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a b s t r a c t

SiC-TiB2 particulate composites were fabricated by converting TiO2 to TiB2 through the reaction between
TiO2, B4C and C. The presence of initially very fine, in-situ created, TiB2 particles increased driving force
for sintering and enabled fabrication of a dense composite utilizing pressureless sintering and the liquid
phase created between Al2O3 and Y2O3 additives. The effect of volume fraction of the in-situ formed TiB2

on density, microstructure and flexural strength was discussed. It was found that the presence of TiB2
vailable online 20 October 2010
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particles suppressed the growth of SiC grains and enhanced fracture strength. The fracture strength of
samples containing 12 vol% TiB2 was more than 30% higher than that of the monolithic SiC. The effect of
SiC grain size on fracture strength was also analyzed.

© 2010 Elsevier B.V. All rights reserved.
ptical microscopy

. Introduction

SiC possesses unique combination of thermo-mechanical prop-
rties which makes it one of the most suitable structural ceramics
or both high- and low-temperature applications [1]. However,
ider application of SiC as structural material is limited by

elatively low fracture toughness and service reliability. The devel-
pment of elongated SiC grain structure has been a powerful
ethod of increasing fracture toughness of the sintered SiC [2,3].

he presence of elongated SiC grains was found to be beneficial
or activation of toughening mechanisms such as crack bridging
4] and crack deflection [5]. Although the elongation of SiC grains
s beneficial in raising fracture toughness, their presence increases
he scatter in properties and leads to a decrease in fracture strength
6,7]. One of the methods of improving both the strength and frac-
ure toughness of SiC is the reinforcement with particles having
ifferent elastic and thermal properties such as TiC [8] and TiB2

9]. It is believed that the difference in elastic, thermal and frac-
ure properties between the reinforcements and SiC matrix serves
o activate some of the toughening mechanisms typical for the
articular composites. For example, higher thermal expansion coef-

∗ Corresponding author at: Institute of Nuclear Sciences Vinca, University of Bel-
rade, P.O. Box 522, Belgrade 11001, Serbia.
el.: +381 11 340 8662; fax: +381 11 340 8224.

E-mail address: bucevac@vinca.rs (D. Bucevac).

925-8388/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2010.09.152
ficient of TiB2 (˛ = 8.65 × 10−6 ◦C−1) [10], compared to that of SiC
matrix (˛ = 4.75 × 10−6 ◦C−1) [11], creates a compressive residual
thermoelastic stress around the TiB2 particles during cooling from
the fabrication temperature. This compressive stress interacts with
the tensile stress at the crack tip resulting in a new relaxed crack tip
stress filed and in an increase in fracture toughness of the compos-
ite [12]. In addition to toughening effect, the presence of reinforcing
particles could also suppress growth of SiC grains which normally
leads to improved strength [13].

So far, two different methods have been used to fabricate dense
SiC-TiB2 composites. One is the so-called solid state sintering with
the addition of B and C [13] and the other is the liquid phase sinter-
ing in the presence of liquid forming additives such as Al2O3 and
Y2O3 [10,14]. The major problem with the solid state sintering is
that it requires very high sintering temperature (>2200 ◦C) which
creates problems with exaggerated grain growth and evaporation
of TiB2 phase. Liquid phase sintering, on the other hand, requires
much lower sintering temperature but the driving force for sinter-
ing is too low to give sufficiently high density without the use of
hot pressing. For this reason hot pressing has been the preferen-
tial method of densification for SiC ceramics with externally added
TiB2 particles [10,14].
In this work, TiB2 particles were created by the internal syn-
thesis involving TiO2, B4C and carbon as raw materials. Newly
created TiB2 particles, which are initially very fine and active, pro-
vide additional driving force for sintering and allow fabrication
of the composite with densities exceeding 98% of the theoretical

dx.doi.org/10.1016/j.jallcom.2010.09.152
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:bucevac@vinca.rs
dx.doi.org/10.1016/j.jallcom.2010.09.152


s and Compounds 509 (2011) 990–996 991

d
t
a

2

i
S
p
t
o
t
n

2

2

I
(
m
p
a
c
p
(
m
d
u
u
f
o
s
t
a
d
s
t

2

d
u
i
w
s
f
b
m
a
e

3

3

o
w
r
[
a
w
f
r
m
r

f
1

2

3

4

5

94

95

96

97

98

99

100

50403020100

W
e
ig

h
t 

lo
s
s
 (

%
)

