Pre prints.org

Article Not peer-reviewed version

Long-Term Corrosion Behavior of Y-TZP
Dental Ceramics

Lidija Curkovi¢ *, Sanja Stefandi¢ , Irena Zmak *, Vilko Mandi¢ , lvana Gabelica , Ketij. Mehuli¢

Posted Date: 17 July 2025
doi: 10.20944/preprints202507.1480.v1

Keywords: Y-TZP ceramics; dental ceramic; chemical stability; corrosion rate constant

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/637635
https://sciprofiles.com/profile/4607354
https://sciprofiles.com/profile/637636
https://sciprofiles.com/profile/479071
https://sciprofiles.com/profile/3556140
https://sciprofiles.com/profile/2709889

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 July 2025 d0i:10.20944/preprints202507.1480.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

Article

Long-Term Corrosion Behavior of Y-TZP
Dental Ceramics

Lidija Curkovi¢ 1*, Sanja Stefan¢i¢ 2, Irena Zmak '#, Vilko Mandi¢ ?, Ivana Gabelica !
and Ketij Mehulic¢ ¢

! University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Ivana Lucic¢a 5,
10000 Zagreb, Croatia

2 MarisaDENT, Dugi dol 25, 10000 Zagreb, Croatia

3 University of Zagreb, Faculty of Chemical Engineering and Technology, Trg Marka Marulica 19,
10000 Zagreb, Croatia

¢ University of Zagreb, Department of Fixed Prosthodontics, School of Dental Medicine, Gunduliceva 5,
10000 Zagreb, Croatia

* Correspondence: lidija.curkovic@fsb.unizg.hr (L.C); irena.zmak@fsb.unizg.hr (VA

Abstract

Zirconia-based ceramics are widely used in dental applications due to their excellent mechanical and
chemical properties. The aim of this study was to evaluate the chemical stability of yttria partially
stabilized zirconia (Y-TZP) dental ceramics using a modified testing protocol based on ISO 6872. Two
sample groups of Y-TZP material were used: Group 1 - pure polished zirconia, and Group 2 - pure
polished zirconia with an additional glaze layer. Chemical stability, defined as corrosion resistance,
was assessed by measuring ion release using inductively coupled plasma mass spectrometry (ICP-
MS) and by analysing the phase composition using X-ray diffraction (XRD). While ISO 6872
prescribes chemical stability testing in a 4 wt.% aqueous acetic acid (CH;COOH) solution at 80 °C for
16 hours, the exposure duration in this study was extended to 768 hours (32 days) to enable more
accurate determination of long-term corrosion behaviour. Kinetic analysis revealed that degradation
followed a near-parabolic rate law, with power-law exponents of n =2.261 for Group 1 and n = 1.935
for Group 2. The corresponding corrosion rate constants were 3.85 x 105 pg™cm=2*h' for Sample 1
and 132.3 ug-cm=2-h for Sample 2. XRD results indicated that the corrosion process led to a partial
phase transformation of zirconia from the tetragonal to the monoclinic phase.

Keywords: Y-TZP ceramics; dental ceramic; chemical stability; corrosion rate constant

1. Introduction

Over the past few decades, zirconia ceramics have gained significant attention as structural and
biomedical materials in restorative dentistry due to their excellent mechanical properties, chemical
resistance, high fracture toughness, biocompatibility, and favourable aesthetic qualities [1]. The
selection of zirconia as a component for dental prosthesis is also driven by its conservative tooth
reduction, minimal impact on opposing dentition wear, and reduced risk of veneer chipping [2].
Zirconia is a polycrystalline oxide ceramic that exists in three allotropes: monoclinic (m), tetragonal
(t), and cubic (c). It can achieve relatively high fracture toughness values by manipulating the
microstructure and inducing phase changes, specifically by transforming tetragonal zirconia into a
monoclinic phase [3]. This phase transformation is accompanied by a volumetric increase, which
generates compressive stress within the crack region and slows down crack propagation,
consequently increasing the material's fracture toughness. This strengthening mechanism, known as
transformation toughening, distinguishes zirconia ceramics as significantly tougher than other
ceramic materials [4]. At room temperature, zirconia is in the monoclinic phase (m) and remains
stable up to 1170 °C. Between 1170 °C and 2370 °C, it transitions to the tetragonal phase (t), and above
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2370 °C, it transforms to the cubic phase (c) with a high melting point (~2700 °C). During processing,
the tetragonal phase transforms to the monoclinic phase at around 970 °C, and it is known as the
martensitic transformation. The analogy between the transformation and toughening mechanisms in
transformation-induced plasticity steels and zirconia led zirconia to be colloquially referred to as
"ceramic steel” or "steel-like ceramic" [5].

