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RADIATION DAMAGE OF GLASS BY ULTRA-VIOLET RAY

Kazuo Ooka, Toru Kishii
Tokyo Shibaura Electric Co., Ltd. ]APAN

Introduction

In the course of development of high power merecury

discharge lamps in the factory, stress built-up has been observ-

ed in protection bulbs of the lamps after long periods of lighting.

In some cases, fracture of‘ bu}bs took place spontaneocusly.

It has been found that the siress was caused neither by
the over-heating of the bulbs nor by the electrolysis in t.heir
glass, ‘but by the change in glass structure induced directly by
ultra-violet irradiation.

The present study has beenhundertaken te elucidate the
machamism of the streas build-up in the glasses caused by the
ultra-viclet irradiation and to find the methods for preventing
the fracture of mercury lamps. Relations between the streés
build-up and the chemical compos-ition of glasses has been

investigated in detail.

Observations of fractured glass bulbs

The fractured bulb, whose inner suface wa.s subject*ed to
severe ypltra-violet irradiation for a leng time, is illustrated in
Photograph 1.
Photoelastic observation of a cross section of a fragment of the

bulb (Te,ex glass; Si0O2 80, ByCz 13, Nay0 4, Kz0 1 and
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Many fine cracke are seen at the inner surface.
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Al303 2 in weight %) showed the presence of concentrated tension

" near the inner surface of the bulb as illustrated in Photograph 2.

Density increase due to the volume contraction near the
inner surface was determined fo be 6 x 1073 g/cm3 by the sink-
float method.

In é fractured bulb made of 96 % silica glass, the stressed
layer was thicker than in the case of the Terex glass, as illustrat-

ed in Photograph 3, probably due to its better ultra-violet trans-

_ mission. By heating, the stresses induced in these glasses

were released at rather lower temperatures than the annealing

points as shown in Figures 1 and 2.

Effect of ultra-vioclet irradiation on various commercial glasses

Various kinds of commercial glasses were irradiated by
a 400 W silica glass mercury lamp for 1, 000 hr. Specifications
of the glasses are given in Table 1. GStresses at the irradiated
surfaces and thicknesses of the stresmed layers are shown in
Table 2. Some of the photoelastic patterns of the stressed
layers are illustrated in Photoéraph 4.

The stress build-up was observed only in some kinds of
borosilicate glasses. In the borosilicate glasses containing PbO
{Glass.5) or Zn0, {Glass B}, the stress was weak or not detected.
For the ultra-violet transmitting borosilicate glass (Glass 8}, the

stressed layer was considerably thick.
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Thermal release of stress in glass induced by ultra-violet
irradiation

Thermal release of the stress at various temperatures
investigated for fragments of the fractured Terex glass bulb are
shown in Figure 3. The stress release wasg found to occur even
at the temperature as low as 250° C, and the stress disappeared
completely in a short time at 400° C, which is far below the
annealiﬁg point of the glass {about 545° C) i.e. the temperatufe
at which the ordinary stress in the glass is released by the
viscous flow.

It was concluded from these results that thére are .several
kinds of mechanisms of stress release and that experimental

activation energy for the stress release observed in the present

experiment was less than 30 kcal/mol {1.3 eV), which is far less’

than that for its viscous flow (abcut 100 kecal/mol: 4.3 eV).
The value of 1.3 eV is also less than the energy of ultra-violet

ray {3 eV or more).

Scme preperties of glass bulbs damaged by ultra-violet
irradiation

Properties of the following two borosilicate glass bulbs,
both damaged by the long use as protection bulbs of mercury
dis.charge lamps, were investigated; the Terex glass bulb, rna._de
by Tokye-Shibaura Electric Co., Ltd., used far an ordinary
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. g-irradiation with dose rate of 5 x 105 r/hr, density change was . )

mercury discharge lamp (the sample A) and the Pyrex glass
bulb, made by Corn'uig Glass Works, used for a mercury: TLI
discharge lamp. The speciral energy distribution of these ) -

lamps are shown in Figure 4. : . :

.2+ . The stressed layer of the sample A showed fluorescence by .
excitation with the 365 mp line {Photograph 5) and thermal glow . ;
by heating (Figure 5). The stressed layer of the sample B show - 7 ]

ed neither fluorescence nor thermal glow.

i

The stressed layers of these samples showed different

ESR signals (Figure 6). By heating, both of them showed a

thermally released current considerably larger then those report-

ed for the X-or s-irradiated glasses (Figure 7).

