dldt (p IP)i 
and i. are measured under similar conditions of temper­
ature and pressure, as in the present experiment, 
Equations (4) and (5) ca n be combined to give 

Z=~ (i)2 ~ (~) ; 
i. L dt P 

so that, by inserting the appropria te values for the various 
. quantities. as obtained in the present experiment, one 
obtains 

Z = 6(±3) 103 

where the \lI1certainty is caused mainly by the uncertain­
ties in I and L. 

This experimentally-determined va lue of Z is un­
expected ly high. and ill1plies that the vacancies migrating 
from the pore surfaces follow very short difl'usion paths. 
Because a given grain bOllndary must receive an equal 
flux of vacancies over all parts of its area if it is to collapse 
uniformly. it is furth er implied that a major part of the 
total vacancy flux within the pre~sed compact does not 
originate at po re surfac<!s. I n other words, it seems 
possible that pellet shrin kage during pressurc-sintering 
is greatly enhanced by change of grain shape by Nabarro­
Herring creep (or by grain-boundary diffusion). The 
pore surfaces. howcver. arc thc on Iy net source of 
vacancies. so that tho:: shrinkal!l! rate must be governed 
by the total pore su rface area- within the compact. The 
arguments leading to Equation (I) thus rcmain valid. 
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