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Abstract

Hot-pressing of mullite and SiC±mullite matrix com-
posites was performed at temperatures and pressures
between 1500 and 1650�C and 5 and 15MPa,
respectively. Composites were produced using di�er-
ent precursors; sol±gel derived mullite and kaolinite/
a-alumina. The precursor did not strongly a�ect the
optimum density achieved, reaching 97.5% of theo-
retical for a 20 vol% SiC addition in both cases. The
SiC platelet addition impaired densi®cation kinetics
in all composites compared to mullite monoliths.
Fracture toughness, measured by the indentation
strength in bending technique, was marginally higher
for the sol±gel precursor material in both monolith
and composite. Fracture toughness increased with
SiC content for both materials. For example, for the
sol-gel precursor material it increased from 2.9�0.1
MPa m1/2 for the monolith to 3.9�0.1 MPa m1/2 for
the 20 vol% SiC composite. Similarly, hardness
increased with SiC addition for both materials, but
the hardness of the sol±gel material was greater than
that of the kaolinite+a-alumina material for all
compositions. The relationship between micro-
structure and mechanical properties is discussed.
# 1999 Published by Elsevier Science Limited. All
rights reserved
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1 Introduction

Monolithic mullite bodies su�er from low values of
both bend strength (150±500MPa) and fracture
toughness (1.5±3.0MPam1/2) at room tempera-
ture.1 Reinforcement with high-strength second
phases such as SiC whiskers by hot pressing, has
shown promising improvements.2 Silicon carbide

whiskers have been incorporated into numerous
ceramic matrices in an attempt to improve their
mechanical properties, in particular their resistance
to catastrophic failure. However, two potential
drawbacks to the use of whiskers have been iden-
ti®ed. Firstly, their presence has a detrimental
e�ect on the densi®cation processes and secondly,
they have been shown to be a potential health
hazard if they have <1�m diameter, as they can
then be ingested into the lungs.3 Platelets of
equivalent size with one short and two long
dimensions are thought to o�er similar reinforcing
capability but no health hazards since their shape
precludes ingestion.
This study compares mullite monoliths and mul-

lite±SiC platelet composites using mullite derived
from kaolinite mixed with �-alumina, and from
sol±gel processing of boehmite and colloidal silica
precursors. The microstructural evolution of mullite
is examined in the di�erent systems as a function of
processing temperature. In addition, the mechan-
ical properties of SiC platelet reinforced mullite are
examined and correlated to precursor process route
and microstructure. Possible toughening mechan-
isms derived from the SiC addition are discussed.

2 Experimental Procedures

Figure 1 summarises the processing route used in
this work. Homogeneous (well-mixed) powder is
required for the production of dense mullite cera-
mics. In this study mullite powder was produced
via two di�erent methods, a sol±gel route, and use
of kaolin with �-alumina precursors described in
more detail elsewhere.4

Boehmite and colloidal silica were used to pre-
pare the sol±gel powder.4 For the alternative route,
English China Clay International Super Standard
kaolinite clay was mixed with calcined Bayer process
a-alumina to give stoichiometric mullite. Details of
these routes are described in a previous paper.4 The
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raw material compositions supplied by the manu-
facturers are given in Table 1.
�-SiC platelets with a wide variation in particle

size were obtained from Newmet Ltd (Abbey
Chambers, High Bridge Street, Waltham Abbey,
Essex, EN9 1DF, UK) with nominal size ÿ325
mesh (5±70�m wide by 0.5±5�m thick). The mul-
lite composition powders (from both sol±gel pro-
cessing and kaolin with added �-alumina) were
mixed with 10 and 20 vol% SiC platelets in pH
stabilised suspensions by vigorous stirring for 24 h
using a magnetic stirrer. All the starting materials
were stabilized in distilled water with NH4OH
added to raise the pH to 10 to confer su�cient
surface charge for electrostatic stabilization. The
mixed suspension was stirred on a hot plate until a
viscous consistency was obtained, followed by
drying (at 100�C for 72 h) and milling (using an
electrical agate mortar for 0.5 h).

