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Crystallization of gel-derived alumina and
alumina-zirconia ceramics

. M. LOW*, R. McPHERSON

Department of Materials Engineering, Monash University, Clayton 3168, Victoria, Australia

The crystallization behaviour and phase relations in gel-derived alumina and alumina-zirconia
ceramics has been investigated. Zirconia was found to form a limited metastable solid solution
with the alumina matrix. When present in solid solution, zirconia phase appeared to enhance
rapid growth of corundum grains. There was no apparent grain refinement in the alumina-
zirconia composites. The implications of microporous gel structures on the modification of
microstructures in these gel-derived ceramics are discussed.

1. Introduction

Corundum is the only stable phase in alumina cer-
amics. These ceramics may be prepared by either
thermal decomposition of aluminium hydroxides and
salts [1] or by rapid quenching of alumina melts [2, 3].
Recent works have indicated that gels are excellent
alternative materials for making alumina ceramics as
well as alumina-zircona composites.

Becher [4] prepared alumina-zirconia composites
from gels and observed significant improvement in
fracture toughness and the thermal shock resistance.
Similar observations were also reported by various
investigators on these ceramics made by the conven-
tional mixing and compaction technique [5-9]. In
addition to improvement in toughness and strength,
dispersion of fine metastable zirconia particles in
the matrix of alumina has been found to hinder the
abnormal coarsening of alumina grains [10, 11].
Another elegant technique of making alumina-zirconia
ceramics is by chemical vapour deposition (CVD)
[12, 13]. Other possible methods include: (i) hydro-
thermal oxidation [14] and (ii) melt quenching [15].

Cr,0; has been well established to form a solid
solution with alumina [2]. Other compounds such as
Na,0, MgO, NiO and Li,O have also been observed
to form solid solutions with ALO, [16, 17]. No values
have been published on the solid solution of zirconia
in alumina although a considerable amount of work
has already been done on this composite. As in
mullite-zirconia composites and most ceramics, the
solubility of zirconia in alumina is expected to be
limited. -

It is the aim of this paper to report results obtained
from the crystallization of gel-derived alumina and
alumina-zirconia ceramics as well as to investigate
the extent and the mechanism of this solid solution
formation. The effect of dispersed zirconia (up to
20 wt %) on the microstructure of alumina matrix was
also studied.

2. Experimental procedures
Commercial purity zirconium chloride and laboratory

prepared aluminium isopropoxide [18] were used as
starting materials for the preparation of gels. Initially,
the chemicals were mixed in a plastic cup containing
carbon tetrachloride as a solvent and diluted with
some dry ethanol. The resultant solution was immersed
in a chilled solution for 0.5h before hydrolysis. The
latter was done by dropwise addition of water under
vigorous stirring. This in situ process of preparing
the alumina-zirconia gel allows high homogeneity
to be achieved and prevents premature hydrolysis
of zirconium tetraethoxide. Upon completion of
hydrolysis, a plastic film with several holes was used to
seal the cup and the solution was allowed to gel over
a period of several days in a constant humidity oven
in which the temperature was increased in steps from
40 to 80°C.

Differential thermal analysis (DTA) of the gel was
performed with a Rigaku Micro DTA apparatus. A
heating rate of 10°Cmin~"' was used. Characteriza-
tion of the crystalline phases formed in heat-treated
gels was done with a Philips X-ray Diffractometer
(PW 1050/25 wide-angle goniometer). Nickel-filtered
CuKu radiation was used. Finely ground gel powder
was placed on an aluminium disc as a substrate.

The specimens for the infrared analysis were
prepared by the pellet method. The gel powder was
mixed with KBr (gel to KBr ratio of 1:250) and
pressed into a thin disc. A reference pellet of KBr was
also used. Infrared spectra of gels were recorded on a
Pye-Unicam SP3-200 spectrometer.

Transmission electron microscopy of gels was done
by direct observation of finely ground gel powder
which was placed on a 400 mesh copper grid.

3. Results

Petrographic phase analyses of alumina and alumina-
zirconia ceramics are shown in Table I. The results
indicate that prior to the formation of corundum,
metastable phases of 7 and 6 alumina were formed at
lower temperatures. In contrast to mullite-zirconia
ceramics, the results in Table 1 suggest that the
metastable solubility limit of zirconia in corundum at
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Figure I Variation of cell volume of corundum with the amount of
zirconia.

