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Abstract

ZrO2 is commonly incorporated into ceramic glass substrates to enhance radiopacity,
mechanical strength, and chemical durability. Experience has shown that the crystallization of
tetragonal zirconia in glass will have a greater effect on the mechanical properties of ceramic
glass. To achieve optimal properties in zirconia, stabilizing oxides are often added to enhance
its structural and mechanical qualities. In this research, in order to stabilize the tetragonal phase
of zirconia, MgO and CeO- were added to the glass ceramic composition of the Li2O-SiO»-
ZrO» system and the desired dental substrate was synthesized through the sinter process. The
behavior of sintering and crystallization of basic and optimized glass was investigated using
HSM and DTA thermal analysis, respectively. The results showed that the optimal sinter
temperature, heat press and heat treatment are equal to 730°C, 900°C and 825°C, respectively.
Then, in order to determine the crystallization behavior of the prepared samples, X-ray
diffraction and microstructure images were used. The results also showed that the presence of
the main Li2ZrSieO1s phase crystallizes at a temperature of 825°C in the base sample and the
sample containing ceria. Also, due to early formation of MgSiOz crystals, magnesia prevents
sintering and formation of Li2ZrSisO1s phase and stability of tetragonal zirconia phase. In the
sample containing ceria, during crystallization, ZrO; entered its crystal structure and led to the
stability of the tetragonal zirconia phase at room temperature.
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Introduction

When the tooth needs nerve extraction, there is a possibility that the crown of the
tooth will be lost. In such conditions, according to (Fig.1-a), the presence of a
core is necessary to create a base for the veneer, and the dental core itself needs
a post inside the canal is the root [1]. Nowadays, because of their beauty and non-
sensitivity, ceramics have replaced metal-based dental restorations [2]. After
developing the ZrO; post, a blank was required to be placed on the ZrO,. To fulfill
this need, Li,0O-SiO,-ZrO; glass ceramics with the IPS Empress Cosmo brand
were developed by Schweiger et al [3]. This ceramic glass is placed on the ZrO,
post through a heat press, on which a lucite ceramic glass crown may be placed
Taked [4-5]. Therefore, according to (Fig.1-b), the whole dental blind post system
consists of a single product consisting of a stabilized ZrO, ceramic (CosmoPost),
and a glass ceramic containing ZrO, (IPS Empress Cosmo). As a result, there are
two completely different substances that are combined and form a product in a
specific process. The composition and microstructure of ceramic glass containing
ZrO, after heat pressing at 900 °C is characterized by crystals rich in ZrO,. These
crystals are Li,ZrSigO15 [6-9]. Zirconia-based ceramics have attracted special
attention in the last two decades due to their unique properties (high toughness,
high mechanical strength, corrosion resistance, fracture resistance, etc.). Pure
zirconia is a polymorphic substance; This means that during heating and cooling,
its crystal lattice changes. Based on this, monoclinic zirconia is stable from zero
to 1170°C, tetragonal zirconia is stable from 1170°C t02170°C, and cubic
zirconia is stable from 2170°C to the melting point (2680°C). Tetragonal to
monoclinic transformation occurs at a temperature of about 1170°C, which is
accompanied by a volume expansion of about 3-5% [9]. Also, during heating, the
monoclinic phase transforms into tetragonal, and this is accompanied by a
decrease in volume of about 9-10% [10]. The stresses caused by these expansions
and contractions cause cracks to appear in pure zirconia, which causes the
ceramics made of this material to crumble during cooling from the sinter
temperature or heating to This temperature becomes Stabilized zirconia by using
some metal oxides such as CaO, MgO, In,03, Sc,03, CeO; and Y,03 prevents
phase transformation and stabilizes the tetragonal zirconia phase at room
temperature and eliminates volume changes [11-12]. In this research, the effect
of the presence of stabilizers in IPS Empress Cosmo glass ceramic composition
and microstructure investigation has been discussed.


http://dx.doi.org/10.22068/ijmse.3792
https://rds.iust.ac.ir/ijmse/article-1-3792-en.html

[ Downloaded from rds.iust.ac.ir on 2024-12-14 ]

[ DOI: 10.22068/ijmse.3792 ]

]\_"ﬂ .- Crown \
‘ 0{ | Core
Post % \

Fig.1-a. Schematic of a post core and cover b) CosmoPost cylindrical post with conical tip
and IPS Empress Cosmo core, produced using the heat press method.

