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Abstract

Samples of zirconia-toughened alumina (ZTA) with small amounts of chromia and magnetoplumbite-type crystalline phase (CeMgAl11O19)
have been prepared and processed under different conditions. Mechanical properties like hardness and fracture toughness were examined as a
function of different parameters. As an example, fracture toughness was increased by the chromia addition, whereas platelets reinforcement
addition suppressed the tetragonal zirconia (t-zirconia)–monoclinic zirconia (m-zirconia) transformation. In addition, transformability of the
t , respectively.
I ion and the
t re correlated
l d, residual
s
©

K

1

o
w
s
i
a
m
z
c
t
m
d

ture

hen-
nia
size,
. In
co-
ch a
des
r-
hase
y
eri-
con-

ture
ction

0
d

etragonal zirconia and the residual stress in the alumina phase were examined by Raman and fluorescence piezo-spectroscopy
n particular, the extent to which t-zirconia transforms to m-zirconia was determined by Raman spectroscopy after Vickers indentat
ransformability was correlated to the fracture toughness. It was demonstrated that the monoclinic content and the toughness we
inearly and experimental results were compared with models already available for zirconia-based materials. On the other han
tresses originated by transformation toughening mechanism were correlated to the transformability of the tetragonal phase.
2004 Elsevier Ltd. All rights reserved.
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. Introduction

Zirconia-toughened alumina (ZTA) has been the subject
f extensive research1,2 because it couples a high toughness,
ith the peculiar properties of alumina, i.e. very good re-
istance to wear and chemical stability. All these character-
stics have qualified ZTA for cutting application and make
lumina–zirconia composites a very promising candidate as
aterial for implant applications, also because alumina and

irconia separately are already familiar to the biomaterials
ommunity. In addition, ZTA ceramics have been studied in
he past two decades in order to establish which toughening
echanism was predominant in this material. Several studies
emonstrated that stress-induced transformation toughening
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and microcraking toughening were responsible of frac
toughness improvement.3–7

Focusing the attention on the transformation toug
ing mechanism, it is well known that tetragonal zirco
transformability depends on characteristics like grain
type and amount of stabilizer and sintering conditions
fact, Garvie8 reported that grain size of tetragonal zir
nia has to be maintained over a critical size to rea
high value of fracture toughness, while different oxi
(Nb2O5, Ta2O5, Sc2O3, Er2O3, Gd2O3) were tested in o
der to increase the metastability of the tetragonal p
by means of variation of thec/a ratio of the elementar
cell.9–13 Furthermore, platelets-reinforced zirconia mat
als have been recently developed with secondary phase
stituted by compounds with magnetoplumbite-type struc
with the aim to increase toughness through crack defle
mechanism.14–18

955-2219/$ – see front matter © 2004 Elsevier Ltd. All rights reserved.
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The analytical methods used to evaluate transformability
are X-ray diffraction, Raman and fluorescence spectroscopy.
The main difference between the two methods is that XRD
analysis is performed on fracture surface whereas Raman
analysis can be directly performed around cracks originated
from Vickers indentations to obtain a map with a spatial res-
olution as low as 1�m.19,20With the same spatial resolution
it is also possible to evaluate the stress induced by the t–m
transformation in ZTA-based materials by means of the fluo-
rescence piezo-spectroscopy. Using this analytical technique,
Gregori et al.21 has already demonstrated that the final stress
state of the alumina matrix is governed only by the extent
of the transformation of the zirconia particles, while Mer-
lani et al.22 studied grains size and cooling rate effects on
compressive stress in alumina–zirconia composites.

In this paper, mechanical properties (hardness, frac-
ture toughness) of ZTA composites, obtained in differ-
ent conditions in terms of composition and sintering pro-
cess, were analyzed as a function of the sintering pro-
cess, stabilizer content, zirconia–alumina weight ratio, chro-
mia addition and a new magnetoplumbite-type crystalline
phase (CeMgAl11O19) content. In addition, tetragonal phase
transformation induced by Vickers indentation was corre-
lated to the fracture toughness by means of Raman spec-
troscopy, while stress of the alumina matrix originated by
t–m transformation was determined by fluorescence piezo-
s the
t

2

an),
m lox

SM8, Baikowski Chimie, France) and chromia (Carlo Erba,
Italy) were wet-mixed in a Turbula mixer using water as
solvent. To obtain platelets reinforcement, CeMgAl11O19
was also added to the mixture. It was first obtained
by coprecipitation method starting from Ce(NO3)3·6H2O,
Mg(NO3)2·6H2O, Al(NO3)3·6H2O (Carlo Erba, Italy) and
ammonia as coprecipitating agent. Calcination of hydrox-
ides species were performed at 900◦C and crystalline phase
was finally achieved at 1500◦C, as reported inFig. 1. This
compound was subsequently mixed with the remaining con-
stituents of the system.

