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Abstract
Alumina-toughened zirconia (ATZ) materials are suitable materials for a variety of biomedical applications owing

to their high strength, toughness and hydrothermal stability. The prospect of being able to offer ceramic implants to a
broader group of patients requires a more cost-efficient near-net-shape manufacturing approach. Small and complex-
shaped components can be efficiently mass-produced by means of ceramic injection moulding (CIM) with high
surface quality and low dimensional tolerances. Compared to the state-of-the-art cold and hot isostatic pressing cycles
commonly used for implant production, CIM technology does suffer from lower microstructural quality. During the
thermally and rheologically transient mould-filling process, inevitably a certain number of defects are induced by flow
textures, weld lines and micro-segregation. A higher level of toughness is therefore beneficial to keep strength and
damage tolerance on a sufficiently high level. In order to improve thetoughness of ATZ, in-situ platelet reinforcement
with strontium hexaaluminate precipitates was introduced. The influence on processing behaviour, strength and
toughness of as-manufactured and final-machined platelet-containing and platelet-free 2.5Y-TZP/15 vol% alumina
composites was investigated. Platelets improve the mechanical properties. Weibull statistics show that platelet addition
leads to drastic improvements in reliability.
Keywords: ATZ, CIM, platelets, Weibull statistics, toughening

I. Introduction
Yttria-stabilized zirconia ceramics are materials com-

monly used for biomedical implants owing to their high
level of strength, toughness and bioinertness 1. Applica-
tion in hip implants has, however, suffered some draw-
backs caused by hydrothermal aging. Even if processed
correctly, Y-TZP does markedly transform from tetrago-
nal to monoclinic phase as soon as it is exposed to body
fluids for a longer period of time. This phase transfor-
mation is associated with a volume expansion that starts
at the surface and progresses into the bulk 2. Recent re-
sults show that the process is not only caused by hy-
drolysis of yttrium oxide and a loss in stabilization but
also by the creation of residual stresses by transformed
grains 3, 4. Tsubakino has shown that alumina addition to
Y-TZP improves the hydrothermal stability 5. Ross et al.
showed that small amounts of alumina < 0.15 % built in
at the grain boundary of Y-TZP do change the concen-
tration profiles of yttria considerably 6. Alumina is there-
fore added in a low percentage by Y-TZP powder manu-
facturers to assure higher long-term stability in vivo. Alu-
mina addition in larger fractions > 10 % leads to alumina-
toughened zirconia (ATZ). Tsukuma has shown that ATZ
can reach higher levels of strength than Y-TZP 7. Bend-
ing strength levels of 2.4 GPa were reported in hot-iso-
static-pressed material. In-situ platelet toughening was in-

* Corresponding author: frank.kern@ifkb.uni-stuttgart.de

troduced by Cutler to improve the strength and retain the
toughness of Ce-TZP-based ATZ 8. Platelets were grown
by in-situ-reacting of strontium zirconate with alumina to
yield strontium hexaaluminate SrAl12O19. The strontium
aluminate forms hexagonal platelets of 5 – 10 μm in size
that can deflect and bridge cracks and thus lead to higher
toughness. Cutler reported failure to produce platelet-re-
inforced Y-TZP composites. Some mechanistic evidence
on formation of lanthanum hexaaluminate platelets was
presented by Miura 9. Burger successfully applied the con-
cept to zirconia- toughened alumina 10.

Ceramic injection moulding is an established technology
for manufacturing small- and medium-size ceramic com-
ponents with complex geometry, which cannot be eco-
nomically produced by axial pressing. Complementary to
these potential economic advantages are process-imma-
nent problems such as higher flaw populations. These mi-
crostructural defects can be minimized with sophisticated
processing techniques such as high-energy mixing of the
feedstocks and proper mould design but not completely
avoided. It was shown that e.g. ZTA ceramics produced by
CIM with subsequent pressureless sintering showed typi-
cal defect sizes in the range between 10 – 15 μm 11. Accord-
ing to Griffith’s law, a flaw size of 10 μm requires a fracture
toughness of 6.3 MPa·√m in order to achieve a strength
level of 1000 MPa. Additional toughness thus directly in-
creases the strength in TZP materials with transforma-
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tion limited strength. Swain has shown that this assump-
tion is valid up to KIC ∼ 8 MPa·√m. Then the fracture be-
haviour shifts to R-curve dominated behaviour 12. Casel-
las has shown that fully tetragonal 2.5Y-TZP has moderate
toughness of ∼ 4 - 4.25 MPa⋅√m and an almost negligible
R-curve behaviour 13. Reducing the defect sizes by post-
HIPing is a proven strategy to improve the mechanical
properties; this additional heat treatment does, however,
increase the cost. For biomedical implants, HIP treatment
is considered mandatory not only for achieving improved
mechanical properties, but mainly to avoid the penetration
of body fluid into flaws and other surface defects that can
be present in pressurelessly sintered ceramics.

