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IMPROVEMENT OF FRACTURE TOUGHNESS IN DENSE ATZ COMPOSITES
PREPARED FROM ZIRCONIA POWDERS WITH DIFFERENT YTTRIA CONTENT
Alumina toughened zirconia (ATZ) composites with 2.3 vol.% Al2O3(ATZ-B) and 12.3 vol.% Al2O3(ATZ-10) were fabricated. The used starting zirconia powders were prepared as a mixture of powders with different yttria content. The alumina
additive was commercially available Al2O3 powder. The specific preparation method and optimized sintering conditions
allowed us to achieve ATZ products with exceptional properties. These properties were compared with 3Y-TZP sintered samples prepared from commercial powder (Tosoh). The structural and mechanical properties of the investigated ATZ composites were systematically studied. The microstructures were observed by scanning electron microscopy (SEM) on polished and
thermally etched surfaces, then the micrographs were binarized and subjected to stereological analysis. Dense (> 99% of relative density), uniform and pore-free microstructures with homogeneously distributed Al2O3 inclusions without any visible
agglomerates were obtained. The Vickers hardness and Young’s modulus were enhanced according to the rule of mixtures for
the composites. The mechanical behaviour was especially oriented towards increasing the fracture toughness. The K1C
parameter reached the extraordinary value of 12.7 MPa⋅m1/2 for ATZ-B and 9.8 MPa⋅m1/2 for ATZ-10. Comparatively, K1C of
the 3Y-TZP reference material was 5.1 MPa⋅m1/2. The mechanisms contributing to the increase in K1C were identified to
explain the reason for such a large improvement in the fracture toughness. The investigations were particularly focused on
crack propagation analysis. The identified mechanisms include crack path deviation and mixed transgranular-intragranular
crack migration (crack bridging), crack propagation through theAl2O3 grains and frequent changes in the fracture propagation directions of a high angle (close to even 90°). Nevertheless, the occurrence of t→m (tetragonal to monoclinic) transformation of the ZrO2 phase was considered to be the main toughening factor. Due to the specific method of preparation, leading to
an intensification of yttrium diffusion during sintering, the final microstructure revealed very small grains of a tetragonal
zirconia phase. These grains exhibited high transformability, which was the main reason for the distinctin crease in fracture
toughness.
Keywords: ATZ composites, fracture toughness, toughening mechanisms, crack propagation

INTRODUCTION
Brittleness is one of the main problems of all ceramic materials, which limits the areas of their application. Focusing on this aspect, in the 1970s Garvie et al.
[1] discovered an important advantage of zirconium
oxide ZrO2 ceramics – the transformation toughening
effect. This ability to transform from a high temperature
tetragonal crystal structure to a monoclinic one, dissipates energy and limits crack propagation and finally
gives the material a new level of strength and toughness.
The tetragonal t-form of the ZrO2 phase can be
obtained by heating zirconia crystals to 1700°C, but
during cooling recovery to a monoclinic m-phase appears [2]. In order to increase the metastability of the
zirconium t-phaseatroom temperature, different oxide
additives such as Gd2O3, MgO, CeO2 and the most
popular – Y2O3- are used [3-6]. Yttrium-tetragonal zirconia ceramics, called Y-TZP, due to their excellent
mechanical properties, biocompatibility and chemical