The green bodies were made by means of die pressing
at 60 MPa followed by CIP at 100 MPa. Pressureless sinter-
ing was performed in flowing air in the range 1450–1550◦C
depending on the composition. Post-sintering treatment con-
stituted by hot isostatic pressing (HIP) was applied on some
samples to investigate the effects of different sintering pro-
cesses on the transformability of the tetragonal phase. In
Table 1composition and sintering parameters of each sample
are summarized.

Densities of sintered samples were determined by
Archimedes’s method. X-ray diffraction method (Model PW
1710 and PW 1820, Philips, using Ni filtered Cu K� radi-
ation, at 40 KV and 30 mA) was used to evaluate crystallo-
graphic composition and to calculate lattice parameters of
the tetragonal phase. Hardness (HV) and fracture toughness
( with
a ach
l osed
b

K

rd 26-0
pectroscopy and correlated to the transformability of
etragonal phase.

. Experimental procedure

Powders of yttria-stabilized zirconia (3YB, Tosoh, Jap
onoclinic zirconia (TZ0, Tosoh, Japan), alumina (Baika

Fig. 1. XRD patterns of CeMgAl11O19 (JCPDS ca
KIc) were determined by means of Vickers indentation
load ranging from 96 N to 198 N (10 indentations for e

oad). To calculate fracture toughness, the formula prop
y Niihara for Palmqvist crack was used:23

Ic = 0.035(Ha1/2)(3E/H)0.4(l/a)−0.5

3
(1)

872) obtained by coprecipitation/calcination method.
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Table 1
Composition and sintering parameters of the samples examined

Sample ID ZrO2 (3YB)
(wt.%)

ZrO2 (TZ0)
(wt.%)

Al2O3

(wt.%)
Cr2O3

(wt.%)
CeMgAl11O19

(wt.%)
Sintering HIP

(100 MPa)

AZ1 60 40 1450◦C× 1 h
AZC4 33.6 16.4 49.5 0.5 1450◦C× 1 h 1450◦C× 2 h
AZC112 26.9 13.1 59.5 0.5 1500◦C× 1 h
AZ16 33.6 16.4 50 1450◦C× 1 h 1450◦C× 2 h
AZ17 50 50 1450◦C× 1 h 1450◦C× 2 h
AZC18 26.9 13.1 59.5 0.5 1500◦C× 1 h 1450◦C× 2 h
AZC25 33.6 16.4 49.5 0.5 1450◦C× 1 h
AZ26 26.9 13.1 60 1500◦C× 1 h
AZ35 50 50 1450◦C× 1 h
AZ38 33.6 16.4 50 1450◦C× 1 h
AZC42 50 50 0.5 1450◦C× 1 h
AZ60 41.8 8.2 50 1450◦C× 1 h
AZCe20 26.9 13.1 40 20 1550◦C× 1 h
AZCe20HP 26.9 13.1 40 20 1550◦C× 1 h 1450◦C× 2 h

This formula was used within the whole range of the ap-
plied load because we have previously demonstrated that
the conditions of the Palmqvist crack model were always
satisfied.24

Finally, Raman spectra were collected around Vickers in-
dentation using the single grating spectrograph Renishaw
System 1000 equipped with a suitable notch filter and a CCD
detector. Raman scattering was excited with a Ar+ laser at
wavelength of 514.5 nm; the laser output power of 25 mW
was reduced by means of neutral optical filters (form 50% to
90%) to avoid thermal damage of the sample. The point to
point variation of the Raman spectra along the direction of the
apex of the Vickers indent was obtained by moving the sample
with steps of 20�m using anx–ymotorized stage. By using
a 50× objective a spatial resolution of 1.2�m was reached.
Fluorescence piezo-spectroscopy measurements were per-
formed with the same spectrometer, excitation and spatial
resolution of Raman experiments, by mapping the peak posi-
tions ofR1 andR2 ruby luminescence bands of Cr3+ centres
of alumina.

