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Stress Build-up in Various Commercial Glasses by Ultra-Violet Irradiation
Stress in Glass Caused by Ulira-Violet Irradiation Part 3

By
Kazuo OOKA and Toru KISHIT
{Tokyo Shibaura Electric Co., Kewasaki Japan)

Stress build-up in a borosilicate and a 96% silica glass by ultra-violet irradiation was
reported by the authors (J. Ceram. Assoc. Japan, 72 {11-1] 193-97 (1964)). As a preli-
minary study to throw light upon the mechanism of stress build-up, effect of ultra-violet
irradiation on various commercial glasses was examined. After irradiation by 400 W mercury
discharge lamp for 500 and 1000 hours, glass test pieces were checked up photo-elastically,
- and if existed, stress at surfaces and depth of stressed layers were measured. Stress release
R by heat treatment was also investigated. Results were as follows :

1. Stress build-up was observed only in borosilicate glasses. 2. In borosilicate glasses

containing PbO or ZnO, stress was very small or unrecognized. 3. Stress increased with
irradiation time. 4. When heated, stress began to release at about 250°C, faded away
_ perfectly at 470°C and did not reappear on cooling. 5. In glasses containing no boron,
e ) . stress did not come out by irradiation.
: From the results described above, stress build-up seemed to originate from special be-
haviour of boron atom (change of coordination number and of compactness of network
structure of glass) under the action of ultra-violet ray. Obstruction effects of PhO or ZnO
is a problem to be studied further. [Received Dec. 28, 1964]
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Table 1. Chemical composition of commercial glasses.

No. S0z B:Os AlOs Na.O KO LizC P60 BaO CaO MO ZnO CesOy As,Oy SbOy
1 Silica glass (transparent) . 100 — ’
2 Pyrex type borosilicate glass ) B80.6 12,3 2.5 4.5 0.1
3 Pyrex type horosilicate glass containing Li;0O  80.6 12.5 2.4 3.8 0.5 ' 0.1
4 Electrical Pyrex type borosilicate glass 78.3 14.8 1.5 5.3 A 0.15
6 Lead borosilicate glass for tangsten sealing 71.2 16,1 2.0 4.5 6.0 : 0.2
6 Barium borosilicate glass for Kovar sealing 65.4 18,0 7.5 1.9 3.0 1.0 3.0 0.2

' 7 Kovar sealing glass 63.019.4 70 1.5 4.0 0.8 3.0 ' 0.15

8 U.V. transmitting boresilicate glass 72,4155 2.2 T.6 2.3
9 U.V. absorbing borosilicate glass “ €8,5 15,5 2.3 3.4 0.2 10.0 0.5

10 30% lead giass for dumet sealing B 56.5 1.4 45 7.6 29.5 ’ - 0.3

11 Barium glass.for kinescope bulbs 7.6 4.5 7.0 68 0.5 13.0 0.2 0.5
12 Soda lime glass for lamps and tubes 67.6 2.0 18.4 7.8 42 ‘ 0.3

13 Commercial plate glass 2720 2.0 13.5 . 8.0 4.0 0.2
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Fig. 1.a) Set for ultra-violet irradiation test.
b) Size of 400 W mercury discharge lamp
used as source of ultra-violet ray.
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Fig. 2. Spectral energy distribution of 400 W mercury
discharge lamp for irradiation test.
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Table 2. Stress at surfaces and thickness of stressed
layers measured after 500 and 1000 hours

irradiation.
Tension at surface (kg/mm®
%gs.’ , Thicknezs {rom)
{500 hr) {1000 hr)
1 i * -
2 36 69 0.15
3 25 42 0.15
4 25 E3 2.20
5 3 . L] —_—
3 47 o™ 0.15
7 47 7z 0.15
3 . 10** 1.2
g » » —_—
10 * L] —_—
13 b » —_—
12 * - —_—
13 - . ’ —

*: Not recognized
~X x :kglom? after 2000 hours irradiation
R
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{a) No. 1
Silica glass

(b} No. 2
Borosilicate glass  Barjum borosilicate

(¢) No. 6

(d) No. 8 (e) No. 19
Zinc borosilicate glass Lead glass
Fig. 3. Photo-elastic obsarvation with quartz wedge
on glasses after 1000 hours irradiation by
ultra-violet ray.
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Fig. 4. Release of tension at irradiated surfaces by
heating Time of irradiatien : 1000 hr, Heat-

ing-up rate : 7°~10°C/min.
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