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bstract

lectrically conductive �–� SiAlON/TiCN composites were produced in the form of a segregated network in a ceramic matrix structure. A
ontinuous 3D network of conductive TiCN particles was successfully achieved by mechanically coating spray-dried SiAlON granules with
arying amounts of nano sized TiCN (0–10 vol.%) particles. For comparison, the same SiAlON matrix was incorporated with 25 vol.% micron

ized TiCN particles to give a particle reinforced composite. Densification, together with mechanical and electrical properties of the composites
roduced were discussed in terms of conventional and novel approach. Fully dense composites were obtained by gas pressure sintering (GPS)
nder a nitrogen pressure of 100 bar at a peak temperature of 1990 ◦C. The electrical resistivity of the SiAlON (1 × 1013 � m) matrix material was
rastically reduced with the addition of only 5 vol.% TiCN (18 × 10−4 � m) to the composites prepared by the coating method.

2010 Elsevier Ltd. All rights reserved.
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. Introduction

Al2O3, ZrO2, Si3N4 and the SiAlON’s are the most important
nd applicable commercial structural ceramics owing to their
utstanding properties. Among these, Si3N4 and the SiAlON’s
re in a particular class of materials due to their attractive com-
ination of high mechanical and thermal properties which they
ossess both at room and high temperature. These materials are
enerally used for cutting tools, mechanical seals, bearings, heat
xchangers and components for heat engines usually in the form
f a monolithic material.1 For further improvement of the prop-
rties, several reinforcement materials have been successfully
ncorporated into Si3N4 and SiAlON matrix materials.2 With
his composite approach, new possibilities have developed to
roaden the application areas of these materials because of their
ew and different properties. One of the most important fea-
ures is electrical conductivity, which has allowed the use of
hese materials in electrical applications such as glow plugs

nd heaters.1 Furthermore, this feature allows the possibility
f producing complex shaped parts by employing the Electro
ischarge Machining (EDM) process.3–5

∗ Corresponding author. Tel.: +90 222 321 35 50x6584;
ax: +90 222 323 95 01.
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intering (GPS)

In order to provide electrical conductivity, addition of
onductive secondary phases like TiN,6–9 SiC,10–12 TaN,13

oSi2,14–16 Ti(C, N)17,18 and TiB2
19 in the composite

pproach has been extensively investigated. However, to
chieve the desired electrical conductivity value, high amounts
30–40 vol.%) of such secondary phases must be introduced into
he matrix material. On the other hand, such large additions usu-
lly lead to the degradation of some of the important properties
f the matrix material. Moreover, insufficient dispersion of sec-
ndary phases and the chemical incompatibility between the
atrix and reinforcement material is the most common prob-

em encountered. The densification of this type of composites is
difficult task to accomplish. Hot pressing (HP) and hot iso-

tatic pressing (HIP) are generally preferred for commercial
roducts. However, materials produced using these techniques
nvariably need to be subjected to secondary machining pro-
esses, which is costly and time consuming. To overcome above
entioned problems, the amount of secondary phase addition
ust be kept as low as possible. For this purpose, techniques
hich promote in situ formation of conductive particles through

hemical precursors or direct incorporation of convertible oxide
dditives have also been studied.20–22 However, the complex-

ty of chemical processes and the unwanted grain growth of
n situ formed phases, even at fast heating rates (such as spark
lasma sintering), negatively affects the electrical conductivity
nd mechanical properties of the matrix material.

