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Abstract _

Ultra-violet ray builds up stress in sorate and boroe
silicate glasses. It was examined how the prior ¥ ~ray or
neutron irradiation would affect the etress build-up in
glesses, In glasses not subjected to irradistion there was
induction period of about 100 hr, end then the atress in—
creased until it got saturated after about 500 hr. InY-ir-
radiated glasses the kinetics of stress build-up was similar
to those of unirradiated glasses except that the induction
period was about 100 hr longer. This retardation geemed to
be zaudsed by absorption of ulirs-violet ray in the glasses
colored by ¥ -irradistion, In neutron irradiated glasses
the kinetica was Qquite different and the stress itself was
far gremter than these of unirrediated and ¥ -irradiated
glasses. This should be the results of disordered struce
ture of the vlaasea cauged by tnermal spikes acd nuclear
xeaction B 10 +n —> Li7 + He4.

o

I. Introduction

Stress build-np in borate and borosilicate glagaes
by ultra-violet irradlatlon was found and investigated by
the authors. It was proved that the atress is ®m result of
contraction (density increase} of the glassves in irredist-
-ed surface layers. The similar effect hag not been found in
inorggnic materials except in cases of photolyais of ei1verlj;£:
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nelides., So the siructural interpretation on the mechanimm
of stress build-up is & prollem to be elucidated in the fu-
ture. Many experimental resulis are necessary ic be refer-
red to for the evtablishment of & new theory to sclve the
prnblem.

In thke course of ‘the authors’ investigation, there
were many evidences thet the stress build-up is & property
which is rather sensitive to structural defects snd impu~
rities in glassea. Atmosphere during the melting of the
glapses and rather amall amount ©f oxidea doped in the “—t
glesses distinctly affected the stress csused by ultra-violet
IaYe

Ionizing radiations form various kinds of structursl
defects in glesses end in many c¢eses the defecis are accon-
penied by optical abeorption in visible andé ultra-violet
regions. In cese of Y -irradiation, driving out &nd trap~
ping of electrons and translation of mobile alkali ions
take place and various kinds of electronic centers {for ex- .
ample, coler, thermoluminescent, electron epin rescnance
centers, etc.) are created, In case of neuliron irradiation,
in addition to the defects déscribed mbove, even the changes
of atomic configuration by ithermal spikes and of cherical
10 + n ~*Li7 + He4

compoaition oy nuclear reaction B occur.

1t seemed natural te the authors to suppoae that prier
irradimtion by iornizing rediamtion has distinct effect on the
streas inYglesses caused by ultra~-violet ray, and that the
investigations on the effects should give a clue to the
gtructurel interpretation of the phenomenon.

IJI. Experimental Xethcda

Three kinds of borosilicete glasses were tested
(Table 1.). Tetragonal columns (10 x 10 x 5 mm) with pe-
14ahed surfaces were wade from each of these glasses. Some
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Sempize ~# eoch of thepe three were suabjected to prior ir-
radiation with J'-rsy, some 10 prior irrediation with neut-
ron flux and some wepre left unirrediated, Conditions of the
irrsd-stion were as follows: ¥ -ray; 0060 source, 1l x 105
r/hry 30 min, 4hr snd 24hr: neutron flux; 3 x lo¥ q/cm2-30¢
nuclear reactor with power out put of 100 k¥, 10 min, 30 min,
&nd 2.5 hr, The columns which were not subjected to irredis-

tion with sny of these ionising redistions were mlso used se
reference samples for the tests.

O

Those three groups of the ssmples were then exposed to:
ultra-viclet radistion for 1100 hr., The eource of ultre-
viclet ray wes 8 400 W mercury discharge lamp made of fused:
#ilica. The length and the outer diameter of the lamp were
150 8nd 17 mm, respectively, Distances betwasn the outer
surface of the larp and irredisied sartece of the glasaee
were 20 8nd 30 oo, respectively., During the irradiation
stresees Iin the irradisted surfeces and light transmission
of the glesses were weamured from time to time,

The stresses were meesured photoelastically with pola-
rized light which propagates in the direction parallel with
the irradisted surfaces, The transmisgion of the sanples
was measared with light propagating in the same direction.