Mullite and Sic±mullite composite pellets were
produced by uniaxially pressing the powders in a
30mm diameter steel mould with 50MPa pressure
to give green compacts which were subsequently
calcined at 600�C for 1 h.
Hot-pressing was carried out using an induction

furnace (Inductoheat Banyard Ltd, Poole, Dorset,
UK). The graphite dies used in the hot-press had a
central cavity of 30mm internal diameter with two
graphite pistons of 30mm external diameter to
press the composite discs. The sample was com-
pletely sealed in the graphite die during hot-press-
ing and the die itself was surrounded by a powder
mixture of graphite and zirconia to minimise oxi-
dation of the die. Hot-pressing was carried out at a
range of temperatures (1500±1650�C) and pres-
sures (5±15MPa), each for 1.5 h with a ramp of
20Kminÿ1. All hot-pressed samples were allowed
to naturally cool to room temperature in the fur-
nace overnight (about 5Kminÿ1).
The bulk density of the pellets was measured by

Hg immersion and for each sintering temperature
was measured twice on each of three samples, the
results then being averaged. The general micro-
structure and grain size of the samples was deter-
mined by scanning electron microscopy (SEM)
(Camscan Series 2), operating at 20 kV. Grain size
was measured by the intercept method.5 The mean
and one standard deviation were obtained from in
excess of 500 grains for each sample condition.
For transmission electron microscopy (TEM),

the samples were ground to 1mm thickness and

Fig. 1. Processing route to composites using sol±gel or clay/alumina precursors.

Table 1. Chemical analyses of raw materials (supplied by the
manufacturers)

Constituent Boehmite
(wt%)

Kaolin
(wt%)

a-Al2O3

(wt%)

SiO2 0.02 47 0.04
Al2O3 76.5 38 99.5
Fe2O3 0.01 0.39 0.02
TiO2 Ð 0.03
CaO Ð 0.10 0.03
MgO Ð 0.22 Ð
K2O 0.007 0.80 Ð
Na2O Ð 0.15 0.18
Loss on ignition 23 13.0 0.2
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then 3mm dia. discs ultrasonically drilled from the
slices were mechanically ground and polished to
around 80±100�m, and then dimpled to 20�m
centre thickness. These dimpled samples were then
Ar ion milled at 6.0 kV until perforation, coated
with carbon, and examined in a Philips EM 420 at
100 kV.
Vickers hardness was performed using the

Vickers method (Vickers Armstrong Ltd, Crayford,
Kent, UK, serial no. 254013) using a load of 10 kg.
The sample was polished to an optical ®nish to
enable crack types and lengths to be determined.
The indentation time was �15 s. A single datum
was obtained from the average of 10 Vickers
indents. Error bars represent one standard
deviation.
Indentation fracture toughness is frequently used

because of the simplicity of the approach and its
good applicability.6 However, the technique has a
number of drawbacks, namely, the small volume of
material sampled, errors in measuring the crack
length, the uncertainty of whether cracks are radial
or Palmqvist, the presence of lateral cracking and the
potential for time dependent crack propagation on
removal of the indentor. Because of these factors,
indentation strength in bending tests6,7 were
undertaken. This allows a greater volume of mate-
rial to be sampled and does not rely on the mea-
surement of small cracks. Samples for this test were
machined to 20�10�3mm. The distance between
the lower supporting points of the 3-point bend rig
was 15mm. The test surfaces were polished with
increasingly ®ner abrasive paper down to 1200
mesh size. A Vickers indentation was made to
provide a precrack, using a load of 10 kg at the
centre of the prospective tensile face of each test
piece, so that the diagonal of the indentation was
aligned with respect to the longitudinal axis of the
specimen. The crack morphology associated with
the indent was checked prior to testing to ensure
that no lateral cracking had occurred. The three-
point-bend tests were performed using a Universal
Mayes testing machine at room temperature under
normal atmosphic conditions. The loading speed
was 0.5mmminÿ1.
The fracture toughness, KIC (MPam1/2), is

determined from this technique using eqn (1),7,8

assuming a radial crack induced by the Vickers
indent.

KIC � �V�E=H�1=8��P1=3�3=4 �1�

where �V � �256=27���
�3=2�V�1=4 is a geometrical
constant E/H is the modulus-to-hardness ratio; � is
¯exural strength (Pa); P is indentation load (N); 

is a crack-geometry factor, and �V is a constant for
Vickers-produced radial cracks. The fracture surface

was examined in the SEM following the test and
this con®rmed that the pre-crack was radial in
nature. At least four tests were performed for each
material condition. The mean and one standard
deviation are quoted.

