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Abstract

Four different alumina powders, from European and Japanese sources having similar particle size (350–700 nm) were used for the

fabrication of nanocomposites. They were compared in terms of green properties, sintering behaviour, microstructure and
mechanical properties. The processing route used (attrition milling and freeze-drying) leads to a reduction in green density of the
processed aluminas and composites compared to the as-received alumina. All powders had similar green properties except one,
which contained a binder from the manufacturer. The presence of this binder led to the formation of hard agglomerates. In this case

the pressing did not eliminate, totally, the inter-agglomerate pores, leading to an incomplete sintering. Calcining the powder to
remove the binder resulted in similar pressing and sintering behaviour to the other powders and densities >99% were achieved at
1750 �C by pressureless sintering. All the composites exhibited similar microstructures (matrix grain size �3 mm) and elastic
properties, hardness and fracture toughness. A finer matrix microstructure could be obtained with one of the European powders
which achieved �99% density at 1700 �C. The presence of 5 vol.% SiC resulted in a mean grain size of �2 mm for the alumina
matrix compared with 13.9 mm for a monolithic alumina prepared under identical conditions. # 2002 Elsevier Science Ltd. All

rights reserved.
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1. Introduction

The concept of structural ceramic nanocomposites
was first proposed by Niihara.1,2 Within these types of
materials, the Al2O3–SiC system has been the focus of
many studies conducted by different research groups.1�10

These composites have been reported to exhibit high
fracture strengths of over 1000 MPa up to 1000 �C, with
improved toughness and creep resistance.11�13 Recent
developments have also shown an improvement of 2–3
times in the wear resistance of Al2O3–SiC nanocomposites
compared to monolithic alumina of the same grain
size.7,9 These nanocomposites could, thus, represent an
interesting alternative for wear resistance applications in
terms of cost and performance, lying between alumina
and more technical ceramics such as silicon carbide or
silicon nitride. In this context, efforts have been made to
develop new more commercially viable fabrication routes
based on water processing and pressureless sintering.7

Nearly fully dense (99.6%) materials containing 5 vol.%
of SiC were obtained by pressureless sintering, at
1775 �C for 4 h, a powder mixture prepared by attrition
milling in water followed by freeze-drying.10

In this work, a similar approach has been used for the
fabrication of nanocomposites using four different
commercial alumina powders and adding 5 vol.% of
SiC particles (20–200 nm). The green properties and
sintering behaviour of these materials are compared and
discussed. The microstructures and mechanical properties
are assessed.

2. Experimental procedure

2.1. Starting materials

Four different a-alumina powders and one silicon carbide
powder were used for this study. Their characteristics
are summarised in Table 1. AES11C (Sumitomo), P172SB
(Pechiney) and CS400M (Martinswerk) are commercially
available while R/CCC is a laboratory grade alumina
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received from Treibacher Schleifmittel (Korund Lau-
fenburg Gmbh, Germany). The as-received R/CCC
powder was spray-dried and contained a binder (�3
wt.% PVA). The SiC used was H.C. Starck UF 45 (a-SiC)
with particle size ranging from 20 to 200 nm (manu-
facturer’s data).

2.2. Mixing of the alumina and SiC powders

The alumina and silicon carbide powders were mixed
by attrition milling in distilled water (Si3N4 container
and milling media) at a speed of 1000 rpm for 2 h. The
isoelectric point of the alumina powders was in the
range 9–10.5 and that of SiC was 3.7,14 Hence, the pH of
the slurry was set to a value >11.5 using ammonium
hydroxide solution. This corresponds to a zeta potential
lower than�25mV for all the powders, which is necessary
for a good dispersion. A dispersant (0.4 wt.% of Darvan
C) was added to the slurry in order to improve further the
quality of the dispersion. The slurries were then dried
using freeze-drying (Edwards Modulyo 4K Freeze
Dryer). A typical batch contained 70 g of composite
powder.

2.3. Preparation of green compacts

Green compacts were prepared by uniaxial pressing,
cold isostatic pressing or by a combination of the two
techniques. Pressing pressures in the range 50–250 MPa
were used. Uniaxial pressing was conducted using a
Lloyd 50K testing machine in order to obtain accurate and
reproducible pressing conditions. Compacts were prepared
from the as-received alumina powders, processed alumina
powders and the alumina–SiC mixtures. The influence
of several parameters (processing, pressing pressure,
nature of the alumina powder, presence of SiC) on the
green properties of these materials were studied.

