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Abstract

New electrically conductive ternary composites were developed by adding 8 vol.% of ZrN or ZrB, to a SizNy;—SiC matrix. During hot pressing,
ZrB, reacted with SizNy to form ZrSi,, ZrN, Si and BN whereas added ZrN did not undergo any reactions in the Si3N4—SiC—ZrN composite. The
composites modified by ZrN or ZrB, addition showed a lower resistivity (7 x 10° Q@ cm and 3 x 10~! € cm) compared to the matrix (3 x 10*  cm).
Further studies on the grain size distribution and the volume ratio of conducting and non-conducting phases excluded a percolation network of ZrN
and ZrSi, grains. In fact, doping of SiC grains and modified grain boundaries as a consequence of the formation of liquid phases during sintering
are suggested to be the reason for the significantly lower resistivity of materials containing ZrSi,.

A decrease in the composite resistivity due to a subsequent heat treatment was obtained for all hot-pressed composites.

© 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

Silicon nitride (Si3N4) exhibits various outstanding mechan-
ical properties even at high temperatures' and is therefore
used for engine or aerospace components, actually with regard
to corrosive and high-temperature environment. SizNy is an
insulator, but by adding a conductive phase into the insulat-
ing Si3N4 matrix, electrically conductive composites can be
formed. The electrical resistivity of a composite is connected to
the formation of a percolating network of the electrically con-
ducting phase within the SizN4 matrix and can be described
phenomenologically with the percolation theory. The value of
the critical volume V. where a three-dimensional conducting
network is formed varies between 1vol.% and 60 vol.% and
strongly depends on the microstructural properties of the com-
posite. In the case of conducting spheres, placed at random in
a matrix of insulating spheres of an equal size, and in the case
when all neighbouring grains are electrically connected it was
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found that Vi, is 16 £ 2 vol.%.*> Usually, higher values of V.,
are obtained attributed to some nearest neighbour grains which
fail to connect with each other. Lower values of V,, are reported
for composites with high particle size ratios of insulating matrix
R, to conducting particle Rm,®7 composites with segregated dis-
tribution of conductive particles’# or conducting particles with
elongated geometry.”~!!

A promising candidate for a electrically conductive phase
within a Si3Ny4 matrix is silicon carbide (SiC). SiC exhibits
similar mechanical properties even at high temperatures and
the combination of Si3Ny4 and SiC results in Si3N4—SiC com-
posite materials with an electrical resistivity between 107 and
103 Q@ cm.'>13 Owing to the good high-temperature properties
as well as to the electrical properties, composites based on Siz Ny
and SiC are recommended as heating elements.

However, several applications require composites with a
lower electrical resistivity than obtained by Si3Ny4—SiC com-
posites. Si3sN4 composite materials containing a metal-like
conducting phase, such as MoSip, 417 TiNI82l or TiB,,22
might be an option. These composites possess an electrical
resistivity of approximately 10~ € cm, but volume fractions of
about 30% of the metal-like conducting phase have to be added to
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Table 1
Compositions of the composite materials.
Composite Non-conducting Conducting
phases (vol.%) phases (vol.%)
Si02/Yb,03 Si3zNy SiC ZrBy ZrN ZrSip
SC47 9 44 47
ZB4 9 44 43 4
7ZB8 9 44 39 8
ZB8-SN 9 83 0 8
ZB12 9 44 35 12
ZB20 9 44 27 20
ZS8 9 44 39 8
ZN8 9 44 39 8
ZN12 9 44 35 12
ZN20 9 44 27 20
]
5x10%
IS
o
a
o SC47
1x10° l
|
1x10* T TE—n "
20 30 40 50 60
Vol SiC [%]

Fig. 1. Room-temperature electrical resistivities of the Si3N4—SiC composite
inclusive the basic composite SC47.

