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Introduction 
The use of zirconia (3Y-TZP) for dental applications is steadily expanding. Full contour,
monolithic zirconia restorations have been recently introduced, together with zirconia
dental abutments and implants. However, surface adjustments by grinding may be
necessary while air abrasion is a recommended clinical step prior to cementation of
dental restorations. Concurrently, it is well established that 3Y-TZP is susceptible to low
temperature degradation (LTD) in a humid environment, and that this susceptibility is
dependent on grain size, larger grains being more susceptible to LTD. It has also been
shown that when 3Y-TZP is heat treated after grinding or machining, recrystallization
into smaller nano-grains occurs1. The aim of this study was to assess the effect of
surface recrystallization heat treatment after air abrasion on the susceptibility to aging of
dental zirconia sintered at various temperatures. The hypothesis tested was that
recrystallization heat treatment after air abrasion may induce the formation of ultrafine
grains at the surface and thereby prevent the formation of monoclinic phase (m-phase)
by LTD.

Experimental
• Cylindrical 3Y-TZP blanks (TZ3YE, Tosoh, Japan) were prepared by cold isostatic

pressing and sectioned into disc-shaped specimens (18 mm in diameter, 1.5 mm
thick).

• Discs were sintered at temperatures ranging between 1350ºC and 1600ºC for 2h and
randomly assigned to various treatment groups (n=3 per group).

• For each sintering temperature, one group was left as-sintered as control, one group
was air abraded with alumina particles (50 µm, 2 bars), one group was air abraded
and heat treated at 1200ºC/15 min., one group was artificially aged in an autoclave
for 1h after air abrasion and heat treatment.

• Treatment groups are summarized in Figure 1.

• Crystalline phases were analyzed by x-ray diffraction (XRD) in Bragg-Brentano
configuration at a scanning rate of 0.2º/min.

• The mean grain size was measured on polished and thermally etched specimens, in
contact mode atomic force microscopy (AFM) using a line intercept technique,
according to ISO standard 133562. The grain size after air abrasion and
recrystallization heat treatment was measured on scanning electron micrographs.

Results and Discussion
The mean grain size increased linearly with the sintering temperature from 0.23
±0.019µm at 1350ºC to 0.61±0.075µm at 1600ºC. Representative AFM images are
shown in Figure 2. The mean grain size as a function of sintering temperature is
graphically displayed in Figure 3.

A significant decrease in mean grain size in the range 0.15-0.18 µm was observed after
air abrasion followed by recrystallization heat treatment at 1200ºC for 15 min.,
regardless of sintering temperature. Representative scanning electron micrographs
after air abrasion and after air abrasion followed by recrystallization heat treatment at
1200ºC/15min. are shown in Figures 4A and 4B.

X-ray diffraction analyses confirmed the formation of monoclinic phase (m) and
the occurrence of ferro-elastic domain switching (FDS) after air abrasion
(Figure 5A). Air abrasion followed by recrystallization heat treatment at 1200ºC
for 15 min. was associated with the elimination of the m-phase by reverse
transformation, while evidence of irreversible FDS remained (Figure 5B).

As shown in Figure 6A, XRD after aging for 1h confirmed the formation of m-
phase, with the exception of the group sintered at 1350ºC. There was no
monoclinic phase present for specimens that were aged for 1h after air
abrasion and recrystallization heat treatment, regardless of sintering
temperature (Figure 6B).

These results are in line with previous studies showing that recrystallization
heat treatment after air abrasion or grinding is associated with nano-grain
refinement. Since the transformability of tetragonal zirconia decreases with
grain size, recrystallization heat treatment also prevented the formation of
monoclinic phase after hydrothermal aging.

Conclusions

• Recrystallization heat treatment after air abrasion led to grain refinement
and successfully prevented LTD in 3Y-TZP.

• These results may have a positive clinical impact on the prevention of LTD
for dental restorations and dental implants.
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Figure 1. Summary of various treatment groups.
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Figure 3. Mean grain size 
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Figure 2. Atomic force micrographs of polished and thermally etched specimens (bar=5 µm).

Figure 4. Representative scanning electron micrograph after air abrasion (A) and 
after air abrasion followed by recrystallization heat treatment at 1200ºC/15 min. (B) 
(bar = 3µm).
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Figure 5. XRD patterns after air 
abrasion (A) and after air abrasion 
followed by recrystallization heat 
treatment at 1200ºC for 15 min. 
m: monoclinic phase; FDS: ferro-
elastic domain switching.

B

A

Figure 6. XRD patterns after air abrasion (A) and after aging 
for 1h (A) and after abrasion followed by recrystallization heat 
treatment at 1200ºC for 15 min. and aging for 1h (B). 
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