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bstract

lumina–zirconia composites with submicrometric grain size were surface modified with the purpose to induce bioactivity using several chemical
reatments. Among them, a quick attack by phosphoric acid induced on Zirconia Toughned Alumina (80–20 wt%) the formation of apatite-like
alcium phosphate phases after immersion in simulated body fluid, indicating bioactivity induction. Such a treatment does not reduce the strength,

ardness and ageing properties of this ceramic material, making it a suitable method for biomedical applications. Surface properties, topography
nd microstructure of oxide ceramics are also discussed.

 2012 Elsevier Ltd. All rights reserved.
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.  Introduction

The excellent mechanical and tribological properties together
ith biocompatibility of alumina and yttria stabilized zirco-
ia materials (Y-TZP) ceramics1 have led to consider them as

 good choice for preparing orthopaedics and dental clinical
mplants. Despite the fact that the future of (Y-TZP) materi-
ls has been questioned in the recent years, due to the report
f failures of their application in vivo2–4 a large number of
tudies still regards them as promising biomaterial.5,6 The prob-
em was caused by the low temperature degradation (LTD)
f zirconia, the so-called ageing process. Basically, the pro-
ess involves transformation of metastable tetragonal crystallites
nto the monoclinic phase.7–12 Chevalier et al.9 suggested an
ncubation-nucleation-growth mechanism for the transforma-
ion. Once the transformation occurs, the process continuously

roceeds from the surface to the bulk of yttria stabilized zirco-
ia materials, resulting in a volumetric expansion followed by
ailure.9 It is well known that zirconia materials transform most

∗ Corresponding author. Tel.: +39 0113977616; fax: +39 011346288.
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apidly at temperature ranging between 200 and 300 ◦C. How-
ver, at low temperatures, the process can be enhanced by the
resence of water, which is available in vivo.9,13 Fundamentally,
enetration of water radicals into zirconia lattice leads to the
ormation of tensile stresses in zirconia surfaces. Consequently,
he activation barrier for the transformation is lowered, and the
hase transition is promoted.14

A modern trend to improve the LTD resistance is to seek
or materials processing leading to alumina–zirconia compos-
tes. Two kinds of composites can be prepared: alumina matrix
einforced with zirconia particles (ZTA), and zirconia matrix
einforced with alumina particles (ATZ). The “driving ideal” is
o isolate zirconia grains in the lattice structure from others by
lumina grains to avoid the propagation process. The combina-
ion of alumina and zirconia allows to compensate the moderate
oughness of alumina and the ageing effect of zirconia.

The mechanical and tribological properties of different ZTA
nd ATZ compositions have been reported in many studies dur-
ng the last years.15–20 Higher toughness can be obtained for
articular composites than for pure alumina or zirconia. It has

een also shown that when the percentage of ZrO2 is kept under
he 22 wt%,21,22 ageing phenomena do not occur independently
rom the grain size, and recently it was described that no surface

http://www.sciencedirect.com/science/journal/09552219
dx.doi.org/10.1016/j.jeurceramsoc.2011.12.020
mailto:m.faga@to.istec.cnr.it
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orphological changes occurred on a ZTA composite, indicating
he absence of macroscopic effects.23

Despite the fact that ZTA seems to be a promising material
n a point of view of ageing effect, ATZ has particularly good
echanical properties.
The mechanical stability is not the only requirement of a

ood implant material since it is also primordial for it to present
 bioactivity for those applications requiring osteointegration.
ioactivity, in case of bone bonding materials, can be described
s the ability to grow bonelike apatite on the materials surfaces.24

t has been shown that apatite formation is induced by the pres-
nce of particular hydroxyl sites on the surface. The introduction
f (OH) functional groups on the materials surfaces by acid and
ase treatments seems to represent a promising solution25,26 to
nduce bioactivity. Such processes have allowed to grow apatite
n the materials surfaces when they were immersed in the sim-
lated body fluid (SBF).24

It is also known that the Al OH functional group has no
ffinity for calcium and phosphate and do not induce apatite
ormation.27 By contrast, zirconia gels with tetragonal or mon-
clinic structure were proved to effectively induce apatite
ucleation26,28 by the specific arrangement of the Zr OH func-
ional group which are a nucleation supply for apatite crystal
ormation. The work of Kokubo et al.26 has shown that a zirco-
ia composite (70 vol.% zirconia, 30 vol.% alumina) was able to
orm apatite layer on the surface after acidic or basic treatments.
t is worth to be noted that the composite treated with H3PO4

 M exhibited the highest apatite-forming rate.
Considering these facts, increasing zirconia content of the

aterials may improve their bioactivity. In spite of the fact that
everal studies reporting the possibility to induce bioactivity on
he surface of zirconia-based materials are present, the influence
f the treatments on the mechanical properties and ageing are
ot so widely investigated.