dx.doi.org/10.1016/j.jeurceramsoc.2010.11.026
mailto:akara@anadolu.edu.tr
dx.doi.org/10.1016/j.jeurceramsoc.2010.11.026
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The segregated network concept, which is a commonly used
ethod in polymer matrix composites (PMC) has been found to

e an effective means of achieving high electrical conductivity
ith a very low conductive phase content.23–25 In this concept,

nsulating and conductive powders with different particle sizes
re mixed together under specific conditions. Mostly, the filler
onductive particles are not uniformly distributed on a micro
cale but are retained at the interface between grains of the insu-
ating matrix phase, forming a conductive network. In such type
f composites, electrical conductivity increases only after a criti-
al value of filler concentration, known as the percolation thresh-
ld. As the filler content is increased just beyond the percolation
hreshold; the conductivity value dramatically increases by sev-
ral orders of magnitude.26,27 Hence, it was emphasized that the
erfect composite structure must include spherical shaped par-
icles in order to promote a continuous network of conductive
hase.28 For this purpose, one can predict that coating a spherical
article with a conductive phase can be an innovative choice.

Considering the overall approaches, spray drying can be an
ffective way to produce granules in a spherical shape. In the
harmaceutical and food industry, the use of granules, and the
ubsequent coating of their surfaces is a common approach.29,30

n order to modify the diffusion rate of drugs or foods, a core
hell structure is produced by coating granules with different
inds of relevant substances. The coating process is a relatively
et chemical process and generally performed in a fluidized bed

eactor.31 Dry coating using mechanical methods which exclude
ny liquid solvent or binder solution can, however, be preferred
n order to save time, energy, number of additives, process steps
nd consequently to reduce the cost of the whole process. Dry-
oating appears to be an interesting way to create new composite
aterials in various application areas. Granules having a rela-

ively large size (host particles, 1–500 �m) can be mechanically
oated with fine particles (guest particles, 0.1–50 �m) in order
o create new functionality or to improve their initial character-
stics.

In this work, SiAlON based granules with a fixed composi-
ion were prepared by spray drying and coated with nano TiCN
articles in varying amounts using a dry mixing process. Den-
ification behavior, together with the electrical and mechanical
roperties of the composites were compared with a conventional
iCN particle reinforced SiAlON matrix of the same composite.

. Materials and methods

.1. Preparation of TiCN coated SiAlON composites (SNC)

Spray dried SiAlON granules were supplied by MDA
dvanced Ceramics Ltd. (Eskisehir/Turkey). The composition
as designed to obtain 25% �–SiAlON/75% �-SiAlON in

he final product. The constitution of the composition and
he detailed preparation route are given elsewhere.32 �–�
iAlON composition was prepared by using starting pow-

ers of 89.4 wt% Si3N4 (SN-E10, Ube Industries Ltd., Japan),
.4 wt% AlN (HC Starck GmbH, Germany), 2.5 wt% Al2O3
Sumitomo, Japan), 4.73 wt% Y2O3 (Shin Etsu Chemical Co.,
td., Japan), 0.4 wt% Sm2O3 (Sigma–Aldrich, Germany) and

w
a
d
(
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.12 wt% CaCO3 (Riedel-de Haën, Germany). The powders
ere mixed through attrition milling with de-ionized water as

iquid media and Si3N4 grinding balls for 2 h in a polyamide
ontainer. The slurry was then dried in a spray drier (Nubilosa,
ermany) in order to obtain spherical granules of around 100 �m

n diameter, under suitable conditions (Fig. 1a and b). TiC0.7N0.3
<150 nm, Sigma–Aldrich) powder was used as the coating
aterial. Appropriate amounts of SiAlON granules and TiCN

owder (0, 2.5, 5, 7.5 and 10 vol.%) were weighted and dry
ixed in a polyethylene bottle without any liquid and grinding
edia. The mixing process was carried out under RT condi-

ions in a classical ball mill device with a rotational speed of
0 rpm/min.

For comparison, a 25 vol.% TiCN particle reinforced SiAlON
omposite was also prepared from SN and TiC0.5N0.5 pow-
er (H.C. Starck, Grade B, Germany). The weighted powders
ere planetary ball milled (Pulverisette 6 Fritsch, Germany) in
Si3N4 jar with Si3N4 balls for 2 h in isopropanol. Then, the

lurry was dried using a rotary evaporator and sieved in order to
reak agglomerates.

