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95. Thermal Release of Stress in Glass Caused

by Ulira-violet Irradiation
Siress in Glass Caused by Ultra-violet Irradiation (Part §)

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

Abstract :

By heating pieces of borosilicate glass (8i0, 31,
B0, 12, Na,0+K,0 4.5, ALO, 2.5 wt%) with
surface stress caused by ultra-viclet irradiation,
stress relaxation process was observed. Results
were as {ollows:

1. By heating up with the rate of 5°C/min,
siress began to be released at about 250°C, faded

away perfectly at 470°C, and did not reappear on

cooling.

2. By soaking at 400°C, stress faded away per-
fectly in 30 min. By soaking at temperatures be-
tween 250° and 360°C, siress decreased in initial
periods of about 30 min, and then atiained at ap-
proximately constant values. The higher the soak-
ing temperatures were, the less were these values,
which did not change distinctly after cooling.

3. The temperatures described above were con-
siderably lower than the annealing point (about
555°C) of the glass.

From these resulis, it was concluded thai:

1. Stress is released by several mechanisms
which participate in different temperature ranges.

2, Activation energies of relaxation mechanisms
are presumed to be 35kealfmol or smaller, and
are considerably lewer than that of viscous flow

_(ahout 100 kcal/mol).

3. The stress relaxation is, therefore, presumed
to be a result of, for example, reformation of
deformed chemical bonds (bond angles, interatom-
ie distances and so on) and not a result of rear-
rangement of network forming ions.

4. The same is possibly true for mechanisms
of stress build-up.

1. Intreduction :

Stress build-up in glass by ultra-violet irradia-
tion was teported”. By heating, the stress was
released at relatively low temperatures?:?-9, De-
tailed studies on the stress relazation process seem
to make it possible to elucidate the mechanism
of stress build-up. In this paper, results of expe-
riments on the stress relaxation are described.

2. Samples and Method of Experiment

Three kinds of glass samples were examined; a
protection tube of an ordinary high pressure
mercury discharge lamp, and those of two kinds
of high pressure mercury lamp with relatively
high output in visible wavelength region. The
glasses were ““Terex glass’’ with the composition
of S8i0, 81, B0, 12, Na,0 4.5, ALO, 2.5 in
weight % (Table 1). Stress was measured by
photoelastic apparatus with Babinet compensator.

Table 1. Samples used for experiments.
Samyple A B C

N Protection tube of
Protection tube & mercury lamp
with relatively high Same as B

Origin of an ordinary

mercury lamp  output in visible

region

Stress at .
irradiated 159 “ a1
kegfem®*
Thickness
of stressed 0.13 0.14 0.14

layer, mm®*

+ 2 Slight errors were inevitable owing to experimental

difficulties,

Although the measurement of stress in irradiated
thin surface layer was not highly precise owing to
experimental difficulties, it was sufficient for semi-
quantitative observation.

3. Experimental Results

3. 1 By heating up the samples A and B, at
the rate of 5°C/min, stress began to be released
at about 250°C, and perfectly faded away at about
475°C (Fig. 1). During cooling, stress did not
reappear.

3. 2 By heating the sample A according to the
schedule of 270°C, 60 min-300°C, 60 min-350°C,
80 min-400°C, 20 min, stress diminished stepwise
with the increase in soaking temperature (Fig.
2).

3. 3 Pieces of the sample C were subjected to
heating (5°C/min)-cooling (2°C/min) cycles. The
maximum temperatures in each run were 320°,
260°, 375° and 400°C respectively. Change eof
stress during these cycles is shown in Fig. 3.
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Fig. 1. Change of stress during heating.up runs
at the rate of 5°C/min.
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Fig. 2. Change of stress by heating according to
the schedule of 270°C, 60 min-30G°C, 60
min-350°C, 80 min—400°C, 20 min.
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Fig. 3. Charge of stress during heating
{5°C{min)-conling {2°C/min)cycles.

During cooling, stress did not change distinetly.

3. 4 Change of stress of the samples A and
C at constant soaking temperatures is shown -in
TFig. 4 and 5 respectively. At A00°C, stress was
released perfectly after 30min of seaking. At
lower temperatures, stress decreased rather rapidly
at initial periods of soaking, and then attained to
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Fig. 4. Release of stress in the sample A by
soaking at constant temperatures.
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Fig. 5. Release of stress in the sample C by sozking
at constant temperatures.
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Fig. 6. Temperature vs. time for complete fading away
of thermal stress of Terex glass rods (Gmm ).

approximately constant values. The higher the
soaking temperatures were, the lower were the
final values. . i

3. 5 For comparison, release of thermal stress
in as-drawn Terex glass rods (5 mm ¢) was ovbsery-
ed. As i3 noted from Fig. 6, release of thermal
stress by viscous flow took place in higher tempe-
rature range than those described in 3. 1~3. 4.

4. Discussion and conelnsion

It was confirmed. that stress is caused by con-
traction(density increase) of .glass in the irradated
thin surface layer. Experimental results described
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above suggest thai the stress release takes place
by several mechanisms in different temperature
ranges. Contribution of viscous flow of glass to
the stress release is megligible at these tempera-
tures which are considerably lower than the an-
nealing point of the glass {about 555°C*).

Sirict evaluation of activation encrgies in these
mechanisms is impossible owing to complexity of
the phenomencn. Indirect and approximate eval-
uation, however, is possible as follows:

When volume elements of glass in metastable
{contracted) and stable (reformed) states are
supposed, contracted elements translate to the stahle
state by thermal activation over the energy barrier
£ As a first approximation, stress is presumed
to be proportional to the number n of contracted
elements. The transition probability of the ele-
ments is now supposcd as p=seexp (—E/RT),
where s, k and T are frequency factor, Boltsman
constant and absolute temperature respectively.
Similar presumption and mathematical treatment
were given for thermal glow by trapped electrons
in phosphors®. M p is, for example, 0.1/sec, =
vanishes almost perfectly in several tens of second.
This is considerably a short time in laboratory
scale, and stress fades away “‘rapidly™.

In Fig. 2, 4 and 5, rapid decrease of stress is
observed at temperatures near 700°K.

For trapped electrons in varicus phosphors, the
value of 5 is about 10°~*%/sec®. In case of volume
relaxation, which is presumably an atomic process,
§ is probably much smaller. Temperatures T, 4 at
which p is 0.1/sec, are shown in table 2 for some
combinations of £ and 5. It is seen that, if T,

K. OOKA et al. 1§

‘Table 2. Temperatures Ty, CK) at which # is 0.1/sec,
calculated for some combinations of F and s.

E (kcal{mol} 160 35 16
g=10%zec 22 000 7 700 2200
10Ysec 10000 3500 1000

" 10%zec 2000 700 200

=700°K and s<710'sec, F is not higher than 35
kcal/mol. This is low compared to that of viscous
flow (about 100 keal/mol*}. Thus, it seems possi-
ble to conclude that breaking of network of glass
does not contribute mainly to the stress relaxation.
The stress relaxation presumably results from res-
toration of highly deformed chemical bond {res-
toration of bond angles or atomic distances be-
tween constituting atoms) and not from rearrange-
ment of network forming atoms. It is also
bighly possible that this is true for mechanisms
of stress baild-up.
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1. 5°Cimin DHETINEAT 5 &, E% 250°C e
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2. 400°C BT 2 &, KA 30 Sl TsEeiTiys
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