3 iﬁi—a’%&m

kg

CFEOE W S gk T4 (121 1966 363

39. Stress Build-up in Binary Borate Glasses @ -
| by Ulira-violet Irradiation _
P Stress in Glass Caused by Ultra-violet Irradiation (Part §)

Kazuo OCKA, and Toru KISHII

- (Tokyo Shibaura Electric Cao., Kawasakl, Japan)

Abhgiraet

As the first step to determine the kinds or the 7

compositions of glasses that show the stress build
up caused by uiltra-violet irradiation, binary bo-
rate glasses containing respectively oxides of Li,
Na, K, Ca, Sr, Ba, Cd, La, Bi, Pb, TI, Si, and
Zn, were prepared and subjected to wultra-violet
irradiation. The irradiated surface layers of the
glasses were examined photoelastically. Stress
build-up was observed only in the glasses contain-
ing L3,0, Na,O and K,0). Possible mechanisms
of the stress build-up and the behavieour of alkali
ions or change of coordination number of B+
ions were discussed.

With alkali germanate glasses, although change
of coordination number of Ge'* ions seems possi-
hle with change of glass composition, stress build-
up was not found by ultra-violet irradiation.

I. Introduction

Stress build-up by ultra-violet irradiation was
ohserved in commercial and prepared borosilicate
glasses. On the other hand, the addition of some
metal oxides to glass composition sesmed to
prevent the stress from being build-up®©. It was
presumed to be necessary to find the kinds or
composifion ranges of glasses that show the stress

" build-up cansed by ultra-violet irradiation. In the

present paper, the results of examination on-
stresses in bindary borate glasses after ultra-violet
irradiation are reported. Also the results of pre-
liminary examination on binary alkali germanate

glasses arve reported.

II. Glass samples and experimental methods

Bianary borate glasses were melted from rea-
gent grade chemicals (HBO,, alkali and alkaline
earih carbonate and other metal oxides)in a plat-
inum crucible in an eleciric furnace with silicon
carbide heating elements. The composition of the
glasses were selected by refering to the report by
Imacka®. There were, however, some exceptions,

‘namely, cases of 5i0,~-B,0, glass (melted in a

gas fired furnace from purified sand), Bi,O,-
B,O, and 5b,0,-B.0, glasses (melted in alumina
crucibles). Germanate giasses were melted from
Ge(, and alkali carbonates in alumina crucibles.
Batch composition of the glasses are shown in
Table 1.

Table 1. Batch composition of binary borate
and germanate glasses (Only oxides

added to B0, or to GeO, are
shown In mol¥%).
glass No. Glass No. Glass No. g
(borate glasses) (borate glasses) (germanate 3
1 MNaf) 12 10 La0, 25 glasses)
2 NaO 30 11 PO 30 19 NaO 15
3 KO 12 12 PbQ 50 20 NaO 30
i 4 KO 30 13 PbG 70 2 KO 15
Y5 LD 12 14 B0y 25 2z KO 30
16 Cad 3 15 Sk, 25
P O - ] 16 TLCOs 30
BB BaO 30 17 S 65
9 CdO s 18 Znd 45

Each glass was stirred several times with silica
glass rod during melting, After f{ining, it was
poured on a stainless steel plate to form tetrago-
nal column and then it was annealed. By cutting
and polishing surfaces, a prism (10x10x5mm)
of the glass was obtained, and it was subjected
to irradiation by 400 W mercury discharge [amp
made of silica glass tube. Conditions of irradia-
tion were as follows; time of irradiation : 1000
hr, outer diameter of the lamp : 17 mm, length of
the lamp : 150 mm, distance between an irradiated
surface and axis of the lamp : 18 mm.

After irradiation, the prism of the glass was
examined by a photoclastic method and the
stress, if existed, at the surface and the depth of
thestrained layer were measured. Relaxation of
thestress hy heating was measured on one of the
samples.

As the complementary experiments, thermal
glow of the glasses irradiated by r-ray (Co®, 1.4
# 10 rfhr, 4hr) was measured. Apparatus for
thermal glow measurements was the same as that
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already reported.

III. Results T e

Stress build-up by irradiation was ocbeerved
only in binary alkali borate glasses (glass No. 1-
5 in Table 13. The stress and the thickness of
the strained layers in these glasses are given in
Table 2. In other glasses stress was not recog-
nized. Some examples of photoelastic patterns of

irradiated surface layers of the glasses are shown

Table 2. Stress at irradiated surfaces and
thickness of strained layers of
test glasses.

Glass No, Stress at surface Thickness of

(kgfcm?) strained layer {mm)
1 20 (tension} 0.5
2 W ~ D 0.5
3 B~ ) 0.4
4 (0~ ) .4
5 3 0.4

{2) Na,O 30 14 K0 30

{8Y BaO 80 f107 LazOy 25

(12 PbO 50

Fig. 1. Some examples of photoelastic observations
with quartz wedge on the irradiated sur-
face layers of the glasses (Composition :

in mol%5).

