- /

REwuE

Stress Build-up in Somé Germanate Glasses

by Ultra-violet Irradiation

(Stress build-up in glass by ultra-violet irradiation Part 9)
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(Tokyo Shibaura Electric Co., Kawasaki; Japan)

Successive investigation by the authors following
the discovery of the stress build-up in glass by
ultra-vielet irradiation elucidated that the pheno-
mena were found only for glasses containing bhoth
boric oxide and alkali oxides, and that the pheno-
mena were influenced by the addition of small
amount of some kinds of inetal oxides in the glass.

Further study was made for wider range of com-
position of glass as shown in Table 1. Reagent grade
boric acid, carbonates of alkali and alkaline earth
metals, aluminum hydroxide, oxides of lead, cadmi-
um, zinc, antimony, bismuth, tellurium, and
germanium, and metaphosphate of aluminum, sodi-
um, potassium, and also semi-conductor grade

germanium oxide containing 0.08 weight percent
chlorine were used as the raw materials.

After melting in an electric furnace with silicon
carbide heating elements, the glasses were casted,
annealed and then polished to form tetragonal
colunins (10x10x20mm). Glasses in Group 1
and 2 were melted in platinum crucibles and the
others wers melted in alumina crucibles. The
columns were exposed to ultra-violet radiation for
1000 hours. The light source was 460 W mercury
discharge lamp made of fused silica glass (length
150 mm, outer diameter 15mm). Distance between
the outer surface of the lamp and irradiated sur-
faces of the columns was 20 mm. During irradia-
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Table 1. Batech composition of glasses tested (mol%) " Table 2. Tension at irradiated surface layers (kgfom®)
Group 1 70 B0y« (30— 2)Ba0- M0 glasses Glass N After the first After the second
M - M x 0. irradiation irradiation
Li 0.5, 3 Rb 0.5, 3, 7 &5 50 4%
Na 0.2, 10, 20 Cs 0.2, 9.5, 3 46 55 50
K 0.5, 3, 10 411 20
Group 2 X B,0;-2Na,0- (100—x—X)-Mp0O, glasses 412 19
MyO; x " W 2 _
GeO, 20 0.5, 3, 1 It is seen that the stress is not detected in alkali
Ca0, 3r0 65 9.5, 3, 10 aluminogermanate glasses containing lithinum oxide
ggg :: :'3 10 or comparatively large amocunt of sodium oxide
: 50 10 . and potaasinm oxide, and that the stress is lower o
Zne { 52 3 in glasses made from semiconductor grade germani-
54.5 2.5 um dioxide. Suppression of stress by lithium
Sby0, oxide, or by comparatively large amount of sodium
La, 0, ] 0.5 3 10 : . . R . .
Bi,0, oxide, potassium oxide, and also by chlorine ion .
PLO : 0 0.5, 3, 10 - in glass has already been noted in borate or boro-
; Gronp 3 Phesphate and tellurite glasses silicate glassesh:?, :
65§ ?Ig%;?gp %:PO! Theory on the mechanisms of stress build-up in
£l - .y . B
65’1‘=02-35KPO; borate and borosilicate glasses is not yet fully -
Group 4 Germanate glasses ) established. Change of coordination numhber of
No, B ions (3z24) and of valency state of B and
- L - : L]
. i" ; ;gGeO, 3;1;1%* O™ ions are, however, supposed to have an impor-
: 43 8 » -20Bi,0p tant role on the structural change of the glasses.
I’ 4-4 90 « -10BLOe ’ The change of valency state and coordination
45 8 » -10ALO:10Na,O* numbers of AIP* and Ge't ioms in alkali alumi-
4-6 80 « -10ALO,10KO: ' nogermanate glasses with change of glass composi-
411 70GeO,10 ALO, 20 Na,O § og g ge ol g mp
412 60 # 20 = 20 » § tion has bes been reported®. The mechanism of
413 ) = 10 + <30 +» § the stress build-up in alkali aluminogermanate
: L 414 LB -5 . 15 e o _ . glasses is considered to be the same as in alkali
~ 4-15 W o+ 210 » <20KD § b I 4 the ch P dinati -
4-16 50 # 10 + 30 - § orate glasses, anc the change of coor mafmn
497 8 » 10 » .10 » § number or valency state of At and Ge'*t might
: +18 & - 10 » -W0LiO § be a cause of the compaction of the glass structure
*+ drom reagent grade GeC. + * and the induced stress.
§ : from semiconductor grade GeQ, : .
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