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Kinetics of Crystallization in LAS Glass System

Kyu Ho Lee, Tae Ho Kim, Young Seok Kim, Young Joon Jung,
Young Hoon Na, and Bong Ki Ryu*

Division of Materials Science and Engineering, Pusan National University, Busan 609-735, Korea

This paper presents results and observations obtained from a study of crystalization behavior in Li2O-AlOs-
SO, (LAS) glass powders. Variable kinetic parameters have been obtained in order to investigate the crys-
tallization behavior by using non-isothermal differential thermal anadysis. LAS glass powders including B,Os
which induce a low firing process have been melted and crushed to obtain coarse and fine glass powder.
In case of coarse particles with 88 um, the crystallization have been generated at 649~699°C, the crystallization
of fine particles with 44 um have been observed at 640~684°C according to heating rate. In order to obtain
the activation energy of crystdlization (Ec) and Avramic constant (n), Kissinger and Ozawa equations have
been used. The average activation energies of crystallization were [44 um=48.09£1 kcal/ mol, 88 um = 53.02+ 1
kca/mol] Avramic constant (n) were [44 um=1.3, 88 um=1.6] in Li;O-Al,0s-SIO, (LAS) glass. Finally, we
have observed the surface and bulk crystallization of $-spodumene were occurred smultaneoudly in this glass
powder by using SEM (Scanning Electron Microscopy) and XRD (X-ray diffraction).

Keywords. crystalization kinetics, crystallization, LAS glass, sintering

2218k frE] FollA LASAl 27439
2= j 2] A2 == 27 (B-podumene’s) =2l
- - WEAY 9 WEshd S 7kl

glass-ceramicAl 2442l AE+= vl W& T (crydalization
Temperature) S 71l e} fre] o] 24389 7hs 2=
2] 4 9] Ts (glass softening temperature) ©] 4 374 A+o] 4

9 WY 2= o|3te] JoA S BTl wet flA)
29 7959 24 FEE o) LT ol fel9l B
FE o) AU BN F 7EH Hw}oldH o
WA S AR S ool F83] HolAA) Rk Aoz 4n
2 % YeE ) sto] B frel 2ol vis) AR ol

U= LASA frejzdell thek 2248378 ol lolA Adstet 4

* Corresponding author: bkryu@pusan.ac.kr

Lo
>
e
o=
o

H
o
st
N
1o
e

i
o
o

o% 1o o
e
=
ol
5
kg
R
ek

=L 12 o

=2

~

ot rlo

X
‘Mo Ho
= 1 W
oz

ok
e
o

e
>
B
o,
9
:?L_',
ofl
p‘_lr‘
e
n
S

Of

my

o @

ox

o3
rop

oX

N

Ny

[o

}1_,‘ J

rir

=

S

ci
o
dr o 1o
2 g rle
2
)
)
re
-1
2
X
|
>
ot
(g
8
T

e

ol ARl S
N EE L

ft

z rj
X
)
oX
B
2
i
o

i3
et

ol
il

far ey

N[O

1o 2 g I
il

g
£1:
i)

o
in)

ME oox [N Ob 1o U g off oX

2 1o e
p‘lr‘

S
>
M R
X
oo o
K

=

i
oL O_NL,
ox o

Lo

ot
d _11.)

o N2 o
o rfu

£

o)

i)
N
NN

i)
o
Lo
ofl
o

op [U
o N

o,

=2

lo

o

Fehe) g lun %

e
1
I
>
<

3

J
o2

l=tl Bol o]&-5
3] Zoll A B} Y &hslal o))
A3} R & A7) Qs E A3 7177 TFEE
oF dthe Aol 2A% & Y0zawad™ ¥ 47
Kissinger2]?¥52 o] g-alo] DTAZ o] &3 443} 7]+ 4

