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Statement of problem. The stability of veneering ceramics requires further investigation.

Purpose. The purpose of this study was to investigate, with Raman spectroscopy, the occurrence and extent of the tetragonal
to monoclinic phase transformation in yttria partially stabilized tetragonal polycrystalline zirconia (Y-TZP) ceramic at the
veneer-framework interface.

Materials and methods. Three different Y-TZP blanks Cercon base, ZENO TEC, and Zerion were used. The specimens were
sintered according to the recommendations of the manufacturers (1350�C Cercon base, 1450�C ZENO TEC, and 1500�C
Zerion for 2 hours). Three veneer ceramics with different coefficients of thermal expansion, Cercon ceram kiss, Zirox, and
VITA VM9 were used to veneer the Y-TZP frameworks. For the investigation of the temperature gradient on the phase
transformation of Y-TZP ceramic, some specimens were fractured, with a universal testing machine along the long axis of
the coping.

Results. No evidence was found for the presence of the tetragonal to monoclinic phase transformation for nonabraded
and nonveneered specimens. The tetragonal to monoclinic phase transformation was observed at the veneer-framework
interface for all veneered specimens and was dependent on the sintering temperature of the framework. The highest volume
fractions of the monoclinic phase at the veneer-framework interface amounted to 0.57 (Cercon base), 0.69 (ZENO TEC), and
0.72 for the Zerion framework. The tetragonal to monoclinic phase transformation was not homogenous along the veneer-
framework interface and depended on the distance from the cross section of the veneer-framework interface. The greatest
tetragonal to monoclinic transformation was observed at the interface and disappeared with increasing distance from it. For
the veneered Cercon base specimens, the volume fraction of the monoclinic phase decreased from 0.53 to 0.13 over a
distance of 20 mm. No phase transformation was observed at a distance that exceeded 20 mm from the cross section of the
veneer-framework interface.

Conclusion. This study demonstrated that the firing process of veneer ceramic and the difference in the coefficients of thermal
expansion between the ceramic framework and the veneer ceramic significantly influenced the stability of the tetragonal phase
of Y-TZP ceramic at the veneer-framework interface. (J Prosthet Dent 2014;-:---)
Clinical Implications
The stresses created along the veneer-zirconia framework interface during
the veneering process are responsible for the tetragonal to monoclinic
phase transformation of zirconia. This transformation is accompanied by
a localized increase in zirconia volume at the veneer-zirconia framework
interface and may influence the stability of the veneer.
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Table I. Preparation and grouping of specimens (n¼3)

Groups (3 specimens
prepared per Y-TZP) Specimens

1 Control coping (sintered): CB-1, ZT-1, Ze-1

2 airborne-particle abraded coping: CB-2, ZT-2, Ze-2

3 airborne-particle abraded and veneered
coping: CB-3, ZT-3, Ze-3

4 Fractured coping: CB-4, ZT-4, Ze-4

5 Fractured and airborne-particle abraded
coping: CB-5, ZT-5, Ze-5

6 Fractured, airborne-particle abraded, and veneered
coping: CB-6, ZT-6, Ze-6

Y-TZP, yttria partially stabilized tetragonal polycrystalline zirconia; CB, Cercon base; ZT, ZENO TEC;
Ze, Zerion.
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Zirconia-based ceramics have at-
tracted the attention of researchers
because of their high biocompatibility,
high flexural strength, and toughness.
The development of computer-aided
design/computer-assisted manufacturing
(CAD/CAM) technologies has enabled
the production of complete and partial
coverage crowns and partial fixed dental
prostheses fromhigh-strength zirconia.1-7