the matrix. The massive dispersion of the metal-like conducting
phase causes alterations of the properties of SizN4 ceramics.?
Especially, a large CTE (coefficient of thermal expansion)
mismatch between Si3Na (~2.5 x 10~ K~1)?* and the conduct-
ing fillers (MoSiy: ~8.4 x 1070 K~!, TiN: ~9.3 x 1070 K~ 1)*
might result in matrix cracking during thermal cycling.? Indeed,
the amount of metal-like conducting particles can be minimized
by reducing the particle size of the metal-like conducting parti-
cles, but otherwise the preparation of nanostructured composites
implies complexity and costs. The inclusion of a low amount
of metal-like conducting particles into a SizN4—SiC compos-
ite forming a ternary composite SizN4—SiC-ZrX, might be an
option. The aim of this paper is to evaluate the ternary composites
Si3Ny—SiC—ZrB; and SizN4—SiC-ZrN in terms of differences
in the electrical resistivity and the percolation behavior of the
ZrX, phases (X=B, N, Si).

2. Experimental

The experiments were started from a basic composite compo-
sition of 44 vol.% SizNy4 and 47 vol.% SiC (Table 1) with a SiC
volume fraction in excess of the percolation threshold (Fig. 1).
Additionally, 9 vol.% sintering aids (Yb,O3, SiO;) were added,
whereas YbyO3 was chosen as one example of the rare-earth
oxides.

4, 8, 12 and 20 vol.% of SiC were replaced by the metal-like
conducting phases ZrX,, i.e. ZrB, (6 x 107 Qcm)** or ZrN
(21 x 107 Q cm),?* in order to obtain composites with nearly
the same volume fraction of conducting material (Table 1).
Additionally, the composites ZB8—SN (8 vol.% ZrB, 0vol.%
SiC) and ZS8 (8 vol.% ZrSiy, 39 vol.% SiC) were investigated
to determine the influence of SiC, and in the case of ZS8 the
influence of the ZrB, decomposition process on the conduction
mechanism within the ZB8 composite. The composites were
made from commercial Si3Ny (Silzot HQ), SiC (HCST, «a-SiC,
Grade UF 15) and ZrN (ABCR, Grade A) or ZrB, (ESK, Typ
C) powders. SiO, (Heraeus, Pyro Syn) and Yb,O3 (Treibach)
were added as sintering additives. The starting powders were
mixed in isopropanol for 4h by attrition milling. The slur-
ries were dried in a rotary evaporator and the powder passed
through a 400 wm sieve. In addition, the sieved powder was
heated up to 800 °C in argon atmosphere to remove the residual
organics. All powders were hot pressed in a circular BN-coated
graphite tool with a diameter of 80 mm. All composites were
sintered at 25 MPa in nitrogen atmosphere at temperatures up to
1840 °C. Specimens of the Si3N4—SiC—ZrB,, Si3N4—ZrB, and
Si3N4—SiC-ZrSi, composites were cut out of the middle of the
hot-pressed disc due to an increased formation of ZrN at the rim
of the hot-pressed disc (Section 3.1).

One quarter of the hot-pressed discs was heat treated in a gas
pressure furnace with a nitrogen pressure of 5 MPa in order to
generate a coarser microstructure.

The phase composition of the sintered materials was deter-
mined by XRD (CuKa). A quantitative analysis of the phase
composition was carried out using the Rietveld method (Auto-
quan software). Thermodynamic calculations were performed
with FactSage 6.1 using the fact database.

The cross sections of the specimens were polished by ion
beam technique®®3? and analyzed using a FESEM. Inlens and
SE images were recorded simultaneously and both images were
used to distinguish the Si3Ny, SiC and ZrX, grains by image
processing. The equivalent diameter of the ZrX, and SiC grains
and the thickness of the elongated needle-like Si3Ny grains®!
were determined using Leica Software. The electrical resistiv-
ity was measured by four-probe method on specimens with a
dimension of 4 mm x 4 mm x 20 mm between 20 °C and 800 °C
in Ar atmosphere. A silver braze (CB11, Unicore-BrazeTec)
was applied as electrical contact. Two contacts were placed
at the 4mm x 4 mm faces and two small dots on one of the
4mm x 20 mm face. Gold wires were then mounted using an
Ag/Pd paste. While the samples were heated in a tube furnace
under argon atmosphere, the electrical resistivity and tempera-
ture were measured with a multimeter.

