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Abstract

The aim of the study is to carry out a comparative analysis of the phase composition of
conventional zirconium with the predominance of tetragonal phase after artificial aging and loading.

The studied group included samples of conventional zirconia stabilized with 3 mol% yttrium (3Y-
TZP).The X-ray diffraction analysis of these samples was carried out on an automatic X-ray
diffractometer for polycrystalline materials DRON-7 in the step-by-step scanning mode. The
following studies included flexural strength before and after aging, cyclic loading before and after
aging, cyclic load after aging 100-200 N, 500 — 800 N, phase analysis in the area of the crack and
without crack.

The diffraction patterns correlate well with each other and indicate basically the same crystal
structure of the ZrO2 compound. All X-ray diffraction patterns show only the ZrO2 phase with a
tetragonal crystal lattice. It was not found that the aging, cracks and loads performed affects the
phase composition and microstructure of the samples under study.

The presence of cracks and loads in this case does not affect the phase composition and
microstructure of the material. Samples are almost identical. It should be noted that this method is
integral (volumetric) and does not allow localizing studies only in the area of the cracks and loads.
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Introduction Zirconia is mainly used as a framework for all-
ceramic crowns and fixed partial dentures,
usually requiring ceramic veneering and

subsequent processing steps to obtain proper

In recent years, many ceramic materials
have been introduced to the dental market.

Today, the three main types of materials used to
create fixed restorations include glass-ceramics
(monolithic lithium disilicate; zirconium oxide
framework lined with lithium disilicate, leucite and
feldspathic ceramics), polycrystalline ceramics
(zirconium oxide) and hybrid composites
(polymer-infused ceramics, nanoceramics)'2.
One of them is yttrium oxide stabilized
polycrystalline zirconia, which has become
popular in dentistry due to its adequate
mechanical properties and biocompatibility.
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aesthetics because of its high opacity®. Zirconia
stabilized with 3 mol% Yttrium (3Y-TZP) is the
first dental Y-TZP zirconia (LuUthy et al., 2005),
which has exceptional mechanical properties®.
However, the translucency of conventional Y-
TZP zirconia is no more than 70% lithium
disilicate®. Also, to provide enough space for the
veneering ceramic to compensate for the opacity
of zirconia, substantial tooth reduction is
require®.In addition, the most common clinical
complication of zirconia restorations is cohesive
chipping of the ceramic veneer’"°.

The final properties of zirconia will be
highly dependent on both the manufacturing
processing steps during fabrication of the
restoration and the occurrence of post-
processing surface damage due to grinding,
sandblasting, and interaction with antagonists’.
Also, zirconia has different surface preparation
methods for fixation, different cements for
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fixation, and longevity problems of bonding
between cements and the prepared zirconia
surface'.

The aim of the study is to carry out a
comparative analysis of the phase composition of
conventional zirconium with the predominance of
tetragonal phase after artificial aging and loading.

Materials and methods

The same standardized samples (disks)
of different types of zirconium dioxide with a
diameter of 10 mm and a height of 1 mm were
used for all experiments. Free open source
software Tinkercad (Autocad) was used to create
the STL file of the model. The 3D design of the
model was created in the software. The base
shape of the model and model parameters were
selected: length, width, height, radius. Then
"model holders" were added for easy separation
of the milled model from the zirconium dioxide
block before synthesizing. The model was
exported as an STL file and then loaded into the
CAD/CAM program in the dental laboratory
(Exocad). The models were milled and
synthesized in accordance with standard
(conventional sintering). The group included
samples of conventional zirconia stabilized with 3
mol% yttrium (3Y-TZP).

The X-ray diffraction analysis of these
samples was carried out on an automatic X-ray
diffractometer for polycrystaline  materials
DRON-7 in the step-by-step scanning mode. 26
angle interval from 20° to 70° with scanning step
A28 = 0.02° and 3 s exposure per point. We used
Cu  Koao-radiation  (Nifilter),  which  was
subsequently decomposed into Ka1 - and Ka2 -
components during the processing of the spectra.
The following studies included flexural strength
before and after aging, cyclic loading before and
after aging, cyclic load after aging 100-200 N,
500 — 800 N, phase analysis in the area of the
crack and without crack.

Avrtificial aging (low  temperature
degradation) was performed using the following
autoclaving regime: 134 degrees, 2
atmospheres, 5 hours.

Results

Figures 1-8 show the diffraction patterns
of the studied samples.
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Figure 1. X-ray diffraction pattern of sample 1
(the sample was previously ground into powder).
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Figuré 2. Diffractibn pattern of sample with
flexural strength before aging.

Figuré 3. Diffraction pattern of samplé with
flexural strength after aging.
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Figuré 4, 4Cyc|ic loading before aging.
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Figure 6. Cydlic load after aging 500-800 N.
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Figure 7. ‘Phaée ahalysqis (intereéted in the areé
of the crack).
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Figure 8. Phase analysis without crack.

