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40. Waveléngth Dependence of Stress in
Glass Caused by Ultra-Violet Light !

Stress in Glass Caused by Ultra-Violet Irradiation (Part.12)

By

Kazuo OOKA and Toru KISHIT
(Tokyo Shibaura Electric Co., Kawasaki, Japan)

Stress is built up in borate and borosilicate
glasses hy ulira-violet light and a series of experi-
ments were carried out by the authors to clarify
the mechanisms of the phenomenon®™.

Exzperimental results indicated that the siress
was 2 result of contraction of glass at a irradiated
thin surface layer about 0.2mm thick for com-
mercial borosilicate glasses, and the value of the
stress was considerably influenced by thermal
history of glase or by imparity or a small amount
of additional components in glass.

TFor the start of the process induced by light
(or other electromagnetic waves), photon must be
absorbed in material and the energy given or
transfered to the reacting system must exceed  a
threshold value. The threshold value is considered
to be a key to elucidate the mechanisms of the
process. .

The threshold photon energy for stress build-up
was examined. Compositions of sample glasses
are shown in Table 1. Transmission curves of
thin plates of the glasses are given in Fig. L.

< Prisms(15x 10x 5 mm) of the glasses were exposed

to ultra-violet light. The source of ultra-violet

“light was a 400 W mercury discharge lamp made of

fuzed silica glass(1D ¢3¢ 150 mm). Various kinds of
glass flters were inserted hotween the lamp and
sample prisms. The distances between the lamp and
the filiers and between the fillers and the prisms
were both 15mm. Prisms were examined photoelasti-

Table 1. Composition of the glasses (wt28)
Si0. AlLD: B0y Nap0 K0 Fe: As(d Cl LisD BaO

Terex 80.42 2.44 12.65 3.80 0.41 0.065 0.20

Kovar
sealing 65.4 7.5 13.0¢ 1.3 3.0 0.2
glass

Pyrex® 80.55 2.25 12.84 4.20 0.01 0.026 0.023 0.043
* Corning Glass Weorks

1.0 3.9

cally after irradiation for 1000 hrs.
Preliminary experiment indicated that flters
which completely absorbed light in the wavelength
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Fig. 1. Transmissior curves of thin plates
of the glasses
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Fig. 2. Transmission curves of UV-25 filters
with varipus thickiesses
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Thickness of filiers (mm)
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Fig. 3. Relation between stress and transmission
of filters {(at 220 mg)

region less than 270 mg prevented the stress from
being built up. So, Toshiba UV-25 filters with

various thicknesses were used. Transmission
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curves of the filters are given in Fig. 2.

The values of the stresses are plotted in Fig. 3
against the transmission at 220mpg of the filters
used. Apparently, proportionality between these
quantities iz gond. It is, therefore, concluded that
the stress in glass is caused by ultra-viclet light
with photon energy of 5.7eV (220 mg) or more.
Fig. 1 indicates that the light in the wavelength
region less than 220 mg is completely absorbed in
thin layers of the glasses. The above conclusion
is compatible with the previous discussions by the
authors that the process might be imitiated by
either excitation (the threshold energy is about
4.5eV) or ionization (the threshaold energy is
about 5.5eV) of non-bridging oxygen ions in
glasses. Doping of some kinds of oxide might
shift the threshold te longer wavelength region
and sensitize the stress build-up'®. The effect is
now under investigation.
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