3. Results and discussion
3.1. Hot pressing and phase composition

The phase compositions of the hot-pressed composite mate-
rials were characterized by X-ray diffraction (Table 2). All

hot-pressed composites showed the presence of SizN4, SiC and
at least one crystallized intergranular ytterbium-oxide phase
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Table 2

Volume fractions of the different phases in the composites after hot pressing and subsequent heat treatment at 1900 °C (HT) determined by XRD quantitative phase

analysis.

Composite Resistivity (2 cm) Non-conducting phases (vol.%) Conducting phases (vol.%)
Intergranular phase SizNy BN SiC Si ZrN +ZrSiy

SC47 3% 10* 6Yb,SiOs 45 49

SC47 HT 4x103 13Yb4SioN, 07 42 45

ZB4 1 x 10! 4YDb,Si05 +2YbSZ 42 3 44 1 143

7ZB8 3x 107! 5Yb,SiOs +2YbSZ 34 9 41 1 246

ZB8 HT 2x 1072 1Yb,SiOs5 + 5YbsSioN2O7 +2YbSZ 35 8 39 2 3+5

ZB8-SN >1010 6Yb,SiOs 71 14 2 3+4

ZB12 3x 1072 5Yb,SiOs5 +3YbSZ 34 10 35 2+11

7ZB20 2x 1073 6Yb,SiOs +2YbSZ 17 28 25 4+18

ZS8 4x 107! 4Yb,8Si05 + 1Yb,Sir O7 +2YbSZ 45 42 1+5

ZS8-HT 3x 1072 10Yb4SipN,O7 +1YDSZ 47 37 1+4

ZN8 6 x 103 7Yb,SiOs5 + 1YbSZ 46 39 7+0

ZN8 HT 2 x 10% 7YbsSizN207 +11Yby4 67(Si04)30 + 1YDSZ 39 36 6+0

ZN12 1x103 6Yb,SiO5 +2YbSZ 47 35 10+0

ZN20 5% 10! 5Yb,SiOs + 1Yb,SioO7 +4YbSZ 48 24 18+0

=SiN, oSiC "YbSZ "Yb,SiO,
OZrSi2 *ZrN
*BN  *Sj .

ZB8

10 20 30 40 50 60 70 80
2 Theta [°]

Fig. 2. Phase compositions of SC47, ZN8, ZBS.

(Fig. 2). Additionally, small amounts of ytterbia-stabilized zir-
conia (YbSZ) were detected. ZrN was found in ZN8, ZN12 and
ZN?20 whereas no crystalline ZrB, phase was found in ZBS,
7ZB12, ZB20 indicating that ZrB, was not stable in the Si3Ny-
SiC composite system. Instead of ZrB, crystalline ZrN, ZrSi,
and BN were identified. Additionally, free silicon with a concen-
tration in the range between 1 and 2 vol.% was determined by
Rietveld analysis and confirmed by SEM investigations of the
microstructure. It can be stated that the Si reflexes adjoin other
components reflexes making a precise determination of the Si
content more difficult.

The Rietveld analysis indicates that ZrB; reacted with SizNy
which is in good agreement with earlier references describing
the use of Si3Ny as a sintering aid for the densification of transi-
tion metal borides (TiB;, ZrB; and HfBz).32’37 Thermodynamic
calculations of the system Si3N4/SiC/ZrB, were carried out in
the temperature range between 1500°C and 1840°C to sim-
ulate the reactions taking place during sintering. The overall
pressure was set at 1 atm. The oxide and oxonitride phases were

not taken into account due to the lack of data. These phases will
not influence the reaction of ZrB; with Si3Ny significantly. The
data of ZrCy existing in the database were excluded, because
they were determined only at low temperatures (below 550 °C)
and extrapolation to high temperatures probably results in larger
deviations. The calculations with this phase resulted in a high
stability of this phase which was not observed experimentally.