Several factors influence the transformation toughening of zirconia [6-8]. The volume expansion
associated with this transformation is approximately 3-5%, which leads to the formation of cracks
and consequently flaws in sintered ceramics [9]. To overcome these drawbacks, various stabilizing
oxides, such as Y203, CeO2, CaO, MgO, Yb:20s, La:0s, etc., are incorporated to retain the tetragonal or
cubic phases at ambient conditions. Yttria (Y20s) stabilizes the zirconia crystal structure, allowing it
to maintain its desirable tetragonal or cubic phases at room temperature. The addition of yttria can
resolve problems such as the lack of translucency in zirconia, which presents an inherent drawback
due to light scattering at grain boundaries, residual pores, and secondary phases.

3 mol% yttria-stabilized tetragonal zirconia polycrystalline (3Y-TZP) represents the first
generation of YSZ (yttria-stabilized zirconia) ceramics commonly used for fixed dental prosthesis
frameworks [10,11]. It is typically slightly white and opaque, and can reach full densification with a
fine-grained microstructure, offering high wear resistance, fracture toughness, and exceptional
bending strength [12-14].

The second generation is also stabilized with 3 mol% yttria but with a small amount of alumina
(AL:Os) particles in its composition that act as a light scatterer, thus giving the ceramics high
translucency. Alumina as a sintering aid greatly enhances powder densification and lowers the
sintering temperature [15]. However, the second-generation YSZ is susceptible to low-temperature
degradation (LTD), also known as hydrothermal aging, when exposed to aqueous medium at human
body temperature. The oxygen vacancies generated when Y3 replaces Zr* within the cationic
sublattice can be replenished by hydroxyl groups in the presence of water, which may potentially
contribute to the aging process. During the LTD process, the tetragonal to monoclinic (t—m)
transformation of zirconia grains occurs spontaneously, without the application of any external
stress, resulting in a volume expansion of 3-4%. The volume expansion leads to the formation of
microcracks and potential grain pull-outs [16]. Additionally, it induces surface roughening and
degradation of mechanical strength, which may adversely affect dental prostheses [1,17,18]. These
microcracks are commonly referred to as corrosion or chemical degradation and are influenced by
various pH levels present in the oral environment.

Additionally, physical agents exert their effects through mechanical stress (including both
physiological and pathological muscle function), temperature variations (such as consuming hot and
cold food or beverages), or during surface treatments of fixed partial dentures (FPD) [17,19]. The
material's predisposition to LTD is influenced by various factors, including the level of densification
(particularly the porosity), the content and type of stabilizer, grain size, processing properties, and
the existence of residual stresses [20,21]. Many contact testing tools are available for monitoring
fracture and deformation modes that indicate the degradation of dental ceramics, including sharp-
tip micro- and nano-indentations and tests with blunt sphere indenters on flat specimens [22].

Zirconia doped with ceria (CeO2), or ceria-stabilized tetragonal zirconia polycrystal (Ce-TZP), is
considered a promising candidate due to its high hydrothermal stability and fracture toughness in
addressing the LTD [23].

