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I, x&E =AM EL diopside, diopside-tremolite?] &£#4 o] Uelxtth Na,08 LL,OE X $3 A|HS
A FA ¢ ZAsHA U CaOF ZnOR X &3 AlHE ERBA A57F F7tsiqd.

A5 dojde g wet 25 FrAZEY. AFAAR Zr09f CaF® 742 1~2wt% 2] A
32 AAE Ax AYAA Zr0,9 CaFy7h 1:1, 1:291 A/ALS 1000~1050C & =04 g2 2AA
ARE 2Foen 1:24%He] 713 we 433 Afgs Yt 33 Es 5 1000~1050T ¢
AAs L& HYdH ®S FEE JEJ. ZA S dad A3 duA= Ozawast
Kissinger2] © & plotdlod z}z} 55.24kcal/mol 2t 53.05kcal/molo] C}.

ABSTRACT

Na;0-Ca0-Al,0:-Si0, glass was taken as a basic glass and then Li,O 0.5wt%, K,O 2.0wt% were sub-
stituted to Na,O content, MgO 12.0wt%, Zn0O 6.0wt% to CaO content. And also nucleation agent ZrQO.
and CaF, were added to 1-2wt% respectively. The crystal according to the compositions appeared wol-
lastonite, diopside and diopside-tremolite. The glasses substituted Na,O by Li;O was decreased thermal
expansion coeffcient but substituted by ZnO was opposite direction and both of them increased bending
strength. In the ratio of ZrO, to Ca¥F, each 1:1 and 1: 2 have shown considerable crystal growth at
1000°C ~1050°C and high bending strength, but the glass in the ratio 1:2 have shown lowest thermal

expansion coefficient. The activation energy was at the glass in the ratio of ZrO, to CaF; 1:2 evaluated
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55.24kecal/mol by Ozawa type and 53.05kcal/mol by kissinger type.
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Table 1. Chemicals composition of base glasses

(1)

(wt %)
z9/79| A | B]C|DJE]|F
Na,0 6 | 6| 55 6 | 55 35

| Li,0 0.5 05| 05
K.0 2
Ca0 | 235| 115 11.5] 55| 55| 55
MgO 12 [ 12 12 |12 |12
Zn0 61 6| 6

AlLO, 8 8 8 8 8 8
Si0; 59.3) 59.3] 59.3| 59.3| 59.3! 59.3
Sb:0; 0.r{ 0.1y 01| 01} 01| 0.1

As,0; 0.1 0.1/ 01] 0.1] 01
TiO, 2 2 2 2 2 2
ZrO, 1 1 1 1 1 1

Table 2. Chemicals composition of base glasses

(m)
(Wt %)
24/AH ) E1 E-2 E-3 E-4
Na,0 5.5 5.5 5.5 5.5
Li,0 0.5 0.5 0.5 0.5
Ca0 5.5 5.5 5.5 5.5
MgO 12 12 12 12
Zn0 6 6 6 6
ALO; 8 8 8 8
Si0, 57.3 57.3 57.3 57.3
Sb.0; 0.1 0.1 0.1 0.1
As;04 0.1 0.1 0.1 0.1
TiO, 2 2 2 2
Zr0;, 1 2 1 2
CaF, 1 1 2 2 |

22 KA EE L A|HAH =
Table 19 4= Na,O 6.0wt%, CaO 23.5wt%,
AI(OH); 8.0wt%, Si0O; 59.3wt%, Sb;O;, As,0s,



72935, o|A%

TiO,, Zr0,9] 71 B2 A 24 Wit wa
ANz e A7) Aste] NaO talel Li
0& 0.5wt%, K;0& 2.0wt%, CaO tf4l MgO
12.0wt%, ZnO 6.0wi% & 2z &g o
APAAE Ti0:ZrO.8 ¥ & 2:18 1AAHA
t. 24 We AR fee BIH 54
ZAEE 5 Ao WAT AL WA
Table 2 o] BYPAYA 9 W35 Fol dF3
ek,

832248 Table 15} Table 2 o] batch
2§38t V-Mixero| A & &£§3 Fof THFE
S Pt crucibled)] go] A7l2o4 1500CE 1
17+ 2§39 graphite plated)] Fo] T A3
#28 Azsd '

>.

{a

2.3. DTA £4

Nzgae 94 wslel 2482 Jeld ¥
4 peakd] €xE 7 A AAE BHE
549t =43x3= MAC SCIENCE TG-DTA
718 Agstg ey $2£EE 5C/minolil
HEANEE «-ALOE Al &3 H T}

2.4, Xz

239 49} DTA¢9] A% 3} peakE THE 3}
gom A APA 2xE Mg points} o] A2
2 BE 50C ¢ wohe 2u[8]d wet 93
A ez AAsgen AP A7 Fd 5T
/mine 2 FeAA ZAAst dAHE Hh

25. XM FEHEY

dxigd we A4 A34E FJsta A
3lze] =2 Ohlberg o) o8 A¢[9]¥
A E Agge olf EHsAT FHAAE
RIGAKUA}9] X-Ray Diffractormeter2 &A%
AL Cu Ka target® Apg3goen, 30Kv,
25mAe] &dHoxm 20 WY=E 10°~70°,
scanning speed 4°/min, chart speedv 40mm/
minZ &4 st ot

2.6. TAF MX} s0)A
F2RE A $o AR Y FHE
w7l 95t AAsE AUE dAnpgd F 5%
HF & g§d02 etchingAlH ZFHFEZ A
3 Azx% SEM(JOEL 5100)& A}&3t<) 7pA
A9t 25Kv, #ig& 2000~5000M) 2 #AstEoh.

