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ABSTRACT

Tn the study, the characleristics change of crystallized Li30-Alz0s-Si0: glass-ceramics when varying

RO ratio and increasing Al:Os were investigated to produce a glass—ceramics with high mechanjeal strength

and low thermal expansion. Pareni glass was ohtained by melting at 1. 350~1, 400°C for 3 hours and amealing

at 450°C and the various physical characteristics were measured.
Results were as {cllaws;

1. When ZnO was replaced by MgD, thermal expansion coefficient
content.

t was lowered when incieasing ZnO

2. Mejor crystal phase was S-spodumene, the crystal growth mophology was the three dimensional sphere

end the activation energy IOTICI}TStaHiZﬂth’L was 546 Ical/mol.
3. Parvent glass heat-trealed at 950°C for 10 hours had:

a} thermal expansion caell. of 23.2x10-7/°C

by whileness of 76

c) microhardness of 1, 08%lkg/mms?
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Table 1. Composition of Parent Glass

(We. %)
Comp,
Samp. Liz0 |NazO|MgO| Zn0 |Al:Og Si0z | #Ti0,
No.
A-1 15.00 2.0 0.0 80 10.¢ 65.0 5.0
A-2 5.0 200 1.0 7.0 10.0) 65.0] 5.0
A-3 15.00 2.0 2.0/ 6.0/ 10.0) 65.0] 5.0
A4 5.0 2.0 3.0 5.0/ 10.0f 65.00 5.C
A5 15.0| 2.0 4.0 4.0| 10.0] 65.0 5.0
A6 15,00 4.0 6.0 0.0 10.0) 65.00 5.0

*Added as nuclealion agent.

Table 2. Composition of Parent Glass
(Ratio)

Comp. ll
&k Lis0 | NasO|Mg0| ZnO |ALO4 Si0, | *TiO, |
No.

B 15.0p 2.0 2. o 6.0 12,0/ 65.0 5.0
B-8 15.0| 2.0 2.0¢ 6.0 14.0{65.0f 5.0
B-9 15.00 2.0 2.0/ 6.0 16.0,65.0{ 5.0
0
0

B~10 | 15. 2.00 2.0/ 6.9 18.0{ 65.0{ 5.0
B-11 | 15. 2.0 2.0 6.0/ 20.0 65.00 5.0

*Added as nucleation agent.
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Table 3. The Nucleation Condition Determined by DTA and Properties of the Glass-ceramics
Heat—treated at 850°C for Zhrs.

Exothermic peak temp. Thermal
| Samp. | as a result of DTA (°C)| Nucleation [ Major crystal | expansion Whiteness Remark
| Neo, temp. (°C) phase coefl.
1st an ( XlD_T/OC)
* 5 a
A-l 637 950 580 *g_zﬂziltlzmene 51.3 — %‘I}rfgr crystal E%l'ast;;:;
1thium metasilicato
A-2 640 959 580 4 50. 2 — a-eucryptite
A-3 640 953 580 I 51.7 *59, 4 ﬁjelu_crypntg .
Ithium spine
A - % 580 # 62.9 - Willemite
A5 640 M7 580 #” 64. 6 —
A6 637 947 580 " 70.2 —

*Glass—ceramies heat-treated at 950°C for 2hrs.

Table 4. The Nucleation Condition Determined by DTA and Properties of the Glass-ceramics
Heat-treated at 950°C for 2hrs.

Exothcrm]ic 1}eak temp.c ) Thermal
| Samp. | as a result of DTA (°C)} Nucleation | Major crystal | expansion .
Mo temp. (°C) phase conff. Whiteness Remark
1st 2nd (X 1077/°C)
fA-spodumene Minar er .
~ ! ystal phase;
B-7 633 950 600 gggﬁ;gftlte 34.3 549. 8 Lithlium Tmetasilicate
' Petalite
B-8 638 967 600 " 31.4 60. 2 Keatite
B-9 640 a75 600 i 28.4 62.1
B-10 640 a78 600 " *24.6 62. 0
B-11 646 980 600 #” *23.2 66. 5

A22d

*(zlass—ceramics heat—treated at 950°C for I1Qhrs.

