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The purpose of this study was to evaluate the role of coefficient of thermal
expansion upon residual stresses and bond strength of ceramic veneered to yttrium
partially stabilized tetragonal zirconia polycrystal (Y-TZP) ceramic. Determination
of CTE of the Y-TZP core (Cercon®) and six veneering porcelains that were
VITADur® alpha, VITAVM®7, VITAVM®™9, Cercon®ceramkiss, [PSe.max” ceram
and IPS dSIGN® were performed. Cylindrical specimens in rod shape (diameter of
4 mm., length 30 mm.) were prepared from the Cercon® block and sintered at
1350°C for 6 hours. The rods shape (diameter of 4 mm., length 30 mm.) of each
veneering porcelains were prepared from mixture of porcelain powder and liquid in
a creamy consistency and forming a rod shape in the silicon mould, then fired and
glazed in accordance the manufacturer’s recommendation. Rod specimens were
determined for CTE and Tg (°C) using dilatometer (NETZSCH-Gerétebau Gmbh,
Germany). The linear CTE (um/m'K) between 25 °C and 600 °C and glass
transition temperature (Tg ,°C) for each group were Gr. Dur) 7.83 and 603, Gr.
VM7) 7.87 and 615, Gr. VM9) 9.73 and 600, Gr. CK) 10.03 and 570, Gr. emax)
9.86 and 500, Gr.dSIGN) 12.95 and 510. The CTE of Cercon® was 10.80.

Determination of distribution of localized residual stress were performed
from a Cercon® core and each veneering porcelain. Ninety rectangular shape (width
7% length 12x thickness 3 mm?’.) were prepared from Cercon® block and sintered at

1350°C for 6 hours. Then they were veneered on one side with each veneering
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porcelain for the thickness at 1.5 mm. and fired according to the manufacturer
recommendation. Localized residual stress was determined with indentation
technique. Vickers’ indentations were made at 300, 600 and 900 pm from the
interface both on the veneering ceramic layers at load of 9.8 N for 30 seconds and
on the Cercon® core layer side with 20 N for 30 seconds. Global residual stress
(MPa) were determined from the difference in CTE of core-veneer ceramic using
equation described by Lawn BR (1993). The mean and standard deviation (x £ SD)
of localized residual stress (MPa) for each group at 300, 600 and 900 pm from the

interface and the global residual stress were shown in table:

Group Localized residual stress (MPa) Global
. . idual
S Cercon® core Veneering ceramic  ——
stress
D 300pm | 600 pm | 900 pm | 300 pm | 600 pm | 900 pm | (MPa)
D 28.347 26.132 25.450 3.351 2.604 2.228 -56.44
+2.812 | £2.991 +2.189 + 1.490 +1.303 +0.784
C-VM7 27.495 25.942 26.379 2.260 1.640 1.524 -50.64
+ 1.980 +2.546 + 1.955 +0.333 + 0.425 +0.380
C-VM9 26.109 25.344 24.518 2.049 1.576 1.632 220.19
+1.971 +2.075 + 1.884 +0.201 +0.211 +0.321
C-CK 27.396 26.206 26.410 1.790 1.457 1.446 -19.28
+1.358 + 1.564 +2.379 +0.310 +0.275 +0.165
C-emax 27.214 26.587 26.056 2. 212, 1.758 1.740 -12.47
+ 1.621 + 1.440 +1.724 +(0.255 +0.144 +0.523

NB : C = Cercon"core, C-Dur = VITADur" alpha, C-VM7 = VITAVM"7, C-VM9 = VITAVM"9, C-CK
= Cercon" ceramkiss, C-emax = IPSe.max" ceram. S = Side determination, D = Distance from

interface

The group C-dSIGN were not detectable because the inability to bond

between the core and veneering ceramic.

Shear bond strength were determined using tension-shear bond test method.

The specimens were prepared in a disks shape of Cercon® (10 mm. in diameter and
1 mm. thickness) and fired at 1350°C for 6 hours. Then porcelain veneering ceramic
were fired to the Cercon® disks into a cylindrical specimens of diameter 7 mm. and
1.5 mm. thickness. The shear bond test were tested by Universal testing machine
(Llyod, LR30 k, Leicester, England) with a speed of 0.50 mm./ min. Load at the
failure were recorded and then calculated for shear bond strength along with

Weibull modular. The mean (x) + standard deviation (SD) and Weibull modular (m)
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of shear bond strength (MPa) for each group were: Gr. C-Dur) 22.55 + 5.14, 4.49
Gr.C-VM7) 19.74 £ 7.17,2.93 Gr.C-VM9) 25.85 +2.74,8.86  Gr.C-CK) 25.41
+4.9,5.53 Gr.C-emax) 19.94 + 5.28, 3.94. However the bond strength for group
C-dSIGN was unable to detect due to inability to bond. Shear bond strength were
analyzed using ANOVA and multiple comparison test that showed a significant
different of Gr.C-VM9 and Gr.C-emax (p < 0.05). Regression analysis was
performed to further determine the relation between shear bond strength, localized
residual stress and difference CTE.

Fracture ceramics disk and fresh core-veneered ceramic specimens were
microscopic examined under SEM (Hitachi S-3000N, Osaka, Japan). One core-
veneered specimen was prepared to determine the phase transformation by X-ray
diffractometer (Philips Analytical X-Ray PW 1830, The Netherland). The SEM
micrographs of Cercon® disk showed the completed fracture of veneering layer
from core surface in all groups except group C-dSIGN revealed un-bonded of core
and veneering ceramic. The etched Cercon® core disk, using 4 % hydrofluoric acid
showed the composition of small particles in tetragonal crystalline that was the
main composition of zirconia. X-ray diffractometry revealed monoclinic and
tetragonal phases concentration (in wt.%) for each group were: Gr. C-Dur) 0.189
and 0.811, Gr.C-VM7) 0.166 and 0.834, Gr.C-VM9) 0.216 and 0.784, Gr.C-CK)
0.170 and 0.830, Gr.C-emax) 0.163 and 0.837 while Cercon® (monolithic
specimen) was 0.009 and 0.991.

This study revealed that the difference of CTE of Cercon® core and
veneering ceramics were not affect to the shear bond strength and localized residual
stress. The result showed that the range of CTE different was 0.77-2.97 pm/m-'K can

provide the core-veneer bonding of Cercon®core and veneering ceramic.
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