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Abstract

The excellent clinical performance of yttria-partially stabilized zirconias (Y-SZs) makes them promising materials

for indirect restorations. However, the Y-SZ phase stability is a concern, and infiltrating Y-5Zs with a silica nanofilm may
delay their degradation processes. In this study, we analyzed stabilities of silica-infiltrated zirconia surfaces after expo-
sure to artificial aging (AA).

Four zirconia materials with different translucencies (n=40) were used, including low translucency 3 mol% Y-SZ (3Y-LT,
Ceramill ZI, Amann Girrbach); high translucency 4 mol% Y-SZ (4Y-HT, Ceramill Zolid); and two high translucency 5
mol% Y-SZs (5Y-HT, Lava Esthetic, 3M and 5Y-SHT, Ceramill Zolid, FX white). Sintered specimens were exposed to 40
cycles of silica (SiO,) through room temperature atomic layer deposition (RT-ALD) using tetramethoxysilane (TMOS)
and ammonium hydroxide (NH,OH). AA was applied for 15 h in an autoclave (134°C, 2 bar pressure). Stabilities

of zirconia-silica surfaces were characterized in terms of hardness and Young's modulus using nanoindentation tech-
niques and crystalline contents using x-ray diffraction (XRD) analyses. Silica deposition was also characterized by X-ray
photoelectron spectroscopy (XPS).

There was a significant effect of the interaction of materials and surface treatments on the hardness and Young's mod-
ulus values of zirconia-silica surfaces (p < 0.001). Silica deposition on zirconia surfaces improved the material resistance
to degradation by AA.
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Introduction
Zirconia-based dental ceramics are promising materi-
als in dentistry, medicine and engineering due to their
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metastable when exposed to specific conditions such as
stress and humidity.

Low temperature degradation (LTD) has been reported
as an unavoidable process that happens when Y-SZ is
exposed to localized stresses in the presence of humidity
at low temperatures (Amaral et al. 2013; Ban et al. 2008;
Kim et al. 2010; Lughi and Sergo 2010). The crystalline
t-m transformation begins at localized spots. This trans-
formation is associated with generalized granular vol-
ume increase. It leads to compressive stresses, inducing
a cascade of events that lead to development of a surface
and sub-surface t-m layer that affect the surface and bulk
properties of Y-SZ by changing the surface roughness and
reducing the overall strength of the material (De Souza
et al. 2017; Flinn et al. 2017; Monzavi et al. 2020; Pinto
et al. 2016). Our previous studies have indicated that
nanospaces at grain boundaries may be used for the infil-
tration of materials (Alfrisany et al. 2022; Bastos-Biten-
court et al. 2021) to minimize LTD of zirconia materials.

To increase the resistance of Y-SZ to LTD, a variety of
techniques have been previously described (Aboushelib
et al. 2009; Cakir-Omur et al. 2019; Hiibsch et al. 2015;
Kohorst et al. 2012; Nakamura et al. 2011), including the
infiltration of zirconia with glass—ceramics and silica
(Si0,) film coating (Cakir-Omur et al. 2019; Chen et al.
2012). However, drawbacks have been reported for each
technique, which limit their applicability (Devi 2013;
Muioz-Rojas et al. 2019; Zaera 2012). The use of silica
physical vapor deposition (PVD) to zirconia surfaces has
shown mixed results on Y-SZ degradation as a function
of the level of finishing of the substrate (Cakir-Omur
et al. 2019). For example, a previous study on the usage
of PVD for coating zirconia materials with silica have
showed no effect of silica coating on the LTD of the aged
zirconia specimens. However, silica coating increased the
resistance of ground zirconia to LTD and thus the t-m
transformation was inhibited (Cakir-Omur et al. 2019).

Atomic layer deposition (ALD) is a form of chemical
vapor deposition (CVD) to deposit inorganic thin films,
commonly used for microelectronics fabrication. It has
also been used for the infiltration of nano-scale thin films
in a wide range of fields (Bakke et al. 2011; Bishop 2011;
Leskeld and Ritala 2002; Meng et al. 2012). The tech-
nique depends on self-limiting vapor—solid reactive pre-
cursors (Xie et al. 2014), and enables the deposition of a
series of nano-scale thin layers of oxides with controlled
thicknesses on different substrates such as polycrystalline
and amorphous materials (Ferguson et al. 2000; Ritala
et al. 1997, 1993). However, ALD presents some limita-
tions, such as restricted options for the chemical pre-
cursors that can be used, and the necessity of vacuum
conditions (Devi 2013; Mufoz-Rojas et al. 2019; Zaera
2012). Further, ALD precursors are required to be highly
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reactive and robust enough to avoid thermal decomposi-
tion (Devi 2013; Zaera 2012). Meanwhile, ALD requires
a vacuum condition, demanding specialized equipment
and increasing its operational costs (Muiioz-Rojas et al.
2019). Thus, the understanding of the usage of ALD for
the deposition of SiO, thin films on dental zirconia is
very limited, so this adds a gap in the knowledge of the
applicability of this technique to dental materials (Yan
etal.,, 2021).