1300° C was between 1.5 and 2.0 wt %. This value is
substantiated by the cell dimension measurements as
a function of the amount of zirconia added (Fig. 1).
The value of this metastable solubility limited as
computed graphically is about 1.85wt % zirconia at
1300° C. A perusal of the results in Table I also reveals
that this value decreases with increasing temperature
and heating time and vice versa. For temperatures
below 1200° C, the solubility limit was slightly over
2wt % zirconia. It is doubtful if the metastable
solubility of zirconia in corundum would extend to
5wt % although it may be true in the metastable y
alumina which is a spinel with significant crystal
defects. For alumina~zirconia ceramics, the monoclinic
zirconia particles were observed to crystallize at
lower temperatures than those in mullite-zirconia
composites [19]. Apparently, the alumino-silicate
matrix has a better stabilization effect on the meta-
stable zirconia particles than the pure alumina matrix.

Perusal of the results in Table I also suggests
that the transformation temperature of transitional
aluminas to a-Al,O; appeared to be affected by the
addition of ZrO,. For instance, y-Al,O; transformed
to «-AlLO; at 1150° C when 2 wt % was added instead
of 1300° C in pure Al,O,. However, 6-Al,O, appeared
to persist at higher temperatures when ZrQO, (1.5 and
2.0wt %) was introduced.

The DTA curves of pure alumina and its composites
are shown in Fig. 2. There were no apparent exo-
therms to be associated with the crystallization of y, 8
and « alumina or tetragonal zirconia. The latter was
only apparent for zirconia contents greater than
10 wt % [20]. These observations are inconsistent with
the thermal behaviour of the alumina gel prepared by
Yoldas [21] who obtained a sharp exothermic peak at
about 1200° C in the DTA curve which corresponded
to the transformation of é- to a-AL,O;. The endotherms
were attributed to the dehydration and the dehydroxy-
lation of gels and residual alkoxides, respectively.

The infrared spectra of the evolution of alumina gel
to crystalline aluminas (¢ and y) are depicted in Fig. 3.
The spectrum of the gel produces a sharp band at
about 1050 cm ™! which corresponds to the absorption
of A1-OH groups. The broad band at around 610cm ™’
is characteristic of six-coordinated aluminium ions.
The spectrum of y-Al,O, is very different from that of
the gel. Most of the AI-OH groups were eliminated
and in addition to the presence of six-fold coordina-
tion aluminium ions, there is a large proportion of
aluminium ions with four-fold coordination (800 and
690cm™!) which are characteristic of disordered
alumina structures containing tetragonally coor-
dinated aluminium sharing corners and edges [22].
When aluminium ions are in four-coordination, they
exert a stronger electrical field on surrounding oxygens
than in the case of six-coordination aluminium [21],
causing the absorption bands to become more diffuse.
Virtually all the aluminium ions in «-ALO; are in
six-fold coordination which is consistent with the hex-
agonal close-packed structure of corundum. From
7 Al magic angle spinning nuclear magnetic resonance
(MASNMR) studies on alumina gels, Komarneni and
Roy [23] observed partial conversion of octahedral
aluminium to tetrahedral aluminium when the gel was
heat treated at 500° C. These observations suggest that
aluminium ions are capable of exhibiting both four-
and six-fold coordinations and the conversion from
one form to the other can occur readily.

The effect of dispersed zirconia on the grain size of

TABLE I Petrographic phase analyses of Al,O, and Al,O0,-ZrO, ceramics

Temperature Amount of ZrO, (wt %)
O
0 0.5 .5 20° 35 =8
600 A A A A A
875 7 ¥ A ¥ VYms T2y, Yms TZ,,
950 7s ¥ Vs ”s Tms TZy, Yor Ty
1000 Vs ¥ Y Verbw & Vs TZ,, Ya» T,
1150 Vs O Vs O 0> Vs Oy %y O O Oy Vo O
Vs 1Ly TZ,. MZ,
1200 Vs O Tms By s O, %, Oy TZ, O 0,0, TZ, o, 8,
TZ,, MZ,,
1300 o o o, 0, a,, 0. TZ, o o
TZ,, MZ, TZ,, MZ,
1400 ot ol o, TZ, o o o
TZ,, MZ, TZ,, MZ,, TZ,, MZ,
1500 o ol ol o o o
TZ,, MZ, TZ,, MZ, TZ,, MZ, TZ,, MZ, TZ,, MZ,

y, 0, oz y-, 0, a—AL,O;. A = amorphous.
TZ, MZ, Tetragonal and Monoclinic Zirconia, respectively.
s = strong, m = medium, w = weak, t = trace.

