¢

Effects of Small Additives on Stress Build-Up
in Glass by Ultra-Violet Irradiation:
- Transition Metal Oxides
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1. Introduction

It was found that stress i1s built up by ultra-
violet irradiation in alkali horate, alkali boro-
silicate and alkali aluminogermanate glasses"™®,
Effects of minor additives in an alkali borate glass
were examined and were found complicated® ; i.e.
alkali and alkaline earth oxides up to 3mol%
added in the glass did not suppress the stress
build-up.  Alkali halogenides and chalcogenides
effectively prevented the stress build-up. Although
preliminary results were shown also on the effects
of iransition metal oxide additives, the effects of
transition metal oxides when added in a small
amount are not yet fully understood. Further
investigations were carried out with the results
deseribed below,

2. Experimental methods
Compounds of itransition metals were added into
batches of an alkali borosilicate glass. Composi-
tion of the glass was Na,0 15, B,0, 65, S50, 20
in mol% or Na,0 14, B,(, 68, 510, 18 in weight
percent, The additives are listed in Table 1.
Compounds of Pb, Ge, Ce and U were also
added, respectively, for comparison. The glasses
were melted in 2 platinum cruclble in an electric
furnace with silicon carbide heating elements.
Prisms 20 10x5mm in size with polished surfaces
were made of the glasses and they were exposed
to ultra-violet light. The methods of ultra-violet
irradiation, stress measurement and the examina-
tion of threshold photon energy of stress build-up
were described in the previous paper.

3. Resulis
Stresses huilt up after 1000hr’s of ultra-vielet
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Table 1. Oxides doped in Glass.

Element Oxzide* Raw Material
Ti TiO, TiO;
Y V05 ' Vs
Cr Crz0;, Cr)
Mn Mn( MnCO,;
Fe FesOp .- - Fe0;
Co Ca(y Co0 -
Ni- NiQ NiQ
Cu Cu0D - CudD
Y Y0, Y0,
Zr Zr( Ze(p
Nb Nb,Os NbyOs

- Mo Mo MoGs
Hi H{O. © HiO:
Ta Ta s Tae
w ' WO, HWO,
Ge GeCy Gel)y
Cea Ce(), Ce();
Ph PRO Ph:O,
19 U0, Na IO

* Nominal formula used for calculation of the amounts
doped. E

irradiation are plotted against the amounts of the
additives (Fig. 1). Time-stress curves for some
of the glasses are shown in Fig. 2. In Fig. 3,
stresses are plotred against transmission al 220 mg
of - the glass flters which were inserted between
the samples and the light source during ulira-
violet irradiation. Transmission curves of the
doped glasses 5 mm thick are shown in Fig. 4.

4. Discussion
4.1 Effecis of the amounts of the additives
on stress value
Effects of the amount of the additives can be
classified as follows :
Group A.  The stress increases at first with
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increase of the amount of the additive. Afier
reaching a4 maximum at about .1~1 {g/100g
glass) addition, the stress decreases down to zero
at I~3 (g/l00 g glassy. Many kinds of metal
oxides, namely V, Cr, Mn, Fe, Co, Ni, Cu, Nb,
Ma, W, Ce, Pb and U oxides belong to this
group.

Group B.  The stress decreases with a small
amount of the additive and keeps the low level
of stress value in some concentration range.
This group contains Y, Zr and Hf oxides.

Group C. The stress inereases (GeQ,) or
decreases {Ti0, and Ta,0;) monotonounsly with
increase of the concentration.

4.2 Threshold photon energy for the

stress build-up

The linear relations in Fig. 3 show that photon
energy corresponding to 220mz wavelength or
higher is the threshold energy for the stress build-
up. This is similar to the cases of commerical
borosilicate glasses containing very small amounts
of Fe,0,. The threshold photon energies are not
influenced by the addition of Cr,0,, NiQ and
Fe,0,. This indicates that fundamental processes
of the stress build-up are not modified by the
-additives and that two photon processes (processes
caused by simultaneous absorption of the energies
of two photons) are unlikely.

4.3 Time-stress relation during ultra-vielet

irradiation

In the cases of commercial borosilicate glasses,
time-stress curves were similar fo those of, for
example, the glasses doped with Fe, 0, or NiO;
namely, they showed both induction period at the
initial stage of ultra-violet irradiation and satura-
tion after long periods, about 800 hours, of irradia-
tion. The glasses doped with CoO, CuQ, Ce(,
or PbO lack induction period.

