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Objective:
Yttrium stabilised zirconia ceramics after various low temperature aging using X
analysis and Scanning Electron Microscopy respectively.
Materials and Methods:
manufacturers (n=15) Sample A AIDITE
Sample B UPCERA
brand which were machined and sintered and glazed accordi
mimic a final polished crown that is ready for cementation.
distilled water by heat treatment at temperatures of 100, 150 and 200°C for 10 hours each in order to 
induce phase transf
transformation using X
scanning electron microscopy (6380 LA, JEOL machine).
Results:
temperature aging revealed only the tetragonal phase.
the specimens in as received condition appeared to be smooth with a few blebs here a
aging was carried out, the surface irregularities became more pronounced.
Conclusion:
significant results on x
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INTRODUCTION 
 
Zirconia, emerging a supreme material with great value of 
strength and esthetics is being widely used in the field of 
dentistry. The array of applications of zirconia in dentistry 
include fabrication of posts, crowns, bridges, implants, implant 
abutments and esthetic orthodontic brackets
2007). Zirconia exists in three crystal phases at different 
temperatures namely cubic, monoclinic and tetragonal. 
Zirconia is in the monoclinic phase at room temperature and 
transforms into tetragonal phase above 1070°C. This tetragonal 
phase of zirconia is stable between a temperature of 1170°C 
and 2370°C. The cubic phase is stable only at very high 
temperatures (Kim et al., 2009). Clinically, the tetragonal 
phase of zirconia is important as it is hard, has good fra
toughness and is corrosion resistant. In order to maintain this 
clinically significant tetragonal phase at room temperature, 
stabilisers such as yttria, magnesia, ceria etc are added. 
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ABSTRACT 

Objective: The purpose of this study was to evaluate the phase stability and surface characteristics of 
Yttrium stabilised zirconia ceramics after various low temperature aging using X
analysis and Scanning Electron Microscopy respectively. 
Materials and Methods: Our study included discs of Yttrium stabilized tetragon
manufacturers (n=15) Sample A AIDITE (Qinhuangdao Technology Co.,
Sample B UPCERA (Shenzhen Upcera Dental Technology Co.,
brand which were machined and sintered and glazed according to manufacturer’s specifications to 
mimic a final polished crown that is ready for cementation. Specimens were artificially aged in 
distilled water by heat treatment at temperatures of 100, 150 and 200°C for 10 hours each in order to 
induce phase transformation. These specimens after aging were individually evaluated for the phase 
transformation using X- ray diffraction (JDX 8P, JEOL machine)and surface characteristics using 
scanning electron microscopy (6380 LA, JEOL machine). 
Results: The results from x-ray diffraction analysis of both the specimens with and without low 
temperature aging revealed only the tetragonal phase. On scanning electron microscopy, the surface of 
the specimens in as received condition appeared to be smooth with a few blebs here a
aging was carried out, the surface irregularities became more pronounced.
Conclusion: The invitro tests conducted reveal that the two materials Aidite and Upcera did not show 
significant results on x-ray diffraction analysis and scanning electron microscopy.

is an open access article distributed under the Creative Commons Attribution License, which 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 
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strength and esthetics is being widely used in the field of 
dentistry. The array of applications of zirconia in dentistry 
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Occlusal and lateral forces along with added influence of 
saliva bring about a transformation from the tetragonal to 
monoclinic phase which would be undesirable
Interestingly, during clinical use this transformation is 
beneficial as this exhibits a volume expansion of 3
(Subbarao et al., 1974). This expansion inhibits the crack 
propagation that is initiated by various stresses. This 
transformation toughening phenomenon brings about high 
strength and fracture toughness of zirconia in vivo.
zirconia has excellent mechanical properties, various 
phenomenon that decrease the life time of zirconia have been 
reported. Kobayashi et al were the first to
degradation after aging process at 150
al., 1981). Since then, various studies have been carried out on 
low temperature aging phenomenon affecting the mechanical 
properties (Chevalier et al., 
performance of Yttrium stabilised tetragonal zirconia (Y
in vitro, a process known as low temperature aging is carried 
out. Low temperature aging of zirconia is tetragonal to 
monoclinic transformation under simulated clinical conditions. 
This mimics the clinical conditions in the oral cavity and tests 
the performance of Y-TZP over a period of time. For example, 
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Occlusal and lateral forces along with added influence of 
saliva bring about a transformation from the tetragonal to 
monoclinic phase which would be undesirable normally. 
Interestingly, during clinical use this transformation is 
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This expansion inhibits the crack 
propagation that is initiated by various stresses. This 
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strength and fracture toughness of zirconia in vivo. Though 
zirconia has excellent mechanical properties, various 
phenomenon that decrease the life time of zirconia have been 
reported. Kobayashi et al were the first to observe the 
degradation after aging process at 150-400°C (Kobayashi et 