R
e

la
ti

v
e

 d
e

n
s

it
y

 (
%

 T
D

)

Density

Weight loss

2
was below detection limit (∼1–3%). It is important to note that an
increase in the volume fraction of TiB2 is followed by the decrease in
the amount of 1:1 phase. The formation of YAG phase is expected
since the Y2O3/Al2O3 ratio in this compound is the same as the
D. Bucevac et al. / Journal of Alloy

ensity (TD), without the need for hot pressing. The internal syn-
hesis of TiB2 is based on the following reaction which takes place
t temperature lower than the sintering temperature [15]:

TiO2 + B4C + 3C → 2TiB2 + 4CO ↑ (∼1450 ◦C) (1)

The present work describes the effect of the volume fraction of
n-situ formed TiB2 on density and strength of pressureless sintered
iC-TiB2 composites. The sintering was performed at 1940 ◦C in the
resence of Al2O3 and Y2O3 as liquid forming additives. The sin-
ering temperature of 1940 ◦C was selected based on the results
btained in the previous study [16] which showed that 1940 ◦C is
he temperature that provides highest density and fracture tough-
ess of the composites.

. Experimental

.1. Sample preparation

Commercially available �-SiC (0.7 �m) (Functional Materials Manufacturing
nc.), Al2O3 powder (Alcoa A-16 SG, Bauxite, USA), high purity Y2O3 powder
Alpha Aesar), sub-micrometer TiO2 powder (Fuji Titan Kogyo, anastase type), sub-

icrometer B4C powder (Electro Abrasive, USA) and high surface area graphite
owder (Aldrich Chemical Company, Inc, USA) were used as starting materials. The
mount of TiO2, B4C and C was adjusted so as to yield volume fractions of TiB2 parti-
les ranged from 6% to 50%. The amount of Al2O3 and Y2O3 sintering aids used in the
resent work was 4.3 wt% and 5.7 wt%, respectively. The initial powders and binder
5 wt% polyethylene-glycol) were mixed by ball milling in a plastic jar using ZrO2 as

illing media and methanol as a liquid vehicle. After milling for 12 h, the mix was
ried at 90 ◦C followed by sieving and pressing into pellets (35 mm × 16 mm × 8 mm)
nder a pressure of 50 MPa. In order to increase the green density and make it
niform, all green compacts were isostatically pressed at a pressure of 250 MPa
or 2 min. Before sintering, the green compacts were slowly heated to 650 ◦C in
rder to remove the organic binder. The sintering was done by first heating the
amples to 1450 ◦C under vacuum (∼5 × 10−2 torr) and holding at that tempera-
ure for 1 h in order to allow the conversion reaction to be completed. After 1 h,
rgon was introduced and the samples were heated to 1940 ◦C to complete the
ensification. The pressure in the furnace was adjusted to be equal to the atmo-
pheric pressure. The samples were held at 1940 ◦C for 1 h before cooling to room
emperature.

.2. Characterization

The sintered samples were machined into rectangular bars with approximate
imensions 3 mm × 4 mm × ∼27 mm. The density of the samples was measured
sing Archimedes’ method. The relative density was calculated based on the theoret-

cal density assuming a rule of mixture. Four-point flexural strength measurement
as carried out on a tool steel jig with an inner span of 13.27 mm and the outer

pan of 23.88 mm. The samples used for hardness measurements were chosen
rom the broken pieces from the flexural strength test. Hardness was estimated
y measuring diagonal length of the indent made by 5 kg load Vicker’s indenter. The
icrostructures of polished, etched and fractured surfaces were observed by optical

nd scanning electron microscopies. The polished surfaces were electrochemically
tched in KOH solution.

. Results and discussion

.1. Density and weight loss

The effect of volume fraction of TiB2 on density and weight loss
f sintered samples is presented in Fig. 1. The observed weight loss,
hich varies between 3% and 5%, is due to the evaporation of mate-

ial through the reaction between SiC and the Al2O3 sintering aid
17]. As Fig. 1 shows, the weight loss of sintered samples decreases
fter the addition of up to 18 vol% TiB2 and stays almost constant
ith further increase in volume fraction of TiB2. The main reason

or a decrease in weight loss of the samples containing TiB2 is the
educed contact area between SiC and Al2O3 due to partial replace-

ent of SiC with TiB2 which in turn reduces the likelihood of the

eaction between SiC and Al2O3.
As displayed in Fig. 1, the density increases with the volume

raction of TiB2 reaching a maximum value for samples containing
8 vol% TiB2. The increase in density indicates that the presence
Volume fraction of TiB2 (vol%)