3 Results

3.1 Densi®cation
The bulk density of mullite and mullite with 10 and
20 vol% silicon carbide platelet additions from
hot-pressed sol±gel (sg) powder is shown in Fig. 2.
Density increased with increasing hot pressing
temperature for mullite and mullite with 10 and
20wt% SiC platelets from 1550 to 1650�C
[Fig. 2(a)]. Maximum density (97.5% of theoretical
density) was achieved after 1.5 h at 1650�C with
15MPa pressure.
The bulk density of mullite and mullite with 10

and 20 vol% SiC platelet additions derived from
kaolinite/�-alumina by hot-pressing is shown in
Fig. 3. The density increased signi®cantly from
1500 to 1600�C, but levelled o� above this
temperature. As in Fig. 2(a) a decrease in density
was found as platelet addition increased. A max-
imum density of 97.5% of theoretical was achieved
after 1.5 h at 15MPa pressure at 1600�C. The
e�ect of applied pressure at 1600�C is shown
[Fig. 3(b)]. Along with Fig. 2(b) these data show
that the e�ect of applied pressure on ®nal density
after 1.5 h is not signi®cant for mullite monoliths,
and the mullite has almost reached full density
after 1.5 h even with the lower pressures. However,
applied pressure had a more signi®cant e�ect on
improving density in mullite with SiC platelet
additions.
Maximum density for mullite and mullite with 10

and 20 vol% SiC platelets derived from kaolinite/�-
alumina occurred at a lower temperature [1600�C,
Fig. 3(a)] than mullite and mullite with 10 and
20 vol% SiC platelets derived from sol±gel proces-
sing [1650�C, Fig. 2(a)].

3.2 Microstructural characterisation
The microstructure of hot pressed mullite pellets
from sol±gel derived powder shows equiaxed mul-
lite grains of a size about 1.7�0.3�m after 1.5 h at
1650�C with 15MPa pressure (Fig. 4). TEM
revealed a glassy phase at some triple junctions,
which occasionally extended along the grain
boundaries. EDS (in the TEM) was used to exam-
ine the composition of mullite grains and the glassy
phase in sol±gel pellets after 1.5 h at 1650�C with
15MPa pressure. EDS con®rmed the grains to be
3:2 mullite and indicated that the glass was pre-
dominantly silica.
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The microstructure of mullite derived from kao-
linite/�-alumina powder hot pressed at 1600�C for
1.5 h with 15MPa pressure is shown in Fig. 5. The
microstructure consisted of a bimodal grain size, of
larger (length/width=4.1�0.5/0.9�0.3�m) elon-
gated primary mullite grains, and smaller
(1�0.4�m), more equiaxed secondary mullite
grains. EDS of the glassy phase at grain bound-
aries indicated Si and K originating from the raw
materials.
The distribution of the platelets in composites

was generally uniform, with only occasional areas
showing agglomerates, as seen in Fig. 6. The grain
size of mullite in the sol±gel derived composite was
the same as that of the single phase hot pressed
mullite (1.7�0.3�m). Interfacial voids were asso-
ciated with the larger platelets, but largely absent
with the smaller ones. Thermal expansion mis-
match between reinforcement and matrix generates
local internal stress in these composites which causes

microcracking (Fig. 7). TEM of the composite
(Fig. 8) shows a thin (10±70 nm) glassy phase at
mullite±SiC interfaces.

3.3 Mechanical properties
Figure 9(a) shows the sol±gel mullite composite
fracture toughness as a function of SiC platelet
loading after hot-pressing 1.5 h at 1650�C with
15MPa pressure. Fracture toughness increased
with increasing volume fraction of SiC platelets.
The increase in KIC for mullite derived from sol±gel
powder with 20 vol% SiC platelets (3.9�0.1
MPam1/2) was about 35% over that of monolithic
mullite derived from sol±gel powder (2.9�0.1MPa -
m1/2). The addition of SiC enhanced the KIC of the
composites. SEM images of the polished surfaces
of the mullite and mullite with 20 vol% SiC plate-
lets after Vickers indentations are shown in Fig. 10.
Clearly, crack branching and de¯ection around the
SiC platelets are present, but little evidence of

Fig. 2. Bulk density of mullite (sg) pellets derived from sol±gel powder hot pressed 1.5 h: (a) at temperatures indicated with 15MPa
pressure; (b) at 1650�C with pressures indicated.
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Fig. 3. Bulk density of mullite pellets derived from clay/�-alumina powder (Alphak) hot pressed 1.5 h: (a) at temperatures indicated
with 15MPa pressure; (b) at 1600�C with pressures indicated.