The thermodynamic calculations were carried out under dif-
ferent conditions:

(a) with excess of nitrogen and
(b) without an excess of nitrogen.

If an excess of nitrogen exists the equilibrium phases were Siz Ny,
SiC, ZrN and BN in addition to the gas phase.
This can be summarized by the reaction:

271By + 3N, — 27ZiN + 4BN 1

Without an excess of nitrogen the decomposition follows
another route:

At temperatures below 1660 to 1670 °C ZrB; is in equilib-
rium with SizNy and SiC. Only above this temperature ZrN, BN
and a metallic liquid containing mostly Si, some Zr and B is
formed.

47rB; + 3Si3Ngy — 4ZrN + 8BN + 9Si(metallicmelt) (2)

Therefore, the formation of the microstructure can be
explained as follows:

During the densification in the hot press ZrB, only partially
reacts with the nitrogen atmosphere according to reaction (1)
due to kinetic reasons. In the moment when only closed poros-
ity exists the reaction with nitrogen from atmosphere is nearly
stopped due to the much slower diffusion of the nitrogen through
the oxonitride liquid in comparison to the gas phase. This is
the reason why the material behaves similar to the case with-
out excess of nitrogen, and why a metallic melt containing Si,
Zr and partially B is formed in addition to ZrN and BN. The
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Fig. 3. FESEM and EDX images of ZB8 HT.

liquid Si is additionally stabilized as the activity of the liquid Si
is reduced due to the formation of a solution with Zr. The ratio of
Si/Zr/B in the melt cannot be predicted by the thermodynamic
calculations carried out, because there is no complete and ade-
quate description of the Zr-Si—B melt in the database. From the
experimental data it is very likely that the composition of the
melt is between Si and ZrSi,, but near to ZrSi,. During cooling
this melt cannot react fast enough with the ZrN and BN to form
the equilibrium phases at lower temperatures.

In comparison, in terms of a nitrogen pressure of one or
even more atmospheres, Si could not be formed due to the fast
reaction:

Si + Ny — SizNg 3)

It can be determined that this reaction has not happened dur-
ing the subsequent heat treatment at 1900 °C and 50 atm nitrogen
pressure due to the slow diffusion of nitrogen through the sam-
ple. Only in the outer rim of the hot-pressed plate a change in
the composition according to the thermodynamics was observed.
This area was removed and not investigated in detail.

A nitrogen pressure of one atmosphere also leads to the
decomposition of ZrSi, into Si3N4 and ZrN. This is in agreement
with the fact that ZrSi, will partially decompose into SizNy4 and
ZrN (Table 2) during hot pressing of ZrSiy-containing compos-
ites.

In spite of the decomposition processes no significant
changes in the volume ratios of conducting to insulating phases
was obtained (Table 2). The consumption of insulating SizNy
was compensated by the formation of insulating BN. Also the

amount of the metal-like conducting phases ZrB; (starting pow-
der) and ZrN, ZrSi; (reaction product) was nearly the same.
Because of no remarkable changes in the volume fractions dif-
ferences in the resistivities between the SizN4—SiC—ZrN and
Si3N4—SiC—ZrB, composites could not be referred to volume
changes caused by the decomposition process.