* 'The values in Table 2 are probubly affected by haze
produced at the irradiated surfsces of glasses duxing
irradiation. Glasses containing no alkali oxides were
chemically durable enough and haze was not observed.
‘This, however, does not alter the conclusions of this

paper.
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Fig. 2. Thermal release of the stress at the
irradiated surface of No. 1 glass.
in Fig. 1. *

Thermal release of the stress in glass No. 1 is
shown in Fig. 2. The stress faded away ar 450°C
and did not reappear on cooling.

Thermal glow curves of the glasses irradiated
by r-ray are shown in Fig. 3. Background cur-
rents caused by thermal radiation of the furnace
were about 0.0La A at 230°C and 10z A ar 400
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Fig. 3. Thermal glow curves of the binary
borate glasses irradiated by y-rav,
(Composition : in mol%)
°C. Borate glasses of Pb, Bi, Sb and TI did not
show thermal glow.

IV. Discussion

IV. 1. As was already described, stress build-up
by ultra-violet irradiation was found only with
alkali borate glasses. Some of the possible inter-
pretation of this phenomenon would be as fol-
lows :

12> The compaction of the glass and the stress
build-up are mitiated by the action of ultra-violet
ray on alkali jons or non-bridging ozygen ions.
Work functions or excitation energies of these
ions are expected to be low compared to those of
other kinds of cations. Even when they are far
greater than quantum energies of photons of ultra-

.-violet ray, excitation of these ions takes place

by two-or multi-photon processes. The excited
ions give their energy to the network structure
of glass and give rise to compaction of the net-
work and arouse stress in the irradiated surface
layers.

2) Change of the coordination number (3e4)
of B ions by ultra-violet irradiation is possible
by rearrangement of jons including non-bridging
oxygen ions loosely bonded with alkali ioms. The
density of the glass increases with the change of
structure of glass, and the stress at ithe irradiated
thin surface layer hreakes out accordingly.

2) Owing to the low valency and relatively
large iomic tadii of alkali ions, the structure of
alkali borate glass have something characteristie
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such as high free volume, low short range order
or freedum of structural change.

The electronegativety™ of alkali atoms or bond
energy of cation-oxygen chemical bonds™ of al-
kali ions are generally lower than those of other
metal atoms or cations. These values are shown
in Table 3. As are seen in the table, alkali atoms
or ions do not always belong to the groups of
those which have the lowest electronegativity or
with the {owest cation-oxygen bond energies. The
low electronegativity or low cation-oxygen bond
energies do not seem to be decisive factors which
contribute to the stress build-up.

Table 3 .
4} Sequence of cations in zlectronegativity scale
K Na Ba L Sr Ca Zn cd
0.8 0.9 0.9 1.0 1.0 . 1.0 1.6 1.7
S G P TI B Sh B
1.8 1.8 1.8 1.8 1.8 1.9 2.0 .
b) Sequence of cations in cation.oxygen bond energies
(keal/mol)*
K+ Cd*w Nat Cd*frv  Se2t Calt  Ba*t Znitg
i3 20 20 30 32 32 32 36
Pb?ty  Lit Pb*w Lar (Cdi+g Ph2tnm  Zn*tn

36 36 3¢ 58 G0 73 72
Sbitw  Btw  Gettw  Sitty  Ba
B5~68 a9 08 106 119
¢} Sequence of cations in lonization potential (X10
keal/mol)
T+ K+ Phé+ Bast Cd# Zn®t 5% Nat
46 Td et 83 BY 92 99 108

Catt 0 Bitt TR+ Lit Gett AR+ Si+
117 127 129 165 173 214 274 342
B+

593

* Roman munerals show coordination nombers

It should be noted that the effect of alkali
ions on stress build-up is essencial. For example,

B0, 35-5i(); 65mol% binary glass (glass No.
17) did not show stress build-up, although with
95% silica glass {containing about B,0Q; 4, Na,O
0.3 1in mol %) stress was chserved in a sample irra-
diated by ultra-violet ray"®. Trace amount of
allkali ions in glass seems sufficient for stress
build-up.

IV. 2. The cocrdination number of Ge** ions in
glasses changes (4=26) with change of the com-
position of the glasses™ % . Stress build-up, howey-
er, was not found in germanate glasses. Thor-
ough study on germanate glasses seems necessary.

IV. 3. The thermal glow measurements were
carried out with the following expectations : The
longer the life time of photochemically excited
states for structural change in glass is, the great-
er the rate of the process is. On the other hand,
if the life time of excited states for luminescence
is short, the number of excited centers decreases
rapidly after the cease of r-irradiation, and the
thermal glow camot be observed any meore. Con-
trary, when the life time of excited centers is
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sufficiently long, de-excitation of the centers by
heating arouses thermal glow. Correlation be-
tween life times of two kinds of excited states, that
is, correlation beween stress built-up and thermal
glow was suspected.  Experimental results were
contrary to this expectation.

Y. Conclusion .

Many kinds of binary borate giasses were melt-
ed, and after forming and polishing, they were
irradiated by ultra-violet ray. Stress build-up was
found only in alkali (Li, Na and K; Rb and Cs
were not examined.) borate glasses. As the possi-
ble interpretationé for this phenomenon, the be-
haviour of alkali ions or change of coordination
number of Bt ions were discussed.

Although coordination numbers of Ge't ions
change (with the composition of glass}, stress to
be build-up in alkali germanate glasses was not
found.
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