resistance, have found their use in biomedical applications as dental and orthopaedic implants [6, 7]. It is well
known that the use of composite materials allows one to
combine and improve the properties of individual components. In order to enhance the mechanical properties
of zirconia materials, numerous research works have
been carried out on developing ATZ-composites, in
which the ZrO2 matrix is toughened by Al2O3 additives
(ATZ-alumina toughened zirconia) [8, 9].
Alumina-based ceramics are known for their good
biocompatibility and resistance to corrosion, good wear
resistance and excellent compression strength of
4000 MPa (Vickers hardness reaching 2000 HV).
Nevertheless, they simultaneously have low bending
strength at the level of 600 MPa and fracture toughness
of 5 MPa⋅m1/2, which limits their areas of application
[10, 11]. A comparison of the properties of these materials is presented in Table 1 [12]. Most of the properties
of materials can be changed in wide range depending on
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the content of the individual components, particle size
and shape [13, 14], processing and preparation of the
mixtures, sintering temperature and time [9, 15-17].
Knowledge about the influence of each of them is essential for the correct design of the desired product
properties.
TABLE 1. Important properties of selected materials (according to [12, 18])
CompresBending Fracture
sive
strength toughness
strength
[MPa] [MPa.m12]
[MPa]

Materials

Density
[g/cm3]

Hardness
[HV]

Al2O3

>3.97

18002000

4000

ZrO2
(Y-TZP)

6.53

1400

3000-4000

ATZ
80%ZrO220%Al2O3

5.4

1400

2500

600
800-1100

800-1200

4-5
10
5

The ability of materials to resist crack propagation is
one of the most important mechanical parameters, and
in order to describe it, the critical stress intensity factor
(K1C) is used. The higher the K1C parameter value is, the
better the resistance to crack propagation [19]. There
are a few methods that are commonly used to improve
zirconia ceramic toughening strength. The predominant
toughening effect is the t→m (tetragonal to monoclinic)
transformation mechanism [20-22]. When the crack tip
interacts with tetragonal zirconia particles, a stress-induced t→m transformation occurs. The metastable
tetragonal phase undergoes a martensite phase transformation and the accompanying lattice expansion
absorbs the crack energy, thereby improving toughness
[23-25]. According to [21-23] those phenomena constitute the predominant toughening mechanism in zirconia-based ceramics.
Along with the above, the manufacturing process of
composite materials also can significantly improve fracture toughness. Celli et al. [26] prepared the composite
by adding corundum to the zirconium oxide matrix
(20 wt.% Al2O3 + 80 wt.% ZrO2 (3Y-TZ)) and obtained
a stress intensity factor value of 5.0±0.2 MPa⋅m1/2,
which is higher than that of the used starting Al2O3 and
ZrO2 (3Y-TZ) materials (4.2±0.4 and 4.3±0.1 MPa⋅m1/2,
respectively). Magnani et al. [27] also showed that the
preparation of the composite and changing its proportions has an influence on toughness. In addition to different amounts of corundum additives, it has been
shown that the content of t-phase stabiliser and other
additives have an impact on the fracture toughness.
In published studies, for a 49.5 wt.% Al2O3 + 50 wt.%
ZrO2 (with 2 mol% yttria) composite, with an 0.5 wt.%
Cr2O3 additive, a significant increase in the K1C parameter up to 9.1±0.8 MPa⋅m1/2 was achieved. It was also
found that the toughness of the material can be highly
affected by the employed sintering parameters. For
example, a decrease in toughness was observed for additional 1450°C × 2 h post-hot isostatic treatment. This
Composites Theory and Practice 21: 4 (2021) All rights reserved