Effects of ¥ - and ultra-violet irradiation on commercial

]
i
borosilicated plasscs . i

Effects of ¥ - and ultra-violet irradiation on commetrcial

Terex and Kovar sealing glasses were compared, In the case of

not detected by the sink-float method for both of the glasses.
In the case of the ultra-viclet irradiation, stress build-up near

the surface of the glasses were found as illustrated in Photographs

E TP

6a and éb, which suggest that there is an increase in density at

EE

the portion near the surfaces of the samples.
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* Thermal glow, ESR signals and b.lackenin"g for the tweo
s _ gl;sﬁes are shown for comparison in Figures 8, 9 and 10, |
- ' respectively. They were more conspicuous for the glasses
= . subjected to the § -irradiation than to the ultra-violet irradia-

5 tion. These results would sugests that density increase or
stress build-up are not directly related to the formation of the

— centers of thermal giow, ESR or blackening (colour centers).

Vil Streas build-up in binary borate glasses by ultra-violet
‘irradiation

Effects of ultra-violet irradiation on binary borate glasses

were investigated. Compositions of these glasses are given in
Table 3. After irradiation for 1,000 hrs by a 400 W silica glass

_ mercury lamp, stress build—up a.Lt the irradiated surfaces were
examined. It was detected only for the binary glasses with
alkali oxides. The results are surﬁmeriied in Tabie 4. | Some
results of the photoelastic observations are illustrated in

Photograph 7. In binary alkali-germanate glasses, the stress

A

build-up was not ohserved even after irradiation for 1, 000 hr.

VIII. Stress build-up in alkali-borosilicate glasses by ultra-violet
irradiation

g _ Effects of kind and amount of alkali oxides on stress build-up

- : . —g83-
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in ternary Na20- or K3;0-B03-5i0; glasses are shown in Figure

11. The addition of Lij0 to the ternary Nap;0-B203-5i02 glasses

was found to suppress the stress build-up considerably {Figure 10}.

The amount of stress decreased with increase in Na2C or KO
contents.

Effects of. doping ion;s such as the Ce or As ions, which
absorb the ultra-violet ray strongly, into the ternary Na;O-B03-
S5i0; glasses oﬁ the stress build-up were also examined (Figure 12}
The amount of stress was found to increase with increase in the

contents of these ions.

Structure of irradiated surface of glasses observed by
electron microscope

Preliminary cbservations were made on irradiated surfaces
of various glasses by an electron microscope. The surfaces were
found to become, in some cases, inhomogeneous by the ultra-violet

irradiation as illustrated in Photograph 8.

Discussion

Experimental results described above showed that the
streas build-up occurs only for the glasses containing B»Oj.

The presence of alkali oxides appeared to contribute to this
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phenomenon, even in little amount such as m the 96 %‘silica.
glass. Ultra-violet absorbing ions in glasses, such as Ce or
As, also appeared to have some effects on th:e stress build-up. '
The experimental activation energy of the thermal release of
the stresses seemed to be comparable to those of diffusion of

alkali ions or of electric conduction in glasses.

Following the authors' opinion, one of the possible
mechanisms of stress build-up in glasses is as follows; Tﬁe
electrons of the non-bridging oxygen ions ejected by photoelectric
effect and holes or trapped electrons are formed. Then, under
the influence of the electric field thus producéd, alkali ions
migrate causing structural change of the glasses. This struc-
tural change is thought to Be the compaction of the glass network,
consisting of oxygen polyhedrons such as BOj, triangles which
originally pack l.oosely. The change of co-ordination number of
boron { 3 3% 4 ) may be responsible for this compaction.

| The efficient methods to prevent the fracture of bulba
of mercury lamps are, to use the borosilicate glasses containing
some amount of PbhO or ZnO, to lessén the amounts of ions in
glass which absorb ultra-violet ray and to heat the bulbs at 400° C
certain intervals.

Anyway the experiments are in progress and
many fundamenial and detailed gtudies may be required for the cem

understanding of this phenomenon.
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