Master thesis, I nstitute of Dental M aterials

Chung Shan Medical and Dental College

Advisor: Chii-Chih Hsu, DDS, and DSc

Effects of Different Ceramic Firing Cycleson cp

Titanium-ceramic Under Cyclic Fatigue L oading

Name Yi-Pang Lee

July 2001



L OO < O N~ O

Abstract

10

10

13

14

13

21

24

30

34

34

35

37

38

38



14

1 2
2 10
3 4

54

38
39
39
40
40
41
44
45
49
50
55
61
68
69
69
71
81



1 ASTM 95

2 55
3 56
4 56
5

fracture loads

o7
6
fracture loads two-way
ANOVA o7
7 factor |
58
8 factor
58
9
fracture loads
59
10 A B cC A
B C fracture
loads two-way ANOVA
59
11 A B cC A
B C fracture

loads 60



1 1999 61

2 61
3 61
4 650 61
5 20mm x 7mm x 0.7mm (7mm x 7mm x 1mm)

61
6 61
7 61
8

61
9

61
10

61
1n

61
12

61
13

61



10

13

14

15

16

17

61

61
61
61
61
61

61

50u m bar
61

61
61

61
0.3 1.0
0.3mm 1.0mm 61

61
61
61
61

61



18

19

20
10x
21

mepping

mepping
23

(8)SEM 100x (b)EDS

()SEM 100x (b)EDS

750
61
61
fracture surfaces
61

(©)Ti mapping(d)Si
61

(©)Si mapping(d)Ti
61

61



12 108

10Hz

18mm

stress-train curve

USA

Tukey HSD comparison

10*

B 750

40K of 5K gf
10*

0.5mnymin -
debond
loads
EDS Energy dispersive spectrometer
JUMP 4.0 ,SAS Institute,

two-way ANOVA

metal and



ceramic layers interfaces
EDS adhesive  mixing
p 0.05
0.0482 0.05 p .05
p 005

Hsu et al., 2000



Abstract

Titanium is getting more and more interests in dentistry. However, the bonding of
ceramic to titanium is still remaining problems. The purpose of this study was to
evaluate the flexural bond strength of titanium-ceramic system under different firing
cycles (or different bonding agents applying) after cyclic fatigue loading and compare the
result of our previous study (Hsu et a., 2000). The fired sguare-shaped (7mm x7mm)
porcelain layer covered an area of central portion of one side of a metal specimen (0.7 x 7
x 20 mm) for a total thickness of 1.0 mm ceramic thickness achieved. In total, 108
specimens were divided into three groups as follows: Group | - applied bonder, opaque
and body porcelain; Group Il - applied opague and body porcelain; Group 111 - applied
bonder/opagque mixed and body porcelain. And then each group was divided into three
subgroups for different argon supplied: A) no argon supplied; B) argon supplied from
750°C; C) argon supplied from the beginning. All the specimens were submitted to 10
fatigue cycles under 40Kgf at a 10Hz frequency loading. Cross-section of two tested
specimen in each subgroup were examined by SEM. After that the rest 10 specimens in
each subgroup were subjected to a three-point bending test, and the load of bond failure,
caled “fracture loads’ in this study were recorded. A two-way ANOVA followed by a
Tukey posterior multiple comparisons were used to analyze the data. And both optical
microscope and SEM with EDS examined the fracture surfaces. The cracking incidence
of each subgroup was different between 10% and 60%. The incidences of bubbles in the
ceramic layer were different under 3 argon supplied firing schedules. The fracture loads
of bonder/opague mixed together (Group I11) did show a statistically significant higher
than applied bonder and opague (Group 1) (p<0.05) or no bonder group (Group 1)
(p<0.05), and there was statistically significant difference among the different argon
supplied firing schedules (p=0.048<0.05) but close to the p level (0.05). There were
interaction between the different bonders application and different argon supplying. The
fracture surfaces analysis showed that the fracture mode was adhesive or mixing type. It
was concluded that ceramic bonders or firing times could be the most important factor of
the fracture loads of titanium-ceramic under cyclic fatigue loading due to reduce the oxide
layer because of less damage under cyclic fatigue loads and incidence of ceramic cracking
related to bubbles formation ratio under different argon supplying that could be a factor of
the fracture loads.
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