In this study the feasibility of producing platelet-rein-
forced and conventional ATZ with 15 vol% alumina was
investigated for the first time with the aim of applying the
technology for improving the performance and reliability
of injection-moulded components for biomedical applica-
tions.

II. Experimental
Injection moulding feedstocks were produced from

commercially available powders. The raw materials and
their properties are listed in Table 1. In order to improve
toughness without losing stability against spontaneous
transformation, an yttria content of 2.5 mol% in the TZP
was adjusted by mixing TZ-3Y-SE and TZ-0 powders.
Alumina content was set at 15 vol% (ATZ15), the sec-
ond feedstock (ATZ15P) contained strontium zirconate
powder sufficient to convert 5 vol% of alumina to stron-
tium aluminate platelets during sintering. The platelet
content was limited because it was expected that higher
platelet fractions would negatively affect densification be-
haviour in pressureless sinteringowing to the high aspect
ratio of the platelets. 15 mass% (48 vol%) of thermoplas-
tic binder (Licomont EK 583 G, Embemould, Germany)
were used for preparation of the feedstock. The proce-
dure of feedstock preparation is described elsewhere in
detail 11. Powder and binder were mixed at 140 °C in a
two stage compounding process with a premixing step
in a double-sigma blade kneader (Linden, Marienheide,
Germany) and a subsequent high-torque mixing step in a
twin-screw extruder (Thermofisher Scientific, Karlsruhe,
Germany). Testing samples were produced in a mould
with exchangeable cavities. Bending bars (3 x 4 x 35 mm3)
were injected through a pin-point gate against a withdraw-
ing plunger to avoid free jet injection and flow textures,
plates (3 x 30 x 40 mm) were injected through a film gate.
Moulding pressure was 120 MPa for the plates and 85 MPa
for the bars. Plastification temperature was set at 150 °C,
mould temperature at 65 °C in both cases. Packing pres-
sure was 40 MPa, injection speed was 20 cm3/s. Debinding
was performed as a two-stage process. The water-soluble
fraction of the binder was extracted with distilled water at
60 °C overnight, samples were then dried and thermally
debinded in air. Thermal debinding and presintering were
performed in the same furnace. A detailed model-based
approach for reliable and economically performing setting
of debinding parameters for the binder used was recently
presented 14. The pore size distribution of debinded sam-
ples was studied with mercury porosimetry in order to

obtain an integral value of pore sizes and a first impression
on possible flaw sizes.

Table 1: Properties of selected powders.

Powder Material Manufacturer Grain
size [μm]*

BET sur-
face [m²/g]*

TZ-3YSE tetragonal
zirconia

Tosoh, Japan 0.35
(0.027)**

7±2

TZ-0 monoclinic
zirconia

Tosoh, Japan 0.35
(0.027)**

14±3

APA 0.5 α-alumina Ceralox, USA 0.3 8

SrZrO3 strontium
zirconate

Aldrich < 10 n.d.

* manufacturer’s specification,
** numbers in brackets: primary crystallite size

Sintering was performed based on the results of a
dilatometry study. The dilatometry curves of ATZ15 and
ATZ15P were measured (Netzsch STA, Selb, Germany)
at three different heating rates (2,5,10 K/min). The kinet-
ics were modelled with commercial software (Netzsch
Thermokinetics, Selb, Germany). The formalism was first
described by Opfermann 15. Sintering was performed in
air at 1550 °C/2 h for ATZ15 and 1525 °C/3 h for ATZ15P
in an electrically heated furnace (Thermconcept , Bremen,
Germany).

