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The mechanical and electrical properiies of hot-pressed and annealed P-SiC+39val.%ZrB, electroconductive
ceramic eomposiles were mvesligated as a funetion. of the liguid forming additives of ALO,+Y,0,(6 . 4wi%). In this
merpstractnres. ne reactions and elongated o-8iC grains with equiaxed ZrB, grains were ohserved between B-SiC
and ZrB,. The properties of the J-S1C+39vol. %ZrB, composites with 4wt ALO, +Y,0, at R.T. are as follows: frac-
ture toughness is 6.37 MPa-m'®, electical resistivity is 1.61 > 107 £2-cm and the relative densily is 98.6% of the the-
ovetical densty., The fraclure loughness of the [-3iC+39 vol %ZrB, composites were weakly decreased with
increaging ampunt of ALO+Y,0; additives. Internal stresses due lo the difference of B-SiC and ZrB, thermal
expansion coefficient and elastic modulus mismateh appeared ko contribule to fracture toughenmg in B-SiC

+39 val %ZrB, electroconductive ceramic composites.
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L. Introduction

SiC semiconducting ceramics have a high temperature
strength, high melting pant of ahout 2800 °C. intrin-
gle resistance to oxddation, high thermal conduetivity and
also a low thermal expansion coefficient of about 4.36 > 10
~C at 20-1000 °C."

" However, since SiC’ dnes not have PTCR(positive lem-
perature coefficient resistance) character below 1000°C, it
does not control current with increasing termnperature.”

Also, the moderate fracture toughness (3 ~4 MPa + m'?
and expensive cost for machining limit their wide applica-
tions under stresses of impact.”

ZxB, ceramics have a high melting point of about
3200°C, high hardness, low electrical resistance and excel-
lent corrosion resistance against molten and slag.”

Therefore, dispersing parlicles such as ZrB, satialy the
above demerits without losing SiC matrix's original supe-
rior characteristics.

BiC-ZrB, cermic composites are one of the mosl promis-
ing candidate materials for heater and ignitors because of
its high strength, superior oxidation resistance at high
temperatire and lugh electrical conductivity. The first two
properties are due to the SiC characteristics and the third
is due {o ZrB, chavactenstics.”

The imprevement of [racture toughness was achieved
through the development of elongated o-SiC grains.™

In this study, the composites were fabricated from &1
vol.% B-8iC and 39 vol%ZrB, powders with the liguid
forming additives of ALO,-Y,0, by hot pressing at 1850 °C
and subsequent annealing al 1950 °C to develop the grow-

400

th of elongated w-SiC grains.

The electrical and mechanical properties of the [-SiC+
39 vol.%ZrB, ceramic composiles with ALO.+Y,0, addi-
lives were investizated to evaluate the effect of porosity
and aspect ratio on the electrical resistivity and fracture
thoughness of samples.

II. Experimental Procedure

High pure B-8IC{H. C. Starck, Germany, Grade BF12),
ZrBy,(H. C. Starck, Germany, Grade B), ALO.(Showa
Chemical Inc., Japan) and Y,0.(Aldrich Chemical Inc.,
T.S.A) were used as starting powders. The powder mix-
ture of (-3iC+389vol %ZrB, containing 4dwt% ALO+Y,0,
(8:4 mixture of AL, and ¥,0.,, decignated as SZ-AY,),
Swt% (8Z-AY,) and 12wi% (SZ-AY ) as the liquid form-
ing additives were planetary-ball-milled using a polyure-
thane jar of diameter 120 mm® and height 140 mmL
{volume: 1583.4 ml) and a high puarity SiC ball of diame-
ter 10 m@, 20 mmd (1:1 wtf) in acetone.

The planetary-ball-milled conditions of each batch were
as follows: the ratio of stariing powder containing ace-
tone: SiC balls was fixed 1:5 charge. milling time 24 h.
rotating speed of mill 22 rpm.

The milled slurry was dried at 80°C for 6h and sieved
through a2 60 mesh screen.

