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while the pre-exponential factor D, is given by
Dy= Dy exp (Q/RT)

The pore separation for one specimen of undoped
alumina, i.e. that used during the determination of the
factor Z (Section 3), was already known. Two further
specimens, one doped with magnesia and the other with
tantalum pentoxide, were examined microscopically by
the methods described in Sectidn 3, and were both found
to possess pore separations of about | pm and grain
sizes 1-2 pm. The two specimens were those referred to
as 5 and 11 in Tables 2 and 3. For all three specimens,
therefore, / was about 104 cm, while Q, (the volume of a
complete “molecule™ of alumina) was taken as being
4-2.10-2cm? (calculated from the theoretical density
of alumina and the atomic weights of the constituent
ions). The values of Dy, and D, could then be calculated:
the results are shown in Table 4.

The three derived values of D,, are plotted on Figure
4, and through them are drawn lines (Plots A, B and C)
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FIGURE 4

Diffusion coefficients in alumina.

with gradients appropriate to the activation energies
measured for each type of specimen. The activation
energy in kcal.mole~! is shown underlined alongside
each plot. Plots A, B and C thus represent the diffusion
coeflicients measured in all the present pressure-sintering
experiments. Plot D on the same figure represents the
diffusion coefticients (D,,) for Nabarro-Herring creep
in polycrystalline alumina (sintered Linde A), recalculated

“from the results of HewsoN and KINGERYS using the

modified Nabarro-Herring creep equation.
o 42 DyQo
3 L%T

This plot falls very close to the extrapolation of plot A
for pressure-sintering in alumina with no added impurity.

6. INTERPRETATION OF THE MEASURED
ACTIVATION ENERGIES

The three activation energies determined in the
present work (115, 130 and 150 kcal.mole-! approxi-
mately) have all been quoted in the literature from time
to time in connection with sintering or creep in alumina
(Table 5).

Table 5

Activation

energy Reference
(kcal.mole=")

Experiment

Initial sintering 142-150 Jounson and CUTLER®

(various aluminas)

Neck growth of spheres 131 Kuczynski’
Grain growth 153 CoBLE?®
Sintering shrinkage 150 CoBLE?®
Sintering shrinkage 150 BRUCH®

Nabarro-Herring creep| ~115 HewsonN and KINGERY S

Nabarro-Herring creep| ~130 WarsHAW and NorTON 3

Nabarro-Herring creep| ~130 FOLWEILER 4

In addition, PALADINO and KINGERY!? measured an
activation energy of 114 + 15 kcal.mole ! for aluminium
tracer diffusion in polycrystalline alumina: and Oisui
and KINGERY!! observed three different activation
energies for oxygen tracer diffusion in alumina: namely
110+ 15 kcal.mole~! with polycrystalline material,
152+25 kcal.mole~! with single crystals, and very
approximately 60 kcal.mole-! at lower temperatures
with both types of sample. The experimental points for
these tracer experiments are plotted in Figure 4.

Interpretation of the activation energy values measured
in the present work. in terms of the published values for
tracer diffusion, requires a theoretical analysis of the
range of possible activaticn energies for diffusion
observable in alumina.

6.1 The Theoretical Activation Energies for Ionic Diffusion
in Alumina
The corundum lattice consists of oxygen ions arranged

in nearly hexagonal close packing with aluminium ions
filling two-thirds of the octahedral interstices. It is thus
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