Zirconia ceramic occurs in 3 modifica-
tions: the monoclinic (m) phase (stable
up to 1170�C), the tetragonal (t) phase
(stable up to 2370�C), and the cubic (c)
phase (stable up to 2680�C). The c phase
has moderate mechanical properties, the
m phase shows reduced mechanical per-
formance and is less dense than the other
modifications of zirconia, and the t phase
provides superior mechanical proper-
ties.1,6,8 In the dental industry, yttria
partially stabilized t polycrystalline zirco-
nia (Y-TZP) ceramic is commonly used.
The t/m phase transformation of
Y-TZP, which occurs through a martens-
itic diffusionless shear process can be in-
duced by externally applied stress and is
associated with a volume increase of up
to 5%.1,6,8-11 The compressive stresses
that are induced during this trans-
formation oppose the propagation of
cracks, thereby positively affecting the
mechanical properties of zirconia-based
ceramics. A more extensive t/m phase
transformation has a catastrophic effect
on the mechanical properties of zirconia
ceramics.6

Most dental ceramic restorations are
composed of 2 layers of materials, the
ceramic framework to carry the load and
the veneer porcelain for the esthetics.
Veneers used with zirconia frameworks
are primarily composed of glass ce-
ramics with minor compositional and
microstructural differences, depending
on the manufacturer. Kaoline, silica,
and feldspar are the main components
of veneering ceramics. Leucite-reinforced
glass ceramics and the nanofluorapatite
glass ceramics are used to fabricate zir-
conia restorations.12 The fabrication of
crowns and partial fixed dental pros-
theses involves a series of thermal treat-
ments. The matching of the thermal
expansion between the veneer and
The Journal of Prosthetic Dentis
ceramic framework is critical for the
avoidance of cracking after firing.12-22

DeHoff et al13 outlined the dependence
of the residual stresses on the coefficient
of thermal expansion and the geometries
of the specimens. In addition, the re-
sidual stress is dependent on the thermal
conductivities of the materials due to a
buildup of thermal gradients during
cooling. Zirconia has a low thermal
expansion, but its low thermal diffusivity
results in a high tensile residual stress at
the interface with the veneer.12-22 Tholey
et al23 detected the occurrence of the
t/m phase transformation at the stress
interface and explained it by the pres-
ence of the liquid used to fabricate the
veneering ceramics.

The aim of this study was to inves-
tigate, by using Raman spectroscopy,
the occurrence and extent of the phase
transformation in Y-TZP ceramic at the
veneer-framework interface.24-30 The
working hypothesis was that the build-
up of the residual stresses at this inter-
face during the firing procedures for
the preparation of veneering ceramic
is responsible for the stress-induced
martensitic diffusionless t/m phase
transformation at the veneer-framework
interface.

MATERIAL AND METHODS

In this study, Y-TZPs (zirconia 5 wt%
Y2O3, <2 wt% HfO2, <1 wt%
Al2O3þSiO2) from 3 manufacturers
try
(Cercon base [CB], DeguDent GmbH;
ZENO TEC [ZT], WielandþDental; and
Zerion [Ze], Straumann) were used as a
framework material. Zirconia blanks
(CB) were milled with a Cercon brain
(DeguDent) CAM machine. Other
blanks (ZT and Ze) were milled with a
CAD/CAM (CAD [Cerec; MC XL]; CAM
[InLab Sirona]) device. For each type of
Y-TZP, 18 copings were divided into 6
groups: nontreated coping as the con-
trol group; airborne-particleeabraded
coping; airborne-particle abraded and
veneered coping; fractured coping; frac-
tured and airborne-particle abraded
coping; and fractured, airborne-
particle abraded and veneered coping
(n¼3) (Table I). The sintering of
frameworks was performed according
to the instructions of the manufacturers
(CB, ZT, and Ze were sintered at
1350�C, 1450�C, and 1500�C, respec-
tively, for 2 hours). The veneering sur-
faces of the frameworks, according to
the instructions of the manufacturer
(DeguDent), were abraded with abra-
sive 110-mm alumina particles at a
pressure of 0.3 MPa and at a distance
of 10 mm (CEMAT NT4; Wasser-
mann); the same conditions (to avoid
the influence of airborne-particle pres-
sure) were applied for the other Y-TZP
copings. After airborne-particle abra-
sion treatments, all the specimens were
air cleaned at a pressure of 0.25 MPa
for 1 minute. Cercon ceram kiss
veneering material (DeguDent) was
Hallmann et al
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used for CB frameworks, Zirox (Wie-
landþDental) was used for the ZT
frameworks and VITA VM9 (Vita
Zahnfabrik) was used for the Ze
frameworks (Table II). The CTEs of
specimens used in this study were
zirconia¼10.5�10-6K-1, Cercon ceram
Kiss¼9.2�10-6K-1, VITA VM9¼8.8-
9.2�10-6K-1, and Zirox¼9.3�10-6K-1.