Room temperature atomic layer deposition (RT-ALD)
is an alternative technique that enables the deposition
of silica (SiO,) thin films on zirconia substrates (Bastos-
Bitencourt et al. 2021), by the sequential exposure of
specimens to tetramethoxysilane (TMOS) and ammo-
nium hydroxide (NH,OH) (Hatton et al. 2010; Klaus and
George 2000; Klaus et al. 1997). With this process, thin
layers of silica films have been previously deposited at
rates of 4-5 nm per cycle at room temperature and ambi-
ent conditions (Hatton et al. 2010). In a previous study,
the infiltration of 3Y-SZ with silica was demonstrated in
a depth of approximately 900 nm when the ¢-m microc-
racked layer was developed by controlled hydrothermal
treatment (Alfrisany et al. 2022). However, the effect of
silica nano-oxide deposition via RT-ALD on the degra-
dation resistance of zirconia-based materials remains
unknown. Therefore, this study aimed to analyze stabili-
ties of hybrid silica-zirconia surfaces after exposure to
artificial aging. Hydrothermal treatment (HTT) was used
prior to RT-ALD as a way to develop a ¢-m microcracked
layer to develop nanospaces to be infiltrated by the silica
vapor. The null hypotheses to be tested were (1) Silica
deposition/infiltration has no effect on the crystalline
stability or the surface mechanical properties of zirconia-
based materials; and (2) Zirconia composition has no
effect on the crystalline stability or the surface mechani-
cal properties of zirconia-based materials.

Materials and methods

Experimental groups

Dental zirconia materials with different translucencies
were used (Table 1). Specimens were sintered follow-
ing the manufacturers’ recommendations, obtaining the
final dimensions of 14 mmXx4 mmX2 mm (+0.2 mm)
(n=10 per group/material). Specimens were ground
and wet-polished and then heat-treated in a labora-
tory chamber furnace (CWF1300, Carbolite, Hope val-
ley, UK) to remove any compressive strains generated by
the polishing procedure (Ho et al. 2009). The annealing
cycle commenced the heating of the specimens at a heat-
ing rate of 5 °C/min to 1200 °C, holding the temperature
for 2 h, then cooling at a cooling rate of 1°C/min to room
temperature. Specimens from each material were then
randomly distributed into six experimental groups to
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Table 1 Characteristics of zirconia-based materials
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Material description/Batch number

Composition (wt. %)

2r0, + HfO, +Y,0,

Y,0, Other oxides

Ceramill Zi-low translucency, Amann Girrbach >99.0
(3Y-LT)

LOT#1807000

Ceramill Zolid, Amann Girrbach,
(4Y-HT)
LOT#1806002

Lava Esthetic Fluorescent, 3M ESPE
(5Y-HT)

LOT#3584272

Ceramill Zolid fx, Amann Girrbach
(5Y-SHT)

LOT#1701000

>99.0

>99.0

>99.0

45-56 <5 <05 <1

6.7-7.2 <5 <05

IN

9.15-9.55 <5 <05

IN

Zr0, Zirconium dioxide, HfO, Hafnium dioxide, Y,0; Yttrium oxide, A/,0; Aluminium oxide

undergo surface treatment and artificial aging processes
(Table 2). Untreated groups as control (C) specimens
were stored in deionized water (~22 °C) until analyses
were performed.

Hydrothermal treatment (HTT)

To expedite the development of a transformed (microc-
racked) layer in a zirconia surface, specimens were placed
in autoclave (Mid Mark M9—Ultraclave, Midmark, Ver-
sailles, OH, USA) following the International Organi-
zation for Standardization (ISO) protocol (ISO-13356,
2015) at 134 °C and 2 bar pressure for 15 h. HTT param-
eters were based on the findings of previous studies that
characterized properties of the t-m transformed layer
(Alfrisany and De Souza 2022; Pereira et al. 2015; Xiao
et al. 2012).