3.2. Electrical properties and percolation behavior

The percolation behavior of a binary SizN4—SiC compos-
ite is shown in Fig. 1. By adding a large quantity of SiC the
electrical resistivity of the Si3N4—SiC composites still remained
in the range of 10* Q cm. To investigate the influence of ZrX,
addition on the SizN4—SiC composite resistivity, 8§ vol.% of a
metal-like conducting ZrB, or ZrN phase was added wherein
the Si3zN4—SiC composite had a SiC fraction in excess of
the percolation threshold. By adding the same volume frac-
tions of metal-like conducting phases, the electrical resistivity
of the ternary ZN8 and ZB8 composites was 7 x 10° Qcm
and 3 x 107! Qcm, respectively. The values differ nearly in
the order of four magnitudes even though ZrN and ZrSi;
inhibit similar electrical resistivities of 2 x 107> Q cm?* and
16 x 107> Qcm?*. The resistivity as a function of tempera-
ture is presented in Fig. 4 for the ternary composites and the
Si3N4—SiC (SC 47) composite. The composites SC47 and ZN8
had a similar resistivity that decreased nonlinearly with increas-
ing temperature. In contrast, the resistivity of ZB8 was less
temperature-dependent in the investigated temperature range. To
identify the reasons for the different resistivities a detailed study
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Fig. 4. Electrical resistivities against temperature for SC47, ZN8, ZB8 and ZS8 (a) after hot pressing and (b) after a subsequent heat treatment at 1900 °C.

concerning the percolation behavior of the Si3N4—SiC—ZrX,
composites was made by partially exchanging SiC by different
amounts of ZrN or ZrB,. In each case, the volume fraction of
electrically conducting phase, SiC plus ZrX, was kept constant
at 47 vol.%. The addition of only small portions of ZrB; (ZB4,
ZB8) induced a sharp decrease of resistivity from 10* Q cm to
10~! © cm (Fig. 5) whereas further addition of ZrB; only caused
a comparatively slight decrease in the electrical resistivity from
107! Q@ cm (ZB8) to 1073 Q cm (ZB20). However, it took up to
20 vol.% of ZrN to obtain a resistivity of about 10~! € cm which
was commensurate with the resistivity of ZB8. A sharp decrease
in the resistivity of the ZN composites was observed between
ZN12 and ZN20 indicating that there might be a percolation
threshold in this range.

An electrical resistivity of about 10~ © cm obtained for ZB8
leads to the question if percolation of the ZrX, grains in the ZB
composites might start at volume fractions far from 16 vol.%, a
value predicted by percolation theory. If the critical volume (V)
for ZrX, percolation in the ZB composites is considerably lower
than in the ZN composites, microstructural differences should
be distinguishable.

3.3. Electrical properties and microstructure

It is well-known that the microstructure and especially the
grain size ratio of the insulating matrix to the conducting parti-
cle Rp/Rmé’7 plays a significant role concerning the percolation
behavior. To study the influence of the grain size ratio on
the composite resistivity, the equivalent diameter of SiC and
ZrX, grains and the thickness of the Si3N4 (elongated needle-
like?!) grains were determined. Additionally, the effect of grain
growth and the associated changes in the grain size ratios of
the hot-pressed composites were investigated by annealing the
composites in a gas pressure furnace at 1900 °C in nitrogen
atmosphere.

The microstructures of the hot pressed composites and
the composites after subsequent heat treatment are shown in
Fig. 6a—g.

Using the Inlens mode, the conducting SiC and the highly
conducting ZrX, grains appeared as grey and bright phases. The
non-conducting Si3Ny grains and the intergranular phases were
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Fig. 5. Room-temperature electrical resistivities of the Si3N4—SiC-ZrN and
SizN4—SiC—ZrB, composites as a function of the adjusted ZrX,-volume.

dark grey. Boron nitride developed during hot pressing in ZB8
appeared as dark platelet-like grains, too.

