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Stress in Glass Caused by Ulira-Violet Irradiation

, By
Toru KISHII, Takao OMORI and Kazuo QOKA
{Tokyo Shibaura Electric Co., Kawasaki)

This paper deals with the stress which arose in outer glass bulbs of mercury discharge
lamps during lighting. At their uses bulbs were irradiated by ultra-violet ray from inner
discharge tudes made of fused silica and cooling water flowed around outside the bulbs.

Two kinds of glass bulbs, namely of Pyrex type borosilicate and 96% silica glasses,
were examined.

Severe tension stresses concentrated at the inner surface were observed photo-elastically,
and compaction (density increase) of glass in the same surface layer was also recognized.
By heating up, the stress began to release itself at comparatively low temperatures; for

" borosilicate glass about 250°C and for 96% silica glass about 600°C. By irradiation of a

glass test.piece with a mercury discharge lamp, experimental reproduction of concentrated

surface tension was possible.
Although the stress seems to result from compaction of glass by ultra-violet irradiation,

photo-chemical, structural or atomic interpretations are not given now.
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Fig. 1. Photo-elastic observation of stress distribution
in croas section of a fragment cut from z Terex
glass bulb. Note severe stress concentration
near inner surface.

Thickneas : 1.8 mm, Path of polarized light : 5 mm
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Fig. 2. Comparison of stress distribution in a Terex
glass buld a) before and b) after grinding
off inner stressed layer.

Path of polarized kight : 0.8mm .

Fig. 3. Photo-elastic micrograph of thin section of a

) Terex glass bulb showing stress concentration
near inner surface.

Thickness : 2.0 mm, Path of polarized light : 5mm
Fig. 4. Photo-elastic observation of stress distribhution
in cross section of a fragment cut from a high
silica (96% Si0,) glass buib.
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Path ot polarized light: 1.0mm
Fig. 5. Photo-elastic micrograph of thin section of a
96% silica glass bulb.

IV, ARk 3BhoBR
 BAHoOBAAMBAL T, AN EMTIRE 2 RS
2. B-6 ke, EEk BhTaihe, BHEH
Kbt AT ST 2 6REMNL 4 —F 1 v g
vAEFhFhBlT. BECEEING X5, HEH
Eirtduxd, FeRmGHENGRTs b0l oA
INCERE AN LS, T ERDD S . MEEER
5°C/min £ 5 iChL 7z,

Tens —a— § —a= Comp.

Fig. 6. Schematic representation of photo-elastic dia-
gram of cross section of glass bulb. X and Y
correspond to retardation caused by stress
near inner layer and bending stress raised by
it respectively.
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Fig. 7. Change of photo-elastic retardation in cross
section of a Terex glass bulb during repeated
heating and cooling cycles, For X and ¥,
refer to Fig. 6.
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Fig. 8. Change of photo-elastic retardation in cross
section of a 96% silica glass bulb during hea-
- ting. For X and Y, refer to Fig. 6.
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-Table 1. Density difference between fragments A, B
and C cut out from irradiated glass tubes.
A : thin inner surface layer, ~
-+ €z used as reference sample for density measurement
by sink-float method,
unit : 10 'g/cm?
Terex giass

Befor heat-treat_ment After heat-treating

Aand B
A—C T o464 o +4
B—C o . 0

862, milica glass
Sefor hest-treatment After heat-treating ..

A and B
A-C’ +38 -
B—C- ’ a ) -

» : Not determined (sfight surface devitrification)

MR HOEEZREINT b o1

J. Ceram. Assoc. Japan . ' ' 19‘5

hi-# 32 (BEBEOBTREINS)Y LIZIZMYE
Thh, HoTI{BTIhTWIILEELS. Zhil,
SERBICELIENR, R INTHENTELRECS
BHIATLRET DI EMbD. Ak, B84
BEINIC I 2OBEBSHMLTH2 L §EEAN
To. .

BoUynHsail, BnNETEREELLLIIOT,
Linl, WERORELE
NEAZ LR, FLesA0BESLRALTE T

VI R § £ B
SARC L IBIREEBHI G TEMD BB,
FLy b AN T AFTHHYERELL. B2 2mm, £
X 35mm, i I5mm OFEEHES, ZOEGEROTTF
~ 7B, KELTHEHEL: (B-9. *B\BO3a
EHIZMOERE 20mm, £ 150 mm, AJ1400 W 0

T boThh, BHEABIOAATERYLE 5mm O

PRt B . 340 BRI, 2 OBE £ TE

CRTAER-10 0k 5T, BEISOESCHETER

L, BEAH L INTHIIHMTRENSG. L
DL N6 20D TOERBHYPRTH 12,
H-10 ZREROBENENS 6O TR0, ]
ALY L TRAOEBEFEIH S5mm 2713 X
omﬁs.Eﬁﬁrﬁ??aaiﬁm%¢btﬁﬁw%
b H it o1z (§-11). )
$1-EX0.5mmOF Ly ¥ AH T AERE ZHED,
1 # AR AU TRARZRAL, toRE 0%
FE 2P E TRl o T RSt & B BRI = R 9 1o
107 glem® BN & Lo BBEEINT, 200 B 1,

v nﬁ\;\""“ ;
¢
. \) ' q ’

b

TL—— 15 —-[/

unit : mm
Fig. 9. Sample used for ultra-violet irradiation test.
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Fig. 10. Photo-elastic observation of cross seetion of
a Terex glass plate after irradiation test.
Bending stress is seen in the irradiated half
of the sample. A schematic explanation is

given in a).
H

Path of polarized light : 5mm
Fig. 11. Photo-elastic micrograph of cross section of
& Terex glass plate after irradiation test.
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