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Crystallization Kinetics of R,0-Ca0-Al,03-Si0,-F Glass-Ceramics
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Abstract: R,0-Ca0-Si0,-Al,03-F (RCSAF) glass-ceramics were prepared via melting method. The nucleation and crystal growth
kinetics of RCSAF glass-ceramics were analyzed by thermogravimetric analysis and X-ray diffraction. The nucleation and crystal
growth kinetics of the glass-ceramics were obtained by Gaussian fitting. The temperature—time—transition (7-7-7) curve of
R,0-Ca0-Si0,-A1,03-F glass-ceramics under non-isothermal heating conditions was obtained, and the Gaussian fitting of
glass-ceramics and crystal growth kinetics were obtained. The crystallization kinetic parameters including the crystallization apparent
activation energy (F,) and the crystallization index (n) were also measured with Ozawa and JMA methods (i.e. £,=357.74 kJ/mol,
n=3.13). Effects of time, temperature and precipitated crystal phase on the crystallization rate curve of R,0-Ca0O-SiO,-Al,03-F
glass-ceramics were established. The CaF, crystal particles precipitated from glass-ceramics were uniformly distributed in canasite
and a-canasite. The crystal precipitation process of RCSAF glass-ceramics was further verified by typical crystal structure presented
in scanning electron microscopic images.
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Table 1 Chemical composition of glass-ceramic ~ w/%

Si0, ALO3; NaO K,O CaO CaF, NaNO; ZnO Others

60-62 12 45 78 89 &9 1-3 1-2 12

w is mass fraction.
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o: Amorphous; ¥¥: Onset of crystallization; %: Partial crystallization; e:
Total crystallization.

1 RCSAF RN T-T-T 2k
Temperature—time—transition (7-7-7) diagram for
crystallization of R,0-CaO-SiO,-Al,0;-F (RCSAF)
glass-ceramic
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Fig. 2 Gaussian curve fitting of 7-7-T diagram of RCSAF
glass-ceramic
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Fig. 3 Differential thermal analysis curves of RCSAF base
glass at different heating rates
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Table 2 Ina, T, and 1/7, values of glass-ceramic at the
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10000 _
a/(‘C'min”") Ina T/K T K
P
5 1.609 1100 9.0909
10 2.303 1115 8.968 6
15 2.708 1127 8.8731
20 2.996 1139 8.7796

a is heating rate; T, is peak temperature during exothermic process.
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Fig. 4 Plots of Ina—10 000/7, of RCSAF base glass
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Fig. 5 XRD patterns of RCSAF base glass heated at 600 ‘C
for different time
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Fig. 6 Plot of crystallization rate (/) versus crystallization time
of RCSAF base glass at 600 'C
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Fig. 7 XRD patterns of RCSAF base glass samples after 10
minutes of thermal treatment at different temperatures

LR EF A 700 C UL LR, FEREDE 44T H
agrellite (NaCa,SisO,F) i M E T+ 4 750 CHY,
FEREB AT T canasite[(Na,K)sCasSiin030F4] it
HHo 1E900 CYEHIN, BEEIRENF G, &aAAT
STUEEET I R, HEREIE .

ML 8 AT H Al AH AR S 2 mT L, A
HbT R 3 Bl AH AR E A AR — 3, 2 % din Al
AT IS T T WD AR IR P A P 22 o REAT HH 2% B A A
ea RS & HL B il 26717 Gaussian #04, 753 10 min
T PN & S AH AT H 2 S IR ) 56 R

I(fluorite) = 30.24 x

exp[-2x(4.5x107t —4)*]1+0.7
I(agrellice) =31.20 x
exp[—2x (4.8x107°t - 4.2)*]1-2.6

)

(10)



248 B 7 W

BRER 2. R,0-Ca0-Si0,-ALO;-F RS IR IENT S5h 112 o 1119 -

I(canasite) =34.10 x
3 ) (11)
exp[-2x(4.9x107¢t-4.4)"1-1.9

HimAH AT % 5 Gaussian A 2k R 524
WA, =R HERZEE 59 3.65. 5.29. 4.28,
{HM 800 CH4H, & atAHIIHTHHZ 5 Gaussian &
M2z G, X2 800 CIFARIZHTIE 3|5
Tl B e A AT SR L, A R IR EIA B RO, s
Brtf i 5 ERE R E B — P4/

XFIRAG % fm A AT % Gaussian 558 &30
9~XADBEATIRE, 487 5L 900 CHF, AT LA
TH 5 2% R AH B AT AR S IUAE 73 ) 08 I(fluorite)=
30.78%- I(agrellite)=27.71%-+ I(canasite)=32.19%,
SHTEREA (total)=90.68%, X b F 2k & &0k
FLEER, 900 CHfHIHT & H L0y 88.50%, SAHITT
Hr 2 Gaussian L5 H 28 BRI B 1R 2 AE P32 70
BN, PRIEATHE, & e AHAT db % Gaussian & 5%
AL RA —ERAEE .

40
= Fluoritc
o Agrellite
30 - a Canasite
o 20 +
= [
10 +
ol &

600 650 700 750 800 850 900
Temperature/'C

K18 RCSAF ZIEAfiBIEAE A I S AL EE 10 min J5#T

i AH A X B A5

Plot of crystallization rate versus crystallization

temperature of RCSAF base glass after 10 minutes of

thermal treatment at different temperature

Fig. 8

k.l 9 Fizs, 1E 850 °C, HAHIHTHH fluorite.
agrellite M1 canasite ff A 7E A KGR HOG) HE Al B
NS IRT E EHES T AR Se g sh, Bl CRIR N [R](1)
TEAC,  FEAH IR PN R B AR B A T A,
AT HH AR B8 1O B R AR A — o 1 PR A
s SO SR T H 2N s S ORI TR KT
120 min B, F AN a-canasite (NazK3CasSijy
O30F4), HPR a-canasite #% canasite B A 5 I fr4L2%
FsE Pk, (HULRAE S A Na™ 5 KER ARG 4R
RIAE, BN B IR REEALL T — e e RS,

BRMEENE TREM. B 10 y RCSAF #ik

AhBHS T 850 CARUEAS [F] B 6] T d R AR A il 2%,
M RIR I RN BT AR, A A i A 2 B0 1S K,
AR 2%, 1t B A3 3 0 AN R BT 1) B A BT
TR R I, SR SRR B AT 3 R Y e R
AT H AR 18] AR ERAAS [R],  [R) S S RSOR ) A e
AH B AR R 2 T d A R, A g N TR
W, SIS AT R AEERIRAE, AR T
—H IR . 83 Gaussian $o0 & T 45 2 B b #
TRE 850 ‘CIsy, I [E] 5 7 il 28 B A AR Y O
I=-12x10"7%x

(12)
exp[-2x (2.6x107°t —2)* ]+ 74.2
AFluorite (CaF,) «a-Canasite [K; (Na;Ca;)Si;,O,.F,]
= Canasite [(Na, K).Ca;Si;,O5,F,]
= Agrellite (NaCa,Si,0,,F)
. | I 240 mi
‘;\ ‘ | 1 lxl.'.' 71&1 ol Ak N " m:l}
g R -
=
I I D) Y S .
S P SN L
s ul e s = a4 . 30min
e [ e - - . 15 min
NEZYER .t 10 min
e Al T o I S min
10 20 30 40 50 60
260/(°)

B9 JEAEILIGLE 850 CLRIEAS RIS (A ) XRD %
Fig. 9 XRD patterns of base glass heated at 850 C for
different times
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Fig. 11 SEM images of RCSAF glass-ceramics after heat
treatment
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