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St (DTA) f R LB T WA BARM. X LT (XRD) X9, EXWAMT &
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He, EREmtrdhiBeil; R ASEWE, T AHERREE: k HEREF, EW
FTHBAMARNKHBEE N. N THTRARR P2

N = Ny + Ny + Ny, 3)

Hi, N WEBEAHEMERAERGEEH; N IRHREROBHETNES
PP AE R BEEG Ny 5 DTA FHRSBHEUEFRAE RN RBER RETFFHER
. BHEPMAREH, HREELUEBBEEYE. ERRUFREET, N >>N+M,
HILH N~ Ny EEE—SRETEY —SHEZELEE, N RERE, FUHEXHE
F ko H—HH.
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z=A/A (4)

He, A N DTA fﬂiéﬂqtﬁiﬁﬁﬁ“ﬁﬁﬁﬂﬂ t 2R THER: A BT &
BRI B T B
T (1) A (2) PR ERT 75
In[-1n(1-z))=nln(¢)+nln(k) (5)
n(k)=—E/RT+1n(ko) (6)
A2 (5), In[-In(1~z)] X In(t) EE R EHL, BEN n; HHFE (6), Ink) Xt 1/T EEL
HNEL, HWTRE B L W1E-
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BUESN N 8.2K,0, 19.2Mg0, 12.8A1,03, 43.85i04, 3.3B,03, 7.7KF, 5.0Ti0, (wt%), H
TiO. 1E R G B FAGFEHIIRF T 1460°C 454k 2h, HAERNE R HEZR, BEH
TnFRE 600°C ¥i4b AL R 1h. BEESEEAN, 4 200 B, 7F Dupont 2100 B AL E#4TE
Wb, SHH ALO,. W RMERAMNE LM ERFTHE. Al D/max—B I8 X 47
FHU BT A M, CuKor B, 1=0.1504nm. A} CMS-950 34 B 45 PN-5402 R gk {58
1T BB AR W T AL 5 A -
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4.1 =ERGBEMEIAL
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T,,=704°C, T,,=846°C. By B F: 4L B T, % 562°C.
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AL E G R AERS (B 2a)), BB A BB ™4 T 4348 (& 3(2)), EDX 53473,
BR/ANBRL R E B, MBEWMEAERE. TiO, BRAKBEEIFTREWH 9, -8t
Ab PR BT H R AR B B R AT B AL R HRBERATEL 3 —Mr A RRH#HKFH
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6 (B 2(b)); FWTE T, MEE T SRAHHT L T Sk BEFN = B ik (KMgsAlSis010F3)(H 2(c)),
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BARAT, RAKREREMATRRE MM LN MNERAER, =ML
RS EY RIEEN R, B
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xMgTi,04
* KMg,Ai8is0y Fy
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¥ 1z 0 T A0 3 A4 2 A B (T Fig.2 XRD spectra of samples at different heat

% 10°C/min) treatment conditions
Fig.l A typical DTA trace of the glass at a heat- (a) ©G00°C/1h; (b) 600°C/1M+704°C/1h; (c)
il.ls rate of lD°C,’min m.c!1h+moc{1h
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Fig.3 SEM micrographs of sumnples at different hent treatment conditions
(a) 600°C/1h; (b) 600°C/1h+T04°C/1h; () 600°C/1h+846°C/1h
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Fig.4 Plot of fraction of MgTi, O5 precipitating
from the glass against isothermal hold time at dif-

ferent temperatures
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Fig.6 Plot of In[-In(1-z)] versus In(t) for de-

termining the values of n and k for MgTi,Os
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Fig.5 Plot of the fraction of mica precipitating
from the glass against isothermal hold at differ-

ent temperatures
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Fig.7 Plot of In[-In(1-z)] versus In(z) for de-

termining the values of » and k for mica

JE#: In[-in(1-z)] 5 In() WAL RBEELXR, EHERANBERATREERHLE
FERMUBG 17202832 (R RERh THREITARESY, 8RN EKEAEEME
SPH AR, FEREERTRAE 7. ABR P b ek SR e, h T IR
FTiO, FHM, KREHZTIREKZIHWEHEMH CEASEFLBITL, EREK B
HWH 6 # In[-In(1-z)] 5 In(¢) A BERRR. EHFHARTHBREH B (0< z <0.1), z B
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m1=3.7x10'%exp (-242000/RT)min 1 9)
Ermica=9.0x 101 exp(-265000/ RT)min ! (10)

1 ZHYNLRNGFERENHURSASGRAEHE KB
Table 1 Data employed in the determination of activation energies for precipitation of
MgTi;O; and mica by isothermal methods

