TR FRSEE R G EET R ERREE

ZARM B RRETH (D) Ak @dbss S4B K

Microstructural Design of Multiphased Materials (II) Multiphased Zirconia-matrix
Nanocomposites
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Abstract

The applications of ceramics for
structural components are often limited by its
brittleness. The addition one toughening
agent, such as ceramic particles or metallic
particles, can improve the mechanical
properties of ceramics. The present study
explores the processing-properties
relationships of the zirconia-matrix
composites containing both alumina particles
and nano-sized nickel inclusions. Our results

suggested that the strength of zirconia could
be improved significantly by adding two
toughening agents. In the present study, the
ZrO,- Al O,-Ni nano-composites were
prepared either by pressureless sintering or
by spark plasma sintering (SPS) process.
The nanacomposite have the potential for
structural applications and as the electrode for
solid oxide fuel cell.
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The brittle nature of ceramics hinders
their applications as structural components.
One approach targets the toughness
improvement through the addition of
toughening reinforcement. Ceramic or
metallic reinforcement is incorporated into a
ceramic matrix. The reinforcement interacts
with the pre-existing and/or service-induced
cracks to slow down their propagation. The
toughness of the brittle matrix is thus
improved through such interactions. Though
the strength may be sacrificed slightly by
adopting this approach, the reinforcement
also acts as stress concentration site.
However, this approach is attractive for the
reliability of ceramics during the subsequent
usage can be improved significantly.

Many ceramic or metallic materials,
such as zirconia' and nickel® have been used



as toughening reinforcements. The presence
of these toughening agents enhances the
toughness of ceramics through the generatxon
of various toughening mechanisms. *The
propagation of cracks is hampered due to the
effect of these mechanisms, resulting in an
increase in the toughness of ceramics.
However, the presence of a single toughening
agent frequently induces more than one
toughening mechanism. These mechanisms
operate simultaneously to a different extent
within the brittle matrix. In the previous study,
we have demonstrated that the interactions
between different toughening mechanisms
can bring in extra toughening effect This
result has been published recently In the
present study, the same approach is applied to
a zirconia-matrix composite system. Similar
to the previous study, two toughening agents,
alumina and nickel, are incorporated into the
matrix simultaneously. The mechanical
properties of the composites are measured.
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Detailed procedures for the
preparation of the composites containing two
toughening agents can be found in the report
of the previous study. A brief description is
given here.

The nano-sized nickel particles were
prepared by coating nickel nitrate solution
onto the surface of zirconia (TZ-3Y, Tosoh
Co., Japan) and alumina (TM-DAR, Taimei
Chem. Co. Ld., Tokyo, Japan) powders. This
technique was developed by Prof. Yang,
Fang-Ja University. The powder was also
prepared by his research group. The Al O_-
ZrO,-Ni green compacts were either by
spark plasma sintering (SPS) at 1350C for 5
minutes or by pressureless sintering within a
reducing atmosphere, carbon monoxide, at

1600°C for 1 h. The Zr0-Al O, and ZrO -

Ni specimens, for comparison, were also
prepared with the same techniques. The
sintered specimens were machined
longitudinally with a diamond wheel. The
strength was determined by a biaxial strength
measurement technique. The toughness of the
specimens was determined by the indentation
technique. The load applied was 20 Kg.
Phase identification of was performed by X-

ray diffractometry (XRD). The chemical
composition of the composite powders was
determined by applying an induced coupled
plasma (ICP) technique.

0. AR EE

The chemical composition of ZrO -
Al O,,ZrO,-Ni and ZrO,-Al O -Ni

273
composite powders as revealed by ICP
analysis were 95%-5%, 99.%-0.9 and 94.1%-
5.2%-0.7%, respectively. The content is
expressed in their volume percent.
The XRD analyses detect t-ZrO,, a-Al O,
and cubic Ni in the sintered comp051tes The
nano-sized nickel particles can be
successfully prepared by the coating
technique.

The relative density of all the
composites prepared by pressureless
sintering and SPS is higher than 97%, Fig. 1.
The microstructures of the specimens are
shown in Fig. 2. From Fig. 2, even though
the temperature of SPS is low and time at
peak temperature is short, the density is rather
high. It further confirms that dense
composites can be prepared by SPS at a
temperature much lower than the one for
conventional sintering.

Fig. 1, The relative density of the ZrOz—matrix
composites.

The specimens shown in Fig. 2 were
ground and polished, then etched thermally at
1250C for half hour. The atmosphere applied
for the thermal etching processing was
nitrogen. A small amount of oxygen was
present in the atmosphere. The Ni particles
on the polished surface were thus oxidized
during thermal etching. Therefore, the bright



particles were virtually nickel oxide. It size is Fig. 2, SEM micrographs of the (a) ZrO, (b)
bigger than the size of the Ni inclusions. ZrOz-A1203, (c) ZrO2—Ni and (d) Zroz_

Al O_-Ni specimens prepared by spark
plasma sintering at 1350C for 5 minutes.

The size of ZrO, matrix grains in the
composites is shown in Fig. 3. The presence
of Al O, and Ni inclusions can all enhance
the size of ZrO_ matrix grains. The size of
ZrO, grains in the SPS specimens is smaller
than those in the pressureless sintered
specimens. The strength and toughness of the
composites are shown in Fig. 4 and Fig. 5,
respectively.
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Fig. 3, Size of matrix ZrO, grains in the
specimens.
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Fig. 4, Strength of the ZrO, matrix

composites prepared by pressureless
sintering and SPS.
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Fig. 5, Toughness of the ZrO2 matrix

composites prepared by pressureless
sintering and SPS.

Though the size of ZrO, matrix

grains in the composite is larger than that in
the pure ZrO R specimen, the strength of the
composite is higher than that of pure ZrO,. It
is also noted that the strength of the SPS
specimens is higher than the presureless
sintered specimens. Furthermore, the strength
of the ZrO -Ni composite reaches a value as
high as 1600MPa, though the Ni content in
the composite is only 0.9 vol.%.

The toughness of all the composites
is more or less the same. It may due to that
the inclusion content is very low, the toughing
mechanisms are not active enough to result in
significant toughness increase.’
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Nano-sized nickel particles were
prepared by a solution coating technique.
Dense ZrO,-Al O, -Ni composites were
prepared by presureless sintering and spark
plasma sintering. The strength of the
composite is higher than that of pure zirconia,
though the toughness is more or less the
same.
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