27. YE A+ &3

FxE Aol e EHF AFE A5
98] 2AHAFE TMA(TAS 100)E A}& 3t
%245 10C/min, BT 30~300CoA +
& ot

28 ZLUx FH

QA x4 & F=g 24 stux 33
7z AldH10]d o5ty MFG 2571718
ALY IR ANEE PAT. AL 4x
5% 30mm size2 3507 5% HFJA etching
st e 324£5EE 0.4mm/secdte] A3
t}.

29. @938 04X
e ZAAE JlFE #EIrl sty
DTAE A}8 5, 10, 20C/ming z}7z}e] &
£5% 7bdste] 2F peake] 2EE T3
A el £A Ozawa2] 3 43 Kissinger] o
g3ty @43 AUAE FIAR(11-14]
3" Ozawas &
—m

lna=—— &
n

AN a:N8E&E, n, m:ARS 77
EAZH A5, RIS Tp:E A3 peak
=, E:AAR g g #4335 oA

283 1na 9 1/TpE plot3t® — r:—g 9}

71 €718 Ze Aol "

A ¥ Kisinger?] &



Z2&0 27 QAP 4% SITO, PIRY B4 2 84 3¢ Hata

1n % ::R?I‘n%+c°n8t ..................... (2)

2R3 71 m,ng 43, Jtd450) w9y
3tA gevdw a/Tp? W 1/Tpd plot= —mE/R
o] 71718 #e Aol drh. n,m L DTA
A 2 Ao g AN {3

3. @3 3 1H
3.1 71x Rale Al HEY ¥ X2

Z2/4e ®sgld wWE ANAIEHY dHge
Fig.l13 2t}

Exothermic
———
o0
2
o
w

Endothermic
——
o]
-3
[
Nﬂ

: . - .
200 400 600 800 1000
Temp(C)

Fig. 1. DTA curves of samples.
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Fig. 2. Thermal expansion curves of E-2, E-3, base
glasses.
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Fig. 3. XRD patterns of crystallized glass at various
composition(sample A, E).
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Fig. 4. XRD patterns of crystallized glass at various
composition{sample B, C, D, F).
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Fig. 5. XRD patterns of crystallized glass E-1 at
various temperature.



Naf0-CaO-MgO-ALOsSi0Al Glass-Ceramicsell $1014] Bulk Crystallizationoll 3 27

® :Diopside
A Tremolite

WW’A\’\M\;

WM\,%,,&.»._.wmwwww,w‘

W"‘N\P

RN Ao ey e A A

il
10 20 30 40 50 60 70

Fig. 6. XRD patterns of crystallized glass E-2 at
various temperature.
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Fig. 7. XRD patterns of crystallized glass E-3 at
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Fig. 8. XRD patterns of crystallized glass E-4 at

various temperature.
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Fig. 9. Crystallinity changes according to the vari-

ous temperature and nucleating agents.
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Fig. 10. SEM photographs of crystallized glass A,

B, C, D at various temperature.

26

Fig. 11. SEM photographs of crystallized E, F at
various temperature.
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Fig. 12. SEM photographs of crystallized glass E-1
at various temperature(1000°C, 1050°C,
1100°C).
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Fig. 13. SEM photographs of crystallized glass E-2

at various temperature(1000°C, 1050°C
1100°C).
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Fig. 14. SEM photographs of crystallized glass E-3 Fig. 15. SEM photographs of crystallized glass E-4
at various temperature(950°C, 10007, at various temperature(1000°C, 1050C,
1050°C, 1100°C). 1100C).
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Fig. 17. Thermal expansion coefficients of E-series
samples at various nucleating agents.
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Fig. 22. Modified Kissinger-type plots for E-3.
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Table 3. Values of n and m for various crystallization mechanism

Crystallization n m k
Bulk nucleation with varying number of nuclei *
Three-dimensional growth 4 3 1
Two-dimensional growth 3 2 1
One-dimensional growth 2 1 1
Bulk nucleation with varying number of nuclei »*
Three-dimensional growth 3 3 1
Two-dimensional growth 2 2 1
One-dimensional growth 1 1 1
Surface nucleation 1 1 2/3

*1) The number of nuclei is inversely proportional to the heating rate

*2) The number of nuclei does not change with the heating rate,

H Ozawa?) 3} Kissinger2]o| o]ste] A4t
H #$A43 duyAe 27 55.24Kcal/mol 3
53.05Kcal/molo] t}.

6. 2438 HA W& L0 0.5wt%, MgO 12.
Owt%, ZnO 6.0wt% =X|3o]] SABAHAZ
ZrQ, 1wt%, CaF, 2wt%olx AARARAF &5
= 1050C & vtebyrh

NEE

B ATE NAYE A AT Ao o
8 s9Hgon oo FAE =y¥Yh.
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