Some differences were observed in the shape of the ZrX,
grains: the ZrN grains in ZN8 (Fig. 7a) appeared more separated
because the contact areas were concave. In contrast, ZrSi; in ZB8
(Fig. 7b) showed a good wetability on the SiC and some of the
SiC grains were even enclosed by ZrSi;. This correlates with
the fact that a liquid Zr—Si melt was formed during hot pressing
(Section 3.1). Additionally, Figs. 3 and 6e reveal the presence of
ZrSi»—Si precipitations. Due to the subsequent heat treatment
process at 1900 °C the ZrSi, grains and these precipitations
became liquid again leading to more and larger precipitation
structures within the composite (Fig. 6f).

With regard to the different grain size distributions, a cumu-
lative frequency analysis of the ZrX;, and SiC (equivalent) grain
diameters and the thickness of the Si3N4 grains were performed
(Fig. 8) using at least 500 grains in each case. It can be deter-
mined that there were smaller ZrX, grains in ZB8 (median:
0.3 wm) as in ZN8 (median: 0.6 wm) by insignificant differ-
ences in the SizNy thickness (0.4 um in ZB8 and 0.3 pm in
ZN8) and in the SiC diameter (0.4 pwm in ZB8 and 0.3 pm in
ZNB) leading to a ratio Rsi;n,/Rzrx, of about 1 for ZB8 and 2
for ZN8. Due to the subsequent heat treatment, the differences
in the ZrX, grain sizes further increased (0.2 um in ZB8-HT
and 1.5 pm in ZN8-HT) whereas the median value of the SiC
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Fig. 6. FESEM Images (Inlens mode) of the composites after hot pressing SC47 (a), ZN8 (c), ZB8 (e), and ZS8 (g), and after a subsequent heat treatment at 1900 °C

SC47 HT (b), ZN8 HT (d) and ZB8 HT (f).

grains (0.8 wm in ZB8-HT and ZN8-HT) and the Si3Ny thick-
ness (0.8 wm ZB8-HT and 0.7 pm in ZN8-HT) was twice as
high in ZB8-HT as well as in ZN8-HT. In spite of the difference
in the Rsi;N,/Rzrx, ratio, which was 4 for ZB8-HT and 0.5 for
ZNB8-HT, the resistivity of all heat treated composites was about
one order of magnitude smaller (Fig. 4b). This is in accordance

with the general trend of polycrystalline SiC showing a decrease
in the resistivity due to a subsequent heat treatment.®3% On the
other hand, the huge difference in the grain size distribution and
the median grain size values of ZrX; in ZB8 and ZN8 might have
an influence on the composite resistivity in terms of percolation
theory.
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Fig. 7. FESEM Images (Inlens mode) of ZN8 (a) and ZB8 (b).
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To determine the impact of the ZrX, grains on the conduction
mechanism with regard to a ZrX, percolation, a sample contain-
ing 8 vol.% ZrB; but no SiC (ZB8-SN) was prepared. Among
Si3Ny4 and Yb,SiOs the crystalline phases BN, ZrN, Si and ZrSij
(Table 2) were found, indicating that the decomposition process
was similar to that of the Si3zNy4—SiC—ZrB, composites. Further-
more, the grain size distributions of the SizN4 and ZrX, grains
in ZB8 and ZB8-SN (Fig. 8e) did not show significant differ-
ences but the electrical resistivity of ZB8—SN was higher than
1019 @ cm. Hence, no ZrX, percolation network was formed
in ZB8 suggesting that also no percolation of the ZrX, grains
occurred in ZB8, and that the conducting pathways in ZB8 had
to be mainly provided by the SiC grains and ZrX; grains in
addition. An uncertainty in respect of the different ZrSiy:ZrN
ratio and a lower amount of ZrSi, in ZB8—-SN compared to
7ZB8 (Table 2) could not be used to explain the large differ-
ence in resistivity since the composite ZB4 containing only
3vol.% ZrSip and 1vol.% ZrN still revealed a low resistivity
of 10!  cm. More likely, the differences in the resistivity can
be referred to two facts.