Since then, various studies have been carried out on 
low temperature aging phenomenon affecting the mechanical 
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aging at 134°C for 1hour is theoretically similar to 3
vivo (Kim et al., 2009; Chevalier et al., 1999; 
Deville et al., 2005). 
 

MATERIALS AND METHODS 
 
Discs of Y-TZP from two manufacturers (n=15) Group A
AIDITE(Qinhuangdao Technology Co. Ltd, 
Group B UPCERA(Shenzhen Upcera Dental Technology Co.
Ltd, Guangdong, China), for each brand were machined and 
sintered and glazed according to manufacturer’s specifications 
to mimic a final polished crown that is ready for cementation 
(Fig-1a and 1b). Control specimens (n=10) for each brand 
were evaluated in as-received condition. 
 

 

Fig 1a. Y-TZP disc- Group A:-AIDITE
 

 

Fig. 1b. Y-TZP disc- Group B-UPCERA
 

 
Low temperature aging 
 
Specimens were artificially aged in distilled water by heat 
treatment at temperatures of 100, 150 and 200°C for 10 hours 
each in order to induce phase transformation (Fig
they were individually evaluated for phase transformation 
using x-ray diffraction (XRD) and surface characteristics using 
scanning electron microscopy (SEM). 
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AIDITE 

 

UPCERA 

Specimens were artificially aged in distilled water by heat 
treatment at temperatures of 100, 150 and 200°C for 10 hours 
each in order to induce phase transformation (Fig-2). Further 

dividually evaluated for phase transformation 
ray diffraction (XRD) and surface characteristics using 

X ray diffraction analysis 
 
Diffraction pattern is characteristic for a particular element. 
This pattern can be compared with the library data to 
understand the composition of the material. In our study, XRD 
was carried out using a diffract meter
using Copper-potassium α radiation  with a wavelength of λ= 
1.54056Å, diffraction angle of 25 to 40°, step size of 0.02° and 
scan speed of 1° per minute was used (Fig
Peaks from the XRD output were compared with the library 
data, which is the x-ray diffraction standards file (17
zirconium oxide (Kim et al., 2009).
 

Figure
 

Figure
 

Fig. 2a and Fig 2b. Low temperature aging
 

Scanning electron microscopy
 
Scanning electron microscopy (SEM) is a procedure wherein 
the surface characteristics of the said specimen is scanned by a 
beam of electrons are reflected to form an image. Gold 
sputtering was carried out using a 
JEOL machine wherein the specimens were coated with a 
15nm gold layer in order to make their surface conductive 
(Fig-4a, 4b and 4c). The surface grains were analysed and 
photographs were taken at magnifications of 5.0k and 15.0k 
using a 6380 LA, JEOL machine (Fig
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Figure 2b. 

Low temperature aging 

Scanning electron microscopy 

Scanning electron microscopy (SEM) is a procedure wherein 
the surface characteristics of the said specimen is scanned by a 
beam of electrons are reflected to form an image. Gold 
sputtering was carried out using a JFC 1600 Autofine Coater, 

ein the specimens were coated with a 
15nm gold layer in order to make their surface conductive 

4a, 4b and 4c). The surface grains were analysed and 
photographs were taken at magnifications of 5.0k and 15.0k 

6380 LA, JEOL machine (Fig-5). 
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RESULTS 
 
XRD: The XRD results of both the specimen
revealed tetragonal phase. The highest phase of transformation 
was seen at a peak that ranged from 29.18° to 29.76° in Group 
A and 29.1° to 29.56° in Group B (Fig-6a and 6b). After aging 
only tetragonal phase was visible (Fig-7a and7b). No other 
significant changes were observed. 
 

 

Figure 3a. 
 

 

Figure 3b. 
 

 

Figure 3c. 
 

