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Changes in resistivity of giass containing cerium
to ionizing radiation after photothermal processing**

Cerium is a commonly used addition protecting the glass against the effect of ionizing radiation. The mechanisms of cerium
operation as well as condition, which must be fulfilled to make cerium operate, are not quite explained. Usually it is believed that
resistive action against the ionizing radiation in glass occurs due to oxidizing processes in glass. The experimental results presented
in this paper suggest that an essential role in resistivity action against the oxidizing processes of cerium is played by structural ele-
ments to which cerium also belongs. These elements transfer the excitation energy and electrons. If seems that the energy scattering
takes place most frequently in the form of luminescence of cerium Ce”+.

1. Introduction

lonizing radiation increa ing the glass absorption
in the visible spectrum range is an unwanted pheno-
menon, as it deteriorates the quality of optical in-
struments working under irradiative conditions.
In order to protect the glass against the irradiation
effects it is dopped with cerium during melting. Resis-
tive properties of cerium are by some authors [1-7],
[12, 13] attributed to processes of oxidation and
reduction of cerium ions

CeM+Avi-"CeM+e,
Ce*++e”Ce'++Av2-

However, it seems that the structural properties
are more significant than oxidizing and reducing
processes. Special conditions must be fulfilled to
make the cerium containing glass resistive to ionizing
radiation. The resistivity to radiation is characteristic
of glasses in which cerium concentration is 0.05 < x
< 6% [3]. Both above and below this concentration
the protective action of cerium lowers. At respectively
low concentrations cerium may even make the glass
sensitive to ionizing action of radiation. Also the
conditions of melting seem to be essential [6, 10]
as well as the content of alkali ions is glass [7, 11].
In glasses containing cerium and melted under redu-
cing conditions a smaller increase in light absorption
caused by action of ionizing radiation on glass is
observed than in glasses melted under oxidizing
conditions [6]. Thus, the glasses melted under redu-
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cing conditions are more resistive to ionizing radiation.
The resistivity of glass increases also with the increa-
sing content of alkali metal oxides [7, 11]. E. g., for
the same amount of cerium (1%) the change in the
amount of Na”O from 5% to 20% causes a tenfold
reduction in glass colouration due to exposition to
y-radiation. An opposite effect appears for the 0.1%
cerium content. The absorption by cerium depends
also on percentage contents NazO [11]. The conditions
specified above influence the coordination polyhedron
of glass, thus they are of structural character [10].
According to some authors [8, 9] the resistivity of
glass undoped with resistive ions may be associated
with its structure. There are strong analogies in the
conditioning of resistive properties to radiation bet-
ween glasses undoped and doped with cerium. In both
cases the melting conditions (temperature, additions
of reducing agents) decide about resitivity. In this
paper we present the results of our investigations
concerning the influence of X-ray and UV-radiation
on the cerium ions in glass. The purpose of this
work was to find whether and to what degree the
mechanisms of electrons and holes trapping by cerium
ions is essential in the balance of scattered energy
originating from ionizing radiation as well as
to explain the relations between the resistivity of
glass doped with cerium and the structural conditions.

2. The experimenta! method

The subject of investigations were the optical
glasses like: BK1, BK7, Bak 2, Bak 4 belonging to
crawn glasses, and resistivant to ionizing action, due
to cerium doping. All the glasses have been produced
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in Optical Works in Jetenia Gdra (Poland). For exa-
mination we used glass plates polished on both sides
of sizes 10x20x0.5 mm. The changes in absorption
caused by irradiation with an appropriate sort of
ionizing radiation were measured within the UV and
visible range, registred with the he!p of Specord UV
VIS spectrophotometer. In the latter the difference
between the optical density of irradiation and nonirra-
diated plates was measured as a function of wave-
numbers, the changes of spectral luminescence being
recorded in a photoelectric setup.