Five veneer layers were used for the
preparation of each veneering ceramic.
The coated framework was fired at the
proper temperature according to the
instructions of the manufacturers
(Table III). The firing processes were
performed in a calibrated oven
Table II. Qualitative chemical composi
this study

Veneering
Ceramic Chemical Compo

Cercon base kiss SiO2, Al2O3, K2O, Na2O,
CaO, CeO2, Li2O, P2

TiO2, Y2O3, ZrO2, ZnO

Zirox SiO2, Al2O3, K2O, Na2O,
CaO, B2O3, F, Li2O,

VITA VM9 SiO2, Al2O3, K2O, Na2O,
ZrO2, CaO, SnO2, P2

FeO, B2O3, pigm

Table III. Firing schedules of veneering

Veneering
Ceramic

P

Temperature

Ceram Kiss Liner 1 575

Liner 2 575

Shoulder 1 450

Dentin 1 450

Glaze 450

Zirox Shoulder 1 575

Shoulder 1 575

Liner 575

Dentin 575

Glaze 575

Vita M9 Shoulder 1 500

Shoulder 2 500

Liner 500

Dentin 500

Glaze 500

Hallmann et al
(Austromat M; Dekema). The powder
of each veneer was mixed with the
liquid provided by the manufacturers
and was applied on the surface of the
framework. This step was repeated after
applying each veneer layer. The thick-
nesses of the frameworks and veneer
layers were approximately 0.5 mm and
1 mm. A number of factors influence
the martensitic stress-induced t/m
phase transformation of Y-TZP ceramic,
including the thickness of the veneer
ceramic.31-35 This aspect, however, was
not the principal target of this explor-
atory study that focused on the evalu-
ation of the Raman method for the
tion of veneering ceramics used in

sition
Batch
No. Manufacturers

BaO, B2O3,

O3, SnO2,

, pigments

130055 DeguDent

TiO2, ZrO2,
pigments

3/06 WielandþDental

TiO2, CeO2,
O5, MgO,
ents

30250 Vita Zahnfabrik

ceramics according to manufacturers

redrying Heating
Rate (�C/min)(�C) Time (min)

8 55

8 55

6 55

5 55

3 55

8 45

8 45

8 45

9 45

5 45

6 80

6 80

6 55

6 55

- 80
investigation of this phase trans-
formation at the veneer-framework
interface.

To determine the occurrence and
extent of the t/m phase transfor-
mation that resulted from the temper-
ature gradients at the veneer-framework
interface, the specimens were loaded
with a universal testing machine
(Zwick). The load was applied with a
flat device on the incisal edge parallel to
the long axis of the crown. The force
was applied at a crosshead speed of 1
mm/min until failure. To ensure a uni-
form force distribution, a 0.5-mm tin
foil (Dentaurum) was placed between
the incisal edge and the loading device.
The universal testing machine was used
to preserve the same conditions for the
preparation of all specimens.
Phase transformation

A confocal Raman microscope
(CRM 200; WITec GmbH) equipped
with a helium-cadmium (HeCd) laser
with a wavelength of 532 nm was
used to detect the t/m phase trans-
formation. The microscope was oper-
ated in the backscattering mode with
Firing
Temperature (�C)

Holding
Time (min)