Silica (SiO,) deposition (RT-ALD)

To improve the wettability of zirconia, a thin layer of a
silane-based primer of 3-trimethoxysilylpropylmeth-
acrylate (MPS, RelyX ceramic primer, 3M ESPE—Saint
Paul, MN, USA) was applied to a zirconia surface with
a micro brush and air-dried (Lima et al. 2019). Silica

Table 2 Experimental groups according to surface treatment

deposition using RT-ALD was carried out in a fume hood
at room temperature. Specimens were placed on a
metallic mesh that was elevated over conical centrifuge
tubes containing either tetramethoxysilane orthosilicate
(TMOS-Sigma-Aldrich, 98%) or ammonium hydroxide
(NH,OH-Sigma-Aldrich, 30 wt. % solution) for 1 min
and 10 min, respectively (Hatton et al. 2010). To ensure
full coverage of the Y-SZ substrate with silica, 40 cycles
were applied.

Artificial aging (AA)

To investigate the effect of silica deposition on the resist-
ance of zirconia to degradation during aging, an accel-
erated artificial aging (AA) was performed by applying
a second HTT procedure, following the ISO protocol
(ISO-13356, 2015) for 15 h, as previously described.

Nanoindentation

Nanoindentation was carried out on the zirconia speci-
mens to evaluate their hardness and Youngs modu-
lus. Prior to the indentation testing, all specimens were
cleaned in acetone in an ultrasonic bath for 10 min and
thoroughly dried in air. Using a progressive loading

Experimental groups

Surface treatment

Control (C)
Hydrothermal treatment (HTT)
Room temperature atomic layer deposition (RT-ALD)

No surface treatment

Hydrothermal treatment in autoclave for 15h at 134 °C, 2 bars
Silica deposition using subsequent vapor exposure to tetramethoxysilane orthosilicate (TMOS)

(1 min) and ammonium hydroxide (NH,OH) (10 min) for 40 cycles

Hydrothermal treatment (HTT) +RT-ALD (HTT-RT-ALD)
RT-ALD + Artificial aging (AA) (RT-ALD-AA)

HTT was applied followed by silica deposition by RT-ALD
RT-ALD treated specimens (RT-ALD) were exposed to AA for 15 h using the same HTT param-

eters previously described

HTT+RT-ALD +AA

15 h of AA was applied on HTT-RT-ALD specimens
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and partial unloading multicycle mode, a nanoindenter
(NHT®—Anton Paar Gmbh, Austria) equipped with a
50 nm radius Berkovich diamond tip was used to per-
form 35 indentations on each specimen with a distance
of 20 pm between indentations. The maximum load of
100 mN, a penetration depth of 800 nm, and a loading/
unloading rate of 200 mN/min were applied. The hard-
ness and Young’s modulus values were calculated accord-
ing to the maximum load and the maximum penetration
depth using the Oliver and Pharr method (Oliver and
Pharr 1992).

Crystalline phase quantification

Crystalline phase compositions of specimens were ana-
lyzed using x-ray diffraction (XRD). The XRD patterns
were collected with a diffractometer (Bruker D8 DIS-
COVER with DAVINCI design) equipped with a cobalt
sealed tube source (A avg=1.79026 A) and an area detec-
tor (Vantec 500, MiKroGap—TM technology). Three
frame exposures of 900 s/frame and detector distance of
20 cm were collected between 20-80° diffraction angles.
2D frames were also collected using software ( Version
7.5, DIFFRAC.Measurement Centre) and integrated to
1D ones using software (Version 5.2, DIFFRAC.EVA) and
displayed and analyzed using Topas software (Version 5,
Bruker AXS). The quantitative analysis was performed
using the whole pattern fitting approach with the Riet-
veld method (Young 1993).

X-ray photoelectron spectroscopy (XPS) analysis

3Y-LT and 5Y-HT specimens were analyzed using X-ray
photoelectron spectroscopy (XPS, Escalab 250Xi Thermo
Fisher Scientific—E. Grinstead, UK) to characterize their
outermost Y-SZ surface compositions as a result of RT-
ALD. All data was processed using the software sup-
plied with the system (Avantage 5.957). Relative atomic
percentage (Rel. At. %) compositions were obtained
from individual region spectra by subtracting a modi-
fied Shirley-type background (designated "Smart" in the
software) and applying the supplied sensitivity factors
(Shirley 1972). For very weak peaks, a linear background
was used.