In this paper, ZTA and ATZ ceramics with submicrometric
rain size were considered as suitable materials for dental and
rthopaedic applications. The microstructure and mechanical
roperties have been studied before and after the treatment for
he surface bioactivation.

.  Experimental

.1.  Ceramic  preparation  and  characterization

High purity powders were used to produce the mate-
ials: Taimei Al2O3–16 wt%ZrO2 (Taimicron) and Tosoh
rO2–20 wt%Al2O3 (TZ-3Y20AB), in form of “ready to press”
owders, so that no additional mixing was done before pressing.

Green samples were obtained by linear pressuring at 80 MPa
ollowed by Cold Isostatic Pressing under 200 MPa. The best
onditions for sintering process were: heating 50 ◦C/h up to
00 ◦C, dweel for 2 h at 700 ◦C; heating of 100 ◦C/h up to

◦
emperature sintering of 1500 C and dwell for 2 h at this tem-
erature. The thermal expansion coefficients were measured up
o 1300 ◦C; the densities of the sintered bodies were measured
y Archimedes’ method.

a
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Furthermore, the following mechanical properties were con-
idered: 4-pts flexural strength on 45 5 5 mm test bars (at least
ve specimens for each batch) for as fired materials and 25 2.5 2
or aged and treated ones; hardness by indentation method with

 Vickers tip, 9.8 N of load, for 10 s, on at least five specimens
or each batch for as fired materials; for treated and aged ceram-
cs micro-hardness was measured with a nanoindentation tester
FISCHERSCOPE HM-2000) varying the load up to 0.5 N to
valuate the surface hardness. Also in this case a Vickers inden-
er, consisting of a four-sided diamond pyramid with a square
ase, was used for the measurement. Toughness was measured
y indentation method with a Vickers tip, 98 N of load, for 10 s,
ith at least five measurements on each material and Young’s
odulus by resonant frequency method on at least three speci-
ens for each batch, sized 43 5 2 mm using an H&P gain phase

nalyzer.
The slice model equation of Munz et al. was used to calculate

oughness.
Flexural strength and hardness were measured on as fired,

ged and treated samples.
The materials were studied without any polishing treatments,

part from samples for microstructure and XPS. The choice to
void polishing was based to the fact that a higher surface contact
s helpful for osteointegration. As for microstructure and XPS,
olishing is required to have effective results. Polishing was
one using diamond up to 1 �m of grain size.

Microstructure was analysed using a Scanning Electron
icroscope; Zeiss EVO 50 equipped with Energy Dispersion

pectroscopy analyzer for elemental composition detection.
XPS analyses were collected on a SPECS (Phoibos MCD

50) X-ray photoelectron spectrometer. The source was Mg
� radiation (1253.6 eV). The X-ray source having a 150 W

12 mA, 12.5 kV) electron beam power. The spot size of the
rradiated region is 7 ×  20 mm. The emissions of photoelec-
rons from the sample were analyzed at a take-off angle of 90◦
nder UHV conditions. No charge compensation was applied
uring acquisition. After collection, the binding energies were
alibrated on the Al 2p signal of Al2O3 having a binding energy
E = 74 eV. The accuracy of the reported binding energies (BEs)
an be estimated to be ±0.1 eV. The XPS peak areas were
etermined after subtraction of a background. The atomic ratio
alculations were performed after normalization using Scofield
actors of element X. All spectrum processing was carried out
sing the Casa XPS v2.3.13 software (Casa Software Ltd.)
ackage and Origin 7.1 (Origin Laboratory Corp.). The spec-
ral decomposition was performed using Gaussian–Lorentzian
70%/30%) functions, and the FWHM is fixed for each given
eak.

.2. Samples  treatment

The samples were ultrasonically washed in acetone, ethanol

nd deionized water and then immersed in H3PO4 or NaOH
olution with different concentrations at 80–100 ◦C for times
anging between 4 and 24 h in autoclave or under atmospheric
ressure. After the complete treatment, the samples were taken
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ut from solution, then washed in deionized water and finally
ried at room temperature.