Fig. 4. SEM micrograph of mullite pellets hot-pressed 1.5 h at
1650�C with 15MPa pressure.

Fig. 5. SEM micrograph of mullite pellets derived from kao-
linite/�-alumina powder hot pressed 1.5 h at 1600�C with

15MPa pressure.
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crack bridging was found. The fracture surfaces
showed evidence of crack de¯ection and, in some
places, the platelets break along the fracture path.
The fracture toughness of mullite derived from

kaolinite/�-alumina with SiC platelet reinforce-
ment is shown in Fig. 9(b). The increase in KIC of
mullite derived from kaolinite/�-alumina with
20 vol% SiC platelets (3.7�0.1MPam1/2) compared
with monolithic mullite derived from kaolinite/
�-alumina (2.9�0.1MPam1/2) was about 30%,
but the toughness of mullite derived from kaoli-
nite/�-alumina with 20 vol% SiC platelets was
nearly the same as with sol-gel powder with
20 vol% SiC platelets (3.9�0.1MPam1/2). SEM
observations of the polished surfaces of the mullite
with 10 and 20 vol% SiC platelets showed that
branching and de¯ection toughening mechanisms
were active.
SEM of the fracture surfaces after bend testing

(Fig. 11) are consistent with the observations of the
cracks around the indents (Fig. 10). The fracture

surface of the composite was macroscopically
rougher than the monolith for both process routes.
Evidence of crack de¯exion and branching was
found although in many cases crack propagation
was directly through the SiC.
Vickers hardness increased with increasing

volume fraction of SiC platelets for both sol-gel
and kaolinite/�-alumina mullite (Figs 12 and 13).
The hardness of mullite derived from kaolinite/�-
alumina was slightly less than mullite derived from
sol±gel powder.

4 Discussion

The highest density for mullite derived from kaoli-
nite/�-alumina was achieved at lower temperature
(1600�C) than mullite derived from sol±gel proces-
sing (1650�C). This was due to the presence of the
higher levels of (K2O, Fe2O3) impurities in this
mullite originating from the raw materials. These
impurities ¯ux and lower the viscosity of the liquid
phase and signi®cantly increase densi®cation by
viscous ¯ow.9

Initial densi®cation during the heating cycle to
the hot pressing temperature may be rapid because
of viscous ¯ow of the liquid phase before mulliti-
sation has occurred. However, after complete mul-
litisation the densi®cation rate is slow due to the
poor solid state sinterability of mullite powder.10

During hot pressing the applied pressure partly
overcomes the resistance to densi®cation and the
presence of any silicate liquid at high temperatures
after partial mullitisation further facilitates densi®-
cation. Liquid silicate in the boehmite-derived
mullite arises from the 0.02wt% SiO2 and 0.007
wt%K2O) in boehmite11 and higher alkali impurities
in the kaolin/�-alumina-derived mullite (Table 1).

Fig. 6. Backscattered electron SEM image of SiC distribution
in composites derived from sol±gel powder after 1.5 h at
1650�C with 15MPa pressure with 10% SiC platelets (hot-
pressing direction is perpendicular to the plane of the paper).

Fig. 7. TEM of microcrack (arrowed) at the interface between
SiC platelets and mullite derived from kaolin/�-alumina hot

pressed 1.5 h at 1600�C with 15MPa pressure.

Fig. 8. TEM image of glassy phase (arrowed) at interface
between SiC platelets and mullite matrix derived from sol±gel

after 1.5 h at 1650�C with 15MPa pressure.
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The densities achieved here can be compared to
Ghate et al.12 who achieved 98.3% of theoretical
density when hot pressing -alumina (�30 nm par-
ticles) and silica (�13 nm particles) at 1580�C,
while Mizuno and Saito11 hot pressed calcined
Al2(SO4)3. 18H2O and fumed silica for 1 h at
1600�C and achieved a theoretical density of 97.8%.
Seabra et al.9 hot pressed mullite with 15MPa
pressure at 1600�C for 1 h to give a theoretical den-
sity of 97.8%, a similar result to the present study.
Mullite powder compacts have poor sinter-

ability,10 and sintering of high-purity mullite is
rather di�cult in the absence of a glassy phase.13

