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Stress Caused by Ulira-Violet Irradiation in Some Borosilicate Glasses

Stress in Glass Caused by Ulira-Violet Irradiation Part 2

By
Kazuo OOKA and Toru KISHII
{Tokyc Shibaura Electric Co., Kawasaki, Japan}

Generation of stresses was found by the authors at surface layers of a soda-borosili-
cate and 96% silica glasses severely irradiated by ultra-violet ray (J. Ceram. Assoc. Japan,
72 [11] 193-95 (1964).). As the first step to elucidatec mechanisms of the phenomenon,
experimental studies were carried out on some kinds of alkali borosilicate test glasses.
Six series of glasses in the system R,0-B,0,-5i0,, all containing 15mol% B,0,, were
prepared, namely; 1. glasses containing 4~13mol% Na,O, 2. Glasses containing 4~14
mol% K,0, 3. The same as series 1 but melted in reducing condition, 4. glasses containing
4~13mol% Na,0 with addition of 0.2wit% Li,0, 5. glasses containing 6.5 mol% Na,O
with addition of 0.05~0.2wt% As,Q, and 6. glasses containing 6.5mol% Na,0 with
addition of 0.3~0.8wt% Ce,0,. The glasses were melted from powder of rock crystal
and reagent grade raw materials in silica glass crucibles in a gas-fired furnace. After
irradiation by mercury lamp under fixed condition, tension at surfaces and thickness of
gtressed layers were measured photo-elastically. Density increase by irradiation was meas-
ured on thin plates of test glasses by sink-float method. Surfaces of some test glasses
were examined before and after irradiation by electron microscope.

Results were as follows : 1. Usually, tension decreased with increasing Na,O or K,O
contents, 2. In glasses melted in reducing comdition, however, tension was nearly constant
regardless of their Na,O contents, 3. In glasses containing As,0, or Ce,Q,, stressed layers
were thin, but temsioms were considerably severe, 4. In glasses containing 0.2% Li,0,
tensions were less than those without Li,0, 5. These stresses originated from compaction
of irradiated surface layers, 6. When heated, these stresses began to release themselves at
about 250°C, faded away perfectly at 480°C and did not appear again on cooling arnd 7.
In some cases, enlargement of inhomogeneous structure of surfaces was recognized by
electron microscope.

On the assumption that these stresses were due to compaction of network structure of
borosiilicate glasses, effects of quantities and kinds of alkali ions in glasses or of pres-

ence of As or Ce ions and their ultra-violet absorbing action were discussed.
[Received Sept. 24, 1964]
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Table 1 Oxide composition (batch composition)

of test glasses

Major components (mol%) Minor ingradients

Glasses added (wt.%)
No. - e —_
Si0, B0y Na,0 K0 Li0O Asg0; CexOy
1 72.0 15.5 12.5
2 78.0 15.5 6.5
3 80.5 15.5 4.0
4 72.0 15.5 12.5
5 78.0 15.5 6.5
5 80.5 15.5 4.9
7 72,0 15.5 12.5 +0.2
8 78.0 15.5 6.5 +0.2
9 80.0 15.5 4.0 +0.2
10 78.0 15.5 6.5 +0.05
11 78.0 15.5 6.5 - +0.2
12 78.0 15.5 6.5 +0.3
13 78.0 15.5 6.5 +0.6
i4 78.0 15.5 6.5 +0.8

15+ 72.0 15.5 12.5
16+ 78.0 15.5 6.5
17» 80.5 15.5 4.0
s : melted in reducing condition
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Fig. 1. Spectral energy distribution of H~400P
Mercury lamp used as source of ultra-
violet ray {Toshiba catalogue)

HL2 EBHIAEREROLAH

20x15x10mm® OFEOHED, 20x15mm® & H%Ex
MU, 15mm OB FETREEEZER K
B, otk R T, KIS mMT THism e BT
T s L ENERS I BART~TEILNTH »
1. BEEE K2 Bifre.

REW TR AAORNE, B0 E2E-2 K

trradiated surface

b) c)
Fig. 2. Photo-elastic ohservation with quartz wedge
on tension at irradiated surfaces.

a} Schematic representation
a : deflection of interference fringe cau-
sed by tension at surface
b : thickness of stressed layer.
b) No. 3 glass. ¢) No. 11 glsss.
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Fig. 3. Effect of alkali oxide (R.0) content in
glasses on temsion at surfaces caused by
ultra-violet irradiation.
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Fig. 5. Effect of alkali oxide (R,Q) content in
_glasses on density increase caused by
ultra-violet irradiation. Size of irradi-
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*: melted in reducing condition.
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Fig. 6. Effect of As0, or CeiQ; added in glasses
on density increase caused by ultra-violet
irradiation. Size of irradizsted samples : 20
® 100,35 mm®.
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Fig. 7. Change of tension at surfaces of No. 3

and No. 11 glasses during heating-cool-
ing cycles room temp.—200°C—room
temp.—500°C.
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a) No. 3 glass

after irradiation

before irradiation
b) No. 11 glass

£ S

after irradiation

before irradiation

Fig. 8. Electron-micrograph of free surfaces of
test glasses before and after irradiation.
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