heating leads to slight grain growth and thus to
a spontaneous t→m transformation to some extent,
which reduced the amount of t→phase available for
transformation; therefore, as light K1C decrease from
6.0 ±0.1 to 5.8±0.1 MPa⋅m1/2 was observed. Danilenko
et. al [15] investigated the effect of the nano powder
synthesis method on the mechanical properties of ATZ
composites. It was reported that a higher fracture
toughness can be achieved when the starting powders
are obtained using the co-precipitation method
rather than the traditional ball milling mixing method.
For 1.0 wt.% Al2O3 + 99.0 wt.% ZrO2 (3Y-TZ) composites, the obtained fracture toughness reaches 11.2
±0.6 and 6.1±0.3 MPa⋅m1/2, respectively for the two
employed methods. As was reported, the main mechanisms that caused this difference were the formation of
complex multilevel composite structures such as Al3+
ion segregation on the zirconia grain boundaries and
grain boundary enrichment with alumina inclusions for
the material obtained by the co-precipitation method.
Those phenomena caused new crack inhibition mechanisms to appear – more intensive crack bridging, crack
deflection and transgranular propagations. Tekeli et al.
[28] investigated the effect of various amounts of the
Al2O3 addition on the fracture toughness of cubic zirconium 8YSCZ/Al2O3 composites; hence, the t→m transformation influence was partly eliminated by c→m
(cubic to monoclinic) transformation. It was concluded
that the K1C values increased from 1.5 MPa⋅m1/2 to
2.41 MPa⋅m1/2 as the Al2O3 content increased from
0 to 10 wt.%. The relation between fracture toughening
and the Al2O3 content in terms of grain size reduction,
crack deflection at the crack tip and the residual stress
in the composites was explained.
Another relation between the high level of crack
deviations and toughening effect was explained by
Nevarez-Rascon et al. [14]. Crack tip meandering increases the fracture specific area; as a result, energy
absorption is increased, which in turn raises the fracture
toughness. According to Chai et al. [29], the formation
of deflections is related to the blockage of hard particles
during crack expansion in the composite matrix. In addition, all those mechanisms mentioned above increase
the number of trans granular fractures, which also results in improvement in the fracture toughness [30, 31].
The emerging discrepancies regarding the influence
of the Al2O3 addition to theZrO2 matrix and the differences in the obtained parameters values result from
the diversity of the starting materials and production
methods. Those factors undoubtedly affect the final microstructure and phase structure of the ATZ composites
and thus to a large extent determine the final properties.
In the presented work, the properties of ATZ composites obtained according to a specific preparation
route from ZrO2 powders with different Y2O3 contents
are investigated and discussed. The sintering conditions
were chosen to achieve an increase in fracture toughness. The microstructure, phase composition and
the basic mechanical properties were also studied.

Improvement of fracture toughness in dense ATZ composites prepared from zirconia powders with different yttria content

Additionally, an attempt was made to identify the
factors which bring about the phenomena of increasing
the fracture toughening effect by means of crack propagation analysis.

