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Effect of Particle Size on Crystallization Kinetics
of K,O-Al, O;-Si0, Glass-ceramics

XIAO Hanning'", LI Ge!

(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract : K, O-Al, O,-Si0O, glass-ceramics were prepared by sintering method. The effects of glass
powders with different particle size distribution on the crystallization and microstructure of K; O-Al, O;-
Si0O, glass-ceramics were studied, so as to optimize the particle size of K, O-Al, O;-SiO, glass-ceramics. The
results show that the crystallization temperature of glass-ceramics decreases from 913. 9 °C to 869. 9 °C
when the median particle size of glass powder decreases from 38. 09 pm to 1. 80 pm. Crystallization activa-
tion energy also decreased from 320. 5 kJ/mol to 234. 7 kJ/mol. The crystallized phase of the glass-ceram-
ics are both leucite. When the median particle size of the glass powder is 6. 30 pm, the microstructure of
the glass-ceramics is more uniform. The glass-ceramics has a density of 2. 45 g » em ™ *, a flexural strength
of 74.93 MPa, and a thermal expansion coefficient of 14,32X10 ° K ',
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Tab.1 Glass composition formula %
K; 0O Al, O3 Si0; Na, O CaO BaO MgO
17 19 52 5 2 2 3
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Fig. 1 Distribution of particle size of the glass powder
D1: 20 min; D2: 40 min; D3: 60 min and D4: 90 min.
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Tab. 2 Particle size distribution of glass powders

Particle size distribution /pm

Sample
Dio Dso Dyo
D1 17.33 38.09 62.82
D2 3.09 15. 24 30,43
D3 1.58 6.30 13.53
D4 1.15 1.80 6.87
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Fig. 2 SEM images of glass powders
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Fig. 3 DSC curves of glass powders
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Tab.3 Values of T, at different heating rates

a/ (C +min~ 1)
Sample
5 10 15 20
D1 890.2 913.9 928.2 938. 6
D2 881. 4 903. 4 919.9 929.6
D3 862.1 880. 2 898. 6 911.9
D4 851.5 869.9 892.5 909.7
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Fig. 4 Plots of In(T,*/a) versus 1/T, of samples
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Tab.4 Values of activation energy E

Sample D1 D2 D3 D4

E/(k] + mol~ 1) 320.5 305.4 278.8 234.7
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Fig. 5 XRD patterns of glass-ceramics
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Fig. 6 SEM images of glass-ceramics
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Tab.5 Properties of glass-ceramics

Sample  Density/(g+ cm™?)  Strength/MPa CTE/X10 6 K!

D1 2.36 54,42 11.10

D2 2.41 65.53 12.14

D3 2.45 74.93 14.32

D4 2.42 76.41 16.03
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