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Letters

The Influence of Microporosity on the
Ductility of Al[Al,O, Alloys

Generally, the ductility of Al/AlL,O; (SAP)
alloys decreases with increasing temperature and
with decreasing deformation speed. Examples
are given in figs. 1a and b. Electron micrographs
[1] and density measurements [2] have indica-
ted that this may be connected with the forma-
tion of microcracks.

This note presents first results of a systematic
study on the influence of temperature on crack-
formation in SAP alloys during tensile tests and
creep.
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Samples of 1.5 g were taken from the rupture
zones of SAP specimens, of 10 mm diameter,
broken in tensile and accelerated creep tests at
temperatures between 20 and 620°C. The
density of the samples was determined by the
immersion technique; the precision was better
than +0.002 g/cm3. SAP alloys with various
fabrication histories and different oxide contents
were investigated.

Typical results of density measurements of
samples taken from tensile specimens of SAP
with different Al,O4 contents (4, 7, 14 wt %
AL, O,) are shown in fig. 1b. All alloys show the
same behaviour. The density decreases slowly
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with increasing test temperature up to 250° C,
and decreases more markedly afterwards, es-
pecially at temperatures above 450°C. The
density values show that, in all three alloys,
void volume at 620° C is approximately 3%,
which indicates the creation of many micropores
during the tensile deformation.

The dashed line in fig. 1b indicates the density
of samples of the 79, alloy taken from the zone
of uniform elongation after rupture. Up to
250° C, the density does not change; above
450° C, there is a marked decrease. However, it
is evident that void volume is far higher in the
necked-down zone than in the zone of uniform
elongation.

In fig. 2, the corresponding results of ac-
celerated creep tests of an SAP 7% (with
different fabrication history) are shown. Total
elongation (fig. 2a) and density in the zones of
rupture and uniform elongation (fig. 2b) are
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Figure 1 (a) Tensile elongation of SAP alloys as a function
of test temperature. (b) Density of broken samples
( in the necked zone; ~—~—-—— in the zone of uni-
form elongation).

presented as functions of time-to-rupture. Two
regions can be distinguished clearly.

(a) In the first zone, elongation decreases with
increasing time-to-rupture; density increases
rapidly from a minimum of 2.705 g/cm?, at a
lifetime of 10 min, to values of approximately
2.733 g/em? for 100 min.

(b) In the second zone, at lifetimes of 2 h approx-
imately, both density and elongation show an
asymptotic behaviour and assume values close
to those of the zones of uniform elongation in
the tensile test.

Our results show clearly that the degree of
void formation in SAP is very high at elevated
temperatures and almost negligible at room
temperature. We suppose that this determines the
elongation behaviour of SAP by the following
mechanisms.

On the basis of Guyot and Ruedl’s [3]
theory, we think that, at low temperatures, the
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Figure 2 (a) Elongation of SAP in creep test at 450° C as a
function of time-to-rupture. (b) Density of samples
ruptured in creep (: in the necked zone; - - - - - =
in the zone of uniform elongation). The values from a
tensile test are shown for comparison (@).

movement of glide dislocations is hindered
mainly by forest dislocations, whereas, at high
temperatures, the density of the forest decreases,
and blocking of the dislocations is taken over to
a large extent by the oxide particles.

According to the Griffith criterion, cracks
may be created by piled-up glissile dislocations.
Forest dislocations cannot give rise to effective
pile-ups [4]. Accordingly, crack nucleation in
SAP should be easier at high temperatures,
where the oxide particles are rate-controlling
and block the glide dislocations. The mechanism
of the formation of micropores by cracking at
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dispersed particles has been described by
Ashby [5]. These cracks have a decisive influence
on the elongation. If we suppose that necking of
a specimen starts at a given void volume and that
void formation is favoured by higher tempera-
tures, then uniform elongation must decrease
with rising temperature. This corresponds to the
experimental findings.

Further deformation will be controlled by
creation of new cracks, by growth of existing
ones, and, mainly, by necking-down of alumin-
ium zones: these zones are now separated
from the oxide particles by the cracks spreading
from the oxide particles and are hence free to
deform, which leads to local ductile fracture.
Elongation before and after necking are there-
fore controlled by different mechanisms. The
final brittle fracture is composed of a multi-
tude of microscopic ductile fracture zones.

This mechanism, proposed for tensile deform-
ation, apparently cannot be transferred com-
pletely to the creep test. In this case, cracks
should grow slowly (as shown for other materials
[6]) and should give rise to microscopic necking
and elongation similar to that in tensile testing.
Fig. 2 showed, however, that, after creep tests
of more than 1 h, void volume is lower than after
tensile testing. Probably there is some pheno-
menon which stops crack-growth in long-time
tests. This could, in part, be explained by the
following hypothesis.

Owing to the complex fabrication schedule,
it is most probable that, in SAP, there are
inclusions of air trapped by the oxide particles,
as has been found for many powder metallurgy
materials [7]. Activation analysis has shown
[8] that, in the 7% alloy, there is 10 ppm argon

which, if it came mainly from included air,
would indicate a high initial air content of 0.1
wt %. When a crack starts at a particle where an
air bubble is trapped, the gas may enter into the
cavity, and internal surfaces of oxides and
nitrides will be formed which should hinder
the further growth of the crack. In this way,
most of the cracks should remain small and
could, therefore, not liberate the extensive
aluminium zones which could give rise to
appreciable elongation.

Such a mechanism of gas-transport and
oxidation must be a time-dependent process.
This hypothesis can explain the findings of fig.
2b, that fast testing leads to high void volumes
and slow testing to low void volumes.
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The Growth of Strain-Free Y,Al,O,, Single
Crystals

Vertically pulled single crystals of yttrium
aluminium garnet (Y3Al;0;,) characteristically
exhibit a central core of elastically strained
material which is associated with the formation
of {211} type facets, (fig. 1), on the solid/liquid
interface during growth. Because this defect
impairs the crystalline and optical perfection of
the material, high quality laser rods can only be
cut from the outer regions of such crystals
[1, 2].

In this laboratory, recent studies of mixed
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rare-earth aluminium garnets [3] have shown
that if such crystals can be grown with a flat
solid/liquid interface, faceting does not occur,
and the optical quality is greatly improved.
The results of these studies have been success-
fully applied to the growth of Y,Al;0;, single
crystals, and it is now possible to grow crystals
of this material entirely free from the strained
central core. The technique employed is simply
to reduce the temperature gradients across the
interface by rotating the crystal at high speed.
Hitherto, crystals have been grown at rotation
speeds in the range 10 to 50 rev/min when the
solid/liquid interface is approximately conical



