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Abstract The glass-ceramic of Li,0-Al,05-SiO, system was fabricated by using yttrium oxide and iron oxide that it can
reduce the melting temperature and affect the homogenization. Zirconium sulfate was used as a nucleation agent. Calcium
phosphate was used to improve the flow the glass so as reduce the viscosity of the glass. The glass-ceramics met a
thermal shock test of more than 750°C and the temperature at which the coefficient of thermal expansion rapidly increased
at over 800°C was shifted by about the above 30°C. Therefore, it is concluded that the glass-ceramic of Li,O-Al,0,-SiO,
system with yttrium oxide and iron oxide was founded to have good melting conditions and excellent thermal expansion
resistance at high temperature such as special field for kitchen utensils.
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Table 1

Oxide composition (wt%) of LAS glass-ceramics
Oxide composition (Wt%) EKC EKC-Y EKC-F EKC-N EKC-ADV EKC-S
Sio, 64.70 64.18 63.88 63.95 64.00 64.40
Al O, 20.90 20.15 20.15 20.15 20.00 20.60
Li,O 3.67 3.75 3.72 3.72 3.72 3.60
BaO 2.50 2.55 2.45 2.45 2.45 2.20
TiO, 2.80 2.80 2.80 2.80 2.80 2.65
ZrO, 1.68 1.67 1.60 1.60 1.60 1.60
ZnO 2.00 2.00 2.00 2.00 2.00 2.00
P,O; 1.77 1.54 1.63 1.54 1.00
Na,O 0.50 1.05 0.90
CaO 0.37
K,O 0.85 0.75
MgO 0.15 0.15 0.15
Fe,0; 0.10 0.53 0.05 0.27 0.37
Y,0; 0.33 0.13 0.05 0.22 0.22
SnO, 0.53 0.55 0.55 0.55 0.50 0.46
Total 100.00 100.00 100.00 100.00 100.00 100.00
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Table 2

Heat-treatment of LAS glass-ceramics with Y,O; and Fe,O,
Sample name Nucleation Crystallization Appearance
EKC 730°C-4 hr 850°C-4 hr B-Quartz solid solution
EKC-Y 730°C-4 hr 870°C-4 hr B-Quartz solid solution
EKC-F 710°C-4 hr 870°C-4 hr B-Quartz solid solution
EKC-N 730°C-4 hr 870°C-4 hr B-Quartz solid solution
EKC-ADV 710°C-4 hr 860°C-4 hr B-Quartz solid solution
EKC-S 700°C-4 hr 860°C-4 hr B-Quartz solid solution

| Raw materials |

| Weihing |

| Mixing |

I
Melting

at 1680°C for 3h
I

| Forming |
|

Annealing
at 600°C for 1h

Heat treatment
for 4h

Fig. 1. Experimental procedure for preparing glass samples.
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Fig. 2. Photographs of glass-ceramic samples: (a) EKC, (b)
SIM-Y, (c) SIM-F, (d) SIM-N, (e) SIM-ADV, (f) SIM-S.
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Fig. 4. Coefficient of thermal expansion of glass samples.
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Table 3
Coefficient of expansion of glass samples
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Sample name
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EKC ~0.260 ~0.200
EKC-Y ~0.798 ~0.684
EKC-F 0.850 1.018
EKC-N 1377 1.570
EKC-ADV ~0.266 ~0.560
EKC-S ~0217 -0.190
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EKC-S 854 1.383 1.668 4364 835~840




The properties of glass ceramic of LAS system with Y,0; and Fe,0O; 159

ooz FAS Frkshe 2% FIH5C
7R RIS 1 7)E)0] 30~40°C A% EolHSS

2 LASAl 2743t fefe] LeolM AR
o

ALY

AF.