2.4. Fabrication and pressureless sintering conditions

The samples used for the mercury porosimetry study
were prepared by cold isostatic pressing of the as-
received and processed powders at 50 MPa. They were
sintered in an alumina tube furnace for 1 h at 1200, 1400

and 1600 �C under a flowing nitrogen atmosphere using
an alumina crucible and a SiC powder bed (grit 400).
The heating rate was 3 �C/min.
For the rest of the sintering study, the freeze-dried

powders were sieved (150 mm) and green samples were
prepared by cold isostatic pressing at 150 MPa. The
pellets were fired in a graphite element furnace, in a
closed graphite crucible, with a SiC powder bed (grit
400) and a flowing nitrogen atmosphere. The samples
were sintered at temperatures between 1600 and 1750 �C
for 2 h using a heating rate of 5 �C/min.
Following initial sintering and studies of the resulting

pore structure, samples prepared from R/CCC were
calcined at 600 �C/6 h in air before sintering in order to
burn-out the binder.

3. Characterisation techniques

The green compacts were characterised by measuring
their green density, green strength and for some of
them, by measuring their pore size distribution. The
green densities were calculated by measurement of the
dimensions of the uniaxialy pressed pellets and using a
geopycnometer (Geopyc 1360, Micromeretics) for the
cold isostatically pressed compacts. The green strength
was measured on pellets (8 mm diameter and height)
prepared by uniaxial pressing (50–250 MPa) or uniaxial
pressing (50 MPa) followed by cold isostatic pressing
(50–200 MPa). Compression tests were conducted using
an Instron 4562 testing machine and a cross-head speed
of 5 mm/min.
Mercury porosimetry (Quantachrom porosimeter)

was used for the characterisation of the pore structure
of green and partially sintered samples. When a binder was
present, the compacts were calcined prior to measurement.
The samples used had a weight of about 1.5 g.
The density of the sintered samples was measured by

the Archimedes method in water. The theoretical density
of Al2O3–5 vol.% SiC nanocomposite (3.94 g/cm3) was
calculated assuming a density of 3.98 g/cm3 for Al2O3
and 3.20 g/cm3 for SiC.
The microstructural study was conducted on polished

and etched surfaces using scanning electron microscopy

Table 1

Particle size and specific surface area and impurities of the powders used (as given by the manufacturers)

Raw materials Grade Mean particle size,

d50 (nm)

Specific surface

area (m2/g)

Impurities (wt.%)

SiO2 MgO Na2O Other

Al2O3 (Sumitomo) AES11C 400 7–8 0.07 0.00 0.07 Fe2O3, CaO, B2O3
Al2O3 (Pechiney) P172SB 500 9–10 0.1 0.04 0.08 CaO, B2O3, Fe2O3
Al2O3 (Martinswerk) CS400M 600–700 12–13 0.06 0.002 0.10 CaO, B2O3, Fe2O3
Al2O3 (Treibacher) R/CCC 350–450 21 0.15–0.30 0.15–0.20 <0.1 CaO, TiO2
SiC (HC Starck) UF45 20–200 44 Free C (0.58), free Si (0.22), Al (0.03), O (3.5)
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(Jeol 840). All the samples having densities above 99%
theoretical were characterised. Samples were thermally
etched at 1400 �C for 1 h using argon atmosphere, in
order to reveal the grain boundaries. The grain size was
evaluated using the lineal intercept method.15 A mini-
mum of 250 Al2O3 grains from 5 randomly selected
areas were counted for each sample.
Young’s and shear moduli were determined by means

of an ultrasonic technique, with 10 MHz piezoelectric
transducers. E and G were calculated from the following
equations:

E ¼ � 3V2l � 4V
2
t

� �
= V2l =V

2
t � 1

� �
ð1Þ

G ¼ �V2t ð2Þ

where � is the the density, Vl is the longitudinal wave
velocity and Vt is the transversal wave velocity. Poisson’s
ratio was then calculated from :

� ¼ E=2Gð Þ � 1 ð3Þ

The accuracy of the results obtained here was esti-
mated at �2 GPa.
Hardness and fracture toughness were measured by

means of Vickers indentation method. A load of 10 kg
was applied for 30 s. The hardness (in Pa) was calcu-
lated from the following formula:

H ¼ 1:8544
P

2að Þ
2

ð4Þ

where P (N) is the applied load and 2a (m) the diagonal
of the indent. The mode 1 fracture toughness (KIC) was
calculated from the measurement of the length of the
cracks using the Evans and Charles16 equation:

KIC ¼ 0:057H0:6E0:4a2c�1:5 ð5Þ

where E is the Young’s modulus and c is half of the
total crack span.

