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ABSTRACT

Biaxial flexure strength (ball-on-3-ball) and fracture toughness (indentation microfracture) of heat-pressable glass-ceramics for
dental use were investigated in this study. Crystal phase and microstructure of glass-ceramics were analyzed by XRD, SEM, and TEM.
Crack propagation in specimens was not effectively arrested by dispersed crystalline particles. However, higher degree of
crystallization probably contributes to strengthening of glass-ceramics. Better clinical reliability can be expected from lithium disilicate
glass-ceramic because of its significantly higher biaxial flexure strength and fracture toughness.
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Table 1. Nominal Chemical Compositions and Pressing Conditions of Glass-Ceramics

Material group Brand name Nominal chemical composition* (wt%) Pressing condition °C/holding/pressure
EP1 Empress 63 SiO,-18 Al05-11 K;0-5 Na,0O 1075°C/20 min/5 bar
EP2 Empress 2 69 SiO,-15 Li,0-9 Na,0-6 K,0 920°C/20 min/5 bar
CS Cosmo 57 SiO,-17 ZrO,-8 Li0-6 P,0Os 900°C/10 min/5 bar

*Some minor elements and pigments were omitted.
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Fig. 3. Crack geometries of Vickers indentation.
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Table 2. Mean Biaxial Strength, Standard Deviations (SD), Coefficient of Variation (CV) and Weibull Parameters of Specimen Groups
(Weibull parameters and characteristic strengths which were estimated from non-linear least square fitting (m,, Ggy), and
maximum likelihood estimation (m,, Gg,), respectively. The values of Cly g5 indicate the confidence interval at 95%. m, is the

estimated Weibull Modulus with Cy of strength data.)

Group MPa mean (SD) Cy (%) me, m; Oo1 my (Clygs) opn (Clyos)
EPI 140.1 (15.7)° 11.1 10.9 11.5 145.1 92 (7.1-12.0) 147.0 (140.9-153.3)
EP2 3342 (27.6)b 8.3 14.7 12.8 345.5 13.9 (10.5-18.4) 346.6 (337.0-356.4)
CS 1224 (18.5)a 15.1 8.2 7.1 128.4 7.1 (54-94) 130.3 (123.4-137.1)

Groups with same superscript letter were not statistically different at a level of 0.=0.05
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Fig. 4. Weibull distributions of biaxial strength data (" = 0.98).
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Fig. 5. SEM micrographs of fractured surface. (a) and (b) are EPI (Empress). (¢) and (d) are EP2 (Empress 2). (¢) and (f) are CS

(Cosmo). (f) was etched surface.
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Table 3. Mean Values of Hardness (H), Fracture Toughness
(Kic) and Brittleness Index (B) of Glass-Ceramic
Materials (Elastic Moduli (E) of glass-ceramics were
their respective reference value.ls’zo’m)

K. B
Group E (GPa) H (GPa) (MPafn % K
EP1 67 56 (03)  1.52 (0.08) 37
EP2 103 53 (0.1) 207 (0.04) 26
CS 55 57 (02) 111 (0.05) 5.1
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+ MLE®] 93 mgtsd & AAE=E Rtk 2 Ao
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Fig. 6. Powder x-ray diffraction patterns of glass-ceramics.
Peak data of EP] was coincident with leucite crystal
(JCPDS 38-1423). Main peaks of EP2 were lithium
disilicate (JCPDS 40-0376) and asterisks indicate
lithium orthophosphate (JCPDS 84-0003). CS powder
showed lithium orthophosphate (L), zirconium silicate
(Z; JCPDS 80-1808) and lithium zirconium silicate (e;
JCPDS 36-0049) with typical diffraction pattern
indicating glass material.
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Fig. 7. Cracks produced by Vickers indentation (9.8 N). (a) & (b) are EPI and (b) & (d) are EP2. (b) and (d) are the magnified images
at the asterisk area of (a) and (b), respectively. Black arrows indicate that cracks are passed through crystals. White arrow of (b)

indicates that crack is deflected by leucite particle.

Fig. 8. TEM image of EP 1 (a) and EP2 (b). Q is tetragonal leucite and P is glass matrix. N and O are lithium disilicate and lithium

orthophosphate crystals, respectively, and M is glass matrix.
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