A series of measurements have been made for
samples irradiated by UV, X-ray and y-radiation,
respectively. Independently, the measurements have
been made for samples irradiated successively by UV
and X-ray and y-radiation as well as in their opposite
sequence. For ultraviolet irradiation a HBO-200
mercury lamp was employed. This lamp has a very
intensive line at 365 nm, having simultaneously no
spectral components in the range below 300 nm.
The samples of glass were irradiated for 30 min at
temperature 100°C. For X-ray irradiation of glass
a Roentgen lamp with tungsten anticathode was
used which worked at 18 kV voltage and 20 mA
current. The irradiation time was 30 min. The irradia-
tion of samples with y-radiation of 0.585 Mr dose has
been realized in a cobalt bomb. The irradiation with
X-ray and y-radiation was done at the room tem-
perature.

3. The resuits of experiments

In figs. 1and 2 the spectral distributions of chan-
ges in optical density for BK 101 and BK 107 glasses
are presented, which were evoked by irradiating the
glasses with a HBO-200 lamp (100°C), with X-rays
and y-radiation at room temperatures. This irradiation
resulted in an appearence of a broad absorption
band with a maximum at 38x 10" cm*~for BK 101
glass and at 35x 10" cm*” for BK 107 glass. The
differences in interaction with glass are visible also
within the absorption band of Ce”+.

A change in transmission of BK 101 plates mea-
sured with respect to the air after irradiating by
y-radiation (curve 3) and UV radiation (curve 2)
is shown in fig. 3. When comparing the curves the
basic differences between the effects of y- and UV-ra-
diations become visible. The possibility of imposing
the transmission curve after the y-irradiation to
become identical with that after UV-irradiation has
also been shown (curve V). For this reason glass sample
irradiated with y-radiation was subjected to irradia-

Fig. t. Increase in opticaf density vs. the wavenumber after
exposure to UV-, X-rays and y-radiation, for BK 101 gfass:
/ - UV (HBO-200), 2 - vy, 2 - X-ray

Fig. 2. Increase in optical density vs. the wavenumber after
exposure to UV-. X-rays and y-radiation, for BK 107 gfass:
7 - UV (HBO-200), 2 - Rtg

tion from HBO-200 lamp. In this way the easily remo-
vable components have been eliminated, leaving typi-
cal changes similar to those inducted by UV-radiation
(365 nm) unaltered.

The next results shown in 6gs 4, 5, 6 present tran-
smission of glass plates (t/ = 0.5 mm) vs. the wavenum-
ber, obtained after exposure of BK 101, BK 107 and
BK 104 glasses to y-radiation and either, irradiated
earlier by HBO-200 lamp (30 min) or not irradiated
at all. These data concern the glasses BK 101, BK
107 and BK 104. In the visible range decrease in
transmissivity is observed to be much higher for glasses
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Fig. 3. Transmission vs. the wavenumber, for BK loi giass at
different ways of irradiation:

V - non-inudiated, Z - UV (HBO-200), J - y, 4 - y+UV (90 min)

Fig. 4. Transmission vs. the wavenumber for different ways of
irradiation:
7 —non-irradiated, 2 — UV,J — UV+y, 4 —y

irradiated earlier by UV than that for nonirradiated
samples. However, this is not a result of summing of
the effects. It seems to be caused by the change of re-
sistive properties due to oxidation from Ce"+to Ce"+
After irradiation by y-rays no changes are observed
in the absorption band of cerium (Ce”™+), thus the
changes introduced eariier by ultraviolet radiation
(HBO-200) are permanent. Under the influence of
ionizing radiation no process of cerium reduction
(Cen+e-~Ce”) occurs either. In the general! energy
batance of the scattered energy introduced to glass
by y-rays the contribution of oxidizing-reducing proces-
ses for cerium is vanishingly small. The main part

*700cm '

Fig. 5. Transmission vs. the wavenumber, for BK 107 glass
before and after irradiation with y-radiation:

vfcm Y

Fig. 6. Transmission vs. the wavenumber for Bak 104 glass at
different ways of irradiation:
7 — non-irradiated, 2 — UV, J — vy, 4 — UV+y

of energy is scattered on structura! elements which
comprise cerium also. Hence, small changes in these
elements result in changes in scattering strength of
ionizing radiation.