The increase in yttria content from 3 mol% to 5 mol% enables the formation of a two-phase
mixture (cubic + tetragonal). Cubic crystals possess a greater volume compared to tetragonal crystals,
resulting in improved light transmission within the material's structure and enhanced optical
properties [24,25]. 8 mol% yttria-stabilized cubic zirconia is transparent and possesses a refractive
index of approximately 2.2, which is regarded as high (> 2) within the visible spectrum in optical
applications [26]. This structure of zirconia presents the third-generation YSZ and exhibits optical
isotropy, reducing the impact of light scattering at grain boundaries. Furthermore, it exhibits a degree
of translucency sufficient to replicate the optical characteristics of natural enamel [27-29]. It was,
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however, also observed that high-translucent zirconia, compared to traditional zirconia,
demonstrates a substantial decrease in mechanical performance properties [30-32]. To address this
issue, new studies on nanosized zirconia with 1.5 mol% yttria demonstrate excellent mechanical
performance while maintaining favourable opacity and good aging resistance [33,34].

Compared to the third generation, the fourth generation 4 mol% yttria-stabilized tetragonal
zirconia (4Y-TZP) offers improved mechanical properties, better resistance to aging, wear resistance
similar to enamel, and slightly reduced translucency [35].

Recent investigations into the ternary rare earth co-stable zirconia ceramic (1.5Y5.5Ce0.3La-
ZrO2) have demonstrated its capacity to enhance fracture toughness and durability relative to 3Y-
TZP substantially. Additionally, biosafety assessments have confirmed that this material is devoid of
cytotoxic effects [36].

Another advantage of dental zirconia ceramics is their ability to be processed in various ways
by computer-aided design and manufacturing (CAD/CAM) technology [37,38]. Moreover,
CAD/CAM technology allows shaping this material from pre-sintered blocks through soft machining
and sintering at approximately 1450 °C [39]. This allows for enhancing its usability for solid core
structures (bridge construction) or monolithic dental crowns [19,20,40]. Dental abutments and
implants can also be made from zirconia using such advanced manufacturing technologies [41,42].
CAD/CAM methods have recently been used in studies to produce multilayer monolithic zirconia
with polychromatic layers that mimic natural tooth colour gradients, thereby providing good
aesthetics while also enabling efficient fabrication and excellent functionality [43]. It was shown that
a uniform grain size, despite having different amounts of t-ZrO: and c-ZrO: phases due to varying
compositions, positively affects the flexural strength of multilayer Y-TZP ceramics [44].

Artificial intelligence (Al) is also used to assist in computer-aided design and manufacturing of
zirconia restorations, since Al algorithms help automate repetitive designing tasks, lower human
errors, and improve manufacturing efficiency and accuracy [45,46]. Currently, there is a need to
enhance education and training in the field of Al among dentistry professionals [47].

Additive manufacturing (AM) has become a well-established technique in dentistry, especially
with polymers and metals. Although AM allows for direct dental implant shaping with distinctive
geometries and specified topography, AM of zirconia ceramic still faces challenges [48-50]. These
include developing suitable ceramic printers, preparing ceramic raw materials, and controlling
process parameters, among other issues, as dental objects require precise tolerances and consistent,
reliable mechanical properties [51,52]. The 3D printing of ceramics constitutes a promising technique
within the field of dentistry, as it obviates the need for traditional, high-cost molds. Moreover,
components can be designed with complex shapes, intricate details, and high precision [53].

The most prevalent method of additive manufacturing for biomedical implants is vat
photopolymerization (VPP) [54]. A ceramic slurry is prepared by mixing ceramic powder with
photopolymer resin, i.e., light-sensitive polymer that hardens when exposed to ultraviolet (UV) light,
dispersants, and binders. Vat photopolymerization of ceramics involves layer-by-layer UV curing of
the resin to form a green body, which is then debinded to remove the polymer, and sintered. Dental
zirconia milled using computer numerical control (CNC) machining has greater flexural strength and
fatigue resistance than when processed by VPP, but fracture toughness and hardness are similar [55].
A challenge in the fabrication of ceramic dental prostheses utilizing VPP pertains to the employment
of slurries composed of organic monomers, which additionally raise environmental concerns.
Consequently, new aqueous zirconia suspensions are being investigated [56].

