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The diffusion mechanism of tin into glass was investigated using a lab-scale float apparatus, in order to determine the
reasons for the characteristic tin penetration profile of float glass. Tin penetration profiles of glass samples heated at
various temperatures, times and atmospheres were measured by means of SIMS. The tin enriched inner layer, that is
characteristic of the tin penetration profile of float glass, was seen to be formed by heating at more than 8000 . It was
found that the depth of the tin enriched inner layer was proportional to the holding time at the maximum temperature
during the heat treatment, and was inversely proportional to the Fe* concentration in the glass. It was also proven that
thetin enriched inner layer was formed by penetration of hydrogen from the atmosphere through the molten tin into the
glass. These facts indicate that the reaction between hydrogen and Fe™ isinvolved in the formation of the tin enriched
inner layer. Consequently, it has been proposed that the mechanism of formation of the tin enriched inner layer is gov-
erned by two redox reactions and the diffusion behavior of both Sn* and Sn*”. Namely, one of these two redox reac-
tionsisthe reduction of Fe* to Fe due to hydrogen, resulting in the formation of a reduced surface layer. Another is
the oxidation of Sn? to Sn* due to Fe* in the glass. These anaytica results leading to a successful control of tin
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penetration into glass during the float process are discussed in detail.
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Fig.1 SIMS depth profiles of tin from the (a) top and (b)
bottom faces of commercial float glass with a thick-
ness of 3.5 mm.
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Fig. 2 *Sn CEMS spectra from the bottom face of commer-
cial float glass with a thickness of 3.5 mm (a) before
and after surface layers of (b) 3 um, (c) 6 um and (d)
9 um have been removed by HF etching.
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Fig. 3 SIMS depth profiles of tin penetration into glass dur-
ing hesat treatment at (a) 60001 , (b) 7000 , (c) 8000
and (d) 9000 for 10 min in a N2 H.J 90010 atmos-
phere using the lab-scale float apparatus.
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Fig. 4 SIMS depth profiles of tin penetration into glass dur-
ing heat treatment at 8000 for (a) 10 min, (b) 20
min, (c) 40 min and (d) 80 min in a Nzl H. 90010 at-

mosphere using the lab-scale float apparatus.
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Fig. 5 Relationship between the holding time during heat
treatment a 8000 in a N[ H.[0 900 10 atmosphere
and the depth of the tin enriched inner layer.
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Fig. 6 SIMS depth profiles of tin penetration into glass dur-
ing heat treatment at 8000 for 10 min in atmos-
pheres of (a) N20H:0 10000, (b) N20H.O 9802, (c)
N2l H2[0 90010 and (d) N20H[ 80120 using the lab-
scale float apparatus.
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Fig. 7 SIMS depth profiles of deuterium penetration into
glass during heat treatment at 8000 for 10 minin at-
mospheres of N2l D, 10000 (solid lines) and N[
D[] 80020 (dashed lines) using the lab-scale float ap-
paratus.
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Fig. 8 SIMS depth profiles of tin penetration into glass with

various Fe” concentrations during heat treatment us-
ing the lab-scale float apparatus. (a) total Fell less
than 0.01 mol O , (b) Fe*~ Utotal FelJ 0.4810.8 mol [J ,
(c) Fe" Itotal Fed 0.5810.8 mol O .

)

g 35

=

o}

g 30 o

o \

£ 0

-é,\ 25 0

3 E B

£ 3 e}

@ 20 °
&

[}

= 15

Qu

ol 02 04 06 038 1 1.2

Fe3* concentration (mol %)

Fig.9 Reationship between the Fe™ concentration in the
glass and the depth of the tin enriched inner layer.
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Fig. 10 Schematic diagram of the diffusion mechanism of tin
into glass during the float process.
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