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Nucléeation et cristallisation des matériaux vitreux

Comportement mécanique

J-C. Sangle
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1953 — S.D. Stookey — Corning Glass Works

Annealing of a lithium disilicate glass with silver particles.

He overheated the glass to about 900°C instead of 600°C
Instead of a melted pool of glass, the astonished Stookey
observed a white material that had not changed shape.

He then accidently dropped the piece on the floor, but it did
not shatter, contrary to what might normally have been
expected from a piece of glass!

He was surprised by the unusal toughness of that material.

Stookey had accidently created the first glass-ceramic,
denominated Fotoceram.

Adapted from Zanotto, Am. Ceram. Bul. Vol. 89, N°8, 2010
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Mecanique des matériaux fragiles
- rappels
- proprietes et microstructure
- methodes expérimentales
Cristallisation et élasticite

Cristallisation et résistance a la rupture — ténacité

-> a temperature ambiante
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Peitl et al, Acta Biomaterialia 8 (2012) 321-332
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Elastic modulus as a function of crystalline volume fraction for three
different compositions. A best fit using Voigt's model is also displayed.

1.5N 2C 3S+4P
1.5N 2C 35+6P

60 1y 1.07N 2C 35
Voigt Model
1 \ 1 1 I Y 1 b4 1
0 20 40 60 80 100

Fraction Crystallized (%)

Peitl et al, Acta Biomaterialia 8 (2012) 321-332

LatmaLn



Nucléation et cristallisation des matériaux vitreux, 13-1
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Nucléation et cristallisation des matériaux vitreux, 13-1

Micrographs showing (a) fracture surface of MS40G heat-treated at 1100°C for 2 h and (b) microscopic crack

deflection across the material.

Wu JACS 2006

As cast HT 900°C

K.,y MPaym 0,9 1,0
BS MPa 101 134
Pl CS MPa 500

Bending Strength
Compressive Strength

HT 110°C
1,6
184
700




SEM images of the crack tips; the
samples were etched with 3%
hydrofluoric acid for 10 s;

(A) leucite glass ceramic

(B) lithium disilicate glass-ceramic
(C) apatite glass-ceramic.

Kod K
(MPavm) (MPavm)

A 0,55/0,58 1,09
B 1,28/1,19 2,7
C 0,58/0,60 0,7

Appel et al, J. Mech. Beh. Bio. Mater. 2008
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Flexural Strength (MPa)

150 4 ’q? —
o
=3
s
()]
1004 c 200 -
g
N 7
— 7
© ’
= |
T 3 |
100 T
150 i

—@— 34% Crystallized
- A~ 60% Crystallized

—
12 16 20
Crystal Size (um)

i [ e Y L A e L

(a) Dependence of flexural strength on crystalline volume fraction for the 1.5N1.5C3S + 4P glass-ceramic with a
constant 13 Im crystal size and (b) optical micrographs of the corresponding microstructures for 15%, 34%, 60%
and fully crystallized samples. 1

Peitl et al, Acta Biomaterialia 8 (2012) 321-332 ot




Optical micrographs of the fracture surface of (a) glass and (b) 34% partially
crystallized and (c) fully crystallized 1.5N1.5C3S + 4P glass-ceramic. Arrows
in (b) show crack propagation in the glass matrix being deflected by crystals
due to the radial tensile residual stress field.
Direction of fracture was from top to bottom.
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Crystallized phases, thermal expansion coefficient, bending strength and fracture toughness of glass-ceramics

Sample Applied heat Crystallized phases Thermal expansion Bending strength/MPa Fracture toughness/MPam!?
treatment/°C/h coefficient/K

Z0 720/1 +820/2 B-Quartz 04 x 1077 118 16

Z5 690/1 + 820/2 B-Quartz, B-Spodumene 09 x 107 124 19
660/1 + 820/2 B-Quartz, B-spodumene, willemite 38x 107 135 2.1
620/1 +820/2 B-Spodumene, willemite 53x1077 125 19

Nucléation et cristallisation | NN N
o

SEM photographs of Z0, Z5, Z10 and Z15 samples heat-treated at 820 °C for 2 h.
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Hu et al, Thermochimica Acta (2005)

Substitution de Al,05 par ZnO

pquartz a,= 0-1.107K"
pspodumeéne a.~ 9.107K""
Willemite a,~ 15.10-7K""

BS? car Mo, internes liees
au désaccord entre solution

" solide Bquartz et matrice verre

par précipitation Bs et w.

Effet limité par la taille grain
Z0 Z5 100-200nm

Z10 1-2um

Z15 3-5um

A 14
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(MGC platelet diameter)'? Pm"z

The increase of toughness with platelet size follows the square-root
relationship predicted by the Becher model up to platelet diameters of
about 10 mm (R2. 0.996). A drop in toughness is noted for Macor, with
larger platelets and slightly different chemistry and microstructure.

Kie = K{® + (ApgEd/2(1 — v*))'"”

Kic, MPa- m'?
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10 20 30 40
volume % crystallinity

Toughness of the felspathic porcelains generally increases with
%vol. crystallinity (R2 . 0:845). Variations in chemistry, glass frits
and microstructure contribute to scatter.

Ki,@ is the fracture toughness of the base glass, A is the areal
fraction of bridging grains, t; is the frictional sliding stress, dis a
grain size parameter, and E and v are Young’s modulus and
Poisson’s ratio.

Quinn et al, Dent. Mat. (2003) \ 16
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Fracture toughness (K,.) of glass A extruded (or heat treated) at 824°C and subsequently crystallized at 1000°C for 30 min

Glass A Oriented cut || extr. axis Oriented cut || extr. axis Oriented cut L extr. axis Randomly oriented
center near sufface

Hardness H, 38+03 38+03 3.T402 39+0.1

Crack length (um) crack L crack || crack | crack || 58 +4 69 +2
58+3 79+ 8 44 +4 120 +2

K. (MPa m'?) 1.72 + 0.21 0.77 £ 0.14 2.60 +0.46 0.57 £ 0.16 1.66 +0.25 1.32 +0.11

001

extrusion
direction

cut
perpendicularly

cut parallel

w -
Vickers indentation on the surface area of
oriented mica glass-ceramic of

composition A, cut parallel to the
extrusion direction.

Habelitz et al. Mat. Sc. Eng. A307 (2001)

Extruded mica glass-ceramic

Deflected radial crack from Vickers
indentation on the surface area of oriented
mica glass-ceramic of composition A,
sample cut parallel to the extrusion axis.
Crack initiated perpendicular to the

extrusion axis.
A

LasmaLn



Nucléation et cristallisation des matériaux vitreux, 13-1

(a) | (b)

—_ Ivoclar Vivadent/IPS Empress 2
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change in
direction of
radial cracks
emanated
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corners.
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(d) - »

Gonzaga et al, Dent. Mat. (2009)

-

(a) Schematic representation of the alignment of needle-like lithium disilicate particles in glass—ceramic E2 with
disk-shaped specimen. The larger arrow indicates the direction of pressing and small arrows indicate the possible pressing
force directions that resulted in particle alignment; (b—d) optical micrographs of the Vickers impressions made in the
positions indicated with letters in (a).
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Elasticité et homogénéisation :

Prise en compte de la morphologie
Prise en compte de I'anisotropie

Fissuration — Rupture :

ROle important de la microstructure
> déviation de fissure

> défaut initial

Réle des contraintes résiduelles

Role de I'anisotropie