Research on manufacturing processes emphasizes innovative sintering techniques, such as
speeding up the process to meet the rising demand for same-day dental prosthetic production. High-
speed sintering employs cooling rates of 120 °C-min-! or more, compared to the typical 10 °C-min-".
The disadvantages of this approach include reduced translucency of 3Y-TZP, caused by a decrease
in yttria-rich tetragonal phase with low tetragonality, and an increase in yttria-lean tetragonal phase
with high tetragonality [57]. High-speed sintering also diminishes the mechanical properties of 3Y-
TZP; however, they remain sufficiently acceptable for clinical use [58].
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The primary challenge associated with monolithic ceramics lies in the finishing techniques
employed, namely glazing and high polishing. Glazing is a conventional method used to apply a
glassy layer on the outer surface of ceramic restorations (veneers or crowns). This glassy layer forms
during sintering due to viscous flow, which occurs when the glass component fuses at high
temperatures. Glazing provides several benefits, including reducing porosity, minimizing existing
flaws, thereby improving surface texture, and consequently enhancing the mechanical strength of
dental ceramics. Dental ceramic glazes typically consist of silica, porcelain, glass-ceramics, or dense
crystalline solids [19,59]. Novel surface modification processes include atomic layer deposition (ALD)
for coating of zirconia dental implants, where, for example, the deposition of titania (TiO2) and
alumina has proven to be chemically stable and highly biocompatible [60,61].

The translucency and colour stability, which are important for long-term aesthetics, of zirconia
restorations are influenced by changes in oral temperature, pH levels, and mechanical stresses [62].
The surface roughness of dental ceramics causes the wear of opposing enamel to increase, as well as
plaque formation, discoloration, and staining. The surface roughness of dental ceramics can be
minimized through various polishing methods, thereby prolonging their lifespan [63,64].

Corrosion of dental ceramics is associated with degradation that occurs in the oral cavity due to
various chemical or mechanical influences. Dental materials are exposed to a range of pH values in
the oral cavity, varying from highly acidic (due to gastric reflux) to slightly basic (resulting from the
ingestion of various liquids and foods). The temperature also varies depending on whether hot or
cold liquids are ingested [20,65]. Therefore, it is of high importance to assess the chemical stability of
dental ceramics in various corrosive environments to produce long-lasting and stable dental
applications.

Given these considerations, it is essential to systematically investigate the chemical stability and
degradation kinetics of different zirconia surfaces under prolonged exposure. In this study, the long-
term corrosion behaviour of Y-TZP dental ceramics was evaluated using an extended ISO 6872
protocol. In this work, two types of specimens were tested: polished unglazed Y-TZP and polished
Y-TZP with an additional glazed layer. Chemical degradation was assessed by ion release analysis
using high-resolution ICP-MS and phase analysis by XRD. The results were interpreted using kinetic
models to quantify corrosion rates and compare the durability of glazed vs. non-glazed surfaces of
Y-TZP dental ceramics.

2. Materials and Methods

2.1. Characterization of Yttria Partially Stabilized Zirconia (Y-TZP) Dental Ceramics

For this research, two groups of Y-TZP dental ceramic samples (1 = 10 per group), stabilized
with 4.1 wt.% Y205 were prepared. The first group (Sample 1) consisted of sintered, polished, and
non-glazed specimens. The second group (Sample 2) comprised sintered, polished specimens that
were fully glazed on all surfaces to simulate the finishing process used in the fabrication of monolithic
crowns. Samples of Y-TZP dental ceramics (non-glazed and glazed) were provided by BruxZir,
Glidewell Laboratories (Newport Beach, CA, USA). The manufacturer provided samples in the shape
of square plates, 10 x 10 x 2 mm, sintered using the usual sintering regime employed in the production
of ceramic restorations at Glidewell Laboratories. The glaze was standard, feldspathic. The declared
chemical composition of the Y-TZP dental ceramics is shown in Table 1.

Table 1. Chemical composition of the Y-TZP dental ceramics expressed as weight percent (wt.%).

Element Y203 HfO: Al20s3 SiO: Fe203 Na:0 V4{0)]

wt.% 4.1 4.0 0.34 <0.01 <0.01 <0.01 balance

The phase composition of Y-TZP dental ceramics was determined by powder X-ray diffraction,
PXRD (Shimadzu XRD6000, Shimadzu Corporation, Kyoto, Japan) with CuKa radiation. A step size
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of 0.02 degrees between 10° and 80° 20, and a counting time of 0.6 s, were used under an accelerating
voltage of 40 kV and a current of 30 mA.