Fig. 1. Effect of volume fraction of TiB2 on relative density and weight loss of sintered
samples.

of extremely fine, in-situ created TiB2 particles as well as suppres-
sion of weight loss is sufficient to improve the density of SiC-TiB2
composites compared to that of a monolithic SiC. However, when
the volume fraction of TiB2 exceeds 18% the density of the com-
posite starts to decrease. The decrease in density, despite almost
constant weight loss, points out that the additional porosity, cre-
ated due to the release of CO gas during TiO2 → TiB2 conversion, is
responsible for the decrease in density. It is worth noting that even
samples with 30 vol% TiB2 can be densified in excess of 97% TD.
However, low density of the samples containing more than 30 vol%
TiB2 suggests that the high porosity created by the conversion reac-
tion cannot be eliminated even though the fraction of fine, newly
created TiB2 particles is high. For example, the density of samples
with 50 vol% TiB2 immediately after conversion of TiO2 to TiB2 is
only 32% TD whereas the green density of samples without TiB2 is
over 52% TD. The properties of samples with 50 vol% TiB2 will not be
discussed further as they will not be used for mechanical property
testing.

3.2. Phase composition

The X-ray patterns of the samples with different volume frac-
tions of TiB2 are shown in Fig. 2. The figure shows that the structure
consists of two major crystalline phases, SiC and TiB2, and two
minor crystalline phases, YAG (3Y2O3·5Al2O3) and a 1:1 phase with
the formula Y2O3·Al2O3 [18]. The minor phases are the result of
crystallization of the liquid phase created by Al2O3 and Y2O3 addi-
tives. The characteristic (strongest) peak of TiO2, at approximately
48◦, was not detected indicating that the content of residual TiO
Fig. 2. X-ray patterns of sintered samples with different volume fractions of TiB2.
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2O3/Al2O3 ratio in the added mixture of Y2O3 and Al2O3 (57 wt%
2O3/43 wt% Al2O3). The formation of 1:1 phase is considered to
e due to the reaction between SiC and Al2O3 additive the result of
hich is highly volatile Al2O. This reaction decreases the amount of
l2O3 in the liquid phase causing crystallization of 1:1 phase which
ontains lower fraction of Al2O3 (70 wt% Y2O3/30 wt% Al2O3) than
he YAG phase. Large amount of 1:1 phase in the samples without
iB2 (Fig. 2) is the result of intensive reaction between Al2O3 and
iC and the consequent lack of Al2O3 in the liquid phase.

.3. Microstructure

Detailed microstructural examination reveals that the volume
raction of TiB2 particles strongly influences the morphology of
oth the SiC matrix and TiB2 grains. The increase in volume frac-
ion of TiB2 continuously decreases the size (length) of SiC grains.
rain size measurements in monolithic SiC revealed the presence
f grains more than 35 �m in length (Fig. 3(a)) whereas no SiC
rains longer than 10 �m were measured in sample with 40 vol%
iB2 (Fig. 3(f)). Noticeable refinement of SiC grains is observed in
amples containing above 6 vol% TiB2. As Fig. 3(b) shows, very long
iC grains can be seen in samples with 6 vol% TiB2. It is also noticed

hat as the volume fraction of TiB2 particles increases their size
lso increases. Besides the change in particle size, the shape of TiB2
articles also changes from predominantly equiaxed particles, in
amples with 6 and 12 vol% TiB2, to clustered elongated particles in
amples with 40 vol% TiB2. The pronounced clustering starts when

Fig. 3. Optical micrographs of etched surfaces of samples containing (a) 0 vol%, (b) 6 vol
Compounds 509 (2011) 990–996

the volume fraction of TiB2 exceeds 24 vol%. For example, most
of the dispersed particles, in samples containing 40 vol% TiB2, are
clusters of several grains interconnected with each other.