Fig. 3a, Fig-3b and Fig-3c. XRD using diffractometer JDX 8P,
JEOL machine 
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Fig. 4a, Fig. 4b. and Fig. 4c. Gold sputtering using 
Autofine Coater
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Figure 4a. 

Gold sputtering using JFC 1600 
Autofine Coater 
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Fig. 5. SEM JEOL machine
 

 

Fig. 6a. XRD of Group A before aging
 

 

Fig. 6b. XRD of Group B before aging

 
SEM 
 
The surface of the specimen in as-received condition appeared 
to be smooth except for a few irregularities. With low 
temperature aging, the surface irregularities became more 
pronounced in Group B as compared to Group
These irregularities represented initiation of crack propagation.
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XRD of Group B before aging 

received condition appeared 
for a few irregularities. With low 

temperature aging, the surface irregularities became more 
pronounced in Group B as compared to Group A (Fig-8). 
These irregularities represented initiation of crack propagation. 

Fig. 7a. XRD of Group A after aging

Fig. 7b. XRD of Group B after aging

Fig. 8. Images from SEM before and after aging at magnifications 
of 5k and 15k
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XRD of Group A after aging 

 

 
 

XRD of Group B after aging 

 

 
 

Images from SEM before and after aging at magnifications 
of 5k and 15k 
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DISCUSSION 
 
The phase transformation from tetragonal to monoclinic (up to 
12%) is favourable in clinical situations as it does not allow 
crack to propagate. There is an increase in the flexural strength 
hence demonstrating an improved clinical performance of the 
material. When the percentage of monoclinic crystal increases 
beyond this i.e. 12-54%, there is a decrease in the flexural 
strength. In vitro phase transformation from tetragonal to 
monoclinic starts taking place from 100°C onwards. There is 
an increase in the monoclinic phase as the temperature 
increases. Therefore, to test the clinical performance of the 
material over a period of time, temperatures of 100°C, 150°C 
and 200°C were used. Also, the three temperatures used in the 
study correspond to the duration of the material in the oral 
cavity which signifies the longevity of the material. For 
instance, aging at 134°C for 1 hour is theoretically similar to 3-
4 years in vivo. Hence aging at 100°C, 150°C and 200°C for 
10 hours corresponds to approximately 8-10, 10-15 and 15-20 
years in vivo respectively. XRD provides the percentage of 
particular phase of a material. According to a study conducted 
by Kim et al., 2009 XRD indicated that the flexural strength 
increased upto 12% of monoclinic concentration. Monoclinic 
concentration increased sharply from 12 to 75% as the 
temperature was increased to 125°C and above. The peak of 
the monoclinic phase transformation is seen at the 2 theta angle 
of roughly about 28° and second peak for tetragonal phase 
transformation is seen roughly at an angle of 30°. As opposed 
to this, our study showed only the tetragonal peak at the 
aforementioned temperatures during XRD. This implies that 
the monoclinic phase transformation is not very evident in the 
materials in Group A and Group B when aging is carried out at 
a temperature above 100°C. In the study conducted by Kim et 
al., 2009 SEM revealed an orange peel texture. It was found 
that, with an increase in temperature, there was an increase in 
the monoclinic phase giving it the orange peel appearance. As 
opposed to this, our study showed an increase in surface 
irregularities which became more pronounced as the 
temperature increased, thereby representing initiation of crack 
propagation. This implies that there has not been any volume 
expansion at the crack tip that inhibits crack propagation, 
suggesting the absence of monoclinic crystals in the two 
materials tested with aging. 
 
Conclusion 
 
The tetragonal to monoclinic transformation was caused by 
low temperature aging at temperatures of 100°C, 150°C and 
200°C. After aging treatment up to 100°C, monoclinic phase 
started to appear, representing a clinically satisfactory 
performance of 8 -10 years. But the percentage of monoclinic 
crystals decreased with the higher temperatures i.e. 150°C and 
200°C. This suggests that these two materials cannot be 
expected to perform clinically beyond 10 years. 
 

Clinical implications of the study 
 
The in vitro tests reveal that the two materials Aidite and 
Upcera did not show significant results on XRD and SEM 
which implies that the flexural strength of these two materials 
may be compromised after 10 years in vivo. 
 
Scope of the study 
 

 The need to study flexural strength of the two materials 
in vitro. 

 The need to study the percentage of monoclinic 
crystals. 

 An in vivo simulation of lateral and vertical forces after 
low temperature aging. 
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