Sintered bars were mechanically tested as-fired without
further machining. For comparison, samples prepared
from plates were carefully ground with a 40-μm diamond
disk and polished with 15-μm, 3-μm and 1-μm diamond
suspension, edges were bevelled, cutting grooves and sur-
face defects were removed by abrasive polishing with
15-μm diamond suspension (Struers Rotopol, Germany).
For the determination of Weibull coefficients and reliable
statistics, 20 bars of each type were tested. Owing to the
limited sample size. 3-pt-bending tests were performed
according to DIN EN 6872 with 15-mm span. Hard-
ness was measured on five HV10 Vickers indents (Bareiss,
Oberdischingen, Germany), Microhardness HV0.1 and
indentation modulus were measured according to the
universal hardness method from loading and unloading
curves on 12 indents in each case (Fischerscope, Sindelfin-
gen Germany). Fracture toughness KIC was determined
with the indentation method from the indent sizes and
length of wing cracks on five HV10 Vickers indents us-
ing the formulas of Niihara 16 and Anstis 17. In order to
verify the indentation-based results, the ISB (indentation
strength in bending) method proposed by Chantikul was
applied on 5 bars each with HV10 indents 18. The phase
composition of polished surfaces and of fracture surfaces
was measured with XRD (Bruker D8, Germany) using
Cu-Kα radiation with a monochromator, from the inten-
sity ratios of monoclinic (111) , (111) and tetragonal (101)
reflexes according to Toraya 19. In order to quantify the
initial cubic content, the intensity of reflexes in the 49.5-
51.5° 2θ range were measured. Microstructures and crack
paths were investigated by SEM (LEO, Cambridge, USA)
on polished and thermally (1225 °C/1 h) etched surfaces.
Cracks were introduced with HV10 indents.
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III. Results and Discussion
The pore size distributions of ATZ15 and ATZ15P af-

ter debinding and presintering in air at 800 °C for 1 h are
shown in Fig. 1. The main fraction of porosity is located in
the range between 0.01 - 0.1 μm as can be expected from the
grain sizes of the raw powders. Between 1 – 10 μm a very
small (1 - 2 %) but significant amount of porosity can be
detected, which is probably caused by manufacturing-re-
lated flaws. (Even if this pore-diameter-based value is not
directly correlated to crack-inducing defects, the method
gives a good impression of the integral value of the de-
fect sizes to be expected.) The two materials, formed from
almost identical recipes and with identical processing pa-
rameters, show no statistically relevant differences in pore
size distribution. Total porosity measured was 47.9 vol%
for ATZ15 and 49.8 vol% for ATZ15P, which is close to the
theoretical value of 48 vol% and within expected accuracy
of ± 2 %.

Fig. 1: Pore size distributions in ATZ15 and ATZ15P determined by
mercury intrusion porosimetry.

Fig. 2: Dilatometry curves of ATZ15 and ATZ15P in air at a heating
rate of 5 K/min.

Modelling of the sintering kinetics reveals that both ATZ
materials show similar activation energies at given densi-
fication stages. Activation energies determined by model-

free estimation stay at 750-850 kJ/mol until 80 % fraction-
al length change is reached, then the activation energies rise
steeply to levels of approximately 1500 kJ/mol. This in-
dicates that the sintering process proceeds in at least two
stages, the latter being very temperature-sensitive. These
results show that the addition of 15 vol% alumina lowers
the sinterability of Y-TZP, which according to the manu-
facturer’s specification is completely dense at 1450 °C/1 h.
The platelet formation – at the low strontia concentration
chosen – seems to have no further negative effect on den-
sification. In fact Fig. 2 shows that at a heating rate of 5 K/
min, strontium zirconate addition retards the onset of den-
sification by ∼ 20 K but slightly improves the final densi-
fication behaviour.

