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Evaluation of low temperature degradation of 3Y-TZP in artificial saliva
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In the last years, 3 mol% yttria-stabilized tetragonal zirconia polycystals (3Y-TZP) is consider as novel
advanced ceramic material. It has been used in dentistry for restorations because its mechanical
properties, biocompatibility, and its color similar to tooth color. [1] However, a disadvantage of the
zirconia is the low temperature degradation or aging. Eventually, causing a decrease in mechanical
properties and durability of the material. To determinate the integrity of the material normally
accelerated aging test in steam water are made [2], simulating in a few hours what might happen in years
of use. [3]

The present work evaluated the aging behavior of samples of 3Y-TZP sintered at 1400°C, for one year
under a solution of artificial saliva to oral conditions: temperature of 37°C and pH 6.8

By XRD analysis was confirmed the existence of monoclinic phase after the aging. Using the Rietveld
method phases were quantified. The hardness of the samples was determined using microhardness and
the results obtained were compared with those reported in the literature that have been aged by the
accelerated process.

The results of aging, show that degradation starts in the fourth month and reaches the maximum
destabilization phase at 12 months with nearly 11% of monoclinic phase.

One of the most important results of this work is the comparison of degradation in artificial saliva
compared to the accelerated aging test that are commonly used. The correlation is that five hours of
accelerated aging corresponds to similar results from 1-2 months in artificial saliva. Because the test in
situ allows the material is in contact with the solution 24 hours per day, the water has more opportunity
to infiltrate between the grains, causing further phase transformation and thus is closer real oral
conditions.

The results of the fracture toughness of the samples of 3Y-TZP, check what is written in the literature.
Most transformation of tetragonal to monoclinic phase, most resistance to the crack from spreading
because of the stress associated with volume expansion related to the phase change (figure 2). However,
if the material continues deteriorate, there will come a time when the material will fracture.
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Figure 1. a) Scanning electron microscopy image of 3Y-TZP before aging. The grain size varies from
about 100nm to 500nm. b) Atomic force microscopy image before aging. The surface roughness is about

3nm. c) Atomic force microscopy image after 12 months of aging. The surface roughness increased to
6nm.

Figure 2. a) and b) Indentation of sample of 3Y-TZP before aging, ¢) and d) Indentation of sample of
3Y-TZP after 12 months of aging.
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