EXPERIMENT
Materials
Two zirconium oxide powders obtained by the coprecipitation/calcination method were used as the starting
materials – pure nanometric ZrO2 and yttria-zirconia
solid solution powders containing a 4 mol.% Y2O3 stabilizer. A detailed description of the utilized methods
and the individual preparations tages of the powders are
presented elsewhere [32].
The base material (hereinafter referred to as ATZ-B)
was prepared from the obtained 3 mol.% yttria-tetragonal ZrO2 powders with the addition of commercial 2.3 vol.% alumina (nanometric Al2O3 powder
TM-DAR, Taimicron, Taimei Chemicals). Based on the
aforementioned ATZ-B powder, by increasing the
Al2O3 volume content to 12.3%, the composite denoted
as ATZ-10 was obtained. Additionally, for comparative
purposes, reference samples were prepared from commercially available zirconia powder with a content of
3 mol.% Y2O3, hereinafter called T (3Y-TZP).
The 3 mol.% Y2O3-ZrO2 with the Al2O3 powder
mixture was homogenized in an attritor mill for
60 minutes in isopropyl alcohol as the mixing agent.
Subsequently, the powders were dried, uniaxially prepressed under a pressure of 50 MPa in a Specac hydraulic press and then subjected to CIP (cold isostatic pressing) under a pressure of 200 MPa. The green bodies
were conventionally sintered in air atmosphere in the
presence of a zirconia powder bed (high-temperature
Nabertherm furnace) with a slow heating rate to the
maximum temperature of 1450°C and held for 1.5 hours
at this temperature.
From each group of the investigated materials
(ATZ-B, ATZ-10 and T) several samples were randomly selected and embedded in resin to prepare for
microstructure analysis. In the next step, the samples
were subjected to grinding and machine polishing by
diamond discs with the following gradations #120,
#600 and #200 (Diamond Pad, Struers). The final surface treatment was performed with an MD-Chem polishing cloth (Struers) using 1 µm diamond polishing
paste. Finally, the specimens were subjected to thermal
etching at the temperature of 1200°C for 45 minutes.
Methods
The densities of the specimens were determined according to the Archimedes method. Their theoretical
densities were calculated based on the rule of mixtures.
The phase compositions of the ATZ-B, ATZ-10 and
T materials were analysed by an X-ray diffractometer
(X’Pert Pro, EMPYREAN system, PANalytical). The
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peaks corresponding to tetragonal zirconia, monoclinic
zirconia and alumina were identified using JCPDS files.
Rietveld refinement allowed quantification of the
amount of constituent phases. The microstructure of the
investigated materials and the crack propagation were
observed on polished and thermally-etched samples
using a Nova NanoSEM 200 high-resolution scanning
electron microscope equipped with a field-emission gun
produced by FEI. Moreover, the obtained micrographs
were manually binarized and then analyse demploying
the ImageJ program.
The flexural strength of the materials was determined on a Zwick/Roell Z020 universal testing machine
using the three-point biaxial test [33-35]. The measurements of hardness and critical stress intensity factor
K1C of the ATZ composites and the reference material
were performed by means of the Vickers indentation
method (Futur-Tech hardness tester FV-700) at room
temperature applying a load of 9.81 N. The propagation
of Palmquist cracks was analysed under the load of
49.05 N. The K1C parameter was determined based on
the Niihara equation and measurement of the Palmquist
cracks and indentation sizes [36]. The measurements
were made immediately after making the indents to
avoid possible changes in the length of the cracks under
the influence of environmental conditions (humidity,
temperature) and a minimum of 10 indents were made
on each randomly selected sample.

RESULTS AND DISCUSSION
Table 2 shows the quantitative phase compositions
of the materials after sintering, estimated by XRD
analysis using Rietveld refinement. From the XRD results it is evident that all the samples exhibit a highly
crystalline structure. It was identified that ATZ-10 was
mainly composed of the tetragonal zirconia t-phase with
a minor content of monoclinic zirconia m-phase and
alumina phase.
TABLE 2. Phase content of studied materials in initial state
(after sintering) estimated by Rietveld refinement
After sintering
Content
[wt. %]

m-ZrO2

ܕ
ܜ
⋅% t-ZrO2
⋅% Al2O3
ܕ+ܜ
ܕ+ܜ

Composite
ATZ-B

42.6

43.2

55.9

56.8

1.5

ATZ-10

10.9

11.9

80.8

88.1

8.3

3Y-TZP

-

100

100

-

m/(m+t) and t/(m+t) are m-phase content and t-phase content in relation
to total amount of ZrO2 phase, respectively.

The Al2O3 mass content for ATZ-10 is 8.3 wt.% and
represents a volume content of 11.5 vol.%, which corresponds well to the actual desired composition. The
analysis confirmed the purity of the composites and the
absence of any secondary phases derived from zirconia
Composites Theory and Practice 21: 4 (2021) All rights reserved
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and alumina interactions. In the 3Y-TZP reference material, as was expected, only the zirconia t-phase was
present. The significant amount of the m-phase present
in the ATZ-B composite was unexpected. As mentioned
in the authors’ previous article [32], this is probably
related to the method of powder preparation (from
a mixture of powders with differences in yttria content)
and the specific rate of heat treatment, which was tailored to obtain the best mechanical parameters of the
composites. Moreover, this specific phase composition
may indicate the high transformability of the ZrO2tphase.
Figure 2 presents the SEM micrographs of the microstructure of the investigated materials. In the brightgrain zirconia matrix the alumina inclusions can be
observed, which are seen as dark phases. Both the composites and the reference material are characterized by
a dense, pore-free microstructure with a high value of
relative density (over 99%). The least present phase
(Al2O3) is homogenously dispersed in the ZrO2 matrix
without evident agglomerations. Those observations
allow us to assume that the methodology used for sample preparation produces samples with a dense, fine and
homogeneous microstructure.
a)