4. Results and discussion

4.1. Green properties

Preliminary investigations have shown that the addition
of 5 vol.% of SiC had no significant effect on the green
properties and on the pore size distribution of the alumina
compacts. This was expected due to the low amount of
SiC and to its relatively small difference in particle size
compared to the alumina powders used for this study.
The comparison of the green properties was thus con-
ducted only on alumina powders.
The four alumina powders had similar particle sizes

and hence should have similar green properties. Table 2

shows, from measurements of green density and
strength, that this assumption is valid, with the exception
of R/CCC, which contained a binder. For comparison
purposes, compacts were also prepared from a calcined
batch of this powder (called R/CCC BR), and the
properties were found to be similar to those of the other
powders.
For the rest of the study, only the as-received and the

processed AES11C and R/CCC were used in order to
determine the influence of the pressing method and
pressing pressure on the green density, strength and
pore structure of the compacts. The effect of pressing
pressure on the green density and strength are presented
in Fig. 1 for uniaxially pressed pellets. In all cases, green
density increased with increasing pressure. For the as-
received AES11C powder, higher green density was
obtained at the lower pressing pressure than for freeze-
dried (FD) powder. For the R/CCC powder, there was
no significant difference between the characteristics of
the as-received and processed powders.
The variation in behaviour during compression and

compaction of powders is usually due to differences in
their particle size, and the strength and shape of the
agglomerates formed. Bortzmeyer17 has shown that the
green strength of compacts prepared with powders having
sizes in the range 0.2–1.5 mm increases as particle size
decreases. The attrition milling of the four powders in
this study reduces their particle size and thus explains
partially the differences observed between the properties
of as-received and freeze-dried powders. A second, and
probably more significant contribution results from a
change in the characteristics of the agglomerates due to
freeze-drying. Indeed, in the case of spray-dried granules,
for example, it has been shown that the stronger the
granules (or agglomerates), the higher the green strength18

and the lower the green density of the compacts (especially
at low pressures). The as-received AES11C contained
loose spherical agglomerates and the freeze-drying process
caused the formation of stronger agglomerates with a
flake shape as shown in Fig. 2. This difference in shape
and strength of the agglomerates can thus result in dif-
ferences in compression and compaction behaviour for

Table 2

Comparison of the green properties of the starting powders (pellets

prepared by uniaxial pressing at 250 MPa)

Alumina powders As-received Attrition-milled and

freeze-dried

Density

� (g/cm3)

Strength

� (MPa)

Density

� (g/cm3)

Strength

� (MPa)

AES11C 2.28 2�0.5 2.13 6�1

P172SB – – 2.15 7�1

CS400M – – 2.10 6�1

R/CCC 2.24 29�1 2.23 30�1

R/CCC BR (calcined) 2.27 3�0.5 2.18 6�1
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as-received and processed AES11C. In the case of R/
CCC, the influence of the binder on the strength of the
agglomerates is predominant and no difference in beha-
viour between the as-received and processed powders
was observed. Due to the presence of this binder, the
compacts exhibited a much higher green strength than
those prepared from AES11C.
A similar study conducted on pellets uniaxially pressed at

50 MPa and subsequently cold isostatically pressed
between 50 and 200 MPa showed the same trends. Higher
values of green density and strength were obtained
especially in the absence of binder (AES11C). Cold iso-
static pressing gave better results than uniaxial pressing
because of the better homogeneity of the density in the
compact. Indeed, for uniaxial pressing, factors such as
the friction of the powder against the walls of the die
during the pressing process will lead to stresses resulting
in less homogeneous packing and green density.

For this reason, the pore structure of the powders was
assessed on compacts prepared by cold isostatic press-
ing. All the powders used in this experiment exhibited a
major pore population in the range 80–120 nm with a
relatively narrow distribution (Fig. 3). The main difference
between AES11C and R/CCC is the presence, in the
latter case, of a small population of pores in the range
100–300 nm. The aqueous processing and freeze-drying
leads to a slight reduction of the pore size, probably due to
the reduction of the size of the particles during attrition
milling. The two pore populations present in the compacts
prepared from R/CCC powder can be attributed to the
inter- and intra-agglomerate pores. Indeed, in this case
the presence of a binder leads to the formation of harder
agglomerates that are not totally ‘‘broken down’’ during
pressing. The use of higher pressing pressures (up to 150
MPa) led to a reduction of the pore size but the pore
population corresponding to inter-agglomerate pores in

Fig. 1. Effect of of the pressing pressure on the green density and strength of compacts prepared by uniaxial pressing.

