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Ceramic-Ceramic Wear of Zirconia/Alumina Composites
for the Application of Total Hip Replacement
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Abstract - The sliding wear behaviors of three different compositions of novel low temperature degradation-free
zirconia/alumina (LTD-free Z/A) composites were examined in a ceramic-ceramic contact pair. The wear tests
were performed by using a pin-on-disk type wear tester in a linear reciprocal sliding motion with a line contact
in both dry and bovine serum lubricated conditions at room temperature. From the results of dry sliding wear
tests, Z/A#1((5.3Y, 4.6Nb)-TZP/80 vol% AlO;) showed the best wear resistance among three kinds of LTD-free
Z/A composites. For the bovine serum lubricated sliding wear tests, wear was too little to be measured for all
kinds of Z/A composites. These novel LTD-free Z/A composites having excellent wear resistance demonstrated
a potential as the alternative materials for the ceramic-ceramic contact pairs of femoral head and acetabular liner

in total hip replacement.
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Table 1. Compositions of LTD-free Z/A composites
A4 z4

Z/A #1 (20 vol%(5.3Y,4.6Nb)-TZP/80 vol% Al,Os)

Z/A #2 (80 vol%(5.3Y,4.6Nb)-TZP/20 vol% AlLO;)
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ZIA #3 (80 vol%(3.0Y, 1.6Nb, 3.6Ce)-TZP/20 vol%
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Fig. 1. Pin-on-disk wear taster.
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Table 2. Degrees of debris formation on each com-
posite disk specimen during wear test duration

AH

Number Z/A #1 ZA #2 ZIA #3
of cycle

1x10" cycles  debris () debris (1) debris ()
2x10* cycles debris () debris (1) debris ()3
3x10"cycles  debris () debris (K) debris (F)
4x10" cycles  debris () debris (k) debris (K)
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Fig. 2. Digital photographs showing wear track and debris formation on each composite disk specimen.
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Fig. 3. Depth profile of wear track formed on each composite disk specimen observed by a confocal microscope.
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Fig. 4. SEM photographs showing surface damage and debris formation on each worn surface of composite disk

specimen tested in a dry condition.
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Fig. 5. SEM photographs showing surface damage and debris formation on each worn surface of composite disk

specimen tested in a lubricated condition.
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