Adding SiC further inhibits densi®cation, and this
is particularly pronounced with a mullite matrix

which is di�cult to densify. Reinforcements such
as platelets and whiskers impede composite densi-
®cation because they inhibit packing and shrink-
age.14,15 For example, Kamiaka et al.16 found that
both the density and toughness fell o� rapidly with
>10 vol% SiC after pressureless sintering cold
isostatically pressed mullite±ZrO2 composites.
Nevertheless, the densi®cation of the composites in
the present work is comparable to those obtained
by other workers. For example, Sakai et al.17

obtained a maximum density about 98% of theo-
retical with 30 vol% SiC platelets after hot pressing
at 1700�C with 29MPa pressure.
The processing routes adopted appeared to have

given a good distribution of the platelets with

Fig. 9. Fracture toughness of mullite/SiC composites as a function of SiC content: (a) mullite derived from sol±gel powder hot-
pressed at 1650�C for 1.5 h with 15MPa pressure; (b) mullite derived from kaolinite/�-alumina hot-pressed at 1600�C for 1.5 h with

15MPa pressure.
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minimal agglomeration. For both routes TEM (e.g.
Fig. 8) showed a thin layer of glassy phase at the
SiC±mullite interface. The small amount of silica
impurity from the platelets plays an important role
in the formation of liquid phases at high tempera-
tures which act as sintering aids for the compo-
sites.18 Where agglomeration did occur, porosity
was present of a size (2±5�m) which scaled with
the agglomerate size (interfacial voids also were
seen associated with the larger platelets).
The room temperature KIC for mullite derived

from sol±gel processing with 20 vol% SiC platelets

was 3.9�0.1MPam1/2 which was larger than the
value reported by Seabra et al.9 (2.4�0.2MPam1/2)
who used commercial mullite with 22.5 vol% SiC
platelets, and also Sakai et al.17 (3.4MPam1/2) who
used mullite with 30 vol% SiC platelets. Nischik
et al.18 obtained a fracture toughness of about
3.3�0.3MPam1/2 for a 10% SiC addition, which
is comparable to the ®gure for the present study
(3.3�0.1MPam1/2) for mullite±10%SiC derived
from sol±gel powder.
The fracture toughness of the kaolinite/�-alumina

was consistently lower than the values obtained
from the sol-gel derived material. Nevertheless, the
values in the present study may be regarded as high
for material derived from kaolinite. For example,
Takada et al.19 using natural mullite derived from
kaolinite±alumina obtained a toughness of
2MPam1/2 for the monolith and 2.5 to 3MPam1/2

for 10 and 15 vol% SiC powder composites,
respectively. It is probable that the di�erence in
the fracture toughness arises from the di�erent
processing routes since Takada et al.19 used pres-
sureless sintering at 1700�C.
Irrespective of the processing route, a signi®cant

increase in toughness with SiC addition was found
(Fig. 9). This was also associated with an increased
tortuosity of the crack path with increased SiC
addition (Figs 10 and 11). The toughening e�ect in

Fig. 10. Vickers indentations made on the surface of hot-
pressed samples derived from sol±gel powder: (a) mullite; (b)
mullite with 10% SiC platelets; (c) mullite with 20% SiC

platelets.

Fig. 11. Fracture surfaces of mullite with 10 vol% SiC plate-
lets: (a) derived from sol±gel processing after 1.5 h at 1650�C
with 15MPa pressure; (b) derived from kaolin/�-alumina after

1.5 h at 1600�C with 15 Pa pressure.
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composites is strongly controlled by the reinforce-
ment/matrix interface.20±22 Increases in fracture
toughness have been attributed to two principal
mechanisms in platelet-reinforced composites.23

Firstly, crack de¯ection by the platelets.18 This
mechanism was apparent, particularly associated
with the larger SiC platelets, for example Fig. 10(c).
Secondly, modulus-load-transfer18 is believed to
increase toughness by transferring stresses at a
crack tip to regions remote from the crack tip, so
decreasing the stress intensity at the crack tip.
There is clearly potential for this toughening
mechanism in the SiC/mullite system since the
elastic modulus of the reinforcing component
(�450GPa) is more than twice that of the matrix
(�200GPa).24 However, the weak interface between
reinforcement and platelet, as demonstrated by the

signi®cant amount of crack de¯ection, will have
reduced the extent of toughening by modulus
transfer. With the experimental results presented
here, there is no quantitative method for separating
the relative contributions of these two mechanisms.
Nevertheless, microstructural observations strongly
suggest that crack de¯ection was the dominant
toughening mechanism.
The increase in fracture toughness with SiC

addition was less in mullite derived from kaolinite/
�-alumina with addition of SiC platelets (total
increment 0.8MPam1/2) than mullite derived from
sol±gel processing (total increment 1.0MPam1/2).
There were two principal di�erences between the
microstructures; the greater glassy phase content,
and grain shape heterogeneity of the kaolinite
material. The ®rst e�ect may be expected to reduce

Fig. 12. Vickers hardness of sol±gel derived mullite/SiC composites as a function of SiC content (hot-pressed 1.5 h at 1600�C and
15MPa).