Fig. 2. Comparison of as-received and as-freeze-dried AES11C powders (SEM observation).
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the R/CCC compacts were still present. These results
are consistent with previous studies conducted on two
similar types of powders.17

4.2. Sintering behaviour and microstructure

A mercury porosimetry study was conducted in order
to follow the dependence of the pore structures of com-
pacts prepared from as-received and processed AES11C
(FD) and R/CCC powders at temperatures of 1200 and
1400 �C (below normal sintering temperature). One
nanocomposite (AES11C-5 vol.% SiC) was also studied
following heat treatment in the range 1200–1600 �C.

Table 3 and Fig. 4 give the values of density, pore
volume and pore size distribution observed. The total
pore volume is reduced as the temperature increases
without any significant reduction in the pore size, while
the density of the samples increase from �2.04 g/cm3

(52%) to 3.07 g/cm3 (78%). In the case of AES11C, the
compact prepared from the as-received powder had a
significantly higher green density than the compact pre-
pared from the processed powder (Table 3). For the
processed powder, no reduction in pore volume had
occurred at 1200 �C whereas, for the as-received powders,
densification had already commenced at this temperature.
In the case of R/CCC, the results were similar for the as-
received and processed powders as expected from their
similar green densities and pore structures. At 1400 �C,
the residual pore volume was always higher than that of
AES11C. It can be noted that only the volume fraction
of pores having sizes at around 100 nm was reduced but
not the volume fraction of pores having sizes in the
range 100–300 nm (inter-agglomerate pores).
The introduction of SiC particles in the AES11C

matrix retarded the sintering (Table 3, Fig. 4). The
decrease in the pore volume starts above 1200 �C, as for
the processed matrix, but at 1400 �C the reduction of
the pore volume is less and to achieve densification to the
same extent as the matrix requires a higher temperature
still.
The comparison of the sintering behaviour at 1650–

1750 �C of nanocomposites prepared from the different
alumina powders (Fig. 5) shows results consistent with
the mercury porosimetry study. The lowest density
(�97%) was obtained for as received R/CCC containing
the binder. However, the calcined R/CCC (R/CCC BR)

Fig. 3. Pore size distribution measured by mercury porosimetry on

samples cold isostatically pressed at 50 MPa.

Table 3

Dependence of the density and the pore volume on heat treatment temperature (%td: % of the theoretical density; the pore volume is calculated

from the value of the density)

Sample Sintering treatment Density Pore volume (cm3/g) Intruded volume of mercury (cm3/g)

(g/cm3) %td

AES11C Green sample 2.21 55.5 0.20 0.19

1200 �C—1 h 2.49 62.6 0.15 0.14

1400 �C—1 h 3.13 78.6 0.07 0.06

AES11C FD Green sample 2.02 50.7 0.24 0.22

1200 �C—1 h 2.08 52.6 0.23 0.21

1400 �C—1 h 2.91 73.1 0.09 0.09

AES11C Green sample 2.01 51.0 0.24 0.22

+5 vol.% SiC 1200 �C—1 h 2.04 51.8 0.24 0.22

1400 �C—1 h 2.47 62.7 0.15 0.13

1600 �C—1 h 3.39 86.0 0.04 0.03

R/CCC Green sample 2.05 51.5 0.24 0.23

1200 �C—1 h 2.22 55.8 0.20 0.18

1400 �C—1 h 2.84 71.4 0.10 0.09

R/CCC FD Green sample 1.95 49.0 0.26 0.22

1200 �C—1 h 2.11 53.0 0.22 0.19

1400 �C—1 h 2.88 72.4 0.10 0.08
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achieved a density of 3.90 g/cm3 (99%) at 1750 �C. All
the other materials exhibited similar densities (>98.7%)
and average matrix grain size (�3 mm, Table 4) when
sintered at 1750 �C. The highest values of density were
obtained for nanocomposites with P172SB followed by
R/CCC BR (binder removed before processing),
AES11C and CS400M. These last two powders exhibited
the same behaviour. The matrix microstructure of the
nanocomposite produced from AES11C is more homo-
geneous (Fig. 6). For P172SB, a density �99% could be

