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ABSTRACT

Glasses in Kx(Q-NaO-MgO-Al,Qs-5i0,-F~ system were crystallized to prepare machinable glass-ceramics. The
optimun nucleating and crystal growing temperatures were approximately 700C and 1060~1120T , respectively
for the samples investigated, Crystalline phases of sellaite, norbergite, and fluorphlogopite appeared progressi-
vely as heat-treatment temperature was increased. Surface roughness of the crystallized specimens after the
machining was similar to that of metal aluminum (2.18 pm). Thermal expansion coefficient, Vickers hardness
and dieleciric constants of the fluorphlogopite glass-ceramics prepared were 7.37~10.21 (X107%%C), 302~456
kgf/mm® and 59716 respectively.
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Fig. 1. Thermal expansions of hase glasses.

—1564—

10 A 8= 6247, 672C 2 7+ A5 v 2k
s)qlch,
Fig 2 7lageld] 0 A% 4248 8 Aol

£ ARz 2709 e =22 e, ol
I X-4 APl mEY, AW gd A2 F
kel norbergite(2MgO- Si0;-MgFz)e] A4, 84
tel W= fluorphlogopite{ (K, Na)Mg:AlSi:OFs} 2]
A w el vehd o2 #AE ek o] e K

K. Song® T2 43 Z=lelze T2 el ojH ¥
Arof] dlale] Chen'™E o grajs] HAAe) Fto=
willske zlo] £ ZRFALE o|dslhz Alul oy
17} &7 weldely dydigdch & Jafele] T
27 2 AARGE S22 23] TR 2o §
A, Abeda)zp e dEeleke Flelh

M A2 ¥ldl M 10 <184 g d=m71 JEges
el E5ed o, o] Table 164 BEe] MgO 10 wt%2]
7kl mf2 Heg el

3.2 XM BEE
Fig, 32 &&2 & €A=57] Aol XA #2354
g Ao, AR Greabel HE BelE] H%
Aelgich
Fig. 4= M A|2& 6607 o|lA%e 740C 712 20T
b Ened A 340714 sl olg AlRE
1000T =14 30% E<t 9-este] 442

1030,
870

M
o
x
w

1000

o
] 8356
w Mi0

T B T T R A WA T B

YO0 800 900 1000 1100

Temperature {°C }
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Table 1. Compositions of Base Glasses (wt%)

Igeed | B0 NaO MgO ALO, Si0 F-
Sample
M 56 17 151 226 474 76
M 10 51 16 9228 205 431 69
M
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Fig. 3. XRD paiterns of base glasses.
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Fig. 8. SEM photographs of sample M 10 with various crystal growth temperatures, after nucleation at 700T

for 3 hrs.

land2} W. Vogel? Ee¢] W23 dle] 2+ house of
card®] ZA wek& vlelfgch oledt wAlTEE
fluorphlogopite 2 5¢] epitaxial growth® M= w3
A e Reokg YAsle #lolalm dwiA glod.

34. @UEAT 5H
A& M3} M 10 F-2jel thsl 1000~1120T Ao]o).2]
FeE AYE AR oy d43ATE S8 2

—1558—

= Fig 98} )

M A8z ZAAALE ) Zopde] ulzl duyA4
b o7 e ARE Bol} & el Helm ¢
steh M 10 412l qe= M AR dishs vhla ga)q
227} wobilel map &iﬁa}ﬂlfﬂ =F FhiEls A
$E vehdlgloh olefdl Yl Smxs gtou) A
felel daae N2g) A4 1F felay g9
Aol Eib®l Adafelx, MgOe] Hrlegke] & M 10



FondA AR A 9T

1207

Bl - i s

Beo 100 qoap 1080 | 1120 | 1l6o
Temperature{ "C)

Thermai expansicn coeff.(X10°/°C)

F

g. 9. Thermal expansion coefficient of glass ceramics
of M, M 10 treated at various temperatures,

e
>+

16] - -

Dielectne constant

860 1000 104D | 10BD | 120 1160
Temperature{ °C)
Fig. 10. Dielectric constants of M, M 10.

Aaie AAgo) Frlde] wel AF felae] 2ol
QA GA57L 22 MeO-ALOy-SiOA fral 2 o) F it
e} "A el GG Fashe Alo) opvdzietm
A7

. fHE &F

751"““79'5’45033 o2 fAdge] Hahe Fig 10944 2
whel sle] uepgel M, M 10 A&7} = 2] A
Ay s dAgLEs)l Eobd wet f3 o
71k e, ¢]& fluorphlogopite g e] Welzld] o}
HoR Helzirh Il 1090T oA FAz[3 M
A2 A4 Frede] dejHed, oeivt Ak dalz
obz] galea] Ech

i ol}: u r[r

3.6, 0[HEx =H

Fig 11 2AA73-ews) el 42 2 9] Vie
kers A% %7 232 vhebdl Zoleh M A= M 10
Alsel A ) o] WaleleEs} Foldle] wek Hm7t
Bashe A Uehied, o Al $e BAT

314 A 12 7(1594)

Vickers Hardness(kgf/mm®*)

; I M
2an

860 | 1000 | 1040 1080 | 1120 | 1160
Temperature{ "C)

Fig. 11. Vickers hardness of M, M 10.