The grain sizes and phase fraction of the individual
components in the investigated materials, obtained from
analysis of the binarized SEM micrographs by means of
stereological methods are listed in Table 3. Sufficiently
accurate average results from the measurements of at
least 1000 grains were reported. As presented, the linear
grain sizes slightly decrease with an increasing Al2O3
content. According to Nevarez-Rascon et al. [14] the
grain size reduction in ATZ composites is caused due to
the fact that Al2O3 acts as an inhibitor of grain growth
during sintering processes. Similar results were obtained in the study conducted by Tekeli [28], who indicated that a greater amount of Al2O3 addition inhibits
densification and grain growth by reducing the mobility
and diffusivity (migration) of atoms at the grain
boundaries. Therefore, by introducing the Al2O3 phase
and optimizing the sintering conditions, it is possible to
obtain a fine-grained microstructure. Regardless, in
both the ATZ-B and ATZ-10 composites the Al2O3
grains are slightly larger than the ZrO2 matrix grains
(Table 3). The volume fractions of the Al2O3 phase in
the ATZ composites obtained as a result of the stereological analysis are almost identical to their real, designed proportions.
TABLE 3. Microstructure parameters obtained by stereological analysis in ImageJ program

Material

Component

Phase
fraction
[%]

Average
linear
grain size
[µm]

Average
grain
surface
[µm2]

ZrO2

98

0.33 ± 0.14

0.08 ±0.06

Al2O3

2

0.48 ± 0.09

0.15 ±0.05

ZrO2

89

0.32 ± 0.15

0.08 ±0.06

Al2O3

11

0.38 ± 0.15

0.12 ±0.08

ZrO2

100

0.41 ± 0.15

0.12 ±0.09

ATZ-B

ATZ-10

b)
T

c)

Fig. 2. SEM micrographs of microstructures of: a) ATZ-B, b) ATZ-10, c) T
Composites Theory and Practice 21: 4 (2021) All rights reserved

The calculated theoretical density, determined apparent and relative density, as well as important mechanical properties are reported in Table 4. Concerning
the mechanical properties of the composites, some of
the obtained results are related to the rule of mixtures.
Considering the Young’s modulus for ZrO2 (210 GPa)
[17] and Al2O3 (400 GPa) [17], according to the rule of
mixtures, this parameter for the investigated composites
can reach a maximum value of around 250 GPa.
The measured Young’s modulus values for ATZ-10
(240±15 GPa) and ATZ-B (220 ±10 GPa) are consistent
with the theoretical predictions. Similar observations
can be concluded for the Vickers hardness (HV) of the
analysed samples, which also changes according to
the rule of mixtures (Table 4). Detailed analysis of the
changes in those and other mechanical properties is not
the main subject of this paper and was discussed in previous work [32].
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TABLE 4. Density and basic mechanical properties of investigated ATZ composites
composite and 3Y-TZP
TZP reference material
Material

Theoretical
density [g/cm3]

Apparent
density [g/cm3]

Relative density
[%]

Hardness HV
[GPa]

K1C
[MPa·m1/2]

Young’s
modulus [GPa]

Flexural
strength [GPa]

