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Crystallization behavior of BaO-SiO, glasses
with a small amount of Li,O
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Glass-ceramics are excellent materials with both glass and crystalline properties, such as
mechanical properties, dielectric properties, and thermophysical properties. Generally, a
glass-ceramic is produced by the heat treatment of a mother glass at a temperature above
the glass transition temperature to precipitate crystalline phases. However, for carbon
neutrality and energy conservation, glasses that can be crystallized by low-temperature heat
treatment in short periods are desirable. Therefore, this study aims to investigate the
crystallization behavior of barium silicate glass, with the addition of lithium oxide, which
reportedly promotes crystallization. The microstructural changes of xLi2O-(30-x) BaO-70SiOs
[mol%] (x =0, 0.2, and 0.5) glasses during heat treatment were investigated. In a glass
without lithium oxide, a metastable phase of monoclinic Ba:SisO19 (H-BaSizOs), which is a
crystalline phase of the barium silicate system, was formed in the early stage of
crystallization. Conversely, in the glass containing lithium oxide, phase separation occurred
in the early stages of heat treatment, forming a silicon-rich droplet phase and a barium-rich
matrix phase. The crystallization of the barium silicate glass system was promoted by the
change in the glass composition of the matrix phase to a composition close to the
stoichiometric composition of Sanbornite (BaSisOs) because of the occurrence of the phase
separation.
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Table 1 Heat treatment conditions for samples.

Hold time

5 minutes, 30 minutes, 1 hour, 6 hours, 24 hours

Sample
LBSO
LBS0.2
LBS0.5

Temperature
890 °C
850 °C
825 °C

5 minutes, 30 minutes, 1 hour, 6 hours, 24 hours

5 minutes, 30 minutes, 24 hours
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Fig. 1 Non-isothermal DSC curves of LBSx glass heated at
10 °C /min . Particle sizes are over 106 um and
less than 180 um. The arrows in the figure indicate
the exothermic peaks, and the blue arrows indicate
each maximum crystallization peak.

Table 2 Summary of DSC measurements of LBSx 4%,

Sample | IBSO | 1BS0.2 | 1BS0.5

T, [°C] 694 766 663

To [°C] 821 808 809

T, [°C] 846 831 819

T, [°C] 877 840 847

T3 [°C] 910

T4 [°C] 915

Ts [°C] - 926 .

T. [°C] 877 840 819
Te-T: 001 | 127 131 146
T.-To[°C]| 36 32 10
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Fig. 2 Comparison of XRD patterns in LBSx glasses heat-
treated at near T, for 30 minutes "®. The diffraction
patterns of L-BaSi,0;, H-BaSi,0;, Ba;Si;O,, and
BagSi; (0, are shown as references. The cross mark
in the figure indicates diffraction peak that is thought
to be cristobalite (ICSD No. 75300).
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Fig. 3 Comparison of XRD patterns in LBSx glasses heat-
treated at near T, for 24 hours "®. The diffraction
patterns of L-BaSi,O; and H-BaSi,O; are shown as
references. The cross mark in the figure indicates
diffraction peak that is thought to be cristobalite
(ICSD No. 75300).
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Fig. 4 Raman spectra of LBSO and LBS0.2 heat-treated at
near T, from 5 minutes to 24 hours "®. (a) LBSO
heat-treated at 890 °C . (b) LBS0.2 heat-treated at
850 °C . The peaks indicated by stars are metastable
H-BaSi,O; peaks seeninthe early stage of
crystallization of BS2 glass ®'®,
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Fig. 5 STEM observation results of LBS0 heat-treated at
890 ° C for 5 minutes "?. (a) HAADF-STEM image.
(b) HAADF-STEM image of a region different from
Fig. 5 (a). (c) Virtual dark-field STEM image of the
area circled by the square in Fig. 5 (b). (d) Electron
diffraction image of the region 1 in Fig. 5 (c). (e)
Electron diffraction image of the region 2 in Fig. 5 (c).
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Fig. 6 STEM observation results of LBS0.2 heat-treated at
850 ° C for 5 minutes "®. (a) HAADF-STEM image.
(b) HAADF-STEM image of a region different from
Fig. 6 (a). (c) Electron diffraction image of the
region 1 in Fig. 6 (b). (d) ED image of the region 2 in
Fig. 6 (b). (e) Electron diffraction image of the
region 3 in Fig. 6 (b).

(a)

100 nm 4

Fig. 7 HAADF-STEM image and EDS line anal¥5|s of LBS0.5
heat-treated at 825 ° C for 5 minutes "*. (a) HAADF-
STEM image. (b) EDS line analysis result. The yellow
line in the Fig. 7 (b) indicates Si, the blue line
indicates Ba, and the green line indicates O. Li was
not performed because it cannot be analyzed by
EDS.
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