II1. ZExperimental jResults

( / The results of the experiments on Terex gless will be

‘o de8cribed below, The experimental results on the other two
kinds of the glapses were qualitatively the same,

3.1 Reference glapses
Tiue-stress curves of the reference glesoes during
ultra-violet irradistion sre shown in Fig. 1 with 1 as a
parapeter. At the initisl stage of ultra-viclet irradiation,
induction periods are observed, Then the rates of building-
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up of tne siresses increase and finslly the stresses get
saturated, Transzission curves of the glonsses are shown in

L2

Pige

3.2 The Y -rey irradiated glasses

The time-stress curves of glasses subjected fo priox
x’-irradiation‘for 50 min, 4 br aad 4 Lr are shown in Pig.
5, 4 and 5 respectively. Inducticn periods in these curves
are longer Lhen those of the reference glesses. In the -
later siage of ulira-violet irradiation, «inetics of stiree
build-up is approximately the seme with that of the refermce
ence glusses. Total dose of J -ray hardly affects the time=
stregs relation in the lasses, ’

Joloration of the Y ~irrsdimted glasses was optically
bleacted away greduslly during ultra-violet irrediation. an
eyanple of the results of transmission weasurements is shown
in Fig. 6.

3,2 Neutreog-irradiated glasses

’ The time-stress curves of glasses subjected to prior
neutron irradietion for 10 min, %0 min and 2.5 hr are shown
in Fig. 7y 8 and 9, respectively. Kipetice of atress build-
wp is guite different from those of the reference and

¥ -irradisted glasses, The streases at forst increase ra-
pidly Eett;ng w0 the first ssturation after Z00 - 300 hr v €
of ultra-violet irradiation. The stresses then increase g
again and reach ihe second saturation. On one hand the fln-
gl stregses were twice or mére greater than those of boeth
reference and & -irradisted glssses obut on the other hand
the effects of intensity of ultra-viclet ray are not so
distinet 88 in the cther caces, uependence of the final
atress on the dose of reutron flux is not distinct.

piscoloration process of one of tie glasses is shown
in pig. 1C.
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IV. lidscuasion

4.1 Réferenbe glasses

Induction periods snd seturstion ¢l resctions ere cften
observed in photochewical &nd phLotosensiiized catalytic re-
&ctions. The eyuations which express the kirnetdics of siress
build-up shown in Fig. 1 were looked for Ly trial snd error
rethod. The following simultaneous equetions vere ppleined:

- dn _ L_‘ -d
~ = o ~an n
P d
ar =& - dpn

rere o I,  2nd € are constents, L is the intensity of
ultra-violet reay, t is time, n &nd P 8re po.ulations of
sites N and P, respectively, and the 7$tregs is assumed to be
propertiongl 1o a linear combiration of n and p, for example
n—vP(v = const.).

The sguationa can be irierpreted as foliows: N is the
aite in the slase which changed its atomie 'Eonfi‘gu.ration by
vlie Betion of ulira-vioclet ray and it is formed with the
rate of ob L and disappeares by .ackeard reaction with the

B rate of n and by recomnination witl, itke site ¥ with .the
i rate of & pn. P is the site which is formed by strrzctural
siyrain around tke site N ana it Fartially compensates the
_effect of the formation of the site N. Ths rate of ihe for-
v Ation of the site P is assumed to ce equal to £X {dn/dt).
were £ 13 less than unity. The site } disappeers due to the
recoabiration with the site § with the rate of & yn. These
processes are i1llustrated acheraticaliy vith & reaction
wodel shown in Pig. 1l. Examples of t vs (n'~¥Y p) curvee
calculated with the initial conditiors (P =0, 10, =0 a3
Y = 0) are shown in Pig. 12 with L &5 =a Ferui.eter. These
curves are sicilar to those in Pig. 1.
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4.2 X ~irradiated glasses -