ATZ-B

6.01

5.97

99.3

12.0 ±2.6

12.7±0.8

220±10

780±50

ATZ-10

5.81

5.78

99.5

13.1 ±2.6

9.8±1.4

240±15

1000±100

T

6.10

6.07

99.7

13.8 ±3.0

5.1±0.1

210±10

1040±120

Nevertheless, it is worth noting and emphasizing
that the fracture toughness of the investigated ATZ
composites was much more improved than it would
appear from the rule of mixtures.. The K1C parameter
reached a value of 12.7±0.8 MPa·m
·m1/2 for ATZ-B
1/2
and 9.8±1.4 MPa·m for ATZ-10,
10, respectively. To the
authors’ knowledge, the highest K1CC reported in the
literature for ATZ composites with a similar composition state the values of 11.2±0.6 MPa·m1/2 [15],
6.7±0.9 MPa·m1/2 [37], ~6.5 MPa·m1/2 [16] and
4.8-5.2 MPa·m1/2 [38]. Some publications speculate that
the absolute toughness determined by the Vickers ini
dentation technique might be overestimated;
overestimated however,
this method has gained general approval for estimating
fracture toughness values [39].
]. In order to explain such
a large increase in K1C, an attemptt was made to identify
and determine the additional mechanisms that are prepr
sent in the ATZ composites and can contribute to the
improvement intheir
their fracture toughness. The investigainvestig
tions were particularly focused on crack propagation
analysis.
Figure 3 shows the crack propagation after Vickers
indentation, where the arrows indicate the various
mechanisms that improve the fracture toughness and
have a positive
a effect on increasing the value of K1C.
The identified,
dentified,
specified mechanisms include crack
cr
path
)
deviation and mixed transgranular-intragranular
intragranular crack
migration (crackbridging and deflection processes).
process
The crack deflection process is well-known
well
and frequently encountered in ATZ-type
type composites [14, 15,
30]. Black arrows (Fig. 3) mark are as with a high level
of crack meandering,, which is particularly strong in
ATZ composites. The homogenously dispersed Al2O3
grains enhanced the crack deviations. In contrast,
contra in the
3Y-TZP
TZP reference material the crack propagates
through the material almost in a straight path. Grey and
white arrows indicate crack attraction by the Al2O3
grains for transgranular and intergranular propagation,
respectively. The encountered mechanisms lead
lea to
energy loss and improvement in the fracture toughness
of the ATZ composites [30, 31]. Nonetheless,
Nonetheless earlier
studies [40-42]] confirmed an increase in K1C by
a maximum value of 0.5 MPa·m1/2 resulting from crack
deflection, and up to 0.3 MPa·m1/2 when crack bridging
is present. In the present study, this effect may be even
weaker due to the small grain sizes (< 1 µm); thus, the
deflection path increasing around tiny grains is negliginegl
ble. Therefore, the described mechanisms do not fully
explain such high resistance to fracture.

a)

b)

c)

Fig. 3. Crack propagation path in: a) ATZ-B,
ATZ b) ATZ-10 and c) T. Arrows
indicate following mechanisms: black arrows – crack deflection;
grey arrows – transgranular Al2O3 fracture; white arrows –
boundary Al2O3 fracture propagation
Composites Theory and Practice 21: 4 (2021) All rights reserved
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Additionally, frequent changes in the fracture
propagation directions of ahigh
high angle (close to even
90°) also contribute to toughness improvement [43].
The crack
rack propagation rate in each deflected segment is
related to distance d and angle θ of deflection from the
straight span and those to the stress vector and stress
intensity factor k1 and k2 components (Fig.
(Fig 4) [44].
This
his effect is illustrated in Figure 4 and it can be seen
that the crack path in 3Y-TZP
TZP comparing to ATZ-10
ATZ
is
a way more rectilinear.
Crack propagation
direction

Fig. 4. Crack deflection angle θ from straight span, spanning distance d,
and stress intensity factor components k1 and k2 (according to
[44])

a)

a
)

b)