.3.  Bioactivation

Bioactivity evaluation of the untreated and treated samples
as performed by immersing the materials in a modified simu-

ated body fluid (1.5×  SBF). The 1.5×  SBF was prepared with
on concentration 1.5 times that of SBF as proposed by Kokubo
nd Takadama,24 and its pH value was adjusted to 7.4 by the
ddition of HCl and Tris–hydroxymethyl-aminomethane. Each
ample was immersed in 40 ml 1.5× SBF, kept at a constant
emperature of 36.5 ◦C for 2 and 4 weeks. Observation by SEM-
DS of a layer with typical Ca/P ratio of apatite-like forms was
sed as a criterion for the samples bioactivity.

.4. Ageing  experiments

Ageing experiments were carried out in autoclave at a tem-
erature of 134 ◦C and 2 bars at increasing time, up to 20 h (1 h
n autoclave is theoretically equivalent to 3–4 years in vivo9).

Samples were located on a grid in the autoclave so that they
ere not soaked in water during the ageing, but only subjected

o steam atmosphere. The influence of hydrothermal treatment
n the tetragonal- monoclinic transformation was quantitatively
valuated by X ray diffraction. The specimens were scanned
ith Cu-K� (45 kV–40 mA) radiation and Bragg angle varying

rom 26◦ to 34◦ by PANalytical X Pert PRO X-ray diffraction
nstrument. The monoclinic phase fraction Xm of zirconia was
alculated using the Garvie and Nicholson method.

m = Im(1̄ 1 1) +  Im(1 1 1)

Im(1̄ 1 1) +  Im(1 1 1) +  It(1 0 1)

here Xm is the m-ZrO2 fraction.
It(1 0 1), Im(1 1 1) and Im(1 1 1) are the integrated intensity

orresponding to the tetragonal (1 0 1), monoclinic (−1 1 1) and
onoclinic (1 1 1) planes, respectively.
The monoclinic volume Vm ratio is then given in the formula
m = 1.311Xm

1 +  0.311Xm

a
g
z

Fig. 1. Scanning Electron Microscopy ima
eramic Society 32 (2012) 2113–2120 2115

e decided to use such method because it is often employed in
he papers related to zirconia-based composites for biomaterials
nd, consequently, it allows an easy comparison with literature
ata.29,30

The zirconia phase transformation was then observed by
tomic Force Microscope (AFM) and Scanning Electron
icroscopy (SEM). The same zone of the ATZ sample was

maged before and after ageing process. The AFM (Park Sys-
em XE100) was using in non-contact mode. The scan size
as 5 ×  5 �m2 with a scan rate of 0.4 Hz. The measure-
ents have been performed on polished and thermally etched

ample on air. The measurements of average roughness (Ra)
ave been evaluated by images in five random areas on the
ample.

The SEM images were obtained using the same instrument
escribed in Section 2.1.

To observe the same zone in AFM and SEM, the sample
as marked with a line scratch obtained with a progressive

oad from 10 to 50 N. In addition, to easily locate the area
nalyzed by AFM, a photo of the tip during the first AFM
nalysis was recorded. After the ageing process, the AFM
ip was placed in the same area and several images were
ecorded to find the same zone observed on the unaged mate-
ial, with the aim to clearly observe the ageing effect on the
urface.

. Results  and  discussion

.1.  Microstructure

The morphologies of the ZTA and ATZ composites are shown
n Fig. 1. Both samples are made of submicrometric grains,
ith the darker and brighter grains representing the alumina

nd zirconia phases respectively. In particular, in the case of
l2O3–16 wt%ZrO2 (ZTA), Al2O3 grains of 0.9 ±  0.3 �m and
rO2 grains of 0.3 ±  0.1 �m are present, while in the case of
rO2–20 wt%Al2O3 (ATZ) alumina and zirconia sizes are sim-

lar (0.5 ±  0.2 �m). In both cases, alumina and zirconia grains

re homogeneously distributed. In the case of ZTA the alumina
rains are bigger, probably because of the low proportion of
irconia, which has a pinning effect on alumina grains.

ges of (a) ZTA and (b) ATZ as fired.
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Table 1
Physical and mechanical properties of ZTA, ATZ and monolithic materials.