Figs 7 and 8 present changes in optical tran-
smission which result from irradiation of the BK 101
and BK 107 glass plates (if = 0.5 mm) both unexposed
and exposed earlier to UV-irradiation (30 min).
The X-rays do not cause any changes in the absor-
ption band of cerium (Ce”+), while in the visible re-
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Fig. 7. Transmission vs. the wavenumber for BK 101 glass at
different ways of X-ray irradiations:
f —non-irradiated, 2 — X-ray, 2 — UV, 4 — UV +X-ray

Fig. 8. Transmission vs. the wavenumber for BK 107 glass
before and after irradiation with X-rays:
7 — non-irradiated, 2 — X-ray, J — UV+X-ray

gion the values of changes are greater for unexposed
glass than for glass irradiated earlier with UV-radia-
tion. This situation is opposite to that for samples
irradiated with y-radiation. The differences in changes
of optical density, which occur due to exposure
to y- and X-ray radiation, within the visible spectrum
over the region irradiated by UV and that nonirradia-
ted, are connected with additional microchanges
introduced affecting the state of cerium and its sur-
rounding in different way.

The group of results from the measurements of
Ce3+ luminescence in BK 101, BK 107 and BK 104
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glasses is presented in hgs. 9-11 concerning spectral
luminescence distributions for nonirradiated glasses
and those after irradiating with ultraviolet during
30 min. The greatest changes are observed in BK 101
glass where lighting of Ce”™ disappears practically
completely. For other glasses the differences are
smaller. The luminescence was excited by 365 nm
line from the mercury lamp of low output via an

Fig. 9. Luminescence spectra! distribution (in conventiona!
units) for BK 101 g'ass before and after UV-irradiation:
7 — initial / ,2 — after phototherma! processing (HBO-200, i = 100°C)

Fig. 10. Luminescence spectra! distribution (in conventiona!
units) for BK 107 glass before and after UV-irradiation:
|/ — initial /, 2 — after phototherma! processing (HBO-200, r = 100°C1,

Fig. 11. Luminescence spectral distribution (in conventiona!
units) for BK 104 glass before and after UV-irradiation:
f — initia! /, 2 — after phototherma! processing (HBO-200, t = 100°C)
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interference fitter. In figs. 12 and 13 the spectral distri-
butions of luminescence are presented for glass
samples either unexposed or preexposed to UV-
radiation and irradiated by y-radiation. The diffe-
rences in lighting introduced by UV as the result of
oxidizing from Ce”™+ to Ce*+ remain despite of y-irra-
diation. Under the influence of X-ray radiation no
changes of luminescence have been observed.

Fig. 12. Spectral distribution of luminescence (in conventional
units) for Bak 104 glass after exposure to y-radiation:
7 — y-irradiated, 2 — UV+y-irradiated

Fig. 13. Spectral distribution of luminescence (in conventional
units) for Bak 104 glass after exposure to y-radiation:

4. Conclusions

There exists a common opinion that the protection
of glass containing cerium against the results of
ionizing irradiation may be reduced to oxidizing-
-reducing process (Ce""Ce*”"). An exception to
this opinion is the paper by Kriedl and Hensler [6],
in which this role of cerium is questioned. The present
paper goes much further both in methodology and
the suggested solution. However, the conclusions
should be restricted to the glasses under test.

By irradiating with ultraviolet (365 nm) we can
relatively easily oxidize cerium to the four-valence
state. These changes are permanent and easily obser-

vable due to differences in luminescence lighting
and changes in absorption bands Ce”. On the other
hand, the X-ray and y-radiations either do not affect
the absorption band in cerium or their effect is mini-
mal. The fundamental différencies between the results
of irradiation by UV- and y- (or X-ray) radiation
consists in different influence on the absorption band
of Cen+ and differences in absorption within this
visible range.

