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Effect of Photothermal Treatment on Silver-Cluster-Induced
Crystallization in Photo-Thermal-Refractive
Glass of Si-Na-Zn-Al System
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Abstract In this study, a Si-Na-Zn-Al system was chosen as the glass matrix and Ce'™ and Ag"™ were chosen as the
photosensitive and thermal factors, respectively. The precipitation of Ag’ clusters in glass and their effects on the

transmittance and crystallization of glass were studied by optimizing the ultraviolet exposure dose and heat treatment

conditions. Results indicate that the structure of Ag” clusters and the precipitation of NaF crystals can be controlled

Vol. 39, No. 7

by controlling the ultraviolet exposure dose and heat treatment conditions. Uniform Ag’ clusters and NaF crystals
y g p g y

can be obtained when the ultraviolet exposure dose is 4 J/cm?® at 315 nm, the nucleation temperature is 580 ‘C, and

the crystallization temperature is 650 °C .
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Fig. 1 Effect of UV exposure dose on transmittance and fluorescence spectra of PTR glass samples (sample thickness:
3 mm; nucleation/crystallization conditions: 580 “C/6 h, 650 “C/6 h). (a) Effect on transmittance spectra;

(b) effect on fluorescence spectra
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Fig. 2 Structure and distribution of silver clusters in PTR glass samples (UV exposure dose: 4 J/cm® @315 nm; nucleation/

crystallization conditions: 580 “C/6 h, 650 °C/6 h). (a) Microscope image of dark field; (b) relationship between

size of silver cluster and luminescence band
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Fig. 3 Effect of nucleation temperature on PTR glass samples (sample thickness: 3 mm; UV exposure dose: 4 J/cm® @

315 nm; nucleation conditions: 570 °C/6 h, 580 ‘C/6 h, 590 “C/6 h; crystallization conditions: 650 ‘C/6 h).

(a) Effect on transmission spectra; (b) effect on fluorescence spectra; (c) effect on absorption peak; (d) effect on

fluorescence lifetime
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Fig. 4 Effect of crystallization time on PTR glass samples (sample thickness: 3 mm; UV exposure dose: 4 J/cm® @

315 nm; nucleation conditions: 580 °‘C/6 h; crystallization temperature: 650 ‘C). (a) Effect on transmission

spectra; (b) effect on fluorescence spectra
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Fig. 5 HR-TEM image and selected area electron diffraction pattern of PTR glass (sample thickness: 3 mm; UV exposure

dose: 4 J/em® @ 315 nm; nucleation/crystallization conditions: 580 “C/6 h, 650 ‘C/6 h). (a) HR-TEM image;

(b) selected area electron diffraction pattern
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