The sintered densities, mechanical properties and phase
compositions of ATZ15 and ATZ15P are shown in Table 2.
With the chosen sintering parameters both materials reach
similar density. Hardness and Young’s modulus are slight-
ly higher for ATZ15. This indicates that the strontium alu-
minate platelets have lower hardness and Young’s mod-
ulus than alumina. As expected strength of perfectly ma-
chined samples is 20 – 35 % higher for both materials than
the strength of as-fired materials. Comparing ATZ15 and
ATZ15P, the strength of the platelet-reinforced material is
always significantly higher while the platelet-addition-re-
lated gain in toughness is moderate. The increase in aver-
age strength seems not very spectacular at first sight. The
lower standard deviations of strength in case of ATZ15P
hint at increased reliability. Even though the volume ex-
posed to maximum stress is low in 3-pt.-bending com-
pared to 4-pt-bending tests, the statistical data collected
from large numbers of samples support this statement.
Weibull plots are shown in Figs. 3 and 4. ATZ15, no mat-
ter if as-fired or carefully machined, reaches Weibull coef-
ficients of n = 6.5 – 6.8. Measured values consist of a single
population. In case of platelet-reinforced materials, the as-
fired ATZ15P with a global Weibull coefficient of 10.7 ac-
tually shows two populations, one at high strength with a
Weibull coefficient of 5.9 and one at lower strength with a
Weibull coefficient of 28. The additional reinforcement by
platelets cuts off the strength distribution at > 750 MPa.
Platelets seem to be able to eliminate the effect of large
flaws and ensure a considerable minimum strength while
in ATZ15 some inferior specimens are always present. The
Weibull plot of ATZ15-GP shows a very narrow distribu-
tion and an even higher Weibull coefficient of 15.9. The
data points can be described by a single population even
though a double-S-shape of the data points is clearly visi-
ble. It can thus be assumed that the larger flaws accounting
for the lower strength of the as-fired material were elimi-
nated by machining and that the remaining defects in the
bulk are smaller and less detrimental than the surface de-
fects in the as-fired material. Comparing the indentation
toughness data shown in Table 2 with the results of the ISB
test (ATZ15: KIC, ISB = 4.92 ± 0.09 [MPa⋅√m], ATZ15P:
KIC, ISB = 5.42 ± 0.15 [MPa⋅√m]) shows that the inden-
tation toughness according to Niihara is very optimistic,
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Fig. 3: Weibull plot of strength distribution in as-fired (AF) and
ground and polished (GP) ATZ15.

Fig. 4: Weibull plot of strength distribution in as-fired (AF) and
ground and polished (GP) ATZ15P.

while the indentation toughness according to Anstis leads
to identical results as the ISB-test. An estimation of criti-
cal defect size c using the Griffith criterion for brittle ma-
terials (σF = KIC/(Y·√c), Y = 2) and the measured values

for strength σF and toughness KIC (according to Anstis)
shows that defect sizes are 10.1 μm in the as-fired and 5.8
– 6.8 μm in the machined material. Lower apparent defect
sizes compared to ATZ15 are found in machined ATZ15P
- apparent defect sizes as it was shown that defects in the
green bodies had similar size, and sintering has led to iden-
tical density. Assuming identical defect sizes in both mate-
rials and recalculating the toughness for ATZ15P leads to
the surprising result that platelet addition acts as an addi-
tional toughness increment of 0.45 MPa⋅√m for the ground
and polished material, for the as-fired material no devia-
tion from the measured value is observed. Evidently in or-
der to fully exploit the potential of the platelet reinforce-
ment it is necessary to eliminate the large surface defects
by machining. Platelets can obviate the worst, but platelets
will not be able e.g. to bridge cracks larger than their own
size. Toughening thus depends on crack deflection and
branching in as-fired materials with large surface defects.

The microstructures of ATZ15 and ATZ15P are shown in
Figs. 5 and 6. As alumina content is below the percolation
threshold of 16 % and intensive mixing was applied dur-
ing feedstock preparation, alumina grains are isolated and
well distributed. The grain size of alumina is below 1 μm,
the size of zirconia grains – owing to the high sintering
temperature – ranges between 0.5 – 0.7 μm in both materi-
als. Strontium aluminate platelets in ATZ15P are random-
ly distributed and account for ∼ 1/3 of initially added alu-
mina as calculated. The platelets have a length of 2 – 5 μm
and a thickness of < 0.5 μm. Figs. 7 and 8 show crack paths
induced by Vickers indentations in ATZ15 and ATZ15P.
ATZ15 shows a typical mixture of inter- and transgranular
fracture with a crack path curvature defined by the size of
the alumina and zirconia grains. In the platelet-reinforced
material additional toughening mechanisms beside trans-
formation toughening are active. Crack bridging, crack
deflection and crack branching induced by platelets are
clearly visible.

Table 2: Properties of ATZ15 sintered at 1550 °C/2 h and ATZ15 sintered at 1525 °C/3 h, (GP = ground and polished, AF =
as fired).

Material Relative density
[%-th.]