Crystallinity Isothermal hold In(k) t) /2 /min n
temperature/K /min™!
903 -3.12 18.0 1.54
908 -2.93 15.2 1.50
MgTi,Os 913 -2.75 12.1 1.48
918 -2.58 10.2 1.46
923 -2.40 8.4 1.46
1068 —2.48 10.1 2.10
1073 -2.34 8.6 2.07
Mica 1078 -2.19 7.4 2.08
1083 -2.05 6.4 2.05
1088 -1.90 5.6 2.02
18¢ 18 /
2.0}
2.2} 1 * MgTi,0; /
- 24} \ € 4 *  KMgAISi;0,F, /
£ E 12 {
E 28} o , /
£ 20f + o, \ g1 f
a0l " KMgAISO, F, ‘ 81 /[ 1
-32f ‘ \ 61 /
9.0 9.5 100 105 110 8.0 95 10.0 105 110
Tho'k! Thok!
8 BT HAMBEMZ RN In(k) ~ /T B9 BT HARMSEMELEMN () ~ /T
X & IEE
Fig.8 Plot of In(k) against 1/T for determining Fig.9 Plot of In(t)/2) against 1/T for deter-

the values of crystallization activation energy mining the values of crystallization activation

for the crystals precipitating from glass energy for the crystals precipitating from glass

kEBXNRBT HERRAETEAESERE P LBk, SEBHTE. BR, 4
BRET, kvt >> boic, RAKREMAFTRATHHBERZRHETSBL. X541 FH
2 FMIE 3 FTREBI MR R—BM. W. Holand FA B MBREH TiO, BT =8
A A 5 AL BB 314k /mol, KFRITHLRBBIWHAR, XRY TiO: N REH, RERK
BoM, EREPRETHKRERE, YT BHERREEEETER BRRT ZSa4E
BT EALRE. R 4.1 P AITHE R B

Ak N R A i, BIBR TV BWRM AR, TohZHAELRTEERERY
ERANZEFRBY BEHMOERFEHERTR P, AR TS RERHNT BT BEH .

B R R R R R R
U=AVoexp(-AGa./KT)[1-exp(-AG/RT)] (11)
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AP ANAFTHER, AFTHREFEE VL, MERFRIESNEE, AG. HET A
B A RAFHTTRABMIER, AGHEFIBIRARRAMBRTRE TAHRNE
BE, RATERE

IR TR F T BRI

D = AViexp(—AG./KT) (12)

U =(D/M)[1 - exp(—AG/RT)] (13)

EXFBESPRAETEHEBRE T HMMTRE/D, shh¥EEEE T e mmhsm, B
UEE—EBEN, FHARERABBAHE, LIEFMA DTA ML L HRITHE. 4%
AN BEBRTHTN, DM ANHAIFEH HUFHEERER, FKEFERTEK
KB ] -

I DTA FEMENARSERBE THZBREERIEEGIAN 2R 1), REZTHEY
WHRERGRBHZKITBRER. B 3(c) PaREE R (Z4). TiO. HSFBWoH/E,
BEANRBEGEEL FZ RS, BRASHTENNHEZLIRS, TBETH
KEY8, AERATETFRESHBHRAELREFEKE, IzBREN_FHFR4E
KR BR (B 3(c)), ERNIBEZRA T BEH.

5 45k

1. 4R DTA 33175 SkER8EH = (9 A7 & & L RB 20 A1 05 242k /mol H1 265k /mol.

2. fE R @AY TiO, B A 040, RACTENREPATHRBRERE, 5z iRt
TREEGHER, AT = B AN HELE, BET 2 SMRBEHEA.

3. nlkd U R BRI AR, ARYBZAOLERH.
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Study on Isothermal Crystallization Kinetics of Mica Glass Ceramics

CHENG Kangguo WAN Julin LIANG Kaiming
(Department of Materials Science € Engineering, Tsinghua University  Beijing 100084 China)

Abstract

The isothermal crystallization kinetics of mica-containing glass ceramics with addition of TiO; as
nucleation agent was investigated by XRD, SEM and DTA. Two distinct crystallization exotherm peaks
in the DTA curve were observed and resolved corresponding to the initial formation of MgTi;Os, fol-
lowed by the formation of KMgsAlSiz0)oF2, confirmed by X-ray diffraction analysis (XRD). By using
Johnson-Mehl-Avrami equation, the activation energies for precipitation of MgTi;Os and mica crystals
were cvaluated and the crystallization mechanism of mica was analyzed. The results indicated that the
growth of KMg3AlSi3;O;oF > is a two-dimensional process, controlled by the crystal-glass interface reaction.
The average values of activation energies are 242kJ/mol and 265kJ/mol corresponding to that of MgTi>Os
and mica crystalized out of the glass, respectively.

Key words mica, glass, crystalization, kinetics, phase separation, growth mechanism