obtained at 1700 �C and hence the matrix grain size was
smaller (Table 4, Fig. 7). Alumina samples were sintered
at 1600 and 1700 �C using as-received P172SB and their
grain size was compared to the grain size obtained for
the nanocomposite (Table 4). The beneficial effect of the
addition of SiC on the refinement of the matrix micro-
structure is clear, with grain size of 2 mm compared with
13.9 mm for the monolithic alumina.
The SEM observation of the nanocomposite prepared

from the as-received R/CCC powder and sintered at

Fig. 4. Dependence of the pore size distribution of (a) processed AES11C alumina and (b) AES11C-5 vol.% SiC nanocomposite on the heat treat-

ment temperature (green compacts obtained by CIP at 50 MPa).

Fig. 5. Dependence of the density of nanocomposites prepared using the different alumina powders on the sintering temperature.
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1750 �C showed the presence of large elongated pores
(Fig. 8). The significantly different behaviour obtained
for R/CCC can be explained by the presence of inter-
agglomerate pores. This population of pores is char-
acterised by a ‘‘surface’’ defined by a larger number of
grains. Such an arrangement is detrimental to the
reduction of the pore size during sintering. This pheno-
menon is generally observed during sintering of compacts
made from powders forming hard agglomerates and can
be explained by thermodynamic considerations.20,21

This has been reported even when the pressure used to
form the green compacts was sufficient to break the
agglomerates.19 Fig. 8 shows the elongated pores
observed, which certainly correspond to these remaining
inter-agglomerate pores.

P172SB, AES11C, CS400 alumina powders and the cal-
cined R/CCC (R/CCC BR) showed relatively similar sin-
tering behaviours and microstructures even though some
differences were observed. These four powders had very
similar green densities, and, therefore, this parameter can-
not explain these differences. AES11C and CS400M con-
tained the lowest amount of impurities probably explaining
their lower sinterability compared to P172SB and calcined
R/CCC. As debonded R/CCC contained the highest
amount of impurities, the best sinterability was expected.
However, R/CCC had lower density than P172SB, which
may be due to the difference in the respective amounts of
the various impurities. A hypothesis is the high content
of SiO2 for R/CCC. Some studies have shown that this
impurity can inhibit the densification of Al2O3.

22,23

Fig. 6. Microstructure of nanocomposites prepared from AES11C, P172SB and CS400 aluminas, sintered at 1750 �C (bar=1 mm).

Table 4

Densities and average grain size of alumina and nanocomposites sintered at different temperatures

Powder Sintering temperature �C Density Matrix grain size

g/cm3 %td Average (mm) Standard deviation

P172SB+5 vol.% SiC 1700 3.89 98.7 2.0 0.4

P172SB+5 vol.% SiC 1750 3.91 99.2 3.2 0.6

AES11C+5 vol.% SiC 1750 3.89 98.7 2.8 0.2

CS400M+5 vol.% SiC 1750 3.89 98.7 2.7 0.5

R/CCC BR+5 vol.% SiC 1750 3.90 99.0 2.9 0.7

R/CCC+5 vol.% SiC 1750 3.82 97.0 – –

P172SB (alumina) 1700 3.96 99.5 13.9 2.0

P172SB (alumina) 1600 3.93 98.7 9.4 1.1
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It is difficult to explain clearly the better homogeneity
in microstructure obtained for AES11C. In the materi-
als prepared here, two factors can influence abnormal
grain growth.

(i) Abnormal grain growth is known to occur in
Al2O3 during sintering at temperatures greater
than 1550 �C. It can be further enhanced by
inhomogeneous dispersion of impurities such as
SiO2 and CaO.

24,25

(ii) When small particles of SiC are present, grain
growth is inhibited but abnormal grain growth

has already been observed in regions of these
types of nanocomposites containing particles
having diameters lower than 200 nm.26 These
particles are more often found in intragranular
positions whereas bigger particles are more effi-
cient in pinning grain boundaries and are usually
found in intergranular positions.