Linear shrinkage
[%]

Hardness
HV10

[-]

Hardness
HV0.1

[-]

Young‘s modulus
[GPa]

ATZ15 97.88 ± 0.54 21.7 ± 0.2 1376 ± 12 1610 ± 22 272 ± 2

ATZ15P 97.89 ± 0.2 21.7 ± 0.2 1317 ± 14 1561 ± 33 268 ± 4

Bending strength
[MPa]

Weibull-
coefficient

[-]

Characteristic
strength
[MPa]

KIC,
Niihara

[MPa⋅√m]

KIC,
Anstis

[MPa⋅√m]

ATZ15-GP 947 ± 150 6.8 1012 5.84 ± 0.09 4.96 ± 0.11

ATZ15-AF 781 ± 144 6.5 856

ATZ15P-GP 1124 ± 79 15.9 1160 6.12 ± 0.17 5.41 ± 0.23

ATZ15P-AF 850 ± 83 10.7 892
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Fig. 5: SEM image of the microstructure of ATZ15, polished and
thermally etched (1225 °C/1 h air) surface.

Fig. 6: SEM image of the microstructure of ATZ15P, polished and
thermally etched (1225 °C/1 h air) surface.

Transformability as indicated by the moderate toughness
values in both materials is not very high. It was impossible
to transform the material sufficiently by rough grinding
with a 250-μm diamond disk, Therefore fracture surfaces
with the highest possible activation were investigated de-
spite the poor signal-noise ratio of the rough and non-
planar surfaces. As the area of the fracture faces of single
broken bars was too small to obtain a good signal, the
fracture surfaces of 8 - 10 bars were aligned and tested by
XRD. XRD patterns of ATZ15 and ATZ15P are shown
in Fig. 9. Results of phase analysis of polished and bro-
ken bars are shown in Table 3. The results of the XRD
investigation clearly show that the platelets not only act
as reinforcements, they also improve the transformability.
ATZ15P, contrary to ATZ15,0 contains a small fraction of
monoclinic phase in the as-fired condition. After fracture
a higher fraction of zirconia is transformed. The transfor-
mation from tetragonal is always associated with a shift of
the peaks by an increment of 0.2° to lower 2θ values ow-
ing to the generated compressive stresses. Together with
monoclinic phase a considerable amount of cubic phase
is formed. According to the phase diagram by Chen 20

obtained by thermodynamic modelling, cubic content at
1550 °C is low (5 – 7 %). XRD patterns of both as-sin-
tered composites show no visible evidence of cubic phase
in the 26-33° 2θ region, a few percent may be hidden in
the background or as a shoulder of the tetragonal (101)
reflex which coincides with the cubic (111) reflex. An in-

Fig. 7: SEM image of the path of a crack induced by a HV10 indent
into polished and thermally etched (1225 °C/1 h air) surface of
ATZ15.

Fig. 8: SEM image of the path of a crack induced by a HV10 indent
into polished and thermally etched (1225 °C/1 h air) surface of
ATZ15P.

vestigation of the reflexes in the 49.5-51.5° 2θ region led
to more concise results. The XRD pattern in the respec-
tive 2θ range is shown in Figs. 10 and 11. Cubic zirconia
(JCPDS 30-1469) has a single (220) reflex at 50.18 ° while
the tetragonal phase (JCPDS 79-4764) has two reflexes,
(112) at 50.22° and (200) at 50.74° 2θ. The intensity ratio
of the (112) and (200) reflexes is 1.865 for purely tetrago-
nal material. In presence of cubic phase the (112)t+(220)c
reflex becomes stronger and the intensity ratio increases.
Assuming that the area of (112) plus (200) is the same as
the area of the (220) in 50:50 mixtures, the cubic content
can be calculated by a simple arithmetic operation. The
intensity ratios found were 1.823 for ATZ15 and 2.135 for
ATZ15P. Thus ATZ15 is entirely tetragonal and ATZ15P
contains 7.2 % of cubic in as-sintered state. These results
fit well with thermodynamic data. The cubic content of
the fractured faces estimated from the intensity ratio of
the cubic (111) reflex at 29.55° 2θ and the tetragonal and
monoclinic peaks already determined is ∼14 area% for
ATZ15 and ∼21 area% for ATZ15P. Subtracting the ini-
tial amount of cubic phase, 14 % of cubic are formed in
both cases during phase transformation; this means that
the actually transformed fraction of the tetragonal phase
is much higher in both cases. A t → m transformation is
associated with shear and a higher increase in volume than
a t → c transformation with a lower volume increase and



52 Journal of Ceramic Science and Technology —F. Kern and R. Gadow Vol. 2, No. 1

no shear effect. One may conclude that the contribution
to toughness of the latter is much smaller and probably
negligible. The estimated accuracy of the cubic phase de-
termination is in the range of ± 1.5 % absolute, while the
integration error (Table 3) may be neglected.

