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Effect of Various Oxides on Crystallization of Lithium Silicate Glasses
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ABSTRACT

Glass-ceramics based on lithium disilicate(Li,Si,O5s) are prepared by heat-treatment of glasses in a system of Si0,-Li,O-K,0-Al,05
with different compositions. The crystallization heat-treatment was conducted at the temperature range of 700~900°C and samples
were analyzed by XRD and SEM. Mechanical properties were determined by a Vicker's hardness and 4 point bending strength. When
Si0,/Li,O ratio increased, cristobalite and tridymite crystals showed more predominate than lithium disilicate crystals. Increase in
Al,O5 contents in the glass suppressed crystallzation of lithium disilicate crystals. Increase in ZnO, B,Oj; contents in the glass decreased
crystallization temperature of lithium disilicate crystals, and increased mechanical properties because of the reduction of the lithium

disilicate crystal size.
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2.1. ZAsK2| Al K=

2 AFoA = Table 13} 22 f2& Agsih 94
lithium disilicate 28-S ©]F3 U= Si09F L0 H]ell
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Table 1. Glass Batch Compositions

(a) S/L Series (mol%)
S/L=2.5 S/L=5 SlL=75 S/L=10
K,O 3.0 3.0 3.0 3.0
AlLO; 1.0 1.0 1.0 1.0
Li,O 274 16 11.3 8.8
SiO, 68.6 80 84.7 872
Si0,/Li,O 2.5 5 7.5 10
(b) Oxides Series (mol%)
0A 1A 3A SA TA
K,O 3.0 3.0 3.0 3.0 3.0
AlOq 0.0 1.0 3.0 5.0 7.0

Li,O 27.7 274 26.9 26.3 25.7
SiO, 69.3 68.6 67.1 65.7 64.3

1Z 3Z 5Z 7Z
K,0 3.0 3.0 3.0 3.0
ALO;, 1.0 1.0 1.0 1.0
Li,O 27.1 26.6 26.0 25.4
Si0, 67.9 66.4 65.0 63.6
ZnO 1.0 3.0 5.0 7.0

1B 3B 5B 7B
K0 3.0 3.0 3.0 3.0
ALO, 1.0 1.0 1.0 1.0
Li,O 27.1 26.6 26.0 254
Si0, 67.9 66.4 65.0 63.6
B,O; 1.0 3.0 5.0 7.0

Each Composition + Nucleation Agent : P,Os (2 g)
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Fig. 1. X-ray diffraction patterns of glass-ceramics with various of SiO,/Li,0 ratio in glasses after heat-treatment for 1 h.
(a) SiO,/Li,0 = 2.5, (b) SiO,/Li,O = 5, (¢) SiO,/Li,O = 7.5, and (d) SiO,/Li,O = 10.
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cristobalite?} A4 =™ 900°Coll A+ lithium disilicate 2}
tridymite”} A4 = Atk A Si0,9F Li,02] HIE 102.% ¢
< Z7FA)71 700, 800°Co A& cristobalite”} 900°Col| 4]
= tridymite”} A§4d o] 3L lithium metasilicate®} lithium
disilicate= AJ/d ¥ A 23t}

Aot Zo] FEFAE FElE AAstetd x9F 24
we} F Ao 1,09 Si07h 1: 18 283 lithium
metasilicate®} Li,O2} SiO,7F 1:22 ZA%S lithium disilicate
AR Si0,0] FEFAR! tridymite, cristobalite 5©] A
AEnt olH g 2 =9 B e W S48 Sio%
Li,O7} Agtsle] AA=7] wliol Sio,¢} Li,02] Hlol| ula}
7}7] ohE AR o] AP E T

Holand 59| oM %E A Si0,9F Li,09] HIS 24
dAelste] A3t &S @ 700-850°C  Ale]ol A
cristobalite”} 239 =) Atk Beall Si0,¢} Li,09] H1E 45
Z 850°CAlA ¥€xe SRS W lithium disilicate<}
tridymite7t AAR 2waAchk® g lithium
metasilicate 2 lithium disilicate 242 A IAHZ 2ol
3 YA A FRS AFole FHARS Y
ojdt}. ol et XHAHS= P05 H7bste] WaAA
3= F= & 4 At} Clausbruche P09 F7FFo] 0.5
=% olstd wf EHZA% SK(surface crystallization)”} & o]
U 2 o) dd wf A4 sHbulk crystallization)’t Y oid
v Batglek? Zheng 941 P05 7 M EHAE
29 A4se v HES Bal olFoldrkx sk