3.4. Fracture strength

It is well known that the strength of the non-cubic (anisotropic)
structural ceramics such as SiC strongly depends on grain size, pore
size, porosity and residual stress [19]. Therefore the change in den-
sity (porosity) and the change in SiC grain size (length) with volume
fraction of TiB2 particles, presented in Figs. 1 and 3, respectively, are
expected to affect the strength of the composite as well. It has been
suggested that both grains and pores in polycrystalline ceramics
form inherent flaws extending into the surrounding matrix (Fig. 4)
[19]. As the figure shows, the critical crack responsible for fracture
(2C) consists of inherent cracks (in the form of annular flaws) (s)
and 2R which is either the grain diameter or pore diameter. Besides
the fact that the grain/pore diameter directly affects the strength
by changing the critical crack size (2C), it is also responsible for an
additional increase in stress concentration at the tip of the crack
which, in turn, decreases strength.
In general, there are two concepts which incorporate the effect
of grain size, pores and residual stress on strength of anisotropic
ceramics. The first concept involves the effect of grain size (length)
and residual stress on strength and the second one involves the
effect of pore size and pore volume fraction on strength. The first

%, (c) 12 vol%, (d) 24 vol%, (e) 30 vol%, and (f) 40 vol% TiB2. The white phase is TiB2.
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TiB2, the average length of the SiC grains is reduced to ∼10 �m at
which point the strength reaches the highest value. For this com-
position, careful observation of polished surfaces revealed no grain
longer than 50 �m.
ig. 4. Schematics of aggregate of grains in polycrystalline hexagonal ceramics
howing annular flaws (s) emanating from the central grain/pore [19]. �a is the
pplied stress.

oncept is presented by the following equation [20]:

f =
[

�E�eff

L(1 + s/R)(1 − �2)

]1/2

− AP˚t (2)

here �f is the fracture strength, E is the Young’s modulus, �eff is
he effective fracture energy, L is the grain length, s is the annular
aw size, R is the grain half-length (L = 2R), � is the Poisson’s ratio,
is a constant related to the level of residual stress relaxation, P

s the residual thermoelastic stress and ˚t is a constant expressed
s:

t = 1 −
(

1 − 1

(1 + s/R)2

)1/2

+ 1

2(1 + s/R)3/2

(
1 − 1

(1 + s/R)2

)1/2

(3)

he residual stress P is given by the modified Selsing’s equation
21]:

= 2E(˛max − ˛min)(Tmax − Tmin)
3(1 − �)

= 2E �˛ �T

3(1 − �)
(4)

here ˛max is the linear thermal expansion coefficient in the direc-
ion of the highest thermal contraction (expansion), ˛min is the
inear thermal expansion coefficient in the direction of the low-
st thermal contraction (expansion), Tmax is the temperature from
hich the sample is cooled (1940 ◦C) and Tmin is the temperature

o which the sample is cooled (room temperature). The maximum
nisotropic residual stress is expected to be generated when the
entral grain is oriented with the respect to the neighboring grains
uch that the axis of minimal thermal expansion (contraction) of the
entral grain is parallel to the axis of maximum thermal contraction
f the surrounding grains. Under these conditions, the surrounding
rains are subjected to the tensile stress which, in addition to the
pplied stress, causes the increase in the stress concentration at the
rack tip and consequent decrease in strength. It is also worth not-
ng that the annular flaw size (s) and grain half-length (R), given in

q. (2), are not related to each other [19].

It is evident from Eq. (2) that the large value for grain length (L)
s expected to reduce the strength of anisotropic material. Based
n Eq. (2) it is clear that low fracture strength of samples with 0
nd 6 vol% TiB2, given in Fig. 5, is due to the presence of relatively
Fig. 5. Change of fracture strength and average length of elongated SiC grains with
volume fraction of TiB2.

long SiC grains known to reduce the strength of polycrystalline SiC
[6,7]. As Fig. 5 shows, the average length of elongated SiC grains in
samples containing no TiB2 is ∼17 �m. However, some of the SiC
grains are as long as 85 �m and these grains actually determine the
strength of the composite (see Fig. 6(a)). At approximately 12 vol%
Fig. 6. Samples without TiB2 (a) etched surface showing exaggerated SiC grain
growth and (b) polished surface showing pore size. Magnification 400× and 1000×,
respectively.
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One can also argue that the higher strength of samples con-
aining 12 vol% TiB2 compared to that of monolithic SiC is also the
esult of higher density of the samples with 12 vol% TiB2 (Fig. 1).
lthough it is well known that density (porosity) strongly affects
trength, it is reasonable to assume that in compositions in which
he length of SiC grains is much larger than the pore size, the
ffect of SiC grain length on strength is more pronounced than
he effect of porosity. As Fig. 6(b) shows, there is large num-
er of pores in samples without TiB2 but the pore size is below
0 �m which is much smaller than the length of big SiC grains
f ∼85 �m.