Composition Density (%) Thermal expansion coefficient (m ◦C) Hardness (GPa) Toughness (MPa m1/2) Flexural strength (MPa) Young modulus (GPa)

Al2O3–16 wt%ZrO2 100 8.2 21.3 ± 1.5 3.9 ± 0.05 441 ± 24 363 ± 5
ZrO2–20 wt% Al2O3 99.9 10.0 15.3 ± 0.9 7.1 ± 0.1 633 ± 127 245 ± 9
Al2O3

a 99.9 7.8 24.0 ± 1.6 3.0 ± 0.1 229 ± 34 362 ±  4
Z  ± 0.
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3.4.  Chemical  treatments

Various treatments with H3PO4 and NaOH at differ-
ent concentrations, temperatures, during different times were
rO2
b 100 11.0 14.5

a Al2O3 taimei.
b ZrO2 tosoh, stabilized with 3 wt% of yttria.
.2.  Physical  and  mechanical  properties

The composites properties are summarized in Table 1,
here also features of monolithic materials are reported for

omparison. The optimized materials processing led to fully
ense materials. As a general remark, it can be observed that
he composites exhibit a good compromise in terms of hardness
nd toughness if compared to monolithic materials.

In particular, the ATZ composite shows similar hardness and
ncreased toughness if compared to pure zirconia. This indicates
hat the ATZ is more fracture-tolerant than the zirconia. This is a
articular advantage because, in spite of the promising mechan-
cal properties of pure zirconia, the risk of fracture remains an
mportant problem.

As for the ZTA, which is expected to be stable in vivo because
he zirconia percentage is only 16% in weight, its mechanical
roperties are interesting too. In fact, toughness and flexural
trength are considerably better in comparison with monolithic
lumina even if hardness is kept high. However, toughness and
exural strength are significantly lower than those found in the
ther composite, indicating a higher fragility of this material. It
as to be noticed that a relevant standard deviation for ZTA is
bserved, mainly for the strength values, indicating that a reduc-
ion of defects have to be obtained by improving and controlling
he materials processing.

.3.  Surface  characterization

Before starting any chemical treatments, the oxide surface
as characterized by XPS. The results obtained on ZTA and
TZ samples reveal the presence of aluminium, zircon, yttrium,
xygen and carbon atoms on the surfaces. The presence of car-
on is originated from the surface contaminations related to the
pecies spontaneously adsorbed from the air and the low level of
itrogen can come from the fabrication process of the two oxides.
ther contaminants in very small amount (Na and Si) are also
resent, and they are probably related to traces of them in the
tarting powders or have been collected during the preparation
rocedure.

The spectra were calibrated on the Al 2p signal of Al2O3
aving a binding energy BE = 74 eV.

The zircon peak presents one doublet with the component Zr
d5/2 at 181.8 ±  0.1 eV. The binding energy difference of 2.4 eV
etween Zr 3d5/2 and Zr 3d3/2 peaks is in agreement with the

4+ 31,32
inding energy of Zr in pure zirconia. The component
 3d5/2 of the Yttrium doublet found at 157 ±  0.1 eV, with a
ifference of 2 eV with peak Y 3d3/2 is characteristic of the
ttria tetragonal-ZrO2 phase-stabilizer in YSZ.33
4 6.0 ± 0.3 615 ± 93 206 ± 4

The O 1s peak results from four contributions at 529.7, 530.8,
32.0 and 533.3 ±  0.1 eV corresponding respectively to O2− of
he zirconia matrix (O1), to O2− of the alumina matrix (O2), to
he hydroxyl groups due to the water chemisorption solutions
O3), and to the hydrated surface layer of the material (O4).34,35

To estimate the amount of oxygen related to the contamina-
ions of these samples, the C 1s peaks have been decomposed
nto five contributions at 284.7, 285.0, 286.3, 287.6 and 288.9
±0.1 eV) related to C C C H, C C( O)OX, C( O)2, C O
nd C C( O)OX, respectively34,36 (cf. Fig. 2).

The oxygens associated with carbonaceous contaminations
involved in C O or C O bonds) are estimated to be 13 and
0% for the ZTA and ATZ, respectively. One can thus deduce the
ercentage of oxygen associated with the oxide and hydroxide
ayers and check the composition of the ZTA and ATZ surfaces.

The quantitative proportion of aluminium, zircon, yttrium
nd oxygen expected for ZTA and ATZ samples is calculated
onsidering the amounts of ZrO2, Al2O3 and Y2O3 used in the
recursor mixture (Table 2).