Research materials and methods

Three glass compositions Gy, G; and G, were prepared according to Tablel. G
glass was used as a basic composition without any stabilizer, and G; and G,
compositions included ceria and magnesia, respectively, to investigate the role of

stabilizer in it.
Table 1. Weight composition of the three studied glasses

SiO2 | LiO | ZrO; | P20s | AlbO3 | Na,O | KO F CeO2 | MgO
Go 58.7 8 15.2 4.2 5 3.2 4.8 1 - -
G1 58.7 8 15.2 4.2 5 3.2 4.8 1 11.8 -
G2 58.7 8 15.2 4.2 5 3.2 4.8 1 - 11.8

Material the first consumption, Silica (Merck No0.1.13126) Lithium carbonate
(Merck No0.1.05671), zirconia (Merck No0.1.00757), phosphorus pentaoxide
(Merck No.1.00540), aluminum oxide (Merck N0.1.01095), Carbonate sodium
(Merck N0.1.06392), nitrate potassium (Merck N0.1.05061), cryolite ( Merck
N0.1.06457), cerium oxide (Merck No0.1.02263), Magnesium oxide (Merck
N0.1.05865), was Ferrite was prepared from compounds Gy, G; and G, in a
silicon crucible at a temperature of 1450 °C in an AZAR-F3L0271 furnace. Then
it was ground by a Chinese mortar to the average particle size equal to dsp= 10um
, and in order to investigate the sintering behavior of the glass, the dimensional
in the Thermal were first measured changes of the pressed powder Microscope
(HSM) ! Model Solution System Expert - ODHT HSM Misura It was
investigated with a heating rate 10°C/min up to a temperature of 1000°C
Observed and recorded. The crystallization behavior of the powders was
investigated by differential thermal analysis (DTA) with a Polymer Laboratories-

! Hot stage microscope
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1640 device and with the same heating pattern as a thermal microscope. From the
ground powders, tablets with a diameter of 17 mm were prepared under a press
pressure of 50 MPa. The X-ray Diffraction (XRD) test was done byBruker
Germany D8 advance machine between 5-90 angles and scanning electron
microscope (SEM) test by Tescan Czech Republic - mira3 device done.

Results and discussion
It is shown in (Fig.2) the DTA diagram, the absence of sharp peaks in this
diagram indicates the surface crystallization of this compound.
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Fig. 2. Images of thermal analysis of DTA curve of three compound Go, G1 and Go.
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Fig.3. HSM curve Go composition
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In order to accurately check the sinter temperature, HSM analysis was used.
Instantaneous dimensional changes of glasses with increasing temperature were
observed in a thermal microscope, and based on that, the length change curves
according to temperature were drawn in (Fig.3). According to this curve, the
maximum shrinkage of the sample starts at a temperature of about 700°C. Then,
the shrinkage of the sample increases with a steep slope, until the shrinkage stops
at a temperature close to 800-850°C. After that, contraction continues again. The
total shrinkage from the ambient temperature to 1000°C is equal to 60%,
according to (Fig.3), the sintering temperature was shown to be 728°C. The
tablets were heat treated at this temperature for 2 hours and its XRD pattern was
(Fig.4-a) is shown. Also, the percentage of shrinkage is constant in the
temperature range of 800-850°C, the stopping of shrinkage from the temperature
of 800-850°C for this glass can be attributed to the beginning of crystallization in
them, for this reason, the samples at the temperature They were heat treated at
825°C with a heating rate of 10°C/min for 2 hours. The XRD pattern of this
sample can be seen in (Figure 4-c). Also, according to the dental application of
ceramic glass, the base of this ceramic glass is subjected to heat press forming
operation to form the main phase (Li,O-ZrO,-6Si0;) Li»ZrSigO15 under heat
pressing operation [8]. According to the effect of low pressure in the formation
of this phase and according to (Fig.3) which shows the softening temperature of
this ceramic glass equal to 900°C, the sintered tablets at the temperature of 728°C
at the softening temperature with the heating rate 10°C/min was placed in the heat
treatment furnace for 20 minutes. The XRD pattern is shown in (Fig.4-b).
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Fig.4. XRD images of three compounds Go, G1 and G a) sintered at 728°C for 2 hours. b)
Sintered at 728°C for 2 hours and heat treated at 900°C for 20 minutes. ¢) Heat treatment at
825°C for 2 hours