The diffraction patterns (Fig. 1-8)
correlate well with each other and indicate
basically the same crystal structure of the ZrO2
compound. As can be seen from Figures 1-8, all
X-ray diffraction patterns show only the ZrO2
phase with a tetragonal crystal lattice (figure 9
shows the X-ray diffraction data for this
compound from the international X-ray diffraction
database for polycrystalline studies IDD PDF-2.
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Figure 9. X-ray diffraction data of ZrO2 with
tetragonal syngony (No. 17-923 IDD PDF-2).
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However, in sample before heat treatment,
a small amount of ZrO2 impurity with a
monoclinic lattice was found (natural mineral
baddeleyite, data No. 37-1484 IDD PDF-2). The
diffraction pattern contains small peaks in the
range of angles 20 - 28.250 and 31.380, which
are characteristic and most intense for ZrO2 with
a monoclinic lattice. After sintering, the
monoclinic phase of ZrO2 completely transforms
into a tetragonal phase, as can be seen from the
diffraction patterns of samples 2-8, these peaks
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are absent. The X-ray diffraction data of IDD
PDF-2 for ZrO2 with a monoclinic lattice are
shown in Figure 10.
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Figure 10. X-ray diffraction data of ZrO2 with
monoclinic system (No. 37-1484 IDD PDF-2)
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Comparing the diffraction patterns of No.
2-3 and No. 4-5, it was found that they are almost
identical. Thus, within the framework of this
method, it was not found that the aging
performed affects the phase composition and
microstructure of the samples under study.
Figures 4 and 5 are almost identical.

Unlike aging, cyclic loading causes
deformations in the crystal structure of the
sample. The degree of deformation is directly
proportional to the load. Under a cyclic load of
500-800 N (figure 6), distortions of the ZrO2
tetragonal crystal lattice in different blocks are
most noticeable. Figure 12 shows, for example,
the combined diffraction patterns of 5 and 6
figures (full and its enlarged fragments).
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Figure 11. Combined diffraction patterns of
samples with and without crack.

As the load increases, individual peaks
more and more clearly split into a series of peaks,
indicating deformation of the crystal tetragonal
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lattice of ZrO2 in different blocks and a possible
decrease in symmetry. At the same time, in
general, the microstructure of the material
becomes somewhat better - the peaks become
narrower and better resolved.

An analysis of the diffraction patterns of
samples 7 and 8 on the possible effect of cracks
on the phase composition and microstructure of
the material within the framework of this method
did not reveal any differences. The diffraction
patterns are almost identical (Fig. 11).

Discussion

To quantify the phase content of
zirconium dioxide samples, X-ray diffraction
analysis (X-ray diffraction - XRD) is used. In X-
ray diffraction analysis, the material is irradiated
with incident X-rays, and then the intensity and
scattering angles of the X-rays that scatter from
the material'® are measured. Crystals are regular
arrays of atoms, while X-rays can be thought of
as waves of electromagnetic radiation. Atoms of
crystals scatter incident X-rays, mainly due to the
interaction with the electrons of the atoms.

Peak positions are determined by
comparison with reference diffraction data. The
intensities of the diffraction peaks are used as
preferred phase orientations to compare different
commercial grades of zirconia. The percent
phase transformation obtained from the graph is
based on the Rietveld refinement of X-ray
diffraction peaks.

From technological and orthopedic points
of view, phase transformation was considered to
be of paramount advantage because it allows a
kind of self-healing of zirconium dioxide: it allows
blocking or at least preventing the propagation of
microcracks and cracks in the material®. In fact,
the subsequent increase in crystal volume occurs
inside the material at the crack tip, which limits
the crack propagation. It should be noted that at
room temperature, this transformation is
irreversible and localized, centered in the zone of
force application (i.e., in the occlusal load region,
in the zone of increased impact and). Once
limited crack propagation has occurred, zirconia
can no longer confine cracks in its monoclinic
configuration™. In contrast, when monoclinic
zirconium dioxide is reheated to 900-1000 °C (for
a limited time according to manufacturers'
instructions), the phase transformation becomes
reversible:  through a  process called

"regeneration" or "annealing", the monoclinic
crystals can be moved back to the tetragonal
phase, causing relaxation of compressive
stresses in the material. However, after
annealing, the strength of zirconia tends to
decrease, and as for the optical properties,
chromatic oversaturation can occur.
Consequently, heat treatment at high
temperature should be used with caution and
only after potentially aggressive mechanical
procedures (i.e., appropriate occlusal grinding,
polishing, etc.)'8,

Conclusions

The presence of cracks and loads in this
case does not affect the phase composition and
microstructure of the material. Samples are
almost identical. It should be noted that this
method is integral (volumetric) and does not
allow localizing studies only in the area of the
cracks and loads.
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