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Crystallization kinetics and microstructures of
NaF-CaF,-Al,0s-SiO, glass-ceramics

CHEN Yuan-yuan, LU An-xian

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The Yb*'-doped transparent oxyfluoride glass in NaF-CaF,-A1,05-SiO, system was prepared by conventional
melt-quenching method and the transparent oxyfluoride glass-ceramics was obtained by optimized heat treating. The
influences of introducing alkali metals oxides and alkaline earth oxides on glass-forming ability were investigated by
differential thermal analysis (DTA), X-ray diffraction (XRD) analysis and transmission electron microscopy (TEM). The
crystallization mechanism of NaF-CaF,-Al,05-Si0, system glass was analyzed by kinetics method, and the influences of
heat treating conditions on the crystallization behavior and the microstructures of this system glass-ceramic were studied.
The results show that the glass-forming ability is weakened with introducing alkali metals oxides, while the
crystallization stability is improved by introducing alkaline earth oxides. In addition, the main crystal phase of the
glass-ceramics is CaF, and its crystallization activation energy is 345.8 kJ/mol. The size of CaF, grains increases with
increasing crystallization temperature and the amount of crystals increases with increasing holding time. A novel
transparent Yb*"-doped glass-ceramics is obtained by optimizing heat treating, in which the grain size is less than 50 nm
and the crystallization degree is about 30%.
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Table 1 Composition and melting results of precursor glasses (mole fraction, %)

Sample  SiO, ALO; CaF, NaF Na,O Ca0 (qu Zj’lﬁ}:’dYb203 apiaer;zlfce
F1 50 20 20 10 - - 2 Transparent
F2 50 20 15 10 - 5 2 Transparent
F3 50 20 15 10 5 - 2 Devitrified
F4 50 20 15 10 - - 2 Devitrified
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Table 2 Characteristic temperatures and k,(T,), k(T}), k,(Tx) of samples F1 and F2 at a=15 C/min

Sample TJK TJK T/K AT/K  E/(kJmol")  v/min k(Ty) k(Ty) k(T
F1 883.35  950.95  977.55 67.6 329.7 276 X107 1.24X10%  1.54x10"°  1.67x10%
F2 898.45 976.15 1012.65 77.7 266.4 251X10°%  1.62X10%  2.02X10%  222x10%
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Fig.1 DSC curve of precursor glass F1 measured at heating

rate of 10 C/min
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Table 3  Appearance of sample F1 after different heat treating

conditions

Heat treating Sample appearance

670 'C, 2h Transparent, without obvious changes
690 C, 2h Transparent, without obvious changes
690 C, 8h Transparent, without obvious changes
710 'C, 2h Partly devitrified
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Fig.4 XRD patterns of F1 sample after different heat treating

temperatures: (a) 670 C, 2 h; (b) 690 C, 2 h; (c) 690 C, 8 h;

(d 710 C,2h
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Fig.5 TEM images of sample F1: (a) Precursor glass; (b) 670 ‘C, 2 h; (¢) 690 ‘C,8h; (d) 710 C,2h
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