3. Results and discussion

3.1. Effects of the sintering and composition on material
p

ss of
e e no-
t alue
( ess.
I sta-
b ll be
d

3
frac-

t izer

content (compare the results of the samples AZ16–AZ38,
AZ35–AZ17 and AZC4–AZC25), while it was effective
to increase hardness (see the same samples). The main
reason of fracture toughness decreasing is that this addi-
tional heat treatment led to grain growth of the tetragonal
phase (Fig. 2a and b) and hence partial t–m transformation
of the zirconia grains that reduces the amount of tetrag-
onal phase available for the transformation, as shown in
Fig. 3a and b, where XRD spectra of AZ38 and AZ16 are
reported.

3.1.2. Stabilizer content
The effect of the stabilizer (Y2O3) amount was investi-

gated through preparation of samples having a zirconia/yttria
molar ratio of 97/3, 3Y (AZ35), 97.5/2.5, 2.5Y (AZ60) and
98/2, 2Y (AZ38), respectively. As shown inTable 2, fracture
toughness reached a maximum value of 8.1 MPa m1/2 with
the lowest content of stabilizer, while with yttria content of
3 mol% and 2.5 mol%,KIc did not exceed 6.0 MPa m1/2. To

Table 2
Density and mechanical properties of the sintered samples (±standard
deviation)

Sample ID Density Hardness Fracture toughness

A
A
A
A
A
A
A
A
A
A
A
A
A
A

roperties

In Table 2densities, hardness and fracture toughne
ach sintered sample are reported. Above all, it should b

iced that the density is always close to the theoretical v
T.D.), independently of composition and sintering proc
n the following paragraphs the effects of thermal cycle,
ilizer content, chromia on the mechanical properties wi
iscussed.

.1.1. Hot isostatic pressing
Hot isostatic pressing caused always a reduction of

ure toughness, more evident at low level of stabil
(T.D.%) (GPa) (MPa m1/2)

Z1 99.8 15.0± 0.2 6.1± 0.1
ZC4 99.9 16.2± 0.2 6.7± 0.2
ZC112 99.9 15.9± 0.3 6.9± 0.2
Z16 99.9 16.1± 0.2 6.2± 0.3
Z17 99.6 15.9± 0.3 5.8± 0.1
ZC18 99.8 16.3± 0.2 6.5± 0.1
ZC25 99.4 15.5± 0.1 9.1± 0.8
Z26 99.7 16.3± 0.3 7.0± 0.2
Z35 99.3 14.9± 0.5 6.0± 0.1
Z38 99.2 15.4± 0.2 8.1± 0.1
ZC42 99.4 15.2± 0.5 6.4± 0.2
Z60 99.9 15.7± 0.3 5.6± 0.2
ZCe20 99.8 15.2± 0.2 7.0± 0.4
ZCe20HP 99.8 15.3± 0.3 6.1± 0.1
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Table 3
Lattice parameters andc/a ratio of AZ35, AZ60, AZ38

Sample ID a (nm) c (nm) Tetragonality (c/a) Tetragonal phase (vol.%) Cubic phase (vol.%)

AZ35 (3Y) 0.50964 0.51805 1.0165 98.7 1.3
AZ38 (2Y) 0.50958 0.51851 1.0175 100
AZ60 (2.5Y) 0.50982 0.51850 1.0170 94.6 5.4

understand this behaviour, lattice parametersc anda (c/a ra-
tio) must be taken into consideration. In fact, it is well-known
that the loss of tetragonality (a lowerc/a ratio) is related to
an increased stability of the tetragonal phase which causes
a decrease of fracture toughness. In particular, Yoshimura et
al.25 reported thatc/a ratio is independent of the dopant size
(though it was not confirmed by Tien10 and Jang et al.11),
but dependent on the content of stabilizer. This was also con-
firmed in our case, as reported inTable 3. However, besides
thec/a ratio, crystallographic composition (Table 3) has also
to be considered to explain the behaviour of fracture tough-
ness as function of yttria content (Fig. 4). In fact, the dif-
ference between AZ38 and the other samples is due to the
different c/a ratio, while the difference between AZ35 and
AZ60 is due to the different amount of the tetragonal phase
available for the transformation.

F
g
a

Fig. 3. XRD spectra of (a) AZ38 and (b) AZ16. Amount of monoclinic phase
(2 vol.%) was determined following Polymorph method (prENV 14273-
2001).
ig. 2. SEM image of the microstructure of (a) AZ38 and (b) AZ16 (white
rains: zirconia; black grains: alumina). Average grain size of zirconia and
lumina are reported in the figure.