.2. Shaping and gas pressure sintering (GPS)

Both powders were dry pressed with a computer controlled
utomatic uniaxial press (Dorst, Germany) under 50 kN load.
intering of the pellets was carried out in a h-BN crucible using
GPS furnace (FCT Systeme GmbH, Germany), capable of

perating at temperatures of up to 2000 ◦C in an inert atmosphere
f up to 10 MPa pressure. A two-stage sintering schedule was
mployed. The first stage of sintering was achieved at 1940 ◦C
or 60 min under a nitrogen gas pressure of 0.2–0.5 MPa. In the
econd stage, both the peak temperature and gas pressure were
aised to 1990 ◦C and 10 MPa, respectively, for the same soaking
ime. The heating and cooling rates were kept at 10 ◦C/min.

.3. Characterisation

Relative densities of the samples were measured with dis-
illed water at room temperature by the Archimedes method.
hase identification was performed on ground powder samples
sing XRD (Rigaku Rint 2200-Japan) with Ni-filtered Cu K�
adiation of wavelength 1.5418 Å. Intensities of the (1 0 2) and
2 1 0) peaks of the �-SiAlON phase and the (1 0 1) and (2 1 0)
eaks of the �-SiAlON phase were used for quantitative estima-
ion of the �:� phase ratio.33 Vickers hardness (Hv10) from the
olished surfaces of the sintered samples was measured by using
n indenter (Emco-Test, M1C, Germany) with a load of 10 kg.
he fracture toughness (KIC) of the samples was evaluated from

he radial cracks formed during the indentation test using the
quation given below34:

ICΦ = 0.15Hv

√
ak

( c

a

)−3./2
(1)
here KIC, Hv are the toughness and hardness of the material;
and c are the impression radius and the crack length in the

iagonal direction of the indent, Φ and k are the constraint factor
Φ = 3) and the surface constant (k = 2.6). Electrical resistivity
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posites, SiC grains appear to be formed around and/or along
TiCN particles. The main reason for this formation is believed
to be reaction between the TiCN and primary Si3N4 particles in
accordance with the relevant work.17,35 The Gibbs free energy
ig. 1. SEM images of the surfaces of SiAlON based granules before and after
ncoated granule surface – high mag. (c) 5 vol.% TiC0.7N0.3 coated granule su

easurements were carried out by using the two probe method
t room temperature on disc shape samples. To facilitate this
easurement, Au electrodes were deposited on both sides of

he samples.

. Results and discussion

.1. Efficiency of dry mixing process

SEM images taken from the surfaces of uncoated and coated
ranules under different magnification are presented in Fig. 1.
efore the mixing process, the granules had a rough surface tex-

ure and the primary Si3N4 particles were clearly visible (Fig. 1a
nd b). After the mixing process, a relatively smooth gran-
le surface covered with TiCN nano particles was observed as
vidence of a successful coating process. Concurrently agglom-
rated nano TiCN particles were also observed (Fig. 1c and d).
lthough a simple mixing process was employed, the rough

urface features of the granules aided the entrapment of nano
iCN particles on the surface during the mixing process. In
ddition, electrostatic attraction between the nano TiCN pow-
ers was thought to be effective in helping the formation of the
omogenous coating.28

.2. Phase and microstructural development
Comparative XRD patterns of the both composites were
hown in Figs. 2 and 3. �-SiAlON, �-SiAlON and TiC0.3N0.7
ere detected as the major crystalline phases. A small amount of

F
f

g with nano TiC0.7N0.3 particles. (a) Uncoated granule surface – low mag. (b)
– low mag. (d) 5 vol.% TiC0.7N0.3 coated granule surface – high mag.

n-situ SiC phase formation was observed in the SN-25 compos-
te. Formation of SiC was also confirmed using SEM analysis.
n Fig. 4, high magnification SEM images obtained from SN-25
nd SNC-10 composites are shown. The possible in situ formed
iC grains are indicated by arrows on the images. In both com-
ig. 2. XRD patterns of the matrix material (SN) and the TiCN particle rein-
orced composite (SN-25).
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Table 1
Lattice parameter (a) and calculated compositions of TiCN phase after gas
pressure sintering.