970 1

960 1

850 1

830 1

800 1

980 1

960 1

930 1

900 2

880 1

980 1

980 1

930 1

910 2

900 1
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a �100 objective and a lens numerical
aperture, NA, of 0.9. The lateral resolu-
tion DXlateral of the microscope defined
by the Rayleigh equation (according to
the manufacturer)

DXlateralz1:22
llaser
2� NA

is 360 nm.
The calculation of depth resolution
defined by the following equation
(according to the manufacturer)

DXaxialz1:4� n2
llaser

ðNAÞ2

is 920 nm.
Raman spectra were acquired with a
spectrometer equipped with a charge-
coupled device. The size of the detec-
tor was 1024 � 127 pixels (pixels per
line � pixels per column). A holo-
graphic grating of 900 grooves/mm was
used to disperse the wave reflected from
the specimens. The size of the pinhole
was 100 mm.

Reference spectra were acquired on
the sintered and the airborne-particlee
abraded Y-TZP frameworks. An area of
interest of 10 � 10 mm at the veneer-
framework interface was selected. Im-
ages (20 lines per image and 20 points
per line) were acquired with a 0.52 sec-
ond integration time and a �100
objective. The line scan (�100 objec-
tive), which was perpendicular to the
veneer-framework interface, was recor-
ded on the selected area. The distance
between the 2measured points was 0.52
mm. The image sampling volume reso-
lution was 0.25 mm3. The distance be-
tween the 2measurements was 1mm for
fractured specimens and 2 mm for non-
fractured specimens (n¼10). For the
preparation of fractured specimens, the
measurements were performed only at
the site of the coping where no load was
applied. The dependence of the phase
transformation of the framework on the
distance from the cross section at the
veneer-framework interface was investi-
gated in an areaof interest of 20�20mm
at the veneer-framework interface (which
corresponded to an areawhere the phase
transformation was found in the
The Journal of Prosthetic Dentis
previousmeasurement). Images (20 lines
per image and 20 points per line) were
acquired with a 2-second integration
time and a�100 objective. The distance
between the 2 points was 1.05 mm, and
the probe volume resolution was 1.2
mm2. The m volume fraction was calcu-
lated by using the following equation36:

Vm ¼ Im178cm�1 þ Im189cm�1

0:33ðIt145cm�1 þ It256cm�1 Þ þ ðIm178cm�1 þ Im189cm�1 Þ

The Raman spectra were fitted
with software (PeakFit v4.12; Seasolve
Software) for the calculation of Vm.
The fitting procedure was performed
by using a Lorentzian curve on a linear
background. The calculation of Vm was
performed by using the areas of the t
peaks at 145 and 265 cm-1 and the m
doublet between 178 and 190 cm-1. A
1-way ANOVA and a post hoc Scheffé
test (a¼.05) were used to statistically
analyze the results.

RESULTS

Raman images of a selected frac-
tured coping, veneer (Cercon ceram
kiss)-framework (CB) and Raman
spectra acquired on the veneer surface
at the veneer-framework interface and
on the Y-TZP surface are displayed in
Figure 1. Major peaks in the Raman
spectra were detected at 149, 177, 190,
262, 324, 334, 344, 463, 477, 609, and
640 cm-1; additional weak peaks
appeared at 212, 221, 378, and
534 cm-1. Raman peaks at 149, 262,
324, 463, 609, and 640 cm-1 were
assigned to the Raman active modes of
the t phase of Y-TZP ceramic (Table IV).
The peaks at 180, 190, 334, and 477
cm-1 were assigned to the Raman active
modes of the m phase of zirconia. Only
a single peak at 466 cm-1 was observed
for the veneering ceramic. The intensity
of m bands at 180 to 190 cm-1