The values calculated considering the stoichiometric ratio
re very close to the experimental ones. These results provide
vidence that chemical composition of the surface of ZTA and
TZ are very close to that of the bulk. One can moreover notes

hat the experimental Y percentage is higher than the expected
ne.

It is also remarkable to see the good agreement between the
ntensity ratios of the O 1s contributions of the oxygen coming
rom the Zirconia matrix and coming from the Alumina matrix
0.14 for the ZTA and 1.79 for the ATZ) with the expected stoi-
hiometric atomic ratio Zr/Al (0.08 for the ZTA and 1.66 for the
TZ) (cf. Fig. 3).
Fig. 2. C 1s peak deconvolution related to surface contaminants.
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Table 2
Element percentage on the surface of ZTA and ATZ samples as calculated by XPS.

Elements Atomic % in ZTA
(calculated)

Atomic % in ZTA
(XPS)

Atomic % in ATZ
(calculated)

Atomic % in ATZ
(XPS)

Atomic % in ATZ treated
4 h with H3PO4 (XPS)

Al 36.6 37.9 13.4 13.5 13.7
Zr 2.8 3.7 21.8 19.9 21.0
O 4.1 63.4 61.8
Y 0.7 3.2 3.5
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60.5 57.5 6
 0.1 0.9 

onsidered to induce bioactivity on the surface of the both
omposites. The ability of these treatments to induce apatite
ormation on the surfaces has been tested by immersion in SBF.
s reference, untreated and treated ZTA and ATZ materials were

mmersed in SBF solution for two and four weeks.
No apatite formation was observed for ZTA in any case, indi-

ating that there is a threshold percentage of zirconia under that
ioactivity is not induced.

Among the various treatments, only one (H3PO4 42 wt%,
0 ◦C, 4 h in autoclave) led to apatite-like formation in the case
f ATZ after four weeks of immersion in SBF both in static and
ynamic methods. The surface was almost completely covered
y a layer of calcium phosphates, for which the ratio between
a and P was 1.6, as expected for apatite forms.37 Acicular
orphology was found in each test (both static and dynamic).
s indicated in Fig. 4c, apatite starts to grow preferably on zir-

onia grains, confirming that such oxide is more effective for
patite nucleation.26 Furthermore, this aspect can justify why
he composite containing a lower percentage of zirconia does
ot exhibit the same ability in promoting apatite formation. To
heck the effect of phosphoric acid on ATZ, XPS spectra were
cquired on the samples after the treatment. The spectra were

alibrated in the same way used for as fired samples. No remark-
ble differences were found with respect to the ATZ as fired
n terms of Zr/Al ratio. Furthermore, no phosphorus peak has

Fig. 3. O 1s peaks deconvolution for ZTA and ATZ as fired materials.

Fig. 4. SEM-EDS analysis of the ATZ sample after immersion for 4 weeks in
SBF (a) morphology and EDS analysis of the apatite-like layer; (b) particular
of the a; (c) interaction between phosphate phases and ATZ surface, indicating
the preferential grew on Zirconia grains.
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Fig. 5. Correlation between ageing time and m-ZrO2 content in (a) as fired ATZ;
(b) ATZ treated by H3PO4 for 4 h.

Table 3
Comparison of the Oxygen contributions for ZTA, ATZ and ATZ treated by
phosphoric acid.

O1s components ZTA ATZ ATZ 4 h H3PO4

%O2–(ZrO2) 9.3 48.7 43.7
%O2–(Al2O3) 65.2 27.2 23.4
%OH 19.2 20.0 24.6
%
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Fig. 6. AFM (left and middle) and SEM (right) images of the ATZ surface before the
zone of the sample. Height profiles of the zirconia grain (indicating by an arrow) befo
H2O 6.3 4.1 8.3

een observed, indicating that no phosphate phase was formed.
he deconvolution of O 1s peak revealed interesting differences
etween ATZ as fired and treated by phosphoric acid (Table 3).
n last case, in fact, an increase of OH and water percentage was
ound. So probably the bioactivity observed in this sample has
o be related to an increase of OH species on the surface, com-
ng from a base–acid reaction between zirconia and phosphoric
cid. The fact that the same treatment did not lead to a similar
ffect on alumina-rich sample confirms that alumina grains are
ot effective for apatite nucleation.