The morphology of the prepared sintered samples was analysed using a scanning electron
microscope (SEM) (Tescan Vega TS5136LS, Prague, Czech Republic). Before the SEM analysis, the
polished sample of Y-TZP dental ceramic was thermally etched at 1480 °C, for 12 min, according to
the ASTM Standard E112-96.

2.2. Monitoring of the Chemical Stability of the Y-TZP Dental Ceramics

Samples groups of Y-TZP dental ceramics, Sample group 1 (non-glazed) and Sample group 2
(glazed), with dimensions of 10 x 10 x 2 mm, were washed in distilled water in an ultrasonic bath
(1510 DTH, Electron Microscopy Sciences, Hatfield, PA, USA) to remove any contaminants. The
samples were then dried at 150 °C. Before the cleaning of the samples, their dimensions were verified
using a digital calliper (Mitutoyo, Aurora, IL, USA). The mass of each sample was measured using
an analytical balance (Ohaus Analytical Plus) to an accuracy of +10° g, and the surface area was
subsequently calculated. Each sample was immersed in 10 mL of 4 wt.% aqueous CH3COOH solution
in individual polypropylene (PP) tubes, ensuring complete immersion in the corrosive medium. To
prevent local enrichment of eluted components at the sample surface, the tubes were sealed and
placed in a thermostatic shaker (Innova 4080 Incubator-Shaker, Herisau, Switzerland), operating at
80 °C and 200 rpm.

The corrosion tests were conducted at a temperature of 80 °C for 16 hours to 32 days (768 hours).
The sample surface area / 4 wt.% CH3COOH solution volume ratio was 0.248 cm?-mL-'. Parallel with
the corrosion testing, a blind test was also performed. The measurements were conducted after 16
hours, 8 days (192 hours), 16 days (384 hours), and 32 days (768 hours) of immersion. After the
designated exposure periods, samples were removed, rinsed with distilled water, dried in an oven at
150 °C, and weighed. For each exposure condition, ten replicates were tested simultaneously (1 = 10).

The concentrations of Al**, Na*, Ca?, K, Si*, Fe*, Zn?*, Mg?, Sr%, Ba?*, Y?*, and Zr* ions released
into the corrosive solution were determined using high-resolution inductively coupled plasma mass
spectrometry (HR-ICP-MS; Thermo Fisher Scientific, Waltham, MA, USA). The results are reported
as the amount of ions (M) released per unit surface area of the tested Y-TZP dental ceramic samples.
After the time had elapsed, the samples were washed with distilled water in an ultrasonic bath (ISO
3696), dried, and weighed.

3. Results

3.1. Structural and Morphological Characterization of Yttria Partially Stabilized Zirconia (Y-TZP) Dental
Ceramics

To investigate the correlation between the corrosion process and phase transformations in Y-
TZP dental ceramics, samples were analysed by X-ray diffraction (XRD) before and after exposure to
the corrosive medium (Figure 1). The XRD results revealed that the untreated Y-TZP ceramics (before
corrosion, Y-TZP b.c.) contained only the tetragonal ZrO: phase (ICDD 20-1089). In the samples
exposed to 4 wt.% CH;COOH at 80 °C (after corrosion, Y-TZP a.c.), the tetragonal ZrO: phase (t-ZrO2)
remained the dominant crystalline phase. However, a small amount of monoclinic ZrOz (m-ZrOz)
(ICDD 37-1484) was also detected. These findings indicate that partial transformation from the
tetragonal to the monoclinic phase of ZrO: occurred during the corrosion process, which is in
agreement with previously reported literature [66,67].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Comparison of diffraction patterns of the Y-TZP dental ceramics before (Y-TZP b.c.) and after (Y-TZP

a.c.) corrosion test.

Figure 2 shows the SEM micrograph of the polished and thermally etched surface of Y-TZP
dental ceramics (Sample 1). The average grain size, determined according to ASTM Standard E112-
96 (2004), is 425+137 nm.

Figure 2. Polished and thermally etched surface images of the Y-TZP dental ceramics (thermal etching at 1480
°C, 12 min).