v
oy
T.ﬂ’:
o

iy,

2

o

o

RO
off

o
e
kot

ol

g
i

o
O
it

o

ne
n

1| —

L
fu



40 K. H. Leeet al.: Kinetics of Crystallization in LAS Glass System

#43 oluiA) 28] 7

2.1. A|E o] X|Z}

B AT dAA A e 1Y 13 gk Lizcoa,
Al,Oz, SIO,, B,Os(Aldrich, £599.9%)Z ol A &
10.5Li,0-14.7A1,05-58.1S10,-16.7B,0s(Wt.%) 4 2] ,Hil% 211
Z3HATE o] X & W=7 ¢l Hol %1 7] Zei|4] 800°Cell A1
307k BHAgE F 1400°Col A 3AI7F Bt &8A1A A HOﬂ
Hol £ 2 Az th A xE 2 2 oA B3 5

E (

= B3l Ha 4 4um) 88 ume] It E & }%‘E‘r.
22 EMEH
g B4 =42 93] Shimadzu TG/DTA-60 FH|E <

rfo
a3 g

% 5, 10, 15, 20°C/ming &4 &) At 243} &% (Tp) ¥
FWHM (Full Wide Half Maximum)#t-& &-1.3- ), 12832 zh
250X A stE AT A4S ey flal el Ea
o R AT E 7170 A S k] oher SHHCR
XRD(X-Ray Diffraction, Rigaku. Cu Kc, 25KV, 30 mA) ©]-&-3}
o] 4°/minZ 10°9|4] 80°7H4] A s th. HEH o2 SEM
(Scanning Electron Microscope, JEOL JSM-5400)S §3fo] 4
Ao PAS AL o] 3 S crydalization kineticsZ 3]
Z1 A77378e) A<l Avrami 74 3k vlaste] HE A
& Wxth

A

[o

2 DTA A3} 348 th-9] Kissinger2] o] o

Batch
(10.5Li,0-14.7A1,0,-58.15i0,-16.7B,05)

]
Chemical Mixing
Melting

Quenching

CONCLUSIONS

Fig. 1. Schematic diagram of the experiment procedure.
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3.1. Non-isothermal differential thermal analysis
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3.2. Kissinger method
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Thermal Analysis Result
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Fig. 2. DTA curves of 10.5Li,0-14.7A1,05-58.1S0,-16.7B,05 (Wt.
%) glass powder with 88 um particle size for @ of 5, 10, 15 and
20°C/min.
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Fig. 3. DTA curves of 10.5Li,0-14.7A1,05-58.1S10,-16.7B,0; (wt.
%) glass powder with <44 um particle size for @ of 5, 10, 15 and
20°C/min.
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Fig. 4. Kissnger plot for 10.5Li,0-14.7A1,0:-58.1S10,-16.7B,0;
(Wt %) glassfor @ of 5, 10, 15 and 20°C/min.

Table 1. Value of the activation energy and Avramic constant for
10.5Li,0-14.7A1,05-58.1S10,-16.7B,0; (Wt.%) glass

Avrami constant

Activation energy

(kcal/mal) (n)
Kissinger Ozawa  Augis-Bennett Ozawa

44 um 46.81+1 49.36+1 1.32 137
88um  51.82+1  54.21+1 161 1.65

1.0 4

0.54
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Fig. 5. Ozawa plot for 10.5Li,0-14.7A1,05-58.1Si0,-16.7B,0; (Wt.
%) glassfor @ of 5, 10, 15 and 20°C/min.
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3.3. Ozawa method
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3.4. Crygtalline phase
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Fig. 6. Ozawa plot (In® against 1000/Tp) for 10.5Li,0-14.7A1,05-
58.1Si0,-16.7B,0; (Wt.%) glassfor @ of 5, 10, 15 and 20°C/min.
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Fig. 7. XRD patterns of heat-treated 10.5Li,0-14.7A1,05-58.1S 0,
16.7B,0; (Wt.%) glass at each.
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3.5. Scanning Electron Microscopy
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Fig. 8. SEM micrograph of sample heat treated at 800°C for 1hour
and etched by 1% HF for 10 seconds.
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