To build up a model of scattering mechanisms
for energy introduced by ionizing radiation without
destruction of the glass structure we shall refer to
the concept of polymer structure of glass. This is
the more justified that the effects observed under the
influence of ionizing radiation in glass are similar
to those observed in typical polymers. In polymers the
radiative resistivity is connected first of all with the
fact that the energy of excitation as well as the charges
(electrons) absorbed in the place of polymer molecule
may be transferred pretty far from the absorption
point. An essential part in the energy scattering is
played by aromatic and other compounds of delocalized
A-electrons. The aromatic compounds, for instance,
have low ionization potential and greater number of
low-positioned excited states, which assures radiative
resistivity. In systems, in which these compounds are
presented, these levels are really the lowest ones on
which the energy of excitation coming from the
ionizing radiation is transfered. Excitation energy
is transfered via resonance mechanisms [14]. In glasses
containing cerium the resistivity to ionizing radiations
occurs only within certain concentration range as
well as at certain amount of alkali ions [11]. Thus,
analogically to typical polymers, some cerium in-
cluding structures should be created to assure both
transfer of energy and its scattering. The energy
from other atoms transfered by nonradiative tran-
sitions is scattered by cerium in the form of lumines-
cence due to transition of electron from 5d to 4/*
level. This is in accordance with the data reported
in the literature, from which it is known that the
action of ionizing radiation is associated with very
intensive luminescence of Ce™+ [1]. This explains
the very small resistivity of glasses with great content
of Ce”+ to the ionizing radiation. This is not the only
role which is probably played by cerium. The ultra-
violet by oxidizing Ce™+ to Ce™+ not only removes
the scattering element from the structure but also
due to photodegradation it changes in a fundamental
way the conditions of energy transfer. That is
why no reduction process is observed for Ce*+ under
the influence of y- and X-ray radiation.

Let us recall also the dependence of resistive
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properties of cerium upon the reducing conditions
of glass. The reducing-oxidizing conditions in the
giass inhuence the coordination number of doping
ions [10]. The increase in reduction degree lowers
the coordination number facilitating the introduction
ofions into glass structure. In other words, doping ions
to which also cerium belongs are undergoing a process
of polymerization. Hence, it follows that the struc-
tural groups with cerium, responsible for protection
of the glass against the effect of ionizing radiation
are also attributed to lower coordination degree of
ions in glass. The lower coordination degree increases
the effectivity of resistive action of cerium.

The presented idea according to the authors
opinion explains the protection mechanism of the
glass containing cerium against the ionizing reac ion.
This justifies the further investigations of this problem
in both theoretical and experimental way.

M3meHeHNs B yfenbHOM COMPOTMBAEHUW CTeKna
C COdepXaHMem Lepus WNOHU3UPYIOLLEMY U3YUEHUIO
nocse poToTEPMUYECKON 06paboTKu

Liepuii siBNsieTci pacnpocTpaHeHHOW npucagKkoi, 3awu-
waoweii CTekno oT AefACTBUS MOHW3UPYIOLLETr0 U3/yYeHUs.
MexaHu3M U YCNoBWsl, KOTOPble [AOMXKHbI 6blTb YAOBMETBO-
peHbl, YTO6Gbl BO36YAWUTL [elCTBME LiepWsi, MOKa He BrOJIHe
BbIICHEHbl. CUMTAlOT, Kak NpaBusio, YTo npuobpeTeHue CTOii-
KOCTW K [elCTBMI0 MOHW3UPYIOLLEr0 W3MYYeHUs MPOUCXOAUT
B CTeK/1e 6/1arofiaps OKMCASIOLLMM npoLeccam Lepusi. OnbITHbIE
pe3ynbTaTbl, MNpeicTaBfeHHble B HacToslweli pa6oTe, noka-
3bIBAKOT, OAAHAKO, YTO CYLLECTBEHHYIO PO/ib B NMPUAAHUN CTEKIY

CAonccs /n fYSISIwiN o/ ylass...

CTOMKOCTU K Ha3BaHHOMY W3/lyUYeHUIO WrpatoT, TakK e Kak
1 B No/MmMepax, CTPYKTYpHble 3/71eMeHTbl, K KOTOPbIM OTHO-
cuTCs U Uepwid. OHM MepefaloT 3HEPTU0 aKTMBALWMU W 3MeK-
TPOHbI. KaxeTcs, YTO paccesiHue 3Hepruy MPOMCXOAUT uallie
BCEro 3a MOCPEeACTBOM JIIOMUHECLEHLUMM Lepus 3+.
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