893



(c)

EXOTHERMIC

Figure 2 DTA curves of alumina
and alumina-zirconia gels. (a)
ALO;; (b) <3wt% ZrO,; (o)
> 10wt % ZrO,.
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corundum at 1300°C is depicted in Fig. 4. As in
mullite-zirconia ceramics, there was a considerable
enhancement of grain growth in alumina ceramics
with zirconia contents in the range of solid solution.
No apparent grain growth or grain refinement was
observed for these ceramics with zirconia contents
outside the range of solid solution at 1300°C. The
Arrhenius plot of corundum grain size against recip-
rocal temperature (Fig. 5) indicates that the presence
of up to 8wt% dispersed zirconia in corundum
matrix has no inhibition on grain growth at high
temperatures. The peculiar behaviour of initial grain
size reduction as exhibited in the ceramic with 1.5wt %
zirconia (Fig. 5) is attributed to the crystallization of
tetragonal zirconia which brought about an initial
arrest in grain growth. At higher temperatures, this
grain growth arrest was nullified, indicating a strong
dependence of grain growth on temperature.

The evolution of an alumina gel with increasing
temperatures has been observed by electron micro-
scopy. Extremely fine microstructures present in the
gel were retained at relatively high temperatures.
No distinction can be noticed in the gel before and
after the crystallization of y-alumina, indicating that
the process of evolution probably involves the main-
tenance of chemical, structural and compositional
continuity of the phases formed. Fig. 6 depicts the
ultrafine microstructure of an alumina gel at various
temperatures. A microstructure of an alumina-zirconia
composite is shown in Fig. 7.
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Figure 3 Infrared spectra of evolution of alumina gel to corundum.

(a) Alumina gel at ambient temperature; (b) alumina gel heated at
900° C; (c) alumina gel heated at 1500°C.
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4. Discussion

4.1. Phase relations in alumina gels
Aluminium alkoxide, A{OR),, is readily hydrolysed
in water with the formation of aluminium mono- or
tri-hydroxide depending on the history of hydrolysis
[21]. When hydrolysis is performed in hot water, a
stable crystalline monohydroxide forms. In cold
water, the hydrolysis results initially in the formation
of largely amorphous monohydroxide which may
subsequently convert to trihydroxide, bayerite, in its
mother liquor unless certain steps are taken [24].
Only monohydroxide forms can be peptized to a clear
solution for preparation of non-particulate gels.
Dehydration of such gels usually produces amorphous
aluminas of extremely small particle size and large
surface area. Upon calcination, metastable aluminas
of various forms crystallize as intermediates prior to
the formation of the stable corundum phase. The
sequence of transition of these metastable phases are
dependent on the parent phases used and preparation
process adopted. For instance, the sequence of phase
transformations in alumina melts either during cool-
ing or subsequent heat treatment is

3-ALO, — 3-ALO, — 0-ALO, — a-AL0,

This sequence of transition is more complex during
the thermal decomposition of aluminium hydroxides

Bayerite {—’ n=0-a

(ALO; - 3H,0)

>y o260
— Bochmite

Gibbsite [ - (ALO; - H,0)
(ALO, - 3H,0)

-y > Ko

1ZE (um)

LA

GR

[N ]
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Figure 4 Variation of grain size of corundum as a function of
zirconia content heat treated at 1300°C.
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Figure 5 Arrhenius plot of corundum grain size against reciprocal
temperature. () Pure ALO;; (W) +20wt% ZrO,; (O) +8wt%
Zr0,; (@) 1.5wt % ZrO,.

Meanwhile, the metastable phases in the alumina
ceramics prepared by chemical vapour deposition are
o and 0 [13]. These transformations have attracted
an enormous amount of attention, particularly with
systems in which the nucleation step has not been
controlled [25]. However, the characterization of these
transformations is still enigmatic. Numerous hypo-
theses have been advanced to account for the complex
transformation of transitional aluminas. Most of
these hypotheses are explained in terms of nucleation
and growth [24, 26, 27], nucleation catalysis [25],
pore development [28, 29], mechanistic and structural
aspects [30, 31], as well as the time and temperature
dependence [32, 33].