A 2 F(1985)

5



oWl - JAFA -2

A9 FE FobE ez glek
zZidoz B Az A-1 2 A-2% f8 xS
vz A7 SR A @ Hdel AR A4 R A-

5% fEe Arsh Zeol Aol IR A6
o] mmg B AFAAANE A-3°] A
Bal Aoz AHEHe] A-3 24 AbDsEgE 714
A s

ALO, Bo] Zrllo =4 S-quartz 5.8 8 S-spodu-
mene S.5¢] AL X-HEFEATG S5 E A
$4499 24T % A3, A2d AZ2EE
< apz A gk FAA 42 f-spodumene o] )
E} fS-quartz, c—eucryptite, fS-eucrypiite,
tasilicate Bl petalite 52| A7 o] Jehtm Gt
=3 ALOs el 7Tl et GAYAFE 2aE
e 9led 53 A B-1l g AR e 282X
107/°C ] §.3%. f-spodumene ] 414 %o Fohz 4
= 94 Fsg,
oA AR 2A sG] =24
B-11¢]8lvf, Wk B-1l &
Aol WE AA4 5 234 S4g

3.2 @ 244 WHE AR

ol

lithium me-

M i
Fite] €HF =
g

A
.l a0
™

=4 Agalel AARANF FEAA o
= 933 A% & ol s 29 1A=
@A) 530~550°C Afele] A Ve 15449
peak ¥+ G46°C, 2T peak 7} 980°C o A +}elyke]
=g AFAR Askz B 5049 o] 540°C A=

b7 WahE RelAR AN S°CHA Fi
Agl zolo] ooz 5RO~6N0°C o A] RS Fa)
o] o FolZor] BAM FEA ARAA A7
2 ogmA 4430 vk Azl WA 8L 3o A
oz v Re Be} felFel Aol wel 441 Ao
2 AzAsh o At sapy AR TR 2B

LE 600°C = Hgle),

G00°C e A 1.5 470 2dlate] 7 2xua 243k
Qe AAAe 2d 2ol delgeh 2w 264
Hwl 700°C 2 800°C oA 2 Az A E Ay FA
AAAe fquartz g3 FEF 2432 lithium metasi-
licate, a-—eucryptite, p-eucryptite o] 9 o =]
800°C o] 4 & Leatile 8- A-spodumene 8] Z7Jo] o]
7 A ZAstg =, Chyung®i= S-spodumene -§-8]8] &
7 AlgOg 2} 510, A 2| abE-T22 T4 g
Al A= ol F24 Selabvtz &gy, Memi-

petalite,

Ae BA18 AFdEd Aste 2 Lef gpig e 700°C o] .99 2R ISR FHTEE o
F= a-spodumenc & 5223 ﬁ—spudumene o= HwHE-
o Fd-w slg e, mEF o] F-spodumene 2 LAS A 75
R =nE A4 e Jehis E deh Eppladi few-
‘[ 548°C cryptite, B—quartz 5.5 ¢] T50°C o[ g}l A 2 7] o
, B ool Feld 7l zred gl 750°C el e f-
ar eueryptite 5.5 8] fspodumens S.5 22 Holgvhz
By,
l //\/ = olelat A @A A e sie s
s Coloen g5 71024 A3 Squerlz, a-
& =ha FryTy) 505 555 00 : " eueryptite = FF2-Ela ,G spodumene, S-eucryptite =
fome. 63 FAE Bz glont 080°Ce 2Es A f-
spodumene 4 4 o] SFE]3 ] 1 bbbl A lithium mela-
IFFig. 1. DTA curve of Na. B-11 sample. silicate, fS-quariz & keaiile 5o} A2 glelz ol 1000
Table 5. Trend of Crystallization 25 a Resull of Devitrification Test of Samp. Ne. B-i1
- Temp. (°C) 00 5GD| 580‘ g00| a20) 610, 60| 680 700‘ 720] 740 760‘ 720| 200 820/ 810 8601‘ 8s0| 000| 820540
;Fr;esfgjn?jaﬁon " Nd N Ca Ca‘\ Ca| Ca Cp| o Cp Cl Cl ClCw/|Cw|Cw| €| Cw| Cw CWL
n : No change. Cl: Crystallization (mnple colar).
Na : Partial nucleation. Cw' : Crystallization (Partial white coler).
Ne : Complete nucleation. Cw : Crystallizetion (White color).
Ca = Partial erystallization. Cp = Crystallization (Partial purple color).
( ) 29 354
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Table §. Hardness of Parent Glass and Crystallized
Glass (Sample No.B-11)

Wacion temp. (°C)

. 600 630
Cryst, temp, (°C)

700 556 547

73t 644 596

800 651 G40

350 609 630

9ud 883 367

950 988 876

1000 1040 1010

Parent glass 542
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(w3
—
o)
5]
=
(=)

Thennal expansion
coefl. (x10°7/°C)
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Levski Equation.
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2 601 —
5 624 58.5
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20 664 62. 2
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