Hardness and Young'’s modulus data analyses

The hardness and Young’s modulus results were calcu-
lated to obtain their mean and standard deviation values
for each experimental group. Two-way analysis of vari-
ance (ANOVA) and Tukey Honest Significance Differ-
ence (HSD) at 5% significant level (p=0.05) were used to
determine the effects of materials and surface treatments
on the surface hardness and Young’s modulus. The inde-
pendent factors were zirconia compositions (four lev-
els) and surface treatments (six levels). In the case of a
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significant interaction effect, one way ANOVA and Tukey
HSD tests at 5% significant level (p=0.05) were used for
post hoc comparisons. When the test of homogeneity of
variances was significant in Young’s modulus, Games-
Howell test at 5% significant level (»p=0.05) was used for
post-hoc comparisons.

Results
Surface hardness and Young's modulus
The results of the two-way ANOVA indicated a signifi-
cant interaction effect (material and surface treatment)
on zirconia surface hardness (p<0.001) (Fig. 1). For
3Y-LT, the control group specimens were significantly
harder than all other groups, except RT-ALD treated
specimens, which are as hard as the control group. Arti-
ficial aging significantly decreased hardness values for
3Y-LT and did not affect those for HTT and HTT-RT-
ALD groups. For 4Y-HT, the control, and HTT, RT-ALD-
AA, and HTT-RT-ALD-AA treated groups had similar
hardness, which are significantly higher than RT-ALD
and HTT-RT-ALD treated groups (p <0.05). For 5Y-HT
and 5Y-SHT materials, all hardness values were not sig-
nificantly affected by the different treatment (p > 0.05).
There was a significant interaction effect (material and
surface treatment) (p <0.001) on zirconia Young’s modu-
lus (Fig. 2). The highest Young’s modulus of 241.98 +9.00
GPa were measured for 5Y-SHT after RT-ALD while the
lowest values of 175.95+5.78 GPa were found for 3Y-LT
zirconia after HTT. The moduli of artificially aged 3Y-LT
showed a significant decrease when compared to the
control and RT-ALD groups, but they were comparable
to HTT and HTT-RT-ALD groups.

Crystalline phase quantification

The Rietveld quantification of XRD analysis showed no
or a small amount of monoclinic phase, less than 5 vol
%, in all control groups tested (Fig. 3). The HTT treat-
ment resulted in an increase in the m content by 68.6
vol % in 3Y-LT specimens, which is higher than 58.7 vol
% processed by RT-ALD-AA but lower than 78.1 vol %
treated by HTT-RT-ALD-AA. As expected, all groups of
high translucency zirconia materials (4Y-HT, 5Y-HT, and
5Y-SHT) had higher crystalline stabilities than 3Y-LT,
regardless of the surface treatment employed.

XPS

The XPS analysis showed an example of effective silica
depositions on both 3Y-LT and 5Y-HT processed (Fig. 4),
both revealing an increase in Si content and a decrease
in Zr content after RT-ALD. For 3Y-LT, the atomic
ratios of Si in RT-ALD groups were higher than those
of the groups with and without previous HTT expo-
sure (e.g., 30.9 vol % for HTT-RT-ALD versus 29.6 vol
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% for RT-ALD groups). A decrease in silica content was
observed as a result of artificial aging (AA), with higher
residual amounts being detected for HTT-treated speci-
mens (HTT-RT-ALD-AA group with 12.9 vol %). 5Y-HT
also showed an increase in silica on the surface with a
decrease in Zr atomic ratio after RT-ALD exposure. Arti-
ficial aging resulted in a decrease in the silica content on
the surface of RT-ALD groups. Surprisingly, HTT-RT-
ALD group of 5Y-HT material showed an increase in sil-
ica content after AA.

Discussion

In the present study, the stability of zirconia materi-
als exposed to silica via RT-ALD was examined through
accelerated artificial aging in autoclave. The 15 h dura-
tion of the artificial aging applied was based on previous
investigations of the mechanical and bulk properties of
zirconia materials, as well as preliminary data on depths
of t-m transformed zones (Alfrisany and De Souza 2022;
Pereira et al. 2015; Xiao et al. 2012). The International
Organization for Standardization (ISO) defines that
hydrothermal aging for 5 h in autoclave at 134 °C (ISO-
13356, 2015) resulting in no more than 25 vol % of m
phase in zirconia is considered appropriate for biomedi-
cal use (ISO-13356, 2015; Siarampi et al. 2014). However,

accelerated aging standards are currently missing to
evaluate the stability of zirconia-based materials in dental
application, in spite of various studies reporting signifi-
cant changes in zirconia crystalline structure as a conse-
quence of hydrothermal aging (Alfrisany and De Souza
2022; Chevalier et al. 1999, 2007; de Aradgjo-Janior et al.
2020; Deville et al. 2005; Hajhamid et al. 2022; Kelesi
et al. 2020; Kobayashi et al. 1981).