Generally, the hydroxides of aluminium and its
derivatives are dehydrated topotactically (i.e. the
crystal structure transforms without destruction of the
original crystal morphology) and occurs at about
450°C to form y-Al,O; having a well-defined pore
structure [16, 26]. With further heating, transformation
to other transitional alumina phases such as J- and
f-alumina also occurs topotactically and with changes
in the pore structure to accommodate densification.
Finally, a-alumina forms by a nucleation and growth

process [16, 26, 27, 33] at around 1200° C. The major
difference between these metastable aluminas is the
degree of ordering of the oxygen lattice in their cell
structures.

From the results obtained in this investigation, the
sequence of phase transformations in alumina gels is
obviously quite different from those mentioned above.
The y- and f0-aluminas are the only intermediates
formed prior to the formation of corundum at about
1200° C. The y-alumina has an extremely fine crystal-
lite size, of the order ~ 5nm (Fig. 6). This phase has
been well established to possess a cubic spinel struc-
ture cell with tetrahedral aluminium lattice strongly
disordered but the oxygen lattice is fairly well ordered
[16]. Cation vacancies are randomly distributed
between octahedrally coordinated sites and they arise
from the necessity to maintain charge balance. The
lattice structure of #-alumina differs from y-alumina
only in the number of aluminium ions occupying
tetrahedral and octahedral holes in an approximately
cubic closest packing of O*~ ions [34]. On the contrary,
the ¢-alumina belongs to the corundum-type structure
where aluminium cations occupy two-thirds of the
octahedral sites in a hexagonal oxygen lattice. The
octahedra are joined to form a chain perpendicular to
the oxygen layers, every third site being empty. The
octahedral cation positions can be easily occupied by
aluminium ions, whereas the tetrahedral sites are
inaccessible to these ions [35].

The formation of ¢-alumina from y-alumina would
inevitably involve the initial ordering of oxygen lattice
to form f-alumina and the subsequent rearrangement
of the oxygen lattice from a more or less distorted
cubic array to a hexagonal close packed structure,
together with a change in the coordination of those
cations which previously occupied tetrahedral sites to
octahedral sites and an increasing ordering of the
cation vacancies. This mechanism of formation in a
gel has been proposed to occur by a nucleation and
growth process [27]. The transformation involves
the formation and growth of spherical colonies of
a-alumina in a porous matrix of submicrometre
y-alumina (~ S nm). Within the colonies, the a-alumina
is interconnected with a continuous pore phase. The
entire colony behaves as a single crystal of a-alumina
which grows gradually via a coarsening process to
reduce the surface area and crystal defects. After

Figure 6 Electron micrograph of alumina gel treated (a) at the ambient temperature and (b) at 600°C, x 187 500.
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Figure 7 Electron micrograph of AlL,O; + 8wt % ZrO, treated at
1300° C, x 200000

complete transformation to «-alumina, the micro-
structure consists of a vermicular network in which
both the pore and solid phase are contiguous and the
pore channels are of the same scale as the a-alumina
grains [33].

4.2. Formation of solid solutions between
zirconia and alumina

The lack of published values on the solid solubility
of zirconia in alumina renders the verification of
the value obtained in this study almost impossible.
However, alumina has been found in nature to form
limited solid solutions with chromium oxide, titanium
oxide and magnesia to form ruby, blue sapphire and
yellow sapphire, respectively. Other oxides such as
Fe,0,, SiO, or NiO are often found associated with
pure alumina as minerals. Kennedy and Bradt [36]
reported a solution of up to 2mol % MgO - TiO, in
alumina. Because of the relatively large ionic radius of
the zirconium atom, only a limited amount of zirconia
can be incorporated into the structure of alumina
to form a solid solution. The value of 1.85wt %
(~ 1.5mol %) at 1300°C obtained in this study may
be treated as generally correct. As in the mullite-
zirconia [19] system, the formation of solid solutions
between zirconia and alumina at the range of tem-
peratures studied is non-equilibrium.