depended on the distance from the
interface. With increasing distance from
the veneer-framework interface, the in-
tensity of these peaks decreased
(Figs. 1, 2A). Lower m volume fractions
were obtained up to a distance of
20 mm from the cross section of the
try
veneer-framework interface. The m vol-
ume fractions were 0.49, 0.42, 0.24,
and 0.13 for the points 2 to 5, respec-
tively (the distance between 2 points
was 4 mm) (Figs. 1, 2A). Identical
trends were observed for other copings.
As shown in Figures 1 and 2B, the
t/m phase transformation was not
homogeneous because the intensity of
the m peaks in the region of 180 to 190
cm-1 changed according to the location
of the measured spots. The m volume
fractions were 0.33, 0.51, 0.35, 0.40,
0.37, 0.51, and 0.27 for spots 1 to 7,
respectively (Figs. 1, 2B). The depen-
dence of Raman peak intensities and
positions on the treatments of the
frameworks is shown in Figure 2. No
evidence was found for the presence of
m peaks for nonfractured and fractured
specimens (Fig. 2 and Table V, spectra
CB-1, CB-4, ZT-1, ZT-4, Ze-1, and
Ze-4). For airborne-particleeabraded
specimens (spectra CB-2, CB-5, ZT-2,
ZT-5, Ze-2, and Ze-5), a broad peak
was observed in the region of 170 to
190 cm-1. The peaks at 320 and 464
cm-1 assigned to the t phase were
broader than those of the nonabraded
specimens, which can be attributed to
the appearance of m peaks at 342 and
478 cm-1. For the veneered specimens
(spectra CB-3, CB-6, ZT-3, ZT-6, Ze-3,
and Ze-6), the intensities of the peaks
of the m phase at 180 to 192 cm-1 and
478 cm-1 increased considerably. The
intensity of m peaks at 180 to 190,
385, and 477 cm-1 increased for the
veneer-framework interface of coping
compared with the airborne-particle
abraded coping. The broadening and
the changes in intensity of the peaks
in the regions 464 to 478 cm-1 and
600 to 700 cm-1 were observed
when the t/m phase transformation
occurred. The intensity of peaks at
464 to 477 cm-1 in comparison with
the intensity of the peaks at 644 cm-1

increased for the specimens where the
phase transformation occurred. The
peak at 644 cm-1 was rather broad
for all veneered specimens, because
the c and m modifications of zirconia
also have Raman active modes in this
spectral domain (Table IV). Detecting
Hallmann et al
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1 Photomicrographs and Raman spectra of fractured coping, Cercon base, and Cercon ceram kiss were used as
framework and veneer (group 6). A, Photographic image made with optical microscope of Raman spectrometer,
numbers (1 to 5) indicate points where spectra were recorded. B, Selected area of 10 mm � 10 mm.
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the c phase in these specimens is diffi-
cult because this phase has only 1
active Raman mode, F2g at 616 cm-1.
Minor peaks observed at 105, 352,
507, 566, and 582 cm-1 for all veneered
specimens were assigned to the m
phase (Fig. 2). The m volume fraction
(Vm) of all specimens is given in
Table IV. The Raman measurements
were performed on 10 different areas
for each group. The highest t/m
phase transformation at the veneer-
framework was observed for the speci-
mens of groups 3 and 6 (Table V). Two
or 3 of the measured areas of these
groups showed the highest intensities
Hallmann et al
of m peaks in the region of 180 to
190 cm-1. No significant difference was
observed (P>.05).

DISCUSSION

The results indicate that, before
the veneering procedure, the non-
fractured and fractured surfaces of
Y-TZP ceramics consisted only of the
t phase. After airborne-particle abra-
sion, the stress-induced martensitic
t/m phase transformation developed.
The intensities of the Raman peaks
assigned to the m phase increased
at the veneer-framework interface in
airborne-particle abraded specimens,
and the broadening of the t phase
peaks could be indexed as a strained
structure. Finite element calculations by
DeHoff et al13 suggest that, within the
first 5 minutes of the cooling process,
the transient stresses are higher than
the residual values. The researchers
related the buildup of stress to negative
or positive mismatch between the
thermal expansion coefficients of the
veneer and framework. Zhang et al34

calculated the residual stresses at
the veneer-core interface. According
to these researchers, no stresses were
detected for temperatures above the



