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Studies on optical properties of SnO-based glasses as lead-free glasses
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Abstract: The preparation of SnO-SiO,, SnO-B,0;, and SnO-GeO, glasses by melting in air was performed. The
prepared SnO-GeO, glasses were large enough to measure optical properties whereas the vitrification in SnO-Si0, and
SnO-B,0; systems was difficult. PbO-GeO, and BiO, s-GeO, glasses were also prepared for comparison with
SnO-GeO, glasses. The densities, glass transition temperatures, and optical properties such as refractive indices,
dispersion, and transmission spectra of SnO-GeO,, PbO-GeO,, and BiO, s-GeO; glasses were measured. On the basis of
the results, the potential for SnO-GeO, glasses as lead-free glasses is particularly discussed from the viewpoint of

optical properties.
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Table 1 Densities (p), glass transition temperatures (T, and colors of xSn0-(100-x)GeO,,
xPb0-(100-x)GeO; and xBi0, 5-(100-x)GeO; glasses (x = 30, 40, 50 and 60).

Glass composition p/ gem? T,/ °C Color
30Sn0-70Ge0, 4.174 377.8 Pale yellow
40Sn0-60GeO, 4.405 368.5 Yellow
50Sn0-50Ge0, 4,582 360.1 Yellow
60Sn0-40GeO, 4,784 357.4 Orange
30Pb0O-70GeO, 5.624 4413 Pale yellow
40Pb0-60Ge0, 6.289 412.6 Pale yellow
50Pb0O-50Ge0, 6.730 380.0 Pale yellow
60Pb0O-40GeO, 7.219 348.6 Pale yellow
30Bi0, 570Ge0, 5.525 460.6 Red
40Bi0, 5-60Ge0, 6.035 486.7 Red
50BiO, 5:50Ge0, 6.429 479.6 Dark red
60Bi0,; 540GeO, 6.853 458.3 Dark red
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Table 2 Refractive indices at wavelengths of 473, 632.8, 983.1 and 1548 nm (#2473, 76528 Mos31 and ryss,
respectively) and Abbe numbers of xSn0-(100-x)Ge0,, xPbO-(100-x)Ge0, and xBi0, ¢ (100-x)Ge0, glasses

(x = 30, 40, 50 and 60).

Glass composition 473 Ne3zs Nogs 1 M543 Abbe number
308n0-70GeO, 1.8614 1.8195 1.7909 1.7796 20.6
40Sn0-60GeO, 1.9655 1.9069 1.8700 1.8531 16.6
508n0-50Ge0, 2.0755 1.9988 1.9517 1.9239 13.5
60Sn0-40Ge0, 2.1669 2.0659 2.0114 1.9906 12.3
30PbO-70GeO; 19359 1.8965 18683 18537 26
40PbO-60GeO, 1.9928 1.9458 1.9135 1.8972 20.5
50Pb0O-50Ge0, 2.0614 2.0137 1.9747 1.9524 19.2
60PbO-40GeO, 2.1464 2.0754 2.0330 2.0100 16.3
30Bi0, 5-70Ge0, 1.9209 1.8829 1.8559 1.8441 244
40Bi0, 560GeO, 2.0197 1.9705 1.9392 1.9238 21.1
50Bi0; 5:50Ge0O, 2.0708 2.0162 1.9805 1.9636 19.8
60Bi0; 5-40Ge0, 2.1583 2.0947 2.0523 2.0337 18.3
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Fig. 1 Dependence of refractive indices at 473
nm on SnO, PbO and BiO,s content in
SnO0-GeO;, PbO-GeO, and BiO, 5-GeO, glasses.
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Fig. 2 Dependence of Abbe numbers on SnQ,
PbO and BiO;s content in Sn0O-GeQO.,
PbO-GeO; and BiO, s-GeO, glasses.
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Fig. 3 Transmission spectra of xSn0-(100-x)
GeO; glasses (x = 30, 40, 50 and 60).
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Fig. 4 Transmission spectra of xPbO-(100-x)
Ge0; glasses (x = 30, 40, 50 and 60).
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Fig. 5 Transmission spectra of xBiO s (100-
x)GeO; glasses (x = 30, 40, 50 and 60).
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