It is also important to note that the same treatment in beaker
id not produce any effect on the bioactivity after the same
ime, suggesting that the pressure plays an important role in
ccelerating the kinetics of the surface modification.

.5. ATZ  ageing  effect

Several studies have demonstrated21,22 that when the percent-
ge of ZrO2 is kept under the 22 wt% in alumina composites,
geing phenomena does not occur independently from the grain
ize. Since the most promising materials in our work is the ATZ
omposite, especially after treatment in phosphoric acid, we
tudied the ageing process to calculate the real amount of phase

ransition and its effect on the mechanical properties with the
im to verify the effectiveness for in vivo applications. Fig. 5
hows the percentage in volume of the phase transition as a

 ageing process (a) and after 20 h of ageing in autoclave (b and c) for the same
re and after the ageing process.
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Table 4
Flexural strength values after different times of ageing of ATZ.

Material Flexural strength
4 pt. (MPa)

ATZ as fired 1075 ± 190
ATZ aged in autoclave 20 h 1113 ± 142
ATZ aged in autoclave 90 h 1002 ± 40
ATZ treated by phosphoric acid and

aged in autoclave for 20 h
1246 ± 124
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Fig. 7. Vickers micro-hardness (HV) at different applied loads of (a) as fired
a
s

4

z
treatment (only 4 h) in phosphoric acid. Main mechanical prop-
unction of the ageing time (up to 20 h, corresponding at 60–80
ears in vivo, a time long enough for evaluating the duration of

 prosthesis) for ATZ as fired and ATZ treated with phosphoric
cid. The amount was calculated using the Garvie and Nichol-
on method, since it is widely used for similar works and, as

 consequence, results obtained in literature29,30 can be easily
ompared with ours. As for the as fired sample, it can be seen
hat the amount of monoclinic zirconia increases with the ageing
ime and the correlation is almost linear. The scattering of the
ata, obtained by repeating the measurements to limit errors, is
ontained. It can be seen that the phase transformation does not
xceed the value of 28% in volume. Similar values were found
lso in other works19 on aged samples, but the interest in our
ork was related to the observation that the treatment leading

o bioactivity did not accelerate the ageing. More interestingly,
geing have not reduced the strength of ceramics after 20 h and
hosphoric acid treatment leads in some way to an increase of
he flexural strength (Table 4).

As for hardness, the effect of the treatment and ageing is
hown in Fig. 7. Three different indentation loads have been
sed to check for any differences between bulk and surface. No
ignificant differences were observed between surface and bulk
n any case. Ageing has as main effect a progressive decreasing
n hardness (Fig. 7b), whereas no clear trend is observed in the
ase of materials aged after treatment in phosphoric acid up to
0 h. A significant decrease is clearly visible after 90 h (Fig. 7c).

Comparison of the surfaces before and after 20 h of ageing
re reported in Fig. 6a and b (AFM) and c (SEM), in which the
ame area can be observed. SEM image helps principally to dis-
inguish the zirconia (bright) and alumina (dark) grains, even if it
s possible to see a relief difference on the zirconia grains, since
he SEM does not allow to determine a height increase. However
t is possible to observe that the relief of a zirconia grain is modi-
ed; there are a grows of micrograins on the main surface grains
ith respect to unaged materials. The AFM images obtained
efore and after the ageing process clearly show a big difference
n contrast. This modification on the AFM contrast is directly due
o a height increase of zirconia grains after the ageing process.38

n the zirconia grains presenting a phase transformation tetrag-
nal to monoclinic, one can observe a height increasing (shown
y a brightening of the grain). The example of one zirconia grain
shown by an arrow) is highlighted in Fig. 6. The grain height
ncreases from 19.9 nm to 30.5 nm after 20 h of ageing. How-

ver, one can note that the transformation induces a very low
ncrease of the average roughness (5–6 nm).

e
M

nd acid-treated samples; (b) aged samples (ATZ as fired); (c) 4 h acid-treated
amples after ageing.

.  Conclusion

Bioactivity of the composite with the highest percentage of
irconia (80 wt% zirconia, ATZ) was reached using a quick
rties and LTD resistance of the activated ATZ were also tested.
echanical strength was slightly increased by the chemical
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reatment that induced apatite formation. Also ageing did not
esulted in a decrease of this important feature. This surface
odified material can be then considered for applications in
hich both strength and bonding with bone are required, as
ental implants and counter part of femoral heads.
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