Similar mechanisms of solid solution formation are
believed to be operating in alumina-zirconia ceramics
as in the composites of mullite-zirconia [19]. The
variation of corundum cell dimensions with the
amount of zirconia added (Fig. 1) suggest that up to
1.85wt % zirconia may be incorporated to form a
metastable solid solution at 1300°C. Only a fraction
of this amount is believed to have entered the cor-
undum structure via substitution for aluminium
atoms at the octahedral sites because of the relatively
large zirconium ions which are expected to appear
only in octahedral coordination as in the mullite—
zirconia system. The majority of zirconium atoms
are postulated to have resided metastably at the
interstices and vacancy domains. The apparent higher
value of solid solubility of zirconia obtained for
alumina-zirconia ceramics as compared to 0.9 wt % in
mullite-zirconia ceramics [19] at the same temperature
remains enigmatic. However, in terms of mole per-
centage, the solid solubility of ZrO, in alumina
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(~1.5mol %) at 1300°C is, in fact, smaller than
that in mullite (~ 3 mol %)! Maximum solubility of
zirconia (~ 5wt % or ~4mol%) is expected to occur
in y-alumina, a cubic spinel with considerable amount
of defects and disorder. In addition, this cubic spinel
also displays some degree of pronounced tetragonal
character [16] which may serve to enhance the mech-
anism of solid solution formation via the phenomenon
of krypto-isomorphism with tetragonal zirconia. The
decreasing of this value with increasing temperatures
and heating times. is probably due to “de-stuffing” of
zirconium atoms which were metastably located at
interstices and vacancy domains.

The above hypothesis is substantiated by the results
obtained for the variation of the c-dimension of
corundum with the amount of zirconia introduced.
This dimension appeared to vary very little while the
largest variation occurred in the a-dimension: This
observation serves to suggest that only a very limited
number of zirconium atoms have substituted for alu-
minium atoms at the octahedral chains and while most
of them are “stuffed” at the interstices and vacancy
domains to cause large expansion of the lattice in the
a-axis.

4.3. The effect of dispersed zirconia particles
on the microstructural developments in
alumina ceramics

As in mullite-zirconia ceramics, addition of zirconia
in the amount which forms a solid solution with
corundum tends to accelerate the grain-coarsening
process (Fig. 4). Apparently, when present in solid
solution, zirconia inclusions enhance the lattice dif-
fusion and the rate of boundary migration which are
essential for Ostwald ripening. It follows that zirconia
may function as an excellent solid solution sintering
aid for alumina ceramics.

The apparent absence of grain refinement in the
alumina-zirconia ceramics at temperatures up to
1400° C is in contradiction to the observations reported
by several investigators. Lange and Hirlinger [10] and
Green [11] observed a grain refinement of corundum
for compositions containing zirconia greater than
5 and 7.5vol %, respectively. The former attributed
the grain-growth control to the dragging force exerted
by the zirconia inclusions at the four-grain junctions
which subsequently suppressed the grain growth.
They also reported that these inclusions in alumina
matrix have enough self diffusivity to show the same
bebaviour as the pores except that the inclusions do
not disappear. Abnormal grain growth was thought to
be the result of non-uniform distribution of inclusions
in the microstructure to hinder the growth of all
alumina grains. Pinning of alumina grain boundaries
by the zirconia particles was believed by Green [11] to
be responsible for limiting the alumina grain growth.
The limiting grain size was found to be dependent on
the size and volume fraction of zirconia inclusions. In
addition to zirconia, MgO has been widely used as a
grain-refining agent for alumina ceramics [37-39].

The absence of observable grain refinement in this
study may be due to the inherent microporous texture
of the alumina gel which persisted even when heat



treated at high temperatures (Fig. 6). It is well estab-
lished that gels contain numerous submicroscopic
pores [16] which are difficult to eradicate by means
of heat treatment. These pores are believed to be
responsible for the overall reduction on the rate of
lattice diffusion and boundary migration. The latter is
reflected in the surface-diffusion controlled pore drag
which can effectively suppress the mechanisms of
grain coarsening.