Table IV. Raman shift (cm-1) of zirconia modifications

Monoclinic phase

This study Ref 30 Ref 42 Ref 48 Ref 49 Ref 50 Ref 51 Symmetry

105 115 102 102 102 99 Ag

182 183 178 176 179 179 177 Ag

191 193 190 187 190 190 189 Ag

222 221 222 220 221 224 222 Bg

301 297 305 300 303 305 305 Ag

334 334 (Ag) 334 333 330 334 331 Bg

351 348 344 343 348 (Ag) 343 Bg

386 392 382 380 378 381 376 Bg

478 476 476 475 475 476 473 Ag

509 500 500 510 504 505 498 Bg

538 534 534 536 539 536 534 Bg

562 554 556 558 561 556 557 Ag

619 605 615 613 618 616 613 Bg

629 625 637 635 640 637 633 Ag

726 760 760 757 705 Ag

Tetragonal phase

This study Ref 27 Ref 28 Ref 39 Ref 43 Ref 48 Ref 52 Symmetry

151 150 (Eg) 148 163 145 147 146 (Eg) B1g

263 260 266 273 268 269 270 (A1g) Eg

324 327 322 331 314 315 318 B1g

464 468 466 473 463 459 458 Eg

602 609 609 610 604 600 602 (B1g) A1g

644 642 (B1g) 642 648 639 643 648 Eg

Cubic phase

This study Ref 30 Ref 43 Ref 44 Ref 45 Ref 46 Ref 47 Symmetry

617 607 616 600 618 640 600 F2g

Ref, reference number.
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glass transition and temperature, and,
therefore, the thermal residual stresses
are generated during the cooling pro-
cess. The minor extent of the t/m
phase transformation observed in this
study within the framework compared
with the extent at the veneer-framework
interface can be explained by the low
concentration of stresses that are pri-
marily responsible for this martensitic
phase transformation. Swain16 derived
the effect of thermal diffusivity on the
The Journal of Prosthetic Dentis
creation of stresses. The highest tem-
perature during the cooling process is
maintained in the center of the body
due to low thermal diffusivity. The
external surface has the lowest temper-
ature.16 The low thermal diffusivity of
zirconia compared with the veneer
material results in a high thermal
gradient and leads to the buildup of
residual stress at the veneer-zirconia
interface16; this buildup is ultimately
responsible for the larger extent of the
try
t/m transformation observed at the
interface in this study. Tholey et al23

explained the t/m phase trans-
formation at the veneer-zirconia inter-
face by the effect of the liquid required
to produce veneering layers. Previous
Raman studies did not reveal the pres-
ence of the phase transformation in the
case of accelerated aging performed at
a water-vapor pressure of 0.23 MPa
and a temperature of 134�C for zirco-
nia sintered at 1350�C.37,38 Higher
intensities of m peaks at the veneer-
framework interface for Y-TZP sintered
at 1350�C can better be explained by
the build-up of residual stresses created
during the veneering process than by
the occurrence of liquid at the interface.
The extent of the t/m phase trans-
formation observed along the veneer-
framework interface in this study was
not homogeneous, which resulted in a
heterogeneous stress distribution at the
veneer-zirconia interface. The observa-
tion of this transformation for the
nonfractured veneered copings can
be explained by the diffusion of the
veneer into the surface of zirconia dur-
ing the firing processes, which results in
a high stress concentration at the
veneer-framework interface. Durand
et al39,40 confirms this suggestion. In
the case of nonfractured veneered
copings, the temperature gradient
factor is excluded. Perhaps the inho-
mogeneous phase transformation
observed in this study can be better
explained by inhomogeneous stresses
created during the diffusion of liquid
veneer into the framework surface than
by coefficient of thermal expansion and
the temperature gradients. Durand
et al40 did not observe the t/m phase
transformation. The t and m phases
have Raman modes in the regions
466 to 478 and 620 to 640 cm-1. The
2 phases can be distinguished by
the different intensity ratios of these
modes. For the m phase, this ratio
(I478/I629) is higher than for the t phase.
It appears that Durand et al40 did not
observe the t/m phase transformation
in the zirconia core, but the increase
of the peak ratio at the veneer-core
interface observed in their study
Hallmann et al
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C
2 Raman spectra of coping subjected to different
treatments. Labels of individual spectra correspond to
groups specified in Table I. A, Cercon base and Cercon
ceramic kiss were used for preparation of copings. B, ZENO
TEC and Zirox were used for preparation of copings. C,
Zerion and VITA M9 were used for preparation of copings.
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suggests that the researchers produced
a phase transformation at the interface
and that the core actually stayed intact.
The lower volume fraction of the m
phase observed for the CB framework
can be explained by the lower firing
temperatures used for the preparation
of the veneering ceramic, which resulted
in a lower temperature gradient at the
interface. In addition, a CB sintered
at low temperature (1350�C) has a
smaller grain size than Y-TZP ceramics
sintered at higher temperature, which
results in a less-stressed structure.37,38