Sample a (Å) Composition calculated from XRD patterns

SN-25 4.2709 TiC0.34N0.66

SNC-2.5 4.2750 TiC0.38N0.62

SNC-5 4.2691 TiC0.32N0.68

S
S

o
s
l
T
a
(
p
X
c
N
f
s
c
f

o
i
a
o
t
p
c
s
t
d
r
a

F
f

ig. 3. XRD patterns of the matrix material (SN) and the SNC composites
SNC-2.5, SNC-5, SNC-7.5 and SNC-10).

f the possible reactions at the sintering temperature was eval-
ated using MTDATA (version 4.74) software and is given in
eactions (2) and (3). Since the Ti(C, N) is a solid solution of
iC and TiN, the formation energy for TiC1−xNx solid solutions
an be calculated from Eq. (4) by means of varying the value of
.35

0TiC0.5N0.5 + 2

3
Si3N4 → TiC0.3N0.7 + 2SiC + 1

2
N2 (2)

�G◦
1990◦C = −103.71 kcal/mol.

5TiC0.7N0.3 + 2Si3N4 → 15TiC0.3N0.7 + 6SiC + N2 (3)

�G◦
1990◦C = −332.42 kcal/mol.

Go
TiC1−xNx

= xGo
TiC + (1 − x)�Go

TiN

+ RT [x ln x + (1 − x) ln(1 − x)] (4)

Furthermore, the difference in the C:N ratio of the starting

iCN powders after sintering revealed that the C and N atoms
ay substitute with each other or dissolve into the liquid phase

uring sintering. As stated earlier, Ti(C, N) is a solid solution of
iC/TiN and it has a binary fcc crystal structure; with the atoms

d
t
p
a

ig. 4. SiC formation around TiCN particles is indicated with arrows: (a) SN-25 an
ormations around and/or along the TiCN particles indicate SiC grains formed in situ
NC-7.5 4.2687 TiC0.28N0.72

NC-10 4.2644 TiC0.15N0.85

f carbon and nitrogen occupying all the octahedral interstitial
ites.36,37 The lattice parameter of TiCxN1−x solid solution is a
inear function of the composition and fulfills Vegard’s law.38–40

hus, the composition of TiCxN1−x was estimated from Veg-
rd’s law by using JCPDS data files: TiC0.3N0.7 (42–1488), TiN
38–1420) and TiC (32–1383) and the XRD patterns.41 The com-
ositions of the composites from the lattice parameters and the
RD measurements are given in Table 1. The calculated data

onfirm that C atoms from TiCN particles were substituted with
atoms or released during sintering, which may have led to the

ormation of SiC particles. It should also be noted that the high
intering temperature (1990 ◦C) required to achieve full densifi-
ation in the composites investigated may also be another reason
or the reactions between the constituent phases.

The effect of TiCN addition on the �–� SiAlON phase ratio
f the composites was also calculated from the XRD peak
ntensities using � [(1 0 2), (2 0 1)] and � [(1 0 1), (2 1 0)]33 char-
cteristic peaks (Table 2). According to the results, incorporation
f TiCN in the investigated SiAlON system tends to decrease
he � → � SiAlON phase conversion in both types of the com-
osites. The highest �:� phase ratio was observed in the SN-25
omposite due to the high volume of the TiCN phase. Thus,
mall additions of TiCN also increase the �-SiAlON phase con-
ent in the SNC based composites. �–� SiAlON transformation
uring the sintering process is controlled by the dissolution and
e-precipitation of particles from an intergranular liquid phase,
s in the Si3N4 system.42,43 The viscosity of the liquid phase

etermines the � → � conversion rate. This is thought to be due
o the fact that the incorporation of Ti4+ and C4− from the TiCN
articles alters the viscosity of the liquid phase during sintering,
nd which plays a dominant role on the transformation of � → �

d (b) SNC-10. Bright grains indicate TiCN grains and the light gray colored
.
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Table 2
Properties of the investigated composites.