Fig 9: XRD patterns of polished surface and fractured face (2θ =
26-33°):
a.) ATZ15 ground and polished
b.) ATZ15P ground and polished
c.) ATZ15 fracture face
d.) ATZ15P fracture face.

Fig. 10: XRD pattern of polished surface of ATZ15 (2θ = 49.5-51.5°).

Unfortunately after transformation the reflexes in 49.5-
51.5° 2θ become very weak and broad so that they cannot
be quantitatively interpreted. In both cases the (200) re-
flex almost completely disappears, which means that the
largest fraction of tetragonal is consumed.

In order to obtain a platelet-shape reinforcement, it is im-
portant to form the “correct” strontium aluminate phase.
Besides the targeted hexaaluminate SrO · 6 Al2O3, several
other phases such as the dialuminate SrO · 2 Al2O3 and
monoaluminate SrO · Al2O3 may be generated during the
sintering process. The phase composition in as-fired sam-
ples was therefore investigated with XRD. Owing to the
high intensity of the zirconia reflexes, a fast scan at 1°/min
did not reveal any strontium aluminate phase at all (Fig. 12,
overview), even the intensity of a-alumina was very weak
compared to the dominant zirconia phase. In order to ex-
tract the hexaaluminate signals from the background, the
average value of three slow scans at 0.05°/min in the 2θ-
range with the strongest strontium aluminate reflex (33.5-
34.5°) was determined (Fig. 12, detail). The results of the

XRD analysis confirm the formation of the hexaalumi-
nate phase (JCPDS 80-1195), the dialuminate (JCPDS 25-
1208) and monoaluminate phase (JCPDS 34-0379) was not
detected. This result was expected from the SEM studies
showing platelet shape precipitates.

Fig. 11: XRD pattern of polished surface of ATZ15P (2θ = 49.5-
51.5°).

Fig. 12: XRD pattern of sintered ATZ15P.
Overview: (2θ = 25-75°), scan speed 2.5°/min
Detail: (2θ = 33.5-34.5°), scan speed 0.05°/min
Average value of three scans.

IV. Summary and Conclusion
Strontium-hexaaluminate-platelet-reinforced ATZ was

manufactured by in-situ reacting of strontium zirconate
with dispersed alumina. Platelet shape precipitates of 2 –
5 μm in length and 0.5 μm in width are formed. Compared
to a standard ATZ of similar recipe, manufactured under
the same conditions, the platelet-reinforced material had
slightly higher toughness but significantly higher strength
and reliability. Weibull-plots of ATZ15 show relatively
low reliability in both the as-fired and ground conditions.
In ATZ15P Weibull coefficients are considerably higher.
Strength of as-fired ATZ15P material is stabilized at a level
> 750 MPa.

Tracking of cracks reveals that additional toughness is in-
troduced by crack branching, crack bridging and crack de-
flection. Besides these expected results, XRD studies show
that platelets also increase the transformability of the zir-
conia by 10 – 15 %. Moreover it was found that during
transformation ∼ 14 % of cubic phase is formed. ATZ15P
initially contains ∼7 % of cubic phase while ATZ15 is ini-
tially completely tetragonal.
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Table 3: Monoclinic contents Vm of polished surfaces and fracture faces transformability and cubic phase content before
and after transformation of ATZ15 and ATZ15P.

Material Vm,p
polished

[%]

Vm,f
fracture face

[%]

Transformability
(Vm,f - Vm,p)

[%]

Xc,f
polished

[%]

Xc,f
fracture face

[%]

ATZ15 0 22 ± 1 22 ± 1 0 14

ATZ15P 2±1 28 ± 1 26 ± 1.4 7.2 ± 0.1 21

Processing of both materials with injection moulding
was possible with identical moulding parameters on a stan-
dard injection moulding machine. Defect sizes of the as-
fired materials are in the range of 10 μm. The largest flaws
are apparently surface defects. After machining, the calcu-
lated size of bulk flaws is in the range between 5.8 – 6.8 μm.
Platelets help improve the properties of as-fired compo-
nents. Shifting from a true net-shape forming strategy to a
near net-shape strategy with machining of the load-bear-
ing surfaces leads to components with improved mechan-
ical properties and reliability.
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