After heat treatment at 728°C (Fig.4-a), the sample containing ceria is sintered
well and has a high linear contraction, for this reason many crystalline phases
cannot be seen in its XRD pattern. In the base sample, the main crystalline phase
consisted of very small LisPo, crystals, these crystals were formed in a droplet
phase that was rich in phosphate by separating the liquid-liquid phase in the glass,
as a result, these droplets grew by heat treatment did or were placed together and
finally formed very small crystals of LisPoy, it can be seen that this phase also
plays a nucleating role for the phase containing ZrO,. In the sample containing
magnesia, the MgSiO3 phase crystallizes faster than other phases and causes the
lack of sinterability of this sample, also monoclinic and tetragonal zirconia are
seen, which is caused by the lack of stability of the zirconia phase in this
composition. The quartz peak at this temperature is caused by crushing in the
porcelain mortar. In (Fig.4-b) and (Fig.5-a) the Go sample is seen as amorphous
and there is no crystalline phase, according to (Fig.1) and the presence of the
Endo peak around 900°C, phase dissolution has occurred. The accurate matching
of the temperature can be attributed to the error of the STA device or the
temperature gradient of the furnace at this temperature the sample was deformed.
In sample G;, the main phase is Ce-ZrO, (Fig.5-b) and after that, tetragonal
zirconia phase can be seen at 20=29/85° and 20=34°, since no peak is seen in
the base sample. the peak shift is not comparable to check the stability. This
sample was also deformed like the base sample. The sample G, was not deformed,
also lamination had occurred in this sample. In this sample, like the tablets that
were placed at the annealing temperature, the main phase was MgSiOs, and
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LisPO4 crystals can also be seen, which were eaten by acid in (Fig.5-c). has
beenThe next phase is monoclinic zirconia, which is caused by the lack of effect
of magnesia as a stabilizer in this composition. In general, despite the expectation
[3], the simulated heat press operation in the base sample caused phase
dissolution and also prevented the formation of Li»ZrSisO15 phase in all samples.