The mobility of pores may be presented by M, =
K’ (D,/r*) [40], where D, is the surface diffusion coef-
ficient, K" a constant and r the radius of a spherical
pore. The phenomenon of pore-boundary attachment
is particularly favourable in a microstructure with fine
grain size and large (M,/M,) ratio where M, is the
boundary mobility. If the size of corundum grains in
the composites is assumed to be twice as large as those
in the pure alumina system and that the pore size (27)
is proportional to the grain size, then, r* > r/2 and
M, > 16 M, where r* and M} represent parameters
associated with alumina grains doped with zirconia.
As M > M, [37], it follows that (M,/M,) > 16
(M, /M,)*. Therefore, the high susceptibility of pore-
boundary attachment in microporous alumina gel is
established and it is this interaction of pores with
boundaries which is believed to give rise to the
observed fine microstructure and its persistence at
high temperatures. It is anticipated that the grain
refinement of alumina-zirconia composites may only
be exhibited at very high temperatures where the
porous structure and hence the pore dragging in the
alumina system is removed so that rapid grain coarsen-
ing can occur. Under these conditions, the pore-
boundary interaction would be insignificant com-
pared with the dragging force exerted by the inclusions
and the above model for grain-growth inhibition may
be applicable by replacing pores with inclusions. How-
ever, addition of zirconia in excess may inhibit sinter-
ing and drastically increase the total porosity and
mean pore size [41], allowing the phenomenon of
pore-boundary attachment, mentioned above, to
‘operate again. The model derived above is applicable
for all heterogeneous microstructures. In microporous
structures, pores are second phases while in non-
porous microstructures, inclusions are second phases
responsible for interacting with the grain boundaries.
As pointed out by Lang and Hirlbinger [10], inclusions
can behave like pores and vice versa except that pores
tend to disappear at high temperatures while inclusions
do not. By computing the effect of MgO solute on the
kinetics of grain growth in AlLQ,, Bennison and
Harmer [37] showed that MgO acts to increase the
mobility ratio, M, /M, by a factor of 80, an amount
sufficient to favour pore-boundary attachment. It
follows therefore that in microstructure which contains
both pores and inclusions, the grain growth is initially
limited by pore dragging with a transition towards
limitation by inclusion dragging at high temperatures
where pores are eliminated. The grain refinement
observed in-the literature is probably the result of very
high temperature (> 1600° C) treatment which caused
pores in the microstructure to collapse and allowed
undoped corundum grains to grow rapidly because of

the absence of pore-boundary interaction. Similarly,
the grain refinement observed for doped corundum
could be attributed to the predominant inclusion
dragging mechanism.

Besides controlling the microstructural develop-
ments of alumina ceramics, the presence of metal ions
in solid solution with AL,O, has been found to alter the
kinetics of alumina phase transformations. Lippens
and De Boer [16] reported that the occupation of
octahedral sites in Al,O; by sodium ions can prevent
the ordering of y-Al,O; into the §-Al,0,, resulting in
the stabilization of 0-AL,O;. On the other hand, the
presence of magnesium, nickel or lithium ions which
occupy tetrahedral sites tends to favour formation of
3-Al,0; [17]. The role of zirconium on the sequence
of alumina phase transformations is unclear in
this investigation, although a similar mechanism is
anticipated.

A perusal of the crystallization temperature of cor-
undum in Table I suggests that the transformation of
transitional aluminas to corundum may be enhanced
by the addition of zirconia. This observation is also
reported by numerous workers. For instance, Suwa
et al. [42] seeded ALO;-MgO gels with «-ALQ;,
MgAlQ,, o-Fe,0; and SiO, to study the extent of
nucleation catalysis of solid state reactions. Seeding
with a-Al,O; was observed to lower the a-AlL,O; crys-
tallization temperature in these gels by 100 to 150°C.
Spinel seeds had much less effect on the y —» « tran-
sition, and a-Fe,O0; and SiO, did not affect it signifi-
cantly. It appears that isostructural seeding of gels
may permit lower ceramic processing temperatures.
Wakao and Hibino [43] added a number of oxides up
to 10wt % to an aluminium sulphate derived «-ALO,
and reported that the temperature of the 8- to «-Al,0,
transformation was reduced in all cases, with CuO
and Fe,0; lowering the transformation temperature
to as low as 1050°C. Similar observation was also
reported elsewhere [33].

5. Conclusions

The crystallization behaviour of alumina and alumina-
zirconia ceramics has been investigated. The phase
transformations of alumina gel to corundum involves
the formation of y- and 8-AlLO, as intermediates. The
presence of zirconia tends to enhance the conversion
of metastable aluminas to corundum.

Zirconia forms a metastable solid solution with
aluminas. The extent of solid solution is greater than
S5wt% (~4mol %) ZrO, in y-AlL,O, while it is less
than 2wt % (~1.7mol %) in corundum at 1300°C.
When present in solid solution, zirconia enhances
rapid growth of corundum grains. In contradiction to
observations reported in the literature, there is no
apparent grain refinement in alumina—zirconia com-
posites with respect to the pure alumina system. The
fine microstructures obtained have been shown to be
related to the microporous texture of gel structures
which allow the interaction of pores and boundaries to
result in the overall reduction of the rate of lattice
diffusion and boundary migration. It is anticipated
that the grain refinement in these composites will
become evident only at high temperatures (> 1500° C)
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where pores and hence pore dragging forces are elimi-
nated, allowing the mechanism of inclusion (ZrO,)
dragging to be exemplified.
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