3.2. Amount of lons Released in Corrosive Solution from Yttria Partially Stabilized Zirconia (Y-TZP) Dental
Ceramics

Figure 3 shows the relationship between the amount of eluted Y* and Zr* ions from non-glazed
Y-TZP dental ceramics (Sample 1) and the time of immersion in the 4 wt.% CH3COOH solution at 80
°C.
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Figure 3. Amount of eluted Y** and Zr* ions from non-glazed Y-TZP dental ceramics (Sample 1) in 4 wt.%

CH3sCOOH solution as a function of immersion time at 80 °C (mean value and standard deviation).

Figure 4 shows the relationship between the amount of eluted Al**, Na*, Ca?, K*, Si* (Figure 4a),
Fe3, Zn>t, Mg?* (Figure 4b), Sr2*, Ba%, Y3 and Zr* ions (Figure 4c) from Y-TZP dental ceramics Sample
2 (sintered, polished and glazed) and the time of immersion in the 4 wt.% CHsCOOH solution at 80

°C.
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12
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2 6]
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0 200 400 600 800 0 200 400 600 800
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Figure 4. The amount of eluted (a) Al**, Na*, Ca%, K%, S5i*'; (b) Fe*, Zn%, Mg?; (c) Sr*, Ba?*, Y and Zr* ions from
Y-TZP dental ceramics Sample 2 in the 4 wt.% CHsCOOH solution as a function of immersion time at 80 °C
(mean value and standard deviation).

Both zirconia samples exhibited minimal Zr* and Y3 ion release, indicating excellent chemical
stability of the testing ceramic samples under the tested conditions (Figures 3 and 4c). The total
amount of eluted ions from Y-TZP dental ceramics (Sample 1 and Sample 2) after immersion in 4
wt.% CH3COOH solution as a function of immersion time at 80 °C is presented in Figures 5a and 5b.
The overall ion release represents the cumulative sum of all individual ions leached from the Y-TZP
ceramics into the acetic acid solution throughout the experiment. In general, the corrosion
susceptibility —expressed as the total amount of eluted ions—increased with immersion time for both
Y-TZP samples. A higher cumulative ion release was observed for Sample 2, which included a glaze
layer. These findings suggest that Sample 2, which contains a glaze layer with a glassy or amorphous
structure, is more susceptible to corrosion, most likely due to congruent dissolution.

0.25

—e—sample 1 2000 { —e—sample?2

~ 1600 A
5
£ 1200
=
o0 800 -
3
W
400 |
000 b4 T T T T T T T O A d T T T T T T T
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
th th
(a) (b)

Figure 5. Total overall amount of eluted ions from Y-TZP dental ceramics: (a) Sample 1; (b) Sample 2 after

immersion in the 4 wt.% CH3COOH solution as a function of immersion time at 80 °C.

3.3. Corrosion Rate of Yttria Partially Stabilized Zirconia (Y-TZP) Dental Ceramics in CHsCOOH

In the present study, the measurement of eluted ions was used to investigate the corrosion
kinetics. The variation of corrosion rate over time may follow linear, parabolic, logarithmic, or other
rate laws. The following equation was applied to determine which rate law best describes the

experimental data:
m Mn+ n
(7 <

where ¥m (M™*) stands for mass of overall amount of eluted ions (Al**, Ca%, Fe¥, Mg?, Na*), ug; A
for specific surface, cm? n for the power exponent; Ky for corrosion rate constant, pg*-cm-2"h-1; and ¢
for time of the ceramic exposure to the corrosive media, h.

The power exponent n was determined from the linear plot of In (Zpug (M»*-cm) versus In ¢
(Figures 6a and 6b), with n calculated from the slope of the line. The corrosion rate constants K, were
obtained from the slope of the linear plot of (Zug(Mr*-cm=2)» versus t (Figure 6c and 6d). The
calculated values of the power exponent (1), the corrosion rate constants (Kp, pgr-cm2"h-1), and
corresponding correlation coefficients (R?) are summarized in Table 2.
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Figure 6. Determination of the power exponent n for: (a) Sample 1; (b) Sample 2; Determination of the corrosion
rate constants for: (c) Sample 1; (d) Sample 2 of Y-TZP dental ceramics in the 4 wt.% CH3COOH solution at 80
°C.