Above approximately 12 vol% TiB2, the relationship between
trength and SiC grain length is opposite. As Fig. 5 shows, an
ncrease in the volume fraction of TiB2 above 12 vol% causes a
ecrease in the SiC grain length which is followed by a decrease

n the fracture strength of the composite. Considerable decrease in
trength was observed in samples containing above 24 vol% TiB2.
he observed decrease in strength with a decrease in SiC grain
ength cannot be explained by Eq. (2) as it clearly shows that the
ecrease in SiC grain length (L) is expected to increase strength.
his implies that the strength of samples with more than 12 vol%
iB2 is not controlled by the SiC grain length.

In order to further examine the relationship between the frac-
ure strength and SiC grain length in samples containing 0–30 vol%
iB2, the change of strength (from Eq. (2)) with SiC grain length
L) for various s/R values is presented in Fig. 7. Samples with 40
nd 50 vol% TiB2 are not discussed as their density was below
7% TD which is considered too low for structural applications.
he effective fracture energy (�eff) of 30 J/m2, Young’s modulus of
15 GPa and Poisson’s ratio of 0.17 [10] were used for calculation.
he residual stress P was estimated through Eq. (4) using values for
inear thermal expansion coefficients of SiC, ˛max = 4.9 × 10−6 ◦C−1,
min = 4.6 × 10−6 ◦C−1 [11] and �T = 1900 ◦C. It was assumed that
omplete relaxation of anisotropic stress occurs during cooling
rom sintering temperature all the way to ∼800 ◦C and the stress
uild up starts below 800 ◦C. On that basis, the value for con-
tant A was selected to be ∼0.42. The constant ˚t was calculated
hrough Eq. (3). In this calculation, the presence of TiB2 particles
as assumed to have only minor effect on the anisotropic behavior

f the SiC matrix.
Fig. 7 shows that the decrease in SiC grain length is followed by

he increase in fracture strength for all s/R values. Good fit between
redicted and measured values is found for samples containing up
o 12 vol% TiB2. Based on Eq. (2), it is predicted that s/R ratio ranges

rom 1.4 in samples without TiB2 to 1.8 in samples with 12 vol%
iB2. It is also predicted from Eq. (2) that the annular flaw size is
educed from ∼60 �m in samples with 0 and 6 vol% TiB2 to ∼45 �m
n samples with 12 vol% TiB2. This decrease in flaw size indicates

ig. 7. Change of predicted values of fracture strength (solid lines) with SiC grain
ength for various s/R values (from Eq. (2)) and measured values for strength (des-
gnated as �) of samples containing 0–30 vol% TiB2.
Compounds 509 (2011) 990–996

that not only does the presence of 12 vol% TiB2 decrease the SiC
grain length but also it reduces the flaw size (s).

The decrease in strength of samples with more than 12 vol%
TiB2 despite further decrease in SiC grain length can be explained
by the increase in the inherent flaw size (s). From Fig. 7 one can
see that samples with 30 vol% TiB2 have relatively large inherent
flaw size of ∼80 �m and s/R ratio of 11.3. However, the detail
microstructural analysis reveals that it is more plausible that the
big pores are the origin of fracture in samples containing more than
12 vol% TiB2 rather than the elongated SiC grains with large ema-
nating flaws. As Fig. 8(a) and (b) shows, the largest pore diameter
in samples with 12 vol% and 24 vol% TiB2 is 40 �m, approximately.
These big pores are considered to be the origin of fracture in sam-
ples with 24 vol% TiB2 since their diameter is larger than the SiC
grain length which does not exceed 30 �m. In samples with 12 vol%
TiB2 it was much more difficult to determine the origin of fracture
as the length of the longest SiC grain (∼50 �m) was close to the
size of the largest pore. Very small variation of strength of sam-
ples containing 12–24 vol% TiB2 (∼18 MPa), indicates that the cause
of fracture in these compositions is the same, i.e., the presence
of big pores. As the volume fraction of TiB2 increases the size of
the large pores also increases and for samples with 30 vol% TiB2 it
reaches the level of ∼60 �m (Fig. 8(c)). The increase in pore size is
believed to be the main reason for sharp drop in strength of these
samples (Fig. 5).