Composition Measured density (g/cm3) Relative density (%) �/� phase ratio Hv10 (GPa) KIC (MPa m1/2) Resistivity (� m)

SN 3.25 99.9 0.22 14.85 ± 0.14 5.86 ± 0.11 1 × 1013

SN 25 3.68 98 0.53 18.87 ± 0.27 6.39 ± 0.19 0.45
SNC-2.5 3.28 99.9 0.25 14.87 ± 0.17 5.80 ± 0.06 9
S −4

S
S

S
i
d
t
p
u

o
p

NC-5 3.35 99.9
NC-7.5 3.41 99.9
NC-10 3.45 99.9

iAlON. Relevant studies showed that incorporation of Ti4+

ons originating from the surface TiO2 layer of TiCN particles

ecreased the viscosity of the liquid phase; however, incorpora-
ion of additional C4− ions increased the viscosity of the liquid
hase due to one bridging carbon assembling four structural
nits of glass together.44 In the SN-25 composite, a high amount

t

o
g

Fig. 5. SEM images of the polished surface of investigated composites. (a) S
0.33 14.95 ± 0.32 5.88 ± 0.12 18 × 10
0.34 14.96 ± 0.29 5.92 ± 0.09 15 × 10−4

0.34 15.01 ± 0.21 5.95 ± 0.07 13 × 10−4

f TiCN (25 vol.%) addition affected the designed SiAlON com-
osition such that higher amounts of �-SiAlON phase remained

han expected under the selected sintering conditions.

Back scattered SEM images taken from the polished surfaces
f the composites are given in Fig. 5. In the images, elon-
ated grains with a dark grey color represent �-SiAlON; small

N, (b) SN-25, (c) SNC-2.5, (d) SNC-5, (e) SNC-7.5 and (f) SNC-10.



9 pean

a
g
l
d
A
b
w
w
i
l
u
p

s
o
I
n
i
i
i
l
t
t
a
c
s
a
p
b
t

c
a
g
b
t
d
d
d
t
a
i

t
a

3

t
o
a
t
i
t
t
o
o
w
t
c
m

X
n
p
S
I
p
b
h
t
s
b
g
w
c
h

T
p

08 E. Ayas, A. Kara / Journal of the Euro

nd equi-axed grains with light grey color represent �-SiAlON;
rains with bright contrast represent TiCN grains. Formation of
arge elongated �-SiAlON grains was observed in the SN matrix
ue to the high sintering temperature and long holding time.
lso, well dispersed but small �-SiAlON grains were located
etween �-SiAlON grains. In SN-25 composite, TiCN particles
ere homogenously dispersed in the matrix. When compared
ith the matrix material, �-SiAlON grains were not as large;

ndicating that introduction of large amounts of secondary phase
imits the growth of the elongated grains as a result of the vol-
me effect and pinning of the growth direction of the elongated
articles.

The SEM images in Fig. 5c–f, demonstrate that it was pos-
ible to coat spray dried granules with nano particles by means
f mechanical mixing and these could be densified using GPS.
n all the composites, formation of a segregated network of
ano TiCN particles was successfully achieved. With increas-
ng amount of TiCN particles, the thickness of the coated layer
ncreased accordingly. The large granules preserved their spher-
cal starting shape but the small granules situated between the
arger ones tended to be deformed. Internally, granules appeared
o be sintered but isolate from each other. However, compara-
ive SEM images with higher magnification taken from SNC-2.5
nd SNC-10 composites (Fig. 6) revealed that due to the low
oating thickness, granules were linked to each other during
intering. The significant increase in the electrical conductivity
bove 5 vol.% TiCN addition may be attributed to this linking
henomenon due to the interruption of the continuous network
etween conductive TiCN particles. Isolated granule boundaries
end to inhibit the grain growth of large �-SiAlON grains.

