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Certain Effects of Gamma and Ultra-violet Irradiation on Some

Commercial Borosilicate Glasses
Stress in Glass Caused by Ultra-violet Irradiation, Part 4

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

Contraction (density increase) and stress build-up in borosilicate glasses by ultra-vi-
olet irradiation were repotied by the authors (J. Ceram. Asso. Japan, 12 [11-11 193
(1964)). Experiments were carried out to check on correlation between these phenomena
and some electronic process (formation of colour center or space charge, accumulation of
luminescence and their thermal release) caused by irradiation.

Three groups of glass samples were examined with the results described below :

1. Six kinds of commercial glasses were irradiated by Co®™ gamma ray with total
dose of 7x10'r. In spite of distinct blackening density change was not recognized. Ther-
moluminescence was intense in fused silica, while not recognized in lead glasses.

2. Outer protection bulb (soda borosilicate glass) of a mercury discharge lamp dama-
ged by ultra-violet irradiation showed stress at inner surface and colouring, and by heat-
ing bleaching, thermoluminescence and release of space charge took place. These proved
that the damage was not a result of thermal effect such as overheating.

3. Two kinds of commercial borosilicate glasses were irradiated by 400 W mercury
discharge lamp for two weeks or by Co® gamma ray with total dose of 5x10°r. In the
former ones, though colouring and thermoluminescence were slight or unrecognized, stress
build-up at irradiated surfaces was observed. In the later ones, distinet blackening and
~ thermoluminescence were observed.

Interaction between ultra-violet ray and glass and related problems were discussed.
Temperature ranges in which various thermal release phenomena took place were compared.
Following. the authors’ opinion, contraction of glass by ultra-violet irradiation seemed
not to directly related with electronic phenomena. Strictly speaking, however, this is still
an open question. Moreover, the possibility of triggering or catalytic actions of electronic
processes is a problem to be studied in future. [Received Jan. 19, 1965]
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(=)
a) Ultra-viclet radiation damaged Terex glass bulb
used as outer protection tube of a mercury dis-
charge lamp.

b
b) Photoelastic ohservation with quartz wedge on
cross section of damaged glass bulb showing
comcentration of tension stress near inner sur-
face. Thickness: 2.5mm
Fig. 1
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S : Sample,
F : electric furnace,
Th : thermocouple,
G : glass plates,
PM : photomultiplier
(Toshiba PM 50),
E : earth, .
Iw : ice and water,

[ : Dewer flagk.

Fig. 2. Apparatus for measure-
ment of thermal glow curve.
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Fig. 3. Heating schedule for thermal glow
measurement
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Fig. 6. Thermal glow curves of glasses irradiated
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" curves indicate glasses as shown in Tablel.
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Fig. 7. Thermal glow curves of glasses, | Table 2. _Stres's at surfaces of glasses
irradiated by ultra-violet ray
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1: backgrou-nd Cfm‘sed by thermal radiation of electric furnace, in laboratory scale for 14
2 : samples irradiated by gamma ray, days :
3 : ultra-violet radiation damaged Terex glass bulb, ¥8. Kovar
4 : samples irradiated by ultra-violet ray in laboratory scale, ) scaling Terexl .
5 : sample before irradiation. glass glass
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Fig. 8. Thermal glow curve of ultra-violet radi-
ation damaged Terex glass bulb obser- _ L 0 300 400 100 200 100 00
ved through blue filter (V-B2) showing Temperature(*C})

a separated peak. Size of sample: about
25x26x2.5mm®, Applied voltale of pho-

Cuzrent { + :from outer to inner surface
tomultiplier : 1100 V.

- :from inner to outer surface
@ : as received (lst heating up run),
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of space charge on ultra-violet radiation
#riEa . damaged Terex glass bulbs.
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 Fig. 10. Thermal bleaching of ultra-violet radiation

damaged Terex glass bulb by heat treat-
ment. Schedule of treatment : 250°C, 10 min
—300°C, 10 min—40°C, 10 min—450°C, 10
min—50°C, 10 min—55rC, 10 min—600°C,

10 min—650°C, 10min. Between successive
soaking, the sample was cooled and meas-
ured.

a)
Thickness : ) 4mm, b} 4mm

Photoelastic observation with quartz wedge
on cross sections of irradiated glasses,
~ 8) kovar sealing glass irradiated by ultra-
violet ray in laboratory scale,

b) terex glass irradiated by ultra-violet
ray in laboratory scale.

Fig. 11.

‘Transmission (%)

07 83 b [i%)
Wave length{s)

‘0 : before irradiation, 1: irradiated by ultra-violet ray,
2 ; irradiated by gamma ray (Co®)

Fig. 12. Transmission curves of glasses
(thickness: 4 mm)
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Table 3. Temperature ranges in which various

processes take place during heat
treatment.

- Glass Kovar sealing glass Terex glass
Radiation gamma U.v. garnma v, U.V.*
Thermal 100%~ 100% -~ 25(°~ 2007~
glow 406°C 450°C 370°C 370°C
Thermal 250°~
bleaching 550°C
Stress 250% ~~ 2509~ 250% ~
release 450°C*** 450°C***  450°C**
Thermal .
release of g

space
charge

* : Radiation damaged cuter profection bulb of a mercury
discharge Tamp.
** : Fig. 5 in reference 1.
*#» : Reference 2.
§ : Not conclusive owing to poor reproducibility of experi-
mental results.
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