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¥ AL Fm 3 B Fabrication of Nanocomposites in Alumina-Zirconia
System by Using Centrifugal Slip Casting Method
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Continued requirements from industry for higher performance materials initiate the endeavors
of using nano-particle reinforcement in advanced ceramics. Zirconia toughened alumina ceramics
(ZTA) are important ceramic materials. However, using the mechanisms of nano-particle
reinforcement has not been proved in this system. The objective of present work is to fabricate
nano-composite in Al203-ZrOz system by using the centrifugal slip casting method.

Application of centrifugal method in advanced ceramics processing has been quite recent and
more intensive research works are required for wider use of the method. Centrifugal consolidation
of two alumina powders, which have distinct characteristics with respect to particle size, size
distribution, purity, etc., was studied, to get more general information concerning
rheology-consolidation relations. Present work clearly revealed that the characteristics of the
starting powders have significant effects on the consolidation behaviors in centrifugal
consolidation. The coarse powder showed a larger maximum packing density than that of a
powder with finer particle size, higher purity and narrow particle size distribution. With the
increase of the solid loadings, the packing density of the fine powder continually increased,
whereas that of the coarse powder increased to a maximum value at 56 vol% solid content and
then decreased. It is necessary to find an optimum solid concentration with respect to maximum
packing density, avoidance of segregation and easiness for processing. Mass segregation was
avoided in 56 and 44 vol% suspensions for the coarse and fine powders, respectively. Density
gradient along the height of the green compacts linearly decreased from the bottom to the top of
the cakes, with the fine powder showing smaller density gradient. The slight density gradient
along the height of the consolidated cakes was found to be inherent for centrifugal slip casting

and the magnitude of which varied with the starting powders. The effects of the slight density



gradient were found to be insignificant for most ceramics processing.

Available works mainly concentrated on centrifugal slip casting preparation of monolithic
ceramics. Present work reports a first attempt in fabricating uniform ZTA ceramics by using the
centrifugal slip casting method. Suspensions with 30, 40 and 45 vol% solids loadings were
prepared and used to fabricate AleO3-5vol%ZrO2(3Y-TZP) ceramics. Slight variation in the green
density was observed along the height of a specimen as well as between the samples prepared
from slurries of different solid content. It was found that the segregation mainly results from the
differential settling of aggregates in the starting ZrO2 powder. If coarse aggregates or undesirable
inclusions were absent in the starting powders, slurry of 30~45 vol% solid content would be quite
suitable for preparing quite uniform green compacts. Present work proved that centrifugal slip
casting is also effective in the fabrication of uniform composite if suspensions of appropriate solids
concentration and starting powders of adequate particle size were adopted.

The microstructural evolution and grain growth behaviors for the fine AloO3-ZrOz powders were
investigated to establish processing conditions leading to nano-sized microstructures for ZTA
ceramics. Two kinds of nanocomposites have been fabricated by varying the processing conditions.
The nano-nano composites have been obtained for the samples with higher ZrOz content sintered
at 1400°C for 1 h. The composites with 5 and 10 vol% ZrO2 content fired at temperatures over
1550°C revealed microstructural features of a hybrid-type nanocomposite. It was found that the
amount of intragranular particles is firing condition dependent. The zirconia composition for
avoiding breakaway grain growth was higher than 5 vo% that suggested in a previous work.
Grain growth kinetics for the fine powders could be described using conventional power law grain
growth relationship, however, fitting of grain size data to the equation gave higher value of
grain-growth exponent.

The concept of nano-FGMs was introduced. Centrifugal slip casting method was applied for the
fabrication of alumina-zirconia composites with continuously graded structures. It was possible to
tailor the graded structures by varying zirconia powder size and content, for dilute suspensions
with a total solids content of 20 vol%. A three-region composition profile was observed for the
graded materials, with the middle region showing a nearly linear variation of composition. It is
interesting that this region occupied a larger part of the component. Because of the segregation of
particles of different sizes, nano-scaled microstructures were obtained in the top layer of the
specimen. Bending test showed that the graded composites had higher strength than that of
uniform composites. The specimens fractured with the lower zirconia content region being the
crack initiate plane showed higher bending strength than that of from higher zirconia content
region. Increased fracture toughness could be one of the reasons for the fracture strength
improvement. Present work indicated that graded structures in alumina-zirconia system could be

positively used to strengthen the composite.
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