During the microstructural investigations of the SNC based
omposites, a contrast difference between the granule bound-
ries and the granule center was observed. Large �-SiAlON
rains tended to form rather than �-SiAlON grains along these
orders. Thus, the �–� SiAlON phase transformation was
hought to have occurred more rapidly in these regions. Since no
ata is available for the oxygen content of the nano TiCN pow-
er, it was believed that the incorporation of surface oxygen had

ecreased the liquid phase formation temperature and affected
he viscosity of the liquid phase which consequently acceler-
ted the �–� SiAlON phase transformation. Under examination
n the SEM, �-SiAlON grains exhibit low atomic contrast rather

f
p
F
t

Fig. 6. High magnification SEM images of the composites: (a) SNC-2.5 and (b)
Ceramic Society 31 (2011) 903–911

han the multi-cation doped �-SiAlON grains and liquid phase
nd as a result, a contrast difference was observed.

.3. Mechanical properties

Vickers hardness and the indentation fracture toughness of
he composites are presented in Table 2. Mechanical properties
f �–� SiAlON ceramics depend on the relative amounts, size
nd shape of the � and � SiAlON phases, in a similar manner to
he Si3N4 ceramics. �-SiAlON grains are generally equi-axed
n shape, as observed in the SEM images. This feature improves
he hardness particularly due to the cations incorporated into
he lattice structure such as Ca.45 However, as a consequence
f the shape factor, this feature decreases the fracture toughness
f the material. �-SiAlON grains tend to be elongated in shape
hich acts similar to a whisker and thus increases the fracture

oughness. It is possible to produce both hard and tough SiAlON
eramics by stabilizing both � and � structures in the same
icrostructure.46,47

Considering the �/� SiAlON ratio measured by means of
-ray peak intensities, it is clear that the hardness and tough-
ess of the investigated composites were strongly affected. The
articulate composite SN-25 possessed the highest amount of �-
iAlON phase and as a result it has considerably high hardness.
n addition, the contribution of the hard and micron sized TiCN
articles and the formation of in situ SiC particles is thought to
e the reason for the improved hardness for this composite. The
ardness of the matrix and the SNC based composites was found
o be relatively lower than that of the SN-25 composite. One rea-
on for this decrease could be the lower �-SiAlON content of
oth materials. Another possible reason is the size of �-SiAlON
rains which affects the fracture modes. In the SEM images, it
as clear that SN-25 contains thinner �-SiAlON grains when

ompared with both matrix and SNC based composites, which
ave moderate hardness values.

Fracture toughness of the composites is summarized in
able 2. The self reinforced matrix material (SN) and the com-
osites prepared by coating granules (SNC) showed similar

racture toughness values of around 5.8 MPa m1/2. The crack
aths induced during the Vickers indentation are shown in
ig. 7. In SN and SNC-10, the crack propagation continued

hroughout the �-SiAlON and � SiAlON grains; thus a tortu-

SNC-10 showing the linking of granules due to the low coating thickness.
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Fig. 7. SEM images depicting the crack paths originated

us crack path was observed. Due to the interlocking nature of
icrostructural features, crack deflection, crack bridging and

ull-out mechanisms contributed to the moderate toughness of
hese composites. In addition, crack deflection due to nano TiCN
articles was visible in the images.