The effect of porosity on fracture strength can be explained on
the basis of the following equation [19]:

�f =
[

��eff Eo

D(1 + s/r)(1 − �2)

]1/2[
1 + 4Vp(1 − �2)(1 + s/r)3

�

]−1/2

(5)

which relates the pore volume fraction, Vp, the pore diameter, D,
and the inherent flaw size, s. Other parameters in Eq. (5) are the
effective fracture energy, �eff, the Young’s modulus of the pore free
material, Eo, the pore radius, r, and the Poisson’s ratio, �.

Eq. (5) shows that an increase in pore volume fraction (Vp) is
expected to reduce the fracture strength. The support to this is
found in Fig. 9 which depicts both calculated values for strength
as a function of pore volume fraction for various s/R values and
the measured strength of samples containing 18–40 vol% TiB2. As
the figure shows there is the decrease in measured strength as
pore volume fraction is increased (see Fig. 9). It can also be seen
that the s/R ratio decreases continuously as the volume fraction
of TiB2 increases, which is believed to be the result of SiC grains
refinement.

In conclusion, the presence of TiB2 particles in SiC matrix plays
an important role in inhibiting growth of SiC grains resulting in
an increase in strength of the composite. While grain refinement
is beneficial in enhancing the strength it limits the grain pull-out
and excludes the possible crack bridging mechanism for toughen-
ing known to operate in SiC ceramics. The role of elongated SiC
grains in strengthening of the composite is discussed in the next
section.

3.5. Fracture surface

The nature of crack propagation in monolithic SiC and SiC with
24 vol% TiB2 is revealed in Fig. 10 which shows SEM micrographs of
the fracture surfaces. The examination of Fig. 10 reveals no signs of
crack bridging which is one of the frequently observed mechanisms
of strengthening and toughening in SiC. As can be seen in Fig. 10(a),

a number of long SiC plates (>20 �m) in monolithic SiC fracture
trans-granularly.

Contrary to what was expected, the less elongated SiC grains
as well as equiaxed TiB2 grains in the samples containing 24 vol%
TiB2 (Fig. 10(b)) appear to participate in crack deflection much
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Fig. 8. Optical micrographs of polished surfaces showing porosity (black areas)
in samples containing (a) 12 vol%, (b) 24 vol% and (c) 30 vol% TiB2 (white
areas).
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Fig. 9. Change of predicted values of fracture strength (solid lines) with pore volume
fraction for various s/R values and the measured values for strength (designated
as �) of samples containing 18–40 vol% TiB2. Predicted values for strength were
determined by substituting appropriate values for �eff = 30 J/m2, Eo = 420–435 GPa,
and D = 40 �m (samples with 18 and 24 vol% TiB2), D = 60 �m (samples with 30 and
40 vol% TiB2) in Eq. (5).

Fig. 10. SEM micrographs of fracture surfaces of samples with (a) 0 vol% TiB2 (sec-
ondary electrons) showing trans-granular fracture of long SiC plates (arrows) and
(b) 24 vol% TiB2 (back scattering electrons) showing crack deflection (the arrows
indicate TiB2 particles).
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ig. 11. Change of hardness and density of sintered samples containing different
olume fractions of TiB2.

ore than elongated ones. The contribution of TiB2 particles to
oughening by crack deflection played an important role in improv-
ng the strength of samples containing TiB2 especially those with
2–24 vol% TiB2.

.6. Hardness

The effect of volume fraction of TiB2 on hardness is shown in
ig. 11. Despite the lower inherent hardness of TiB2 compared to
hat of SiC, the graph in Fig. 11 shows that hardness of samples
ontaining up to 18 vol% TiB2 slightly increases as the volume frac-
ion of TiB2 increases. It appears that in this region the hardness
s controlled entirely by the density of the sintered samples. Once
he volume fraction of TiB2 particles exceeds 18 vol% the hardness
tarts to decrease following the increase in porosity.

. Conclusions
The internal synthesis of TiB2 utilizing TiO2, B4C and C was found
o be an effective way of producing dense SiC-TiB2 composites with
igh strength. The presence of very fine, in-situ formed, TiB2 parti-
les has two beneficial effects. One is the increase in density of the

[
[
[
[
[
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composite due to both the high specific surface of newly created
TiB2 particles and suppressed reaction between SiC and Al2O3. The
other effect is the inhibition of growth of SiC grains. The highest
strength of 485 MPa was measured in samples containing 12 vol%
TiB2. The reduction in strength of samples containing above 24 vol%
TiB2 is attributed to an increase in pore size. Despite the lower
inherent hardness of TiB2, even the samples with 24 vol% TiB2 have
hardness close to that of monolithic SiC.
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