The c phase of zirconia has only 1
active Raman mode, F2g at 616 cm-1.
The occurrence of m (632 cm-1) and t
modes (605 and 644 cm-1) in the same
spectral region prevents detection of
the c phase. Thus, the presence of a
small fraction of the c phase in the
specimens of groups 3 and 6 that
exhibit a broad peak around 642 cm-1

cannot be excluded a priori. Pittaya-
chawan et al41 identified the c phase in
their specimens. According to these
researchers, the c phase has 3 active
modes, 258, 466, and 628 cm-1.
The calculations and the studies of
the other researchers showed that
the c phase has only 1 active Raman
mode.28,30,42-47 Oxygen vacancies are
known to stabilize the c and t phases of
zirconia at room temperature, but this
is accompanied by structural disorder
of the Y-TZP ceramic. The concentra-
tion of oxygen vacancies is higher for
the c phase, and, therefore, the Raman
active mode of the c phase is broader
than that of the t phase at 644 cm-1.
The lack of a sharp peak for the c phase
thus can be explained by some disorder
within the oxygen sublattice.46,47 The
spectra of Pittayachawan et al41

centered at 637 cm-1 did not show
this particular characteristic of the c
mode.

Future studies should concentrate
on producing a veneer ceramic with a
coefficient of thermal expansion closely
matching that of zirconia to suppress
the t/m phase transformation at the
veneer-zirconia interface and improve
the mechanical properties of ceramic
dental restorations composed of a



Table V. Calculated monoclinic volume fraction of monoclinic phase

Specimens Volume Fraction of Monoclinic Phase

CB-1/ZT-1/Ze-1 Not observed

CB-2/ZT-2/Ze-2 0.23 (0.062)/0.24 (0.069)/0.27 (0.078)

CB-3/ZT-3/Ze-3 0.57 (0.153)/0.69 (0.175)/0.72 (0.180)

CB-4/ZT-4/Ze-4 Not observed

CB-5/ZT-5/Ze-5 0.24 (0.063)/0.26 (0.058)/0.27 (0.064)

CB-6/ZT-6/Ze-6 0.59 (0.162)/0.72 (0.174)/0.73 (0.153)

CB, Cercon base; ZT, ZENO TEC; Ze, Zerion.
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Y-TZP ceramic framework and a por-
celain veneer.
CONCLUSIONS

A considerable extent of t/m
phase transformation was observed at
the veneer-framework interface. The
extent of the phase transformation
depended on the distance from the
veneer-framework interface. The in-
tensity of the m peaks in Raman spectra
in the range 180 to 190 cm-1 decreased
with increasing distance from this
interface and was no longer observed at
a distance greater than 20 mm. The
extent of the t/m phase trans-
formation along the veneer-framework
interface was heterogeneous.
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