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Synthesis and Luminescence Properties of Nd**-Doped Lithium
Aluminosilicate Glass-Ceramics
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Abstract: The lithium aluminosilicate glasses doped with Nd** ions are synthesized using the conventional melting
and quenching technique at a relatively low melting temperature by introducing approprate additives. Lithium
aluminosilicate glasses are converted to glass-ceramics by controlling the nucleation and crystallization process. The
samples are characterized by differential thermal analysis (DTA), X-ray diffraction (XRD), scanning electronic
microsope (SEM) , UV-vis-NIR scanning spectrophotometer and fluorescence spectrometer. Three main fluorescence
bands centering at about 890 nm, 1065 nm and 1330 nm are observed, which are correspondent to transitions of
YFs—>*Io5 5 * Fy;—>*I115 and * Fs,, —* 15, » respectively. Crystal phases and the grain size of glass-ceramics are
found to affect their luminescent characteristics considerably. The fluorescence intensity increases markedly when
Nd** ions enter the B -eucryptite solid solutions with the grain size in the range of 10~ 20 nm, and the effective
stimulated cross section ¢;, is 1. 931 X 1072 cm? at 1065 nm, which increases by 8% in contrast to the host glass.
Quenching occurs when Nd** ions locate at B -eucryptite solid solution with the grain size close to the visible light
wavelength. Quenching disappears after B -eucryptite solid solution are re-crystallized into B -spodumene solid
solutions.

Key words: optical materials; Nd**-doped lithium aluminosilicate glass-ceramics; fluorescence spectra;
characterization
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Table 1 Compositions of the lithium aluminosilicate

glass batch

Compositions % Compositions %
SiO, 55 TiO, +Z1rO, 3.5
Al Oy 25 Sb: Os
Li; O+MgO+ZnO 7 Nd; O; 1
P, 0; +CaO 7.5
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Fig.1 Differential thermal analysis curve of the host glass
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Table 2 Heat-treatment schedules, crystal phases and fluorescence properties

Samples  Temperature /C X Time /h  Temperature /°C X Time /h  Main crystal Minor crystal Fluorescence
No. for nucleation for crystallization phase phase properties
L1 750X 3 840X1.5 B-eucryptite —_— Strong
) Fluorescence
L2 750X3 840X2 B -eucryptite — .
. uenching
L3 750X 3 840X 2+960X2 B-eucryptite B-spodumene —
L4 750X 3 840X 2+1100X2 B-spodumene B-eucryptite medium
Glass —_— — —_— —_— Rather weak

3.2 X HETHIH

X 5 & AT 5 (XRD) Bl WLE 2, R A HE
) RAETE . Pl E P4 T R B2 RN ) By 3, JE A
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> f-spodumene
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Fig. 2 X-ray diffraction patterns of LAS glass-ceramics

under different heat treatment schedules
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Fig. 3 Scanning electron microscopy (SEM) photographs of LAS specimens L1 (a) L2 (b) and L4 (¢)
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Fig. 4 Transmittance curve for sample .1 and L2 at
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Fig.5 Absorption spectrum of Nd** -doped LAS glass

and glass-ceramic L1
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Fig. 6 Fluorescence spectra of Nd** ions between

800~1460 nm
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Fig. 7 Fluorescence spectra of Nd** ions
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