The fracture toughness increased with the incorporation
f micron sized TiCN in SN-25 composite to a value of
.39 MPa m1/2. The cracking in the SN-25 composite tends
o propagate by evading TiCN grains. Concurrently, crack
ridging of randomly oriented small �-SiAlON grains con-
ributes to the toughness. Due to the thermal mismatch effect
etween the matrix (αmatrix = 3.2 × 10−6 K−1) and the TiCN
αparticle = 8.6 × 10−6 K−1) along with the presence of TiCN par-
icles, radial residual tensile stresses are believed to be formed.48

he stress interference stripes in the matrix which resulted dur-

ng cooling during the sintering process are indicated by the
rrows in Fig. 8. The stripes generally formed in the areas where
ull-out of TiCN grains took place.

ig. 8. SEM image taken from the fracture surface of the SN-25 composite.
he arrows indicate the stress interference stripes in the SN matrix where TiCN
articles have been pulled out during fracture.

b

C
r
c

F
c

Vickers indentation (a) SN, (b) SN-25 and (c) SNC-10.

.4. Electrical properties

The electrical resistivity values of the composites are given
n Table 2 and also plotted as a function of the TiCN content
n Fig. 9. The electrical resistivity of monolithic SN material is
013–1014 � m, which is in the range expected from an insulator.
he resistivity of the SN material substantially decreased in the
NC based composites. With this coating process, the percola-

ion threshold value was found to be as low as 2.5 vol.% TiCN
ddition with a resistivity value of 5.2 �. The resistivity value
as further decreased down to 18 × 10−4 � m with 5 vol.%
iCN. However, increasing the TiCN amount over 5 vol.% did
ot cause any further improvement. This indicates that above
vol.% TiCN, conductivity was enabled by the physical contact
f TiCN particles in three dimension, which was also confirmed
y the microstuctural investigation (Fig. 6).

SN-25 composite showed a resistivity value of 0.45 � m.

onsidering the microstructure of this composite, due to the

andom distribution of conductive TiCN particles, both parti-
le contact and tunneling conduction mechanisms are thought

ig. 9. Change in the electrical resistivity of SNC based composites with TiCN
ontent.
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o be taken place concurrently. As mentioned earlier, low lev-
ls of � → � conversion during the sintering process inhibits
he amount and the size of the �-SiAlON grains in the SN-25
omposite. The distance between TiCN particles was decreased
ith the formation of small �-SiAlON grains. This phenomenon

s thought to aid the tunneling conduction mechanism between
iCN particles that enhances electrical conductivity. Thus, in

erms of the conductivity of this composite, the value was found
o be near the percolation threshold value for the particle rein-
orced composite systems.

. Conclusions

Electrically conductive �–� SiAlON–TiCN composites were
roduced by means of a segregated network concept. With
he dry mixing process, spray dried SiAlON based gran-
les (≤100 �m) were coated with varying amounts of (up to
0 vol.%) nano TiCN (≤150 nm) particles. For comparison a
article reinforced composite containing 25 vol% micron sized
iCN was prepared. All the composites investigated and the ref-
rence SiAlON material were fully densified with gas pressure
intering at 1990 ◦C under a N2 gas pressure of 10 MPa. A chain
ype 3D microstructure to establish electrical conductivity in
he composites was successfully achieved with incorporation of
nly 2.5 vol.% TiCN. The electrical resistivity of the insulator
N material (∼1013 � m) was decreased drastically to a value of
8 × 10−4 � m with the addition of 5 vol.% TiCN nano particles.

XRD analysis and thermodynamic investigation proved that
iCN and Si3N4 particles reacted with each other during sin-

ering. Thus in both types of composites, in situ SiC grains
ppears to be formed around and/or along TiCN particles. In
article reinforced composite (SN-25) the � → � SiAlON phase
ransformation was strongly affected by these reactions. The
ncorporation of significant amounts of surface O and sub-
titution of C and N in the liquid phase altered the phase
ransformation and intragranular phase formation, which influ-
nced the mechanical properties of the SN matrix. No significant
hanges in the mechanical properties were observed for the SNC
ased composites.
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