Roughness{ ym)

te0 | 1000 {040 | 1080 1130 1160
Temperature("C}

Fig. 12. Roughness of M, M 10.
<5 A= (fluorphlogopite)s] kel wol=]7] wfe)glch

37 7A 72 &

71A FVEAY ARE dolEr] HElA, o] LxeA
dAe)ated ZARAT ABE dueE g4y oE
2 AL S5 AFE Fig 1240 vlehdigic) o]
2o ez 8% 55 dF0EY T A
218 ymelgen, AE M 102 1000C <4, A5 M2
1060T o)At odxz]sldg o o)} $AlE Ew
HAZIEE ehigdo 53 M 10 A5 9 ZwHAY
M A gd nlgled 2o, ol MgOe & FrHAF
S2ZM, FlESrE] AdyA)e] S Fet 2 Hee] A
st 7] mEal e g M AlaHdA 1030T
alal2 dAw P& Hfele Taie] Y5 A,
ale ARF] FE2 FAe nA=rE digkd dle]
7lalgk ziel=t shlck

4. 3 E

KoO-NayO-MgO-Al,03-5105-F~ Al f-2]ell 4] MgOskst

—1568—



tg2- 0%

dAe =1& H1HAA, AL HEAD L A4
PFEAE AR A o159 ke HEL g

12 A 2] 4oy A3 dygere of
700C, AAAALEE = 1060~1120T o) 4ic}.

2. 472 44 FHAL sellaite—norbergite—>fluorph-
logopitee] gt}

3 FAE F AR 25 house of cards #e R4
&R HAo] HEaH o, MpOske] H2 M AJEg]
Ao dAY 227 e AfdRE fede] AE
gk g, MgOrl 10 wt% 7] #7151 M 10 A8
M A&l v]Eted housese of cards® ] wlA|Tz7); &t
whedalgic)

4, & A¥eAd 22 FAFGFEE A 7R o
A AR S5 $7uEe 7heg 2y Aaly] 218
pm&} Fapslach

5. 7l EAL, ol a4 7.37-10210¢1075/T),
Vickers 4% 302456 kgf/mm®, &= 4 59716 =
o4t

ZARe] 2
£ AT 939 THY AldalFeok o372 W(Minis-
try of Education Research Fund for Advanced Mate-
rials in 1993}l 2]&] e|Fo)zmFrich

REFERENCES

1. Toshio Hamasaki, “Development of Machmable Mica

2 -

-

10.

—1560—

Ad =

Glass-Ceramics by the Sol-Gel Process,” New (ass,
44}, 38-49 (1990).

. W.H. Daniels, R.E. Moore, “Crystallization of a Tetra-

silicic Fluormica Glass,” [ Am. Ceram. Soc., 58(5), 217-
221 (1975).

. David G. Grossman, “Machinable Glass-Ceramics Ba-

sed on Tetrasilicic Mica,” J Am. Ceram. Soe, 55(9),
446-449 (1972).

. Toshio Hamasaki, Katsuya Eguchi et al, “Preparation

and Characterization of Machinable Mica Glass-Cera-
mics by Sol-Gel Process,” [ Am. Ceram, Soe, TI{12),
1120-1124 {1988).

. W. Holand, W. Vogel, “A New Type of Phlogopite

m Machinable Glass-Ceramics,” Glass-Tech, 24(6),
318-322 (1983).

. JW. McCauley, RE. Newnham and G.V. Gibbs, “Crys-

tal Structure Analysis of Synthetic Fluorphlogopite,”
Amer. Miner, 58, 249-254 (1973).

L ORATHER CFLOA T R ZOME" pp 112113, &

2 27 AR (1984).

. P.W. McMillan, “Glass-Ceramucs,” pp. 100-108, Acade-

mic Press (1979).

. KK Song, KK. Orr and KH. Lee, “Crystallization

of Fluoro-Phlogapite,” 7 Kor. Ceram. Soc, 19(2), 109-
114 (1982},
F.P.H. Chen, “Kinetic Studies of Crystallization of Sy-
nthetic Mica Glass,” [ Am. Ceram. Soc, 45(10), 476-
484 (1963).

EEEEE