As expected and reported in previous studies,3,26,27,28

the introduction of SiC particles inhibits densification.
The SiC particles are inert at these temperatures and pin
the Al2O3 grain boundaries. The grain boundary pin-
ning severely inhibits the grain growth leading to a
decrease in densification rate. This is illustrated by the
mercury porosimetry results obtained. The densification
process commences for both the processed AES11C
alumina and the AES11C+5 vol.% SiC composite at a
similar temperature (above 1200 �C), but the densification
rate is lower for the composite (Table 3 and Fig. 4). The
inhibition of grain growth is clearly illustrated here by
the difference of grain size obtained in the P172SB
matrix and in the composite (Table 4).
Since, it was realized very recently that UF45 SiC

powder was no longer commercially available, another
silicon carbide powder (UF25, Starck, Germany) was
used with P172SB alumina to prepare an alumina-5
vol.% SiC nanocomposite, following the same procedure
described above, in order to study the sinterability. It
was found that P172SB-5 vol.% UF25 nanocomposite
yielded a density value of 3.87 g/cm3 at 1700 �C for 2 h
compared to P172SB-5 vol.% UF45, which yielded 3.89
g/cm3 at the same temperature. The slightly lower density
for the nanocomposite with UF25 could be due to its
lower impurity levels (free Si=0.14 wt.%) compared to
UF45 (free Si=0.22 wt.%). This demonstrates that
similar densification can be effected using different
nanophase SiC powder in alumina.

4.3. Properties of the nanocomposites

The properties of the samples sintered at 1750 �C and
of the composites prepared from P172SB and sintered at
1700 �C were evaluated (Table 5). All the samples,

Fig. 7. Microstructure of the nanocomposite prepared from P172SB

alumina sintered at 1700 �C (bar=1 mm).

Fig. 8. SEM observation of the nanocomposite prepared from the

R/CCC alumina powder and sintered at 1750 �C.

Table 5

Elasticity, hardness and fracture toughness of the Al2O3–5 vol.% SiC nanocomposites

Samples Density Elastic properties Hardness Fracture toughness

g/cm3 %td E (GPa) G (GPa) � (GPa) (MPa.
p
m)

P172SB+5 vol.% SiC (1700 �C) 3.89 98.7 395 159 0.24 17.6 3.0

P172SB+ 5 vol.% SiC (1750 �C) 3.91 99.2 406 164 0.23 17.4 3.0

AES11C+ 5 vol.% SiC (1700 �C) 3.83 97.2 – – – – –

AES11C+ 5 vol.% SiC (1750 �C) 3.89 98.7 399 161 0.24 17.7 3.1

CS400M+ 5 vol.% SiC (1750 �C) 3.89 98.7 397 161 0.24 17.9 3.3

R/CCC BR+ 5 vol.% SiC (1750 �C) 3.90 99.0 398 160 0.24 17.7 3.0

R/CCC+ 5 vol.% SiC (1750 �C) 3.82 97.0 360 146 0.23 15.2 –
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except the one prepared from R/CCC, which was less
dense, exhibited similar properties. Their slight differences
in density or microstructure were not sufficient to cause
significant impact on the properties studied here.
The Young’s modulus and hardness values are similar

to the values predicted by a rule of mixtures (404 and
17.5 GPa, respectively) and measured, for example, by
Nakahira and Niihara.29 Anya and Roberts30 and Zhao
et al.31 found slightly higher hardness values.
The fracture toughness values were similar to previously

reported results (for example, Anya and Roberts30 and
Zhao et al.31) if the same equation31 is used for the calcula-
tions. Anya and Roberts have shown that Al2O3–SiC
nanocomposites exhibited a Palmqvist crack system.30 The
Evans and Charles equation used in this study is, thus, not
rigorously valid but it is useful for comparison ofmaterials.
Furthermore, it gives results which are closer to the values
measured by other techniques such as Hertzian indenta-
tion30 or SENB7 on similar nanocomposites.

5. Conclusions

It is possible to produce dense Al2O3–SiC nano-
composites using a conventional processing route
involving water processing and pressureless sintering at
1700–1750 �C.
The choice of the starting alumina powder can have a

significant influence on the sinterability and the micro-
structure of the composite. The presence of a binder (PVA)
during green processing was found to be detrimental to the
sintering behaviour because it resulted in residual hard
agglomerates and the accompanying inter-agglomerate
pores. The highest densities were obtained with Pechiney
P172SB alumina. The composites containing 5 vol.%
SiC prepared with this powder could be sintered to
�99% density at 1700 �C leading to a finer matrix
microstructure with mean grain size of �2 mm com-
pared with 13.9 mm for a monolithic alumina prepared
under identical conditions. Thus, fabrication of Al2O3–
SiC nanocomposites can be carried out using conven-
tional processing and without the need for highly
expensive, ultra fine, high purity alumina powders.
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