The power exponent (1) was 2.261 and 1.935 for Sample 1 and Sample 2, respectively, which
means that the corrosion kinetics of Y-TZP ceramics in the 4 wt.% CHsCOOH aqueous solution at 80
°C follows the near-parabolic law.

Table 2. Values of the parabolic corrosion rate constant (Kp) for Sample 1 (non-glazed Y-TZP) and for Sample 2
(glazed Y-TZP).

Y-TZP n R? Kp, pgr-cm2r-h-! R?
Sample 1 2.261+0.004 0.9927 3.85 x 10-5+4.45 x 106 0.9740
Sample2 1.935+0.015 0.9972 3632.5+330.7 0.9837

The corrosion rate constant for Sample 2 (glazed Y-TZP) is 3632.5 ug-cm-2h-! and represents a
significantly higher value of the corrosion rate constant compared to the dental ceramic sample
without glaze (3.85 x 105 pgn-cm=2h-!, Sample 1).

4. Conclusions

The chemical stability of polycrystalline yttria partially stabilized zirconia (Y-TZP) ceramics was
tested in a 4 wt.% CHsCOOH aqueous solution (pH=2.49) at a temperature of 80 °C for 16 hours, 192
hours (8 days), 384 hours (16 days), and 768 hours (32 days). X-ray diffraction analysis (XRD) before
corrosion revealed the presence of only one crystalline phase in the Y-TZP sample: tetragonal. The
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average grain size of Y-TZP crystals was 425+137 nm. XRD revealed a partial phase transformation
from tetragonal to monoclinic zirconia occurred during the corrosion process.

In the extracted eluates after the specified time intervals, the quantities of the following ions
were measured: Si**, Na*, Al**, Ca%, K*, Zn?, Fe*, Mg?, Ba?, Sr%, Y%, and Zr*.

For Sample 1 (uncoated polished Y-TZP), the leaching of Y* and Zr* ions were detected. Y3*
exhibited higher leaching compared to Zr*.

For Sample 2 (Y-TZP with glaze coating), the leaching of the following ions was detected: Si*,
Nat, Al¥, Ca*, K*, Zn?, Fe¥, Mg?, Ba?, Sr%, Y?, and Zr#. Si** exhibited the highest release, while Zr*
was leached in the smallest amount. After 768 hours (32 days) of exposure, the ion release from
Sample 2 decreased in the following order: Si** > Na* > Al>* > Ca? > K* > Zn?* > Fe* > Mg?* > Ba? > Sr>*
> Y3+ > 714,

The dominant mechanism driving the corrosion and ion release appears to be congruent
dissolution with simple dissociation. Based on the results, it can be concluded that the glaze layer,
due to its amorphous or glassy nature, is significantly more susceptible to corrosion. The mechanism
of the corrosion, however, remained unchanged. In contrast, the uncoated Y-TZP dental ceramics
demonstrated excellent chemical stability, with very low ion release even after 768 hours of exposure
to 4 wt.% acetic acid at 80 °C.
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Abbreviations

The following abbreviations are used in this manuscript:

3Y-TZP 3 mol% yttria-stabilized tetragonal zirconia polycrystal
4Y-TZP 4 mol% yttria-stabilized tetragonal zirconia polycrystal

Al Artificial intelligence

ALD Atomic layer deposition

c Cubic phase

CAD/CAM Computer-aided design and computer-aided manufacturing
Ce-TZP Ceria-stabilized tetragonal zirconia polycrystal

CNC Computer numerical control machining

FPD Fixed partial denture

HR-ICP-MS High-resolution inductively coupled plasma mass spectrometry
ICP-MS Inductively coupled plasma mass spectrometry

LTD Low-temperature degradation

m Monoclinic phase

SEM Scanning electron microscope

t Tetragonal phase

VPP Vat photopolymerization

XRD X-ray diffraction

YSZ Yttria-stabilized zirconia polycrystal

Y-TZP Yttria partially stabilized zirconia polycrystal
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