Fig. 4. Correlation between tetragonality–fracture toughness and stabilizer
content.



G. Magnani, A. Brillante / Journal of the European Ceramic Society 25 (2005) 3383–3392 3387

Fig. 5. XRD patterns of 0.5 wt.% chromia-doped ZTA ceramics. Straight
lines are the peak positions of pure sintered alumina (JCPDS card 46-1212).

3.1.3. Chromia
Chromia’s effects on mechanical properties of alumina

and alumina–zirconia composites (ZTA) have already been
studied. It is well known that Cr2O3 forms a isovalent solid
solution with Al2O3 over the full range of compositions,
with a great influence on microstructural evolution. On the
other hand, Cr3+ is hardly soluble in ZrO2 and the solubil-
ity depends on the preparation conditions.26,27 Arahori and
Whitney28 found that hot pressed ZTA showed higher value
of fracture toughness and hardness with a chromia/alumina
weight ratio of 0.1. On the contrary, in chromia–zirconia (3Y-
TZP) composites the maximum value of fracture toughness
was achieved with a volume ratio of 0.3.29 Finally, Riu et al.30

demonstrated that hot pressed alumina-chromia composites
had hardness dependent on chromia content. In our case the
chromia content was fixed at 0.5 wt.% to limit weight loss
due to CrO3 vaporization31 during pressureless sintering and
therefore we were not able to put in evidence any variation of
mechanical properties due to different chromia content. X-
ray diffraction measurements were performed, but we were
not able to detect any chromium containing phase; in agree-
ment to literature, we found only a little effect on alumina
cell parameters, because of the formation of a solid solution
(Fig. 5).28 As example (0 0 6) peak and (3 0 0) were, respec-
tively, shifted of 0.0054◦ and 0.0214◦ (2Θ), a value corre-
sponding to an increase of alumina cell parameterscandaof
0 only
e nd/or
h ted in
T nce-
m tered
s and
i no-
t atio
i ness
w rsus
A that
h ition
i

Fig. 6. Microstructure of 20 wt.% CeMgAl11O19-doped ZTA sintered sam-
ple (AZCe20). White grains: zirconia; black grains: alumina; platelets:
CeMgAl11O19.

3.1.4. Cerium-based magnetoplumbite type phase
Magnetoplumibite type structure shows a hexagonal lat-

tice with an anisotropic growth which is suitable to form
in situ rodlike particles. These rodlike particles can act as
toughening agents to improve the mechanical properties of
the composites, normally without any sintering problems due
to their in situ formation during densification. In our case, we
preferred to add this phase directly to ZTA composites in or-
der to reach a sintered density as close as possible to the
theoretical value (Table 2). In Fig. 6the microstructure of the
sintered sample AZCe20 is reported where the grains with
high aspect ratio are constituted by CeMgAl11O19. Alumi-
nates such as CeMgAl11O19 have common properties like
lower hardness and Young’s modulus than those of corun-
dum. These properties of a composite decrease with increas-
ing content of aluminates, giving rise to reduced constraint on
the ZrO2 from the surroundings. Therefore, ZrO2 toughening
eventually becomes less effective. Obviously, there is a com-
promise of aluminates content for gaining optimal mechani-
cal properties. In our case, we characterized only ZTA com-
posites containing 20 wt.% of CeMgAl11O19. Future work
will be aimed to investigate the effect of the cerium-based
compound content on the fracture toughness. Overall frac-
ture toughness of samples doped with this phase (AZCe20
and AZCe20HP) is comparable with that of ZTA samples
obtained with the same sintering process, AZ38 and AZ17,
r tion
t ctive
o d by
p m, as
c

3
tio

w f
d rties
a rials.
I ent
.01% and 0.03%, respectively. In conclusion, we could
valuate whether chromia addition affected toughness a
ardness. On the basis of the experimental data repor
able 2, we can argue that chromia addition led to an enha
ent of fracture toughness both in the pressureless sin

amples (AZC25 versus AZ38 and AZC42 versus AZ35)
n the hipped samples (AZC4 versus AZ16). It can also be
iced that this is not true when zirconia–alumina weight r
ncrease from 50:50 to 40:60. In this case, fracture tough
as quite insensitive to the chromia doping (AZ26 ve
ZC112). On the other hand, it can also be concluded
ardness was not greatly influenced by the chromia add

ndependently of the composition.
espectively. It is confirmed that tetragonal transforma
oughening is less effective in AZCe20 samples irrespe
f the sintering process, while it is partially compensate
latelets toughening through crack deflection mechanis
learly reported inFig. 7.