First, SiC is a semiconductor and in presence of impurities
like boron***? or nitrogen***3#* an increase of electrical con-
ductivity due to doping of SiC is possible. As the composite ZS8,
containing ZrSi» and ZrN but no boron compound (Table 2),
revealed a similar resistivity to ZB8, doping of SiC by boron
was excluded. In the case of nitrogen doping, electrical resistiv-
ities in the range of 10~2  cm were reported for a SPS-sintered
SiC in presence of Si3N4.*? Jeon® realized nitrogen doping in
SiC (0.082 €2 cm at 800 °C) by a post heat treatment at 1700 °C
in nitrogen atmosphere. These values were in good agreement
with the resistivities of the ZrSi>-containing composites in this
work. Additionally, the ZrSi>-containing composites showed a
low temperature dependence of resistivity (Fig. 4), a resistivity
behavior often described for nitrogen-doped SiC.*>#7 As the
conducting network is a mixed one consisting of SiC grains and
the ZrX, phases, the resistivity will be decreased by an increased
doping of the SiC grains. Contrary to the results, a lower local
equilibrium nitrogen pressure inside the ZB composites com-
pared to the ZN materials would be expected, possibly reducing
the nitrogen doping. However, the higher Si activity might lead
to additional defects of the carbon sites. Additionally, some co-
doping of boron in addition to nitrogen might reduce the overall
carrier concentration in the SiC grains resulting in lower con-
ductivity. But based on the phase composition the same partial
pressures and activities of B and N exist in the materials with
the different ZrB, content. The observed reduction of the con-
ductivity with decreasing ZrB, content could therefore also be
connected with kinetics of the doping. However, all changes in
the ZrX, phase will have an impact on the composite resistivity
because the different phases in ZB8 (ZrSiy, Si, BN) compared
to ZN8 (ZrN) could influence the doping of SiC.*>8

Secondly, it can be speculated on the formation of differ-
ent resistivities at the grain boundaries SiC/SiC, SiC/ZrSi; and
SiC/Sias well as SiC/ZrN. The Zr-Si phase was liquid during sin-
tering probably affecting the structural and electrical properties
of the ZrX;,/SiC contact areas that can strongly affect the overall
resistivity. 83949 Generally, low composite resistivities of about

10~! © cm were obtained for Si3N4—SiC based ternary compos-
ites including 8 vol.% of silicides>® with melting points close to
the sintering temperature like ZrSi;, MoSi>, WSiy, NbSip or
TaSi;. During sintering, the silicides are assumed to form lig-
uid phases that strongly influence the SiC grain boundaries and
lead to reduced contact resistivity. As the composite resistivity
is a function of the grain and the grain boundary resistivities>’
ternary composites with a resistivity of about 10~! € cm have
to have both, highly doped SiC grains and low grain boundary
resistivities.

However, all discussed contributions on the composite resis-
tivity cannot be completely separated.

4. Conclusion

The influence of 8 vol.% of ZrN or ZrB, on the SizNy—SiC
composite resistivity was investigated. During hot pressing ZrB,
was not stable in the Si3N4—SiC matrix and decomposed to
Z1Sip, ZrN and BN whereas the addition of ZrN did not initiate
any reactions. The composite containing ZrN offered a higher
resistivity (7 x 10° € cm) compared to the composite that was
modified by ZrB, (3 x 10~! Q cm) addition. Due to a subse-
quent heat treatment, the composite resistivities decreased in
the order of one magnitude for SC47, ZN8 and ZB8. By means
of the composite ZB8—SN (R> 107  cm) it was shown that the
lower resistivity of ZB8 did not originate from a ZrX, percola-
tion network. More likely, the conduction pathway was built up
from SiC and ZrX; grains, whereas differences in the resistiv-
ities might be referred to differences in the phase composition
between ZB8 (ZrSi;, Si, BN) and ZN8 (ZrN) having an influence
on the doping of the SiC grains and on the grain boundary resis-
tivities. The possibility to decrease the resistivity of SizN4—SiC
composites by adding low amounts of silicides is to be further
investigated.
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