P,0s (glass) + 3Li,0 = 2Li;PO, (crystal)
Li,O (glass) + SiO, (glass) = Li,Si0, (crystal)
Li,SiO; (crystal) + SiO, (glass) = Li,Si,05 (crystal)

WA F249] P,0s7F Li,0%F Agtate] w9 2 =A719]
Li;PO, ZA S AAstaL o] 24& o= 4ol lithium
metasilicate 2 lithium disilicate A7 ©] ¥]+2 YA
(heterogeneous nucleation)S &3l A ETE 2 A3 72
MM E P07 H7HE o] vl d ABEE T3 A
AR 7 dolwke lithium metasilicate 23 0] &% 7}
S7FeA lithium disilicate 24 o2 o7t Aoyt
et Si0,9F Li,0¢] B7F $718HEE lithium disilicate &
lithium metasilicate 274’32 %=7}F 7HA8HAA AA Ao
Zraslkal Si0,9] § A o)A tridymite?} crystobalite2]
A2go] F7tatAdTh.

S A shel ] mAzES vaskr] 9
A AAHS FARAAR R FH
Fig. 29 YeRASAT}. Si0,9F Li,08] H]7F 2
APAAIER 02 Kol AR o] XM I|HE

EER R

Fig. 2. SEM morphology of glass-ceramics with various of
SiO,/Li,O ratio in glasses after heat-treatment at 900°C
for 1 h. (a) SiO,/Li,0 = 2.5, (b) SiO,/Li,0 =5, (c) SiO,/
Li,0 = 7.5, and (d) SiO,/Li,O = 10.
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Fig. 3. X-ray diffraction patterns of glass-ceramics with various of Al,05 contents in glasses after heat-treatment for 1 h. (a) 0A, (b)

1A, (c) 3A, (d) 5A, and (e) 7A.
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Fig. 4. X-ray diffraction patterns of glass-ceramics with various of ZnO contents in glasses after heat-treatment for 1 h.
(a) 1Z, (b) 3Z, (¢) 5Z, and (d) 7Z.
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Fig. 5. SEM morphology of glass-ceramics with various ZnO
contents in glasses after heat treated at 850°C for 1 h. (a)
1Z, (b) 3Z, (¢) 5Z, and (d) 7.
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Fig. 6. X-ray diffraction patterns of glass-ceramics with various of B,O; contents in glasses after heat-treatment for 1 h.

(a) 1B, (b) 3B, (¢) 5B, and (d) 7B.

(©) (d)
Fig. 7. SEM morphology of glass-ceramics with various B,O3
contents in glass after heat-treatment at 850°C for 1 h.
(a) 1B, (b) 3B, (¢) 5B, and (d) 7B.
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Table 2. Vickers Hardness and 4 Point Bending Strength of

Various Glass-ceramics

Vickers hardness 4 point bending strength

Samples (GPa) (MPa)
1Z 4.64 114.9
37 475 139.2
Zn0O
57 499 1523
7Z 534 181.6
1B 411 99.7
3B 427 94.9
BZO3
5B 4.08 103.7
7B 467 -
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UA T Z00F H7HS
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o] e *&i}EA el 2 AL RS 41 F
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& A4¢] 717 hske As & 4 AUk Apel 5 A
a—H Autzpgola] 2 A=7F %2 lithium disilicate
ARe AUA Felw A4 F9l9) B fU2e 59
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o] A]—g]_g_/] 247]-&0] 17]-61— Lq] 7}1: %}\—o] —7]-0}__ Al
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1. 2EHAEA fEle] At e 2%

2 Si0,9}
Li,09] Hlof| we} M3 lithium disilicate 23S =2
HI7F 2.5 o 78 & A= AT
2. FEFAEA fEle] AARste A= ot |k
ALO;= FEE F7MAA lithium disilicate 274373
S 932 ZnO, B0y HFEE ZAAIA lithium
disilicate 23 WA %7} Yolzitt
. AETANEA 2432l E Zn0, B,0O7F H7EE <]
2t AXo] AHE W =2 7IAH 548 YER
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7IAA HEE BT
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