Fig. 13. Vickers hardness of clay/�-alumina derived mullite/SiC composites as a function of SiC content (hot-pressed 1.5 h at
1600�C and 15MPa).
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toughness through the inherently low KIc of glass
(�1MPam1/2), while the second would be expected
to increase toughness by promoting crack de¯ec-
tion, provided fracture was intergranular. Since
toughness was lower in the kaolinite derived
material, it would appear that the increased glass
content was the dominant microstructural di�er-
ence determining toughness.
SEM and TEM observations revealed micro-

cracks at the interface of mullite and SiC platelets,
believed to be a result of the thermal expansion
mismatch between reinforcement and matrix when
cooling from the processing temperature to room
temperature. The thermal expansion of mullite is
5.5�10ÿ6/�C and SiC 4.5�10ÿ6/�C (0±1000�C),25

respectively. On cooling to room temperature from
the processing temperature (1650�C), a tensile
stress should be induced in the matrix and com-
pressive stress in the reinforcement, resulting in
the generation of microcracking at the matrix-
reinforcement interface. Microcracking will have
promoted crack de¯ection which may have been
expected to increase the toughness of the compo-
sites, an e�ect previously reported.18,26,27 However,
for mullite derived from kaolinite/�-alumina with
greater glassy phase, residual stresses could be
accommodated in the viscous glass, reducing the
extent of microcracking.
Vickers hardness increased with increasing

volume fraction of SiC platelets for both mullite
derived from sol±gel processing and kaolinite/�-
alumina (Figs 12 and 13). This is a result of the
higher hardness of SiC (22GPa) compared to mul-
lite (14GPa).1 The maximum density achieved,
97.5% of theoretical density, resulted in a sig-
ni®cant fraction of pores (2±5�m) which reduce
hardness.1 The hardness of mullite pellets derived
from sol±gel powder was higher than mullite pellets
derived from kaolinite/�-alumina, probably a
result of the greater glassy content of the latter.

5 Conclusions

Density of mullite, and mullite with 10 and
20 vol% silicon carbide platelets, from hot-pressed
sol±gel powder increased with increasing hot
pressing temperature (1550±1650�C). Maximum
density (97.5% of theoretical density) was achieved
after 1.5 h at 1650�C with 15MPa pressure. The
presence of SiC platelets hinders densi®cation.
Density of mullite and mullite with 10 and

20 vol% SiC platelet addition from hot pressed
kaolinite/�-alumina powder increased with
increasing temperature (1500±1600�C), but levelled
o� above this temperature. Again, a decrease in
density was found as platelet addition increased.

A maximum density of 97.5% of theoretical was
achieved after 1.5 h at 15MPa pressure at
1600�C.
Maximum density for mullite and mullite with 10

and 20 vol% SiC platelets derived from kaolinite/
�-alumina occurred at a lower temperature
(1600�C) than mullite and mullite with 10 and
20 vol% SiC platelets derived from sol±gel pro-
cessing (1650�C).
In the sol±gel mullite composites, fracture

toughness increased with increasing volume frac-
tion of SiC platelets after hot-pressing 1.5 h at
1650�C with 15MPa pressure. The increase in KIC

for mullite derived from sol±gel powder with
20 vol% SiC platelets was about 35% over mono-
lithic mullite derived from sol±gel powder.
Fracture toughness of mullite derived from

kaolinite/�-alumina with 20 vol% SiC platelets
after hot-pressing 1.5 h at 1600�C with 15MPa
pressure increased with increasing volume fraction
of SiC platelets. The increase in KIC of mullite
with 20 vol% SiC platelets over monolithic mul-
lite derived from kaolinite/�-alumina was about
30%.
SEM observation of fracture surfaces after bend

tests showed that crack de¯ection around the
platelets probably made a signi®cant contribution
to the fracture toughness of the composites,
although in several places the crack propagated
through the platelets. There was little evidence of
crack bridging.
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