.1.5. Zirconia–alumina weight ratio
Samples with different zirconia–alumina weight ra

ere also prepared, as reported inTable 1. The effects o
ifferent zirconia–alumina ratios on mechanical prope
re in agreement with previous studies on these mate

n fact, increasing zirconia content produced an increm
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Fig. 7. Crack propagation in platelets reinforced ZTA material (AZCe20).

of the fracture toughness (AZ1 and AZ35 inTable 2), while
a more evident decrease was achieved when alumina con-
tent raised up to 60 wt.%. Furthermore, this sample (AZ26)
showed a higher hardness than sample AZ38 with 50 wt.% as
alumina content. In the chromia-doped ZTA sintered samples,
fracture toughness raised when zirconia–alumina weight ra-
tio content was increased and this increment was more evi-

F
(

Table 4
Transformability’s parameters of the sintered samples

Sample ID Vf d (�m) Vf (d)1/2 (�m)1/2

AZ16 0.31± 0.03 55.1± 7.8 2.26
AZ17 0.26± 0.06 44.8± 1.5 1.75
AZ35 0.32± 0.03 44.6± 2.7 2.14
AZ38 0.51± 0.06 82.6± 22.0 4.61
AZ60 0.24± 0.05 42.6± 11.1 1.57

dent in the pressureless sintered samples (compare values of
AZC25–AZC112 with AZC4–AZC18).

3.2. Raman analysis

In zirconia-based materials, fracture toughness is related
to the transformability of tetragonal phase according to the
equation proposed by McMeeking and Evans:32

KIc = Km
Ic +

(
ηVf�VE

√
d

1 − ν

)
(2)

whereKm
Ic is the toughness of the material without tetragonal

to monoclinic transformation,η is a constant,Vf is the volu-
metric fraction of the transformable tetragonal phase,�V is
the lattice dilatation associated to the transformation (4.7%),
E is the Young modulus,d is the transformation zone size
(TSZ) andν is the Poisson’s ratio. Becauseη, �V, ν andE
are constant, fracture toughness is function ofVf (d)1/2. The
latter parameter can be determined by means of Raman analy-
sis following the method proposed by Katagiri et al.,33 which
is based on the elaboration of the data coming from a spatial
mapping of the sample performed in the direction perpendic-
ular to the crack, as reported inFig. 8a. Example of Raman
spectra obtained at different distances from the indentation
apex, are shown inFig. 8b. The monoclinic fraction has been
e ou-
b e
t ian
ig. 8. (a) Low magnification image with indication of the mapping paths.
b) Raman spectra acquired at different distance from the crack.

F trans-
f

stimated from the relative intensities of the monoclinic d
let (bands at 181 cm−1 and at 192 cm−1) with respect to th

etragonal band at 145 cm−1. From the calculated gauss

ig. 9. Fracture toughness of sintered samples as a function of the
ormability.
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distribution of the monoclinic fraction, with reference to the
edge of the Vickers indent,Vf andd have been obtained.33

Furthermore, we took in account the samples having the same
zirconia–alumina weight ratio in order to compare sintered
samples homogeneous from the zirconia and alumina content
point of view (Table 4).

The data reported inTable 4were related to the values of
fracture toughness shown inTable 2and a linear fit, based on
of Eq. (2), is reported inFig. 9. With the determination ofη
andKm

Ic, we were able to demonstrate that the fracture tough-
ness is mainly influenced by the transformation of the tetrag-
onal phase. In fact, from the linear slope, with�V= 0.047,

F
ig. 10.R2 band broadening, intensity and shift as a function of distance from
 the crack in (a) AZ16, (b) AZ17, (c) AZ26, (d) AZ38, (e) AZ60 and (f) AZCe20.
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Fig. 10. (Continued).

E= 305 GPa (determined by resonance frequency method)
andν = 0.26 (calculated by rule of mixture), we determined
η = 0.46, which is included in the range 0.22–0.55 indicated
by Mori et al.,34 andKm

Ic = 4.2 MPa m1/2, which is very close
to the value (4 MPa m1/2) pointed out by Swain and Rose.35

The difference between the slope of the linear fits previously
reported by other authors20,33,34,36and shown for compari-
son with our experimental results inFig. 9 is due to the fact
that each fit is related to the data of different zirconia-based
materials (different in the composition and/or in the man-
ufacturing process) where fracture toughness is differently
affected by the transformability.