By examining the diagram of the thermal microscope and the contraction
stopping in the temperature range of 800-850°C, there is a possibility of
crystallization starting at this temperature. For this purpose, in order to check the
crystallized phase, it was heat treated at an intermediate temperature of 825°C for
two hours, according to (Fig.4-c) and (Fig.5-d) in sample Gy, Li,ZrSigO15 phase
Is formed, also tetragonal zirconia is seen at angles of 26=30/22 ° and 20=50/24 °
respectively with intensity of 90 and 50. Also, monoclinic zirconia along with
lithium phosphate can be seen in this sample. The mentioned data are consistent
with the results of Schweinger et al. [3], despite the fact that in the above
experiment, after heat pressing at 900°C, the mentioned phases were obtained.
The presence of this phase at this temperature and without heat pressing makes
the production process of Cosmo ceramic glass one-step. In sample Gi, the
LisPO4 phase is not seen, this sample is deformed and melted after being placed
at this temperature, in the melting state, the crystalline phase dissolves in the
glass, and the LisPO,4 phase is completely dissolved in this sample. (Fig.5-e). Due
to the faster formation of Ce-ZrO, compared to ZrO,, ZrO, peaks were consumed
and tetragonal zirconia peaks were formed with less intensity compared to the
base sample. It is seen with intensity of 70 and 45 respectively. After comparing
this sample with the G, sample, we see the shift of the peak to the left, which is
caused by the presence of ceria in the zirconia structure. Due to having a smaller
ionic radius (0.82 A) of Zr** compared to (0.97 A) of Ce**, according to the
relationship nA=2dsin©®, as d increases, sin® decreases and © also decreases,
causing the peak to shift to the left. Also, the absence of monoclinic zirconia
phase is due to stabilization of tetragonal zirconia phase in this sample. Sample
G, includes peaks of monoclinic zirconia, tetragonal zirconia and MgSiOs. The
presence of monoclinic zirconia in this composition is due to the instability of the
tetragonal phase, but to further investigate the shift of the tetragonal zirconia
peak, we also examined it. The ionic radius of Mg**, like the atomic radius of
Zr*, is equal to 0.72 A and the peak shift should be to the right. At the angles of
20=30/22° and 20=50/24° with an intensity of 90, 50 tetragonal zirconia is seen,
which corresponds to the base sample. Also, in this sample, contrary to other
temperatures and other samples, zircon phase (Fig.5-j) is seen.
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Fig.5. SEM images of samples chemically etched with 3% HF for 12 seconds and heat
treated at 900°C for 20 minutes, a) Go, b) G, ¢) G2 and heat treated at 825°C for 20 minutes 2
hours, d) Go, €) Gy, ) Go.
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According to (Fig.5-a), with re-heat treatment of the base sample at softening
temperature or heat press at 900 °C, despite the report of Holland et al.[8] It is
with DTA and XRD data. In the sample containing ceria (Fig5-b) with heat
treatment at 900 °C, small Ce-ZrO, crystals were seen. The zirconia phase could
not be seen due to its fineness. In the sample containing magnesia (Fig.5-c),
MgSiO; crystals were seen. In this sample, the crystalline phase of LisPos was
corroded by chemical etching, and cavities with spherical morphology due to the
loss of LisPo, crystals were seen. Despite the previous studies of heat press
operation, Li,ZrSisO;5 phase was not created in any of the samples. SEM images
of samples heat treated at 825°C showed the presence of Li»ZrSigO15 phase with
snowflake-like morphology in base samples and samples containing ceria (Fig.5-
d and 5-e). The presence of this phase in the sample containing ceria is larger than
the base sample. Also, in the basic sample (Fig.5-c), the LizPo, phase has been
destroyed due to chemical etching and caused the presence of holes. In the sample
containing ceria, in addition to the Li,ZrSigO15 phase, Ce-ZrO, crystals were also
seen (Fig.5-e). In G»,-825°C sample, unlike the other two samples, it was not
sintered and did not have linear contraction, for this reason, large MgSiO3; and
SiZrO,4 crystals were visible in this sample (Fig.5-j). Also, monoclinic and
tetragonal ZrO, crystals were not seen by SEM in all samples due to their small
size.

conclusion

According to the XRD and SEM test results, re-heat treatment causes phase
dissolution in the base sample and lack of formation of Li,ZrSigO15 main phase.
According to the HSM chart, the shrinkage at 825°C is due to the formation of
Li,ZrSigO1s5 phase, for this reason, this temperature is the optimal heat treatment
temperature. The presence of ceria in the sample heat treated at 825°C caused the
stability of the tetragonal zirconia phase in this sample because no peak
containing monoclinic zirconia was seen in this sample, and also in the XRD
pattern, the shift of the tetragonal zirconia peak to the left compared to the base
sample and also We can see the decrease in the intensity of the peak, which is
caused by the presence of ceria in the structure of zirconia, in the base sample and
the sample containing magnesia, we see the presence of monoclinic zirconia,
which indicates the lack of stability of the zirconia phase in these two samples,
as well as early crystallization. MgSiO3 prevents sintering of this sample.
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