The mixed powders were hot-pressed (Astro California,
U.5.A)) in a graphite die of diameter 30 mmd®, the inner
surfaces of which were coated with high purity graphite
foil to prevent sticking of the material to the die walls or
between the samples
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The hot-pressing was performed at 1850°C for 3 min
with an applied pressure of 25 MPa and subsequenily
annealed at 1950°C for 4 h in flowing argon to enhance
the grain growth of ZrB, and the elongated grain of o-SiC.

The heating rate was fixed at 10°C/min up to 1950°C
and the cooling rate was fixed 12.8°C/min up to 20°C in
flowing argon.

Densities were measured using the Archimedes method
and the theoretical densities of the B-SiC+39 vol.%ZrB,
composites with ALO,+Y,0, were calculated according to
the rale of mixture (3.217g/em’ for 3-SiC, 6.085 giem® for
Z1rB,, 3.978g/e® for ALO, and 5.01 glem® for Y,0,).

Phase identifications of the sintered samples were deter-
mined by XRD (PW1700 System, Philips, U.S.A.) with
CuKo radiation,

The microstructure of the etched surface and crack pro-
pagation of the samples were observed by SEM(JSM-840
A, Jeol, Japan).

The polished samples were etched by hoiling Muraka-
mi’s reagent for 20 min.’”

The test samples for fracture toughness measurements
were polished nsing diamond suspengion to 0.1 purn finish.

The fracture toughness were estimated measuring crack
lengths generated hy Vicker's indenter (Matsuzawa, Mo-
del DVEK-2, Japan) with a load 20 kgf, load speed 40 pm/
sec and holding time 10 sec.

The fracture toughness K, was caleulated from AG.
Evans & T. R. Wilshaw's equation. 'V

The grain size and aspect ratio of the grain for the sin-
tered samples were measured using a linear-intercept
method.

The test pieces for electrical resistivity measurements
were cut using wire-EDM(Electrical Discharge Machin-
ing) by the Pauw method. ™

III. Results and Discussion

The relative densities of =97.6% of the thegretical den-
sities in all of the samples achieved hy hot pressing at
1850°C with an applied pressure of 25 MPa and subse-
quently annealing at 1950°C for 4 h.

The relative densities decreased (98.6 — 98.4 — 97.6%}
with increased A1,0,+Y,0, contents.

The more ameunts o ALO,+Y,0, additives increase, the
more porosities according to chemieal reaction are in-
crease. Therefore, relative densities are affected porosities
due to valatile species AlLO{g), Y,0(g), Si{g) and CO(g)
with the regult of reaction belween B-8iC and Al,0,+Y,0..

ALO, and Y,0, additives in the sintering of SiC are
known to form liquid phase with the surface 8i0, of SiC
and to promote densification through liquid-phase sinter-
ing 10

AlLO, and Y,0, additives play an important role mn the
successful densification of the (-SiC+39vol %ZrB, compos-
ites through liquid-phase sintering bui porosities are
weakly enhanced with inereased ALO+Y.0, contents,
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Phase analyses of SZ-AY ., SZ-AY, and SZ-AY, compos-
ites by XRD revealed mostly of a-SiC(6H, 4H), ZrB3, and
weakly B-SiC(15R) phase. It iz well documented that the
B — o phase transformation of SiC tlakes place after
amealing at 1950°C for 4h through liquid phase sintering.

B3-3{C and ZrB, are not solid sofution bt a iwo phase
particulate composites censisted of equiaxed ZrB, grain in
the elongated o-SiC matrix.

Fig. 1 shows the microstructure by SEM of the etched
surface of the B-SiC+39 vol%ZrB, compasites with ALG +
Y,0, contents. The elongated ¢-SiC and the equiazed ZrB,
phases are distinct ag shown in Fig, 1: the white phase is
the ZrB, and the gray phase is the o-5iC matrix.