The induction period was assumed to be the
period in which the backward or compensating
reactions against the stress build-up fake place
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rather easily. If this is true, some transition or
other kinds of metal ions enhance the foreward

 reaction of the stress build-up and suppress the

backward reaction. As the reaction process of
the stress build-up is explained on the basis of the
behaviours of the electrons in the network, the
effects of the dopants seem {0 be caused by release
or trapping of the electrons or positive holes by
the dopants or by charge tranfer between the
dopants and the surrounding oxygen ions (cf. 4.4).
4.4 Roles of depanis in glass
Roles of dopants in a glass network can be
classified as follows :
1. Modifications of the glass siructure. for
example, filling vacant spaces in the network
2, Iligh efficiency photon energy absorber
3. Participants in photochemical reactions which
lead to stress build-up
4.4.1 The dopanis belonging to Group A
The dopants in group A increase the amount of
photon energy absorbed per unit volume in the
irradiated surface layers of the glasses.

‘The mechanisms of light absorption by these )

ions in the waveclengih region near the threshold
are not vet fully understood. However, processes
assumed are; ‘‘charge transfer” in the casc of .V,
Fe, Ni and Cr ions, ““charge transfer’” or 3d-4p
electron transition in the case of Co ion, and s*-
sp electron tramsition in the cases of Ge and Pb
ions, respectively’®. Detailed processes of “charge
transfer’” are not yet fully clear. These transi-
tions are, however, similar to each cother in the
point that eiectrons are expelled from the inner
to outer orbitals of the dopanis by excitation. In
order to neutralize or compensate for the transient
and unstable electric field caused hy the excitation
of the orbital electrons of the dopants, rearrange-
ment of the chemical bonds in the glass network

occurs around the doped ions. These processes

can be represented schematically in Fig. 5. In
this way, it can be understood why many kinds
of dopants belonging to group A behave similarly
to each other.

Furthermore, if the dopants trap tranfered or
ionized electrons, for example, of the surrounding
oxygen ians, the backward reactions are suppressed,
thus cuusing enhancement of the stress build-up.

Filling the glass network with dopants, along
with the internal filter effect by them,can be the
cause of decrease of the stress at high concentra-
tion ranges.

442 Y,Zr, Ti, Hf and Ta Ions No simple
explanation can be given for the behaviours of
these ioms, ai present. These elements, however,
belang to Wa (Y3, Wa (Zr, T1, and HE) and Va
{Ta} groups in the periodic table, respectively,
and have larger atomic or ionic radii and smaller
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electronegativities than those of the other transi-
tion elements. They are also classified as *‘inter-
mediate”’, which means they can join into the glass
network'™,

4.4.3 Ge Ioms Germanium dioxide differs
from Gther oxides in that it is a petwork former.
Similarly to horon ions, Ge ions can change co-
ordination number with glass composition. In some
germanate glasses, for example, in alkali alumino-
germanate glass, stress is built up by ulira-violet
irradiation.  Thus, it is natural that doping a
borosilicate glass with Ge(3, enhances the stress
build-up.
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5. Conclusion

The effects of addition of many kinds of transi-
tion metal oxides on stress build-up in an alkali
boroesilicate glass caused by ultra-violet irradiation
were examined. Ge, Ce, Pb and U oxides were
also investigated for comparison. The effects were
classified as follows : In group A; The stress in-
creases at first with increase of the amount of the
additive and then decreases to zero at their higher
concentration (V, Cr, Mna, Fe, Co, Ni, Cu, Nb,
Mo, W, Ce, Pb and U

In group B; The stress decreases with a small
amount of the additive and keeps the low level
of stress value in some concentration range (Y,
Zr and Hf). In group C; The stress increases
(Ge) or decreases (T} and Ta) monctenously with
increase of the concentration.

Possible mechanisms of the enhancement stress by
the addition of elements of Group A are discussed.
Although an explanation on the - behaviors of
elements Y, Zr, IIf, Ti and Ta was not possible,
attention is given to their “‘intermediate” character
i the glass network.

In some cases, time-stress relations during ultra-
violet irradiation for the doped glasses differed
from those for the undopd glasses. Threshold
energies for the stress build-up in the doped
glasses, however, were the same as those of the
undoped glasses. There was no indication of
oeccurence of the two-pholon process.
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