cluded, that the stiffness of the alumina grains should
be twice as high as that of the zirconia grains. Thus,
theoretically, for a crack that propagates in the ATZ
material by the least energy-consuming
consuming route, it is imi
possible to run through the highly
high durable corundum
grains. However, when
en the crack propagates in the ini
vestigated ATZ composite, its front passes through the
Al2O3 particles or spreads along their
th
boundaries
(Fig. 3). The stress fields in the composite matrix attract
the crack towards the Al2O3 particles. Levin et al. [45]
[
stated that the occurrence of local compressive micromicr
stresses adjacent to the Al2O3 grain boundaries are required to direct the crack towards the Al2O3 inclusions.
As was mentioned in introduction, those stress fields in
ATZ composites come from the differences in the
thermal expansions of ZrO2 (10.5 × 10−6 K−1) [46] and
Al2O3 (8.8 × 10−6 K−1) grain [46] phases, which during
the cooling process create residual stress zones and also
contribute to the creation of the fracture deflection path
[47, 48]. Nevarez-Rascon [14] and Magnani et al. [27]
confirmed the above reasoning and concluded that the
stress field created through differences in thermal exe
pansion does play a major role in creating the mechamech
nism leading to the improvement in fracture toughentoughe
ing.
In the investigated ATZ composites, it can be assumed in line with the literature (Danilenko et al. [15]
and many other authors such as Casellas et al. [49],
Celli et al. [26] and Huang et al. [50]) that the main
toughening mechanism is the tetragonal-monoclinic
tetragonal
transition of the ZrO2 phase, especially for the fine mim
crostructure where this mechanism appears more to be
intense and has a more dominant participation [27, 51].
Due to the specific method of preparation, an intensification of diffusion during sintering and strong ZrO2
grain-to-grain
grain interactions occurred. This
T
phenomenon
is additionally enhanced in ATZ-B
ATZ by the small addition of Al2O3 inclusions [52--54]. Therefore, the ZrO2
grains in the ATZ composites are characterized by parpa
ticularly high transformability, which is a decisive factor for such high improvement
improveme in the fracture toughness. An increase in the Al2O3 phase content in ATZ-10
firstly reduces the contribution of this mechanism
(a decrease in the high-transformable
transformable ZrO2 phase content) and secondly, it makes the microstructure coarser
as Al2O3 is characterized
cterized by larger grains (Table 3). The
K1C of the traditional, less
ess transformable tetragonal
ZrO2 phase in reference material 3Y-TZP
3Y
with a coarser
microstructure was almost two times lower.

CONCLUSIONS
Fig. 5. Crack propagation path deviation for: a) ATZ-10
ATZ
and b) T

As was mentioned above, the Young's modulus for
pure Al2O3 and ZrO2 monoliths are approximately 400
and 210 GPa, respectively. Consequently, it can be conco
Composites Theory and Practice 21: 4 (2021) All rights reserved

The investigated ATZ composites were prepared
from two zirconia powders differing in Y2O3 content.
The specific method of obtaining and optimizing the
sintering conditions resulted in a fine, dense microstructure and uniquely improved the mechanical properties,
especially oriented towards increasing the fracture
fr

Improvement of fracture toughness in dense ATZ composites prepared from zirconia powders with different yttria content

toughness. The K1C parameter for the ATZ-B composite
reached an outstanding value of 12.7 MPa⋅m1/2, while
for ATZ-10 a slight decrease in the fracture toughness
was noticed (K1C = 9.8 MPa⋅m1/2). Nevertheless, this
was a nearly twofold improvement in resistance to
crack propagation compared to the 3Y-TZP reference
material (K1C = 5.1 MPa⋅m1/2). The crack propagation
path analysis revealed the presence of a crack deflection
mechanism and mixed transgranular-intragranular crack
propagation (crackbridging process) in both the investigated ATZ composites. The passage of the crack
through the alumina inclusions was associated with the
specific stress distribution present in the structure. Not
withstanding, the presence of a highly transformable
t-ZrO2 phase in the fine-grained microstructure was the
main toughening factor in the investigated ATZ
composites. The high transformability and strong interactions between the ZrO2 grains enables the attainment
of a new level of crack inhibition mechanisms and an
increase in the fracture toughness of the investigated
ATZ ceramics.

[13]

[14]

[15]

[16]

[17]
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