In this study, the stability of RT-ALD treated zirconia
substrates was characterized by the surface hardness,
Young’s modulus, crystalline compositions and surface
chemical compositions. The measured hardness and
Young’s modulus values were similar to those reported
in previous studies (Alfrisany and De Souza 2022; Cat-
tani-Lorente et al. 2014; Gaillard et al. 2008). There was a
significant interaction effect of material and surface treat-
ment on hardness. For instance, without RT-ALD, HTT
only affected the hardness of low translucency 3Y-LT. The
detrimental impact of HTT on the properties of 3Y-LT
may be associated with the development of microcracks
and the higher monoclinic phase content confirmed
by the XRD crystalline distribution (Fig. 3). This is in
agreement with studies previously published (De Souza
et al. 2017; Monzavi et al. 2020). The increased mono-
clinic content deteriorates the surface roughness and
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compromises its mechanical properties (Aldegheishem
et al. 2015; Borchers et al. 2010; Cattani-Lorente et al.
2011; De Souza et al. 2017; Gaillard et al. 2008; Monzavi
et al. 2020). When artificial aging was applied, surface
hardness of RT-ALD treated 3Y-LT specimens decreased
in comparison to the non-aged control groups. However,
when 3Y-LT was hydrothermally treated and silica depo-
sition was applied (HTT-RT-ALD), a stable performance
of the material was observed, since the hardness was not
significantly affected by artificial aging (HTT-RT-ALD-
AA). This effect is possibly associated with the infiltration
of silica into the ¢-m transformed layer of zirconia, seal-
ing and protecting it against further microcrack-induced
degradation by artificial aging. It is hypothesized that sil-
ica nanofilm may have surrounded some tetragonal crys-
tals to prevent further degradation.

HTT negatively affected the Young’s modulus of
untreated 3Y-LT (Fig. 2), which may be attributed to the
increased monoclinic content after HTT and the devel-
opment of surface microcracks as a result of surface crys-
talline changes (Matsui et al. 1986). Studies have reported
the decreases of approximately 30% in Young’s moduli for
3Y-SZ materials, depending on the temperatures and the
durations of artificial aging processes (Cattani-Lorente
et al. 2011; Chowdhury et al. 2007; Ramesh et al. 2018).
As t-m transformation starts from the surface and pro-
gresses into the bulk of the material (Chevalier et al.
2007), a constant increase in the m phase was expected.
However, the progress of t-m transformation in this study
could not be detected due to the limitations of the X-ray

diffraction technique applied. When RT-ALD treated
3Y-LT specimens were exposed to artificial aging with-
out prior HTT (RT-ALD-AA), the Young’s modulus val-
ues were also negatively affected. Similar to the hardness
results, when 3Y-LT specimens were exposed to HTT fol-
lowed by RT-ALD (HTT-RT-ALD), the subsequent artifi-
cial aging (HTT-RT-ALD-AA) did not significantly affect
the Young’s modulus. The successful silica infiltration to
transformed zirconia layers may have helped to maintain
the surface Young’s modulus. Nonetheless, the penetra-
tion depths of the nanoindentation test were set to be
approximately 800 nm, which might have exceeded the
thicknesses of silica deposition layers tested. Based on
a previous investigation (Alfrisany et al. 2022), the silica
deposition depths range from 10 to 1300 nm depending
on zirconia composition and the presence or the absence
of the t-m transformed layer. This might influence the
nanoindentation data obtained in the current study, and
a further investigation of the actual silica layer thick-
nesses will be conducted in the future.

All high translucency materials were relatively stable
(Fig. 3), revealing less than 5 vol % of monoclinic phase
after all of the surface treatments assessed. Only 3Y-LT
group had noticeable changes in the m contents due to
both HTT and AA. The former resulted in 68.8 vol % m
content in 3Y-LT. When the specimens were treated with
RT-ALD and exposed to artificial aging, the m content
reduced to 58.7 vol %, indicating that RT-ALD exerted
some protective effect over the degradation. However,
when the specimens were exposed to hydrothermal



Alfrisany et al. J Mater. Sci: Mater Eng. (2024) 19:30

treatment, silica deposition, and artificial aging (HTT-
RT-ALD-AA), a higher m content of 78.1 vol % was
measured. The explanation for the slower progression of
the t-m transformation may be twofold: either the silica
film exerted a protective effect or the crystalline changes
had reached a point where the transformation rate
reduced with the silica deposition depth due to the pro-
tective effect on the transformed layer.