In cese of J -irradisted ylesses induction perieds are-
aboui 200 hAr; ebout 100 hr longer ther in cése of the refer-
ence glesseg. Thne color of ihe glasses caused by ¥ -irradia-
tion fedes awey @distinctly in several hundred hours. In
cape Df the surface layers irredisted wosi severely by ultra-
violet ray, fading would take place in much shorter time,
rame ly, sbout 100 bLr. This i comparable\with the differ-
ence betweern the induction periods of the reference and § -ir-
radiated glasses. The sbsorption of ultra~viclet ray in ex-
tremely thin surface layera of the colored glsaaes seems to
te o ceuse of retardetion in the building-up ¢~ the stresses.
,¢ter bleaching due to the ultra-violet irredistien the
prior ¥ -irradistion hea herdly any effect on the kinetics
of stress brilé-up. As absorpition of ulira-violet rey and
stress build-up occur in thin surfsce layers of colored
glasses, it is Gifficuli %o conclude experimentally whether .
the stress puild-up is mceelerated or retarded in the color-
ed glasses themeelves.

In the early stage of the study the euthors suppoesed
ikat the induction period in the reference glasse3 corres-
ponds to the peried in which color centers are formed by
ultra-violet ray und after which density of photon energy
absorbed in the glass begins to increase. However, since
the induction periocds 8reé not shortered in cese of the
glasses colored by { -irradietion, this supposition cah _
nardly be true. The induction period of the reference L T
glasses sesms to originate from the more fundamentsl cherac- W/
teristics of the pnoto~chemical reacticn sequencea "in .the
gless network, -

4.3 Feutron-irradi ated glasses
The kinetics of stress build-up is quite different in
case of tie plasses gubjected t¢ piror neuilron iriadiation.
The reaction schess described in 4.1 is sntirely inapplicable
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ror the neutren irrediated glasses, It is natural to 1nter~
preta the results shown in Pig. 7, 8 and 9 aa superpoaition~
of the two different kinds of mechanism of stress build-up,
One of them has very short relaxation time and the other has
relaxstion time of £bout severel hundred hours. The struc—
tural defects crested by thermal epikes and rnuclemr resction
Blo + n— Li7 +He? wmake these mechanisms poeesible, The dis-

ordered structure 0f the glassee might fascilitate the pro-
~ cess of the stress build-up. '

L

V. Conclusion

The effects of prior { -or neutron irradiation and
also the effects of coler center formation on the kinetice
of stress bulld-up inc borosilicate glesses during ultra-
violet irradistion were examined experimentally. In glssses
not subjected to prior irradiation (reference glasees) the
induction period of about 100 hr was observed, gnd then the
gtress increased wntil it got saturated in about 800 hr-

. mince the beglnning of ultra-viclet irradiation. 4 reasction
model which expresses the kinetics was. proposed.

in { -irrediated glasses the kinetica of stress huild-
up was similar to those of the refersnce glasses except that
the induction period wes about 100 hr longer, This retarda~
tion of the stress build-up seezed to be caused by absorption
of uwltra-violet ray in extremely thin surfacée layers of co-
_ lored glsssea. The prior irredistion, however, nad hardly
A ;any effects on the kinetics of stress build-up after fading
«_ 8way of the color centers. . !

The kinetics wes quite different in neutron-irragiated
slasées from those of the reference and § —irrsdiated glasses.
At firat the atress wse built up quickly eand reeched its .
first saturation &nd then it began te increase sgain until 3t
reached its second s&turation in sbout 800 hr since the be-
gimning of ultre-violet irradiation, The otrese iteelf et

oo
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the end ¢f the test wes iwice Or TOTE g;ea%er than thoee of
the veference bnd § -irradisted glssses. 1his suould be the

ree:lts cf disordered structure of ine ylasses caused by

theimal spikes and nuclear_reaction 510 +n — Li + 394_
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Pig.11 4 reaction
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