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Microstructure and mechanical properties of
Y-Al-Si-O-N-F oxyfluoronitride glass-ceramics

LUO Zhi-wei, LU An-xian, QU Gao, LUO Hui-lin

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

Abstract: Y-Al-Si-O-N-F oxyfluoronitride glasses were prepared by melting batches at 1 550—1 580 °‘C under N,
atmosphere in a Si-Mo-heated resistance furnace. Differential scanning calorimeter (DSC) was used to determine the
glass transition temperature (¢;) and crystallization temperature (z.). Crystalline phases in the oxyfluoronitride
glass-ceramics were identified by X-ray diffractometry (XRD) and energy dispersion spectrometry (EDS). The
microstructures of the glass-ceramics were observed by scanning electron microscopy (SEM). The results show that the
addition of fluorine lowers the 7, and #. of oxyfluoronitride glasses and affects the microstructures, including crystal size
and morphology. Nitrogen affects the crystallization phases and microstructures. Y,Si,0; appears as the major crystalline
phase in all glass-ceramics obtained after heat treatment, and an increase in nitrogen content favors the formation of
Si3AlgO1,N, rather than mullite (AlgSi,O3). The glass-ceramics exhibit higher microhardness and bending strength
compared with the corresponding glasses with different fluorine or nitrogen contents.
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Table 1 Chemical composition and thermal properties of

oxyfluoronitride glass

Samples No. (equingl?rﬁofsr:lzl(l)n) % t/C t/C
N6F0 Y14Al;5S161094N6F 921 1207
N6F1 Y54Al}5S161093NgF | 883 1184
N6F3 Y54Al;5S161091NGF 3 867 1155
NI12F1 Y,4Al;5S16, 07N Fy 894 1228
NI12F3 Y,4Al;5S161 085N, F3 880 1149
N18F1 Y,4Al;5S16, 051N gF 942 1254
NI18F3 Y,4Al;5S16079NgF3 910 1165
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Fig. 1 DSC curves of base glasses samples N6F1, N12F1 and

N18F1
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Table 2 Heat treatment conditions of base glasses and crystalline phases in glass-ceramics obtained

Sample No. Heat treatment condition Crystalline phase

No6F0 (950 C, 5 h)+(1200 ‘C,10h) Yttrium Silicate(Y,S1,07), mullite(AlsSi,013)
N6F1 (950 C, 5 h)+(1200 ‘C,10h) Keivyite(Y,S1,07), mullite(AlsSi,0,3)
N6F3 (950 C,5h)+(1 150 ‘C, 10 h) Keivyite(Y,S1,07), mullite(AlsSi,0,3)
NI12F1 (950 C,5h)+(1250 ‘C,10h) Keivyite(Y,S1,07), mullite(AlsSi,0,3)
NI2F3 (950 C,5h)+(1 150 ‘C, 10 h) Keivyite(Y,S1,07), mullite(AlsSi,0,3)
N18F1 (1000 C, 5h)+(1250 C, 10h) Keivyite(Y,S1,05), Si3Al¢O,N,
N18F3 (1000 C, 5h)+(1150 C, 10h) Keivyite(Y,S1,0;), Si3Al¢O,N,

T P
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Fig. 2 XRD patterns of crystallized glass-ceramics sample
N6F0
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Fig. 3 XRD patterns of crystallized glass-ceramics samples
N6F1, N6F3, N12F1 and N12F3
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Fig. 4 XRD patterns of crystallized glass-ceramics samples
N18F1 and N18F3 after heat treatment
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Fig. 5 SEM image and EDS spectra of crystallized glass-ceramics N6F0: (a) SEM image; (b) EDS spectrum of Spot 1; (c) EDS
spectrum of Spot 2; (d) EDS spectrum of Spot 3

Fig. 6 SEM images of crystallized glass-ceramics: (a) N6F1; (b) N6F3; (c) N12F1; (d) N12F3
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Fig. 7 SEM images of crystallized glass-ceramics: (a) N18F1;
(b) N18F3
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Table 3 Bending strength and hardness of Y-Si-Al-O-N-F

glasses and glass-ceramics as function of nitrogen or fluorine

content

Glass Glass-ceramics

MPa MPa

N6F0 126 7.9 162 8.6
N6F1 116 7.2 176 8.2
N6F3 82 6.8 172 8.1
N12F1 93 7.5 175 8.8
N12F3 84 7.3 180 8.4
N18F1 116 7.7 185 8.7
N18F3 109 7.5 196 8.8
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