As expected, silica contents were increased in both
3Y-LT and 5Y-HT materials investigated (Fig. 4) after
RT-ALD. However, the amount of silica deposited on
5Y-HT was noticeably lower than on 3Y-LT, especially
for the hydrothermally treated specimens. This could be
explained by the differences in the crystalline structure/
orientation of the two materials. As previously men-
tioned, t-m transformation is associated with the creation
of a layer that is porous and microcracked to enable the
penetration of the silica vapor. Upon artificial aging, the
amounts of silica deposited on 3Y-LT zirconia surfaces
were greatly reduced compared to the non-aged RT-ALD
treated specimens. This is consistent with the further
penetration of silica into the bulk material, making it dif-
ficult to be detected by XPS.

Based on the findings of the current study, the first null
hypothesis was rejected. This means that silica deposition
does affect the crystalline stability and surface mechani-
cal properties of zirconia-based materials. After artifi-
cial aging, RT-ALD treated 3Y-LT specimens showed a
lower t-m transformation rate than non-RT-ALD-treated
specimens, which might indicate improved resistance
to degradation. Besides, none of the high translucency
materials showed changes on ¢-m transformation rate
as a result of RT-ALD. The second null hypothesis was
also rejected. This indicates that zirconia composition
does affect its crystalline stability and surface mechanical
properties because zirconia materials with different com-
positions showed differences in m1 content after aging.

In this study, silica nanofilm depositions on different
dental zirconia materials via RT-ALD were investigated
regardless of the ability of the materials to undergo ¢-m
transformations after hydrothermal aging. The thick-
nesses of silica films deposited on the materials were
not yet characterized and will be measured in the future
studies. It is worth mentioning that the challenges pre-
sent in the oral environment, such as mastication forces
and temperature variations, can be even more detrimen-
tal to the crystalline stability of zirconia materials (Pinto
et al. 2016) and were not reproduced in the current study.
Lastly, regarding the apparent slower degradation in
3Y-LT, this study sheds light on a feasible technique for
the production of functionally graded zirconia materials,
which has been long needed in many areas of industry
and medicine.
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Conclusion
Based on the current study, the following conclusions can
be drawn as follows:

1. The interaction of zirconia composition and surface
treatment affected the hardness and Young’s modu-
lus of treated zirconia materials.

2. Low translucency zirconia showed a tendency to be
affected by surface treatment in terms of the hard-
ness and Young’s modulus values but all high translu-
cency zirconia materials did not.

3. The Young’s modulus values of all RT-ALD treated
zirconia-based materials were significantly affected
by artificial aging (AA), particularly significantly
decreased for 3Y-LT (without HTT) and 5Y-SHT
(with HTT), and increased for 4Y-HT and 5Y-HT
groups.

4. RT-ALD treated 3Y-LT group without HTT were
more resistant to prolonged degradation by AA than
the specimens not treated by RT-ALD.

Clinical relevance

In spite of their outstanding mechanical properties,
yttria-stabilized zirconia materials are unstable and can
undergo hydrothermal degradation when exposed to
oral challenges such as humidity and mastication. The
results of this study showed that with controlled crys-
talline changes and silica infiltration, zirconia-based
materials can be more stable and predictable for dental
applications.

Abbreviations

Y-SZs Yttria-partially stabilized zirconias
AA Artificial aging

3Y-LT Low translucency 3 mol% yttria-partially stabilized zirconia
4Y-HT High translucency 4 mol% yttria-partially stabilized zirconia
5Y-HT 5 Mol% yttria-partially stabilized zirconia

5Y-SHT  Super high translucency 5 mol% yttria-partially stabilized zirconia
RT-ALD  Room temperature atomic layer deposition

XRD X-ray diffraction

XPS X-ray photoelectron spectroscopy

LTD Low temperature degradation

t Tetragonal grains

m Monoclinic grains

t-m) Tetragonal to monoclinic transformation

PVD Silica physical vapor deposition

ALD Atomic layer deposition

CvD Chemical vapor deposition

HTT Hydrothermal treatment
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