The diameter of each grain (d) was determined directly
froan the shortest grain diagonal in its two-dimensional

Fig. 1. SEM micrographs of the etcthed aurface of 5Z-AY (a),
8Z-AY, (b} and SZ-AY, (c).
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Table 1. Average Grain Size of 0-SiC and ZrB,

Ttem o-3iC Zr,
Sarmple Agpect Ratio | Lengthlpm] > Diameleriun] ' fm]
SZ-AY, 312 746239 5.29
SZ-AY, 3.39 11,2 3.3 7.10
SZ-AY, 5.08 11 79x<2.32 6.21
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Fig. 2. Fracture toughness of the [-3iC+39 vol5%ZrB, with
AlLO+Y,0, contents.

image, the apparent length of each grain (L) was obtained
from the longest diagonal. The mean value of the obser-
ved aspect ratios (I/d) of about 50% was considered to be
the mean of the actual values as shown in Table 1.

The fracture toughness decreased with increased AlQ,
+Y,0, contents and showed the highest of 6.37 MPa - m™®
Tor SZ-AY, composite as shown in Fig. 2.

The fracture toughness of the 3-8iC+39 vol%ZzB, com-
posites with the liguid forming additives Al,(L+Y,0, of
the annealing at 1950°C for 4 h is = 28% higher than that
of hot-pressed composites (4.55 MPa - m™.*

The fracture toughness of SZ-AY, and SZ-AY, were
lower than that of SZ-AY, composites, although the length
and width of ¢-5iC grains were increased.

This may be attributed to the increasmg tendency of
pore formation according ta amount of the liguid forming
additives Al,0,+Y,0,.

The improved fracture toughness was attributed ic the
enhanced hridging and crack dellection by the elongated
o-SiC grains as shown in Fig, 3.

Crack deflection around o-S5iC partacles is likely to be
caused by intrinsic residual stresses resulting from differ-
ences in thermal expansion coefficient hetween SiC"(4.36
<1070 at 20-1000°C) and ZrB, (5.9 ¥ 107°7C at 20-1000
'Cl.

Temperature dependence of the electrical resistivity has
heen investigated by Pauw methed'” for the B-8iC+3% vol.
%ZrB, composites with the liquid forming additives Al,
0,+Y,0; as shown in Fig. 4.

The electrical resistivity increased with ALO,+Y,0, con-
tents because of the increasing tendency of pore forma-
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{b) 5Z-AY,

{c) 8Z-AX,
Fig. 3. Crack propagations of 5Z-AY, (a), 3Z-AY, (b) and SZ-
AY,, (o)
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Fig. 4. Electrical resistivily of 8Z-&Y , SZ-AY, and SZ-AY,,.

tion according to awmount of liquid forming additives AL,
O,+Y,0,.
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The electrical resistivity of 8Z-AY, composite showed the
lowest of 1.51 %107 Q- cm among samples at 25°C as
shown in Fig. 4, whose electrical resitivity is approxi-
mately equal to that of a commercial Ni-Cr heater(1.11 x
167 Q - cm at 20°C).

The electrical resistivity of SZ-AY,, 8Z-AY; and SZ-AY,,
manufactured by hot-pressing at 1850°C with an applied
pressure of 256 MPa and subsequently annealing at 1950°C
for 4h in order to heat element is all positive tempera-
ture coefficient resistance (PTCR} against temperature up
to TO0C.

The PTCR of SZ-AY,, SZ-AY, and SZ-AY,, is 4.46 X107,
5.64 %107 and 5.72%107 O - em/C in the temperature
from 25°C to TOO°C respectively.

IV. Conculsion

The composites were fabricated from 61vol % B-SiC and
39 val %ZrB, powders with the liquid forming additives of
ALO-Y,0, by hot pressing at 1850°C and subsequent
annealing at 1950°C to develop the growth of elongated o-
51C grains.

The fracture toughness decreased with increased
ALO.+Y, 0, contents and showed the highest of 6.37 MPa-
m"” for composite added with 4 wt% Al,0,+Y,0, additives
at room temperature. The electrical resistivity increased
wilh increased AlO,+Y,0, contents because of the incre-
asing tendency of pore formation aceording to amount of
liquid forming additives Al,0,+Y,0, and showed the low-
est of 1.561 x107'82 - em for composite added with 4 wi%
ALD+Y,0, additives at 25°C. The electrical resistivily of
composites is all positive temperature coefficient resis-
tance (PTCR) against temperature up to 700°C.
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