3.3. Fluorescence piezo-spectroscopy

As already mentioned, alumina stress strains associated to
the t–m transformation in a zirconia–alumina composite can
be determined by means of fluorescence piezo-spectroscopy.
In fact, the chromium ions, Cr3+, are substitutional of the
Al3+ ions and they give origin to sharp and characteristics flu-
orescence peaks also in polycrystalline materials. If a stress,
applied or residual, acts on the system, the peaks at 693 nm
(R1) and 694.25 nm (R2) are shifted.37 A positive shift im-
plies tension and a negative one implies compression acting
on the alumina matrix. In our case, we performed a spatial
m
a btain
a -
l tance
f the

variations in room temperature was also corrected by simul-
taneously monitoring a characteristic Neon line at 693.14 nm,
close to theR lines. Experimental points were analyzed and
interpolated by means of a Gaussian curves originated by a
Lorentzian fit. These curves showed the maximum value in
correspondence of the indentation apex as clearly reported
in Fig. 10. All samples exhibited a positive shift due to the
t–m transformation except AZCe20 where it was greatly sup-
pressed, as already mentioned.

In ZTA-based materials residual stresses can be originated
during cooling in the sintering process due to the different co-
efficient of thermal expansion (CTE) of the species,σcte. Fur-
thermore, t–m transformation induced by surface machining
or Vickers indentation can also lead to an internal stress that
depends on the transformability,�trans. The available equa-
tions to calculate stresses are based on the correlation between
the change in frequency,�ν, and the piezo-spectroscopy co-
efficients for thea and c directions relating frequency to
stress,Π ij . Here the equation proposed by Ma and Clarke
is reported:38

〈�ν〉 = 1
3(2Π11 + Π33)〈σi

ii〉A (3)

where〈σi
ii〉A is the hydrostatic stress, whileΠ11 andΠ33

were previously measured at room temperature to have values
of 2.75 and 2.10 cm−1 GPa−1, respectively.39 This equation
w
o fter
V o the
o
m ation
apping in the directions already showed inFig. 8a, and we
nalyzed the resulting fluorescence spectra in order to o
correlation between characteristics of theR2 band (wave

ength shift, peak broadening and peak intensity) and dis
rom the indentation apex. The instrumental shift due to
as used to calculate the hydrostatic stressesσcte andσtrans
n the basis of theR2 band shift measured before and a
icker indentation, respectively. These values together t
verall hydrostatic stress,σtot, are reported inTable 5. In this
anner, we are able to put in evidence that t–m transform
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Table 5
Residual stress of the alumina matrix due to CTE mismatch and
tetragonal–monoclinic transformation

Sample ID σcte (MPa) σtrans(MPa) σtot (MPa)

AZ16 −998 159 −839
AZ17 −1069 294 −775
AZ26 −795 302 −493
AZ38 −1275 267 −1008
AZ60 −916 331 −551

Fig. 11. Hydrostatic stress (σcte, σtransandσtot) as a function of the mono-
clinic phase content.

causes a tension stress on the alumina matrix that partially
reduces the compressive stress originated by CTE mismatch.
Furthermore,σcte, σtrans and the overall hydrostatic (com-
pressive) stress change linearly with monoclinic fraction as
shown inFig. 11, confirming experimental results previously
reported by Sergo et al.40

4. Conclusions

Alumina–zirconia composites were extensively charac-
terized in order to establish a correlation between me-
chanical properties (hardness and fracture toughness) and
sintering process, stabilizer content, chromia addition,
zirconia–alumina weight ratio and platelets reinforcement
addition. Main results are:

1. The highest value of fracture toughness was achieved with
pressureless sintering of the composite containing chro-
mia 0.5 wt.% and yttria 2 mol%.

2. Post-hot isostatic pressing treatment caused the formation
of a small quantity of monoclinic phase that reduced frac-
ture toughness.

3. Transformability was strongly affected by stabilizer con-
tent.

4. Chromia addition led to an enhancement of the fracture
toughness

5. A new magnetoplumbite type phase, CeMgAl11O19, was
added to the composites. Preliminary results obtained
with 20 wt.% addition confirmed that ZrO2 toughening
becomes less effective with these aluminates.

6. Stress-induced transformation toughening is the mecha-
nism responsible for the fracture toughness improvement.

7. Overall compressive stress of the alumina grains is linearly
dependent on monoclinic fraction and it can partially be
reduced by the tensile stress originated by the t–m trans-
formation.
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