21 (0lass)

(Stress)

211

1 (Soda - lime glasses)
) (Nad)

Glass Bullet Proof Glass
(thermal expansion coefficient, ft) 20
, 1 soft glass ( ft
glass) thermal - expansion
m

- 05X10%/ °c

6 X 106/°c

(71-75%

12-16%

Safety

9X 106/ °c
hard
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2.1.2

(Borosilicate glass)
5%
(no catalytic effect)

213
(Lead glass)

2.14

(Opal glass)

54-65

24



2.15
(Alumino silicate glass)
1 ' (Softening  point)
2.16
(alkaline earth alumino silicate)
(CaQ)
(BaO)
217
(0lass ceramics)
50%
(residual-glassy phase)
(amorphous)
(nucléation)
homogeneous  nucléation heterogeneous
nucléation
(nucleating agent)
heterogeneous  nucléation (glass-in-glass

phase separation)
Spinodal decomposition
(growth)



(pyroceram)
(nepheline)
(cristobalite)

(rod-like)

115x107°C

(celsian)

(chain silicate)

(potassium fluorrichterite)

(acicular)

95x107 °c



Heat treatment

Heat treatment@ ' Heat treatment

(Catalysts) 02 CrD3
~Lo 34
(Cordierite,  2Mg0.2A12) 3Si02
(Spodumene, Li2).AID 34Si02

(thermal - shock)
(fire doors)

(fluorine-containing  mica)

(electromagnetic windows)
(corrosion-resistant coating)

2.2



221 il
(Homogeneous  nucléation)

(Equilibrium  Freezing
Temperature)

(Critical * size) 2.2

(Embryo)

YBILUAD — — WNLTe

21

(1) (Volume or Bulk Free Energy, AGY

Bulk Free Energy = -437113x AG. (21)

AGV =



2) (Surface Free Energy, AGY

Surface Free Energy, AGs = rXy
= 437L2xy (2.2
y =
&) |
( )
(AGt)
AGt = W37 xy+ (437 xAGV) (23

Retarding energy

AG, = surface free-energy change
=d47ry

T
: \ Radius of particle, 7 —————p-

aAGy, = volumé free-energy change
= % 7!'7'3 AGU

AG, = total free-energy change

-
Driving energy

| =t Free energy change, AG ssee—p~ 4

] o a | o ! ' a a 5
7% 2.2 nasugasznfamsasuuladlussndenisfiafiawaag ©

(Spontaneously)
1 2.3 , !
] (Critical size)
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2.3
d(AGTdr) 12137IPzx AGV +871 #y = 0 (2.4)
-(2y/ AGV) (2.5)
AGV =
[
* (Critical Radius)
2.3 > * (Net Free Energy,
AGt) Net Free Energy

222

(Heterogeneous  nucléation)
homogeneous nucléation
() heterogeneous nucléation sites (
) heterogeneous nucléation

Heterogeneous  Nucléation Nucléation ~ Catalysts
Nucleants



(Surface energy)
[
(contact angle) 0 il 24
TsL
liquid
7] solid
/L‘M Tsm / mold
A
2.3 8
Heterogeneous
Nucléation
(1) Free energy Solid Particle 2.6
AG, (13) x [YAR 29 (2.6)
A Solid particle liquid phase
A2 = Solid particle
Y, = (Surface * tension)
Y2 =

AGT  Heterogeneous < AGT ~ Homogeneous Nucléation
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(2) Crystallographic Structure Solid Particle
(identical) Crystal Lattice
(Critical Radius) Degree of Super Cooling
inoculants
2.3
2.4 2Mg02AID 35Si02

Pierre Louis Antoine Cordier (1777 -1861)

3A1,0,-2S10,
corundum

~——— -
-

-
~——
1 1 1 1

MgO A Mg‘O‘Al:O: AlLO
wt%




(~1.5x1Cf62x10'6/°C 500 °C)|L
(4-6),
" (>104Q)
Cordierite
231
(Shrinkage)
(Sagging) (water absorption)
* Cordierite ~ Cordierite powder
1400,C Cordlierite - powder
Press, Jiggering ~ exclusion
I Cordlierite powder (Shrinkage)
Cordierite
Kiln furniture,
Cordierite (Cordierite honeycom ceramic)
232
(Water absorption)
Cordierite
Cordlierite boundary

1250°c 1300 C

(Stove top)

13

1

Binder

(Sagging)

Mullite-
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(Narrow firing range)
(Sagging)

233
Cordierite
‘ 1 if Narrow firing  range
Cordierite boundary
1500°c
Press Heat treatment phase  E-Cordierite

(Stove top),
Narrow firing range

24

(BD3 (Na2) 3

(3.25x10Y c)[0
(Autoclaves)
H Shao [
(250
MPa) (3.0x106°C)

Z Hou 1)

Hua Shao 13
Mg0-AlD 3Si02Ti02 02  nucleating agent 510 wt%

1100°C 2
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VM. Fokin M Ti02
02 81

A K Nand H
PO5  BD3
(negative expansion)

G-H. Chen 131 (Zn0)

D. K
AGRAWALL 1]

AX. Lu m
Li-Zn0-AlD3Si02PD5
Heat treatment
Differential thermal analysis (DTA)
Nucieation temperature Glass Transition Temperature
(T Crystal growth Crystallization temperature
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