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Influence of Li;O Addition on Physical Properties of Glass-Ceramics
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Abstract Glass-ceramics were fabricated by heat-treatment of glass obtained by melting a coal bottom ash
with Li;O addition. The main crystal grown in the glass-ceramics, containing 10 wt% Li;O, was B-spodumene
solid solution, while in Li;O 20 wt% specimen was mullite, identified using XRD. The activation energy and
Avrami constant for crystallization were calculated and showed that bulk crystallization behavior will be
predominant, and this expectation agreed with the microstructural observations. The crystal phase grown in
Li;O 10 wt% glass-ceramics had a dendrite-like shaped whereas the shape was flake-like in the 20 wt% case.
The thermal expansion coefficient of the Li;O 10 wt% glass-ceramics was lower than that of the glass having
the same composition, owing to the formation of a B-spodumene phase. For example, the thermal expansion
coefficient of Li,O 10 wt% glass-ceramics was 20 x 107, which is enough for application in various heat-
resistance fields. But above 20 wt% Li,O, the thermal coefficient expansion of glass-ceramics, on the contrary,
was higher than that of the same composition glass, due to formation of mullite.
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Table 1. Chemical composition of coal bottom ash (wt%).

SiO, AlLO; Fe, 05 CaO MgO Na,O K,0 TiO, P,0s MnO C 7r0O, lg.loss
455 18.6 8.1 22 0.8 02 13 0.2 0.1 18.1 0.3 4.1
U8 BIEY EF2 AZFAYot 5§ o|&3te] 24 WEFXE FojRo] WAEMA Fx7} oA 3L utt
AIZF 742 B2 slgdnh 39 viX|(batch) B2 & A 2 §§Ho] wolxth®
Frou =7 E o] &sle] A7) &F=olA 1350°CE 20 ou] A8 Ay Aek vgA]-Li,0Al A& 1350°CZ
7 &8 5, A 3 WUAE et vE] @47 &8AI7)7] AsliAE R>2.2, AF(devitrification)”} HA
H 5 B0 Fof f AIHSRE AXFATE dofzl FA] oW R<5.0 ¢ ASE YehyTh wpEba &
frEl AlHEe] 7129 GRS 8l 45um R B Aol 2 FAO F-EE Li,09 IS 10~
A F wF =S o] &3dle] 20K -Emin” 9] $& 20wt% AR HHeH o] R=2.6~3.7 el 3l
L2 DTA w45 A6tk &4 A48 E 2d4st gtk Axd fed et s £55 2Elet =
2L A, 2 XA fEl AJES 5 AZF 5e A3 DTA 2 ZE Fig 19] YR 25 7193t
XY E st 243 frelE AFsian W WA FEA7E R 2 Aol wA Fat
A7t frele 2444 498 918k] XRD(Xray Diffrac-  -§-°] HAsE o olu] 2525 {7 Ho|2X (Tt o
tometer ; D/MAX-C, Rigaku Co.)24S A8, G th o]% O 2 2LoA ZAAst dAshEA it

£/ CTE(Coefficient Thermal Expansion ; DIL 402,
NETZSCH)E o83 Z4alsic. 243} felo) g
Aol st PR B4E 2151 2 vol%e] HF &9
30% &< oA (etching) #12]3F §- SEM(Scanning Electron
Microscope ; JSM-6500F, JEOL Co.)& ©|-&3te] #z-s}
k.

3. &3 o nF

2%k B}kl (coal bottom ash)2] §H& 7] 9l5ke]
FAAZ Li,0E Agste] 030 wi% B2 Z 718k
Li,09] H7Fgol 5wt% ©13kel Z--ol= 1600°C ©]%¢
o] F2oATk &-Fo] 7FsEAAL, 25 wi% oldelM= &
5 A 5 B4 o vt IPEA X kR A
Asl7t BAEAT 2 AFA AzE F2le] R(TE
T2 PAole T Aol H)kE AlAste] Table 29
e o714 AlE™e] BE vl (bottom ), L&
Liy0, 283 wpR]ghef] 2291 S22k= Li,0 H7HEF (wi%)
< gty 5% Sio, fElol teke] R=(2 oxygens)/(1
silicon) = 2% AW, 2] AbslEo] H7bEE R 3
28T AA Hed o] AS, &F Sio, frElel vt

Table 2. R-values’ of glass specimens.

Specimen 1.D. R-value
BL5 2.2
BL10 2.6
BL15 3.1
BL20 3.7
BL25 43
BL30 5.0

*R = (oxygen/network former cation) ratio
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Fig. 1. DTA curves for glass with different heating rates. (a)BL10, (b)BL15 and (c) BL20.
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Fig. 2. XRD results for (a) glass and (b) glass-ceramics specimens.
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Table 3. Crystallization temperature, activation energy and Avrami constant for glass specimens.

Exothermal peak”

Activation energy Avrami constant

Specimen 1.D. temperature (°C) (kJ/mol) (n)
BL10 656.85 290.5 2.6
BL15 669.13 274.9 2.4
BL20 543.66 2734 22

*obtained at heating rate 20 K - min"' in DTA

WD 10.1mm

Fig. 3. SEM photographs for (a) BL10, (b) BL15 and (c) BL20.
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Fig. 4. Thermal expansion coefficient for glass and glass-
ceramics containing various Li,O contents.

Table 4. Thermal expansion coefficient of crystal phases found
at glass-ceramics (excerpt from references [11,12]).

Thermal expansion
coefficient

9x 107 (20~1,000°C)
66 x 107 (20~500°C)
61 x 107 (20~800°C)

Phase

B-spodumene
Li,Si0s
Mullite
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