}

4. 23 3 1

z3A g3s sl 7210, YEEHA Zr(S0,), YES
AR, Y,0.5 X AAs 2718 vAs AlA =29
=5 Y3, Fe,0,5 X33 B-Spodumene FlolE
AR £ 2R3 fElE A=
ZEE T3l 750°CE ¥, 800°C HF-ollA
GRGATIE FA43%] A 2EE AIZE(shift) o=
M 830~840°C F-7HA] F=AA 7 wil$- w2 AA s}
FEAIZESIAL Aol ARSYEe] PYAS =Tt
B Ao At 249 LAS Al fEle oA
Fost 8§ el T 9 AP S HoE A
o2 ydElo] T38| gt 7be & 4 US Hle=

e A

o

us)

Z8-gt Aty YEA] 7INERAPARA (RO00614)2 2 &=

References

[ 1] L.B. Kong, Y.Z. Huang, W.X. Que, T.S. Zhang, S. Li, J.
Zhang, Z.L. Dong and D.Y. Tang, Transparent ceramics
(Topics in mining, Metallurgy and Materials engineer-
ing, Switzerland, 2015) p. 29.

[2] Y.W. Park and Y.W. Kim, “A study on the transparent
glass-ceramics on Al,05-SiO, system”, J. Kor. Ceram.

Soc. 29 (1992) 223.

[3] Y.G. Moon, T.Y. Lim, M.J. Lee, J.H. Kim, D.W. Jeon
and J.H. Hwang, “Optimization of crystallization condi-
tion for transparent LAS glass-ceramic via differential
thermal analysis”, J. Korean Inst. Electr. Electron. Mater.
Eng. 29 (2016) 101.

[4] H.W. Park, J.S. Lee, T.Y. Lim, J.H. Hwang, Y.H. Ra,
M.R. Noh, K.H. Seo and J.H. Kim, “The properties of
glass ceramics of Li,0-Al,05-Si0, system according to
nucleation agent”, J. Korean Cryst. Growth Cryst. Tech-
nol. 28 (2018) 229.

[5] GH. Beall and D.A. Duke, “Transparent glass-ceram-
ics”, J. Mater. Sci. 4 (1969) 340.

[6] M. Dressler, B. Rudinger and J. Deubener, “An in situ
high-temperature X-ray diffraction study of early-stage
crystallization in lithium aluminosilicate glass-ceram-
ics”, J. Am. Ceram. Soc. 94 (2011) 1421.

[7]1 R. Roy, D.M. Roy and E.F. Osborn, “Compositional and
stability relationships among the lithium aluminosili-
cates: Eucryptite, spodumence and petalite”, J. Am.
Ceram. Soc. 33 (1950) 152.

[8] H. Dislish and P. Hinz, “History and principles of the
sol-gel process, and some new multicomponent oxide
coatings”, J. Non-Crystal. Solids. 48 (1982) 11.

[9] K.S. Chun and J.J. Tak, “Low temperature preparation
of transparent glass-ceramic using metal-alkoxides (1)
synthesis and properties of porous monolithic gel in
Li,0-1.7A1,04,-8.6S10,”, Korean Ind. Eng. Chem. 18
(2007) 568.

[10] B.M. Lee, S.M. Han, D.Y. Shin and K. Kimura, “Prepa-
ration of glass-ceramics using chulwon basalt”, J. Kor.
Ceram. Soc. 37 (2000) 205.

[11] C.S. Ray and D.E. Day, “Ceramic transactions nucle-
ation and crystallization in liquid and glasses”, M. C.
Weinberg, Vol. 30 (The American Ceramic Society,
Ohio, 1993) p. 207.

[12] S.W. Lee, B. Deshpande, R. Stevens and P. Knott,
“Determination of nucleation rate curve for lead tita-
nate glass by differential thermal analysis”, Phys. Chem.
Glasses 37 (1996) 223.

[13] Y.H. Wu, K.C. Hsu and C.H. Lee, “Characterization of
Fe-doped lithium aluminosilicate glass-ceramic materi-
als by synchrotron radiation techniques”, J. Ceram. Soc.
Jpn. 120 (2012) 420.

[14] W. Zheng, J. Cheng, L. Tang, J. Quan and X. Cao,
“Effect of Y,0; addition on viscosity and crystalliza-
tion of lithium aluminosilicate glasses”, Thermochem.
Acta. 456 (2007) 69.

[15] C.S. Ray, X. Fang and D.E. Day, “New method for
determining the nucleation and crystal-growth rates in
glasses”, J. Am. Ceram. Soc. 83 (2000) 865.



