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Abstract

Mossbauer spectroscopy was used to study the iron- containing borate glasses,
polyalkaline borate glasses and also the effect of iron oxidation on the structure and electric
properties lithium lead borate glasses. Investigation of the time effect of heat treatment on
25Li,0-10Pb0-65B,0; based glass with addition of Fe,O3 up to 10mol%was performed.
For 1mol% iron oxide up to 3mol% at different heat treatment (10, 20, 40, 70and 150
minutes) show quadruple doublet belongs to Fe’*and Fe®*‘as well as it become well
resolved as the time of heat treatment increasing. In this case the iron enters the glass
network as a modifier to form FeOg groups and Pb ions as a network former. At higher
amount up to 10 mole % Mossbauer Spectra exhibit a superposition of quadruple doublet
and sextet which referable to F,03, and there are a transition from supper paramagnetic to
ferromagnetic behavior. The iron ion exists in glass sample mainly in octahedral
coordination rather than in tetrahedral coordination.
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1. Introduction

Iron-containing borate glasses have been the object of quite high number of
Mossbauer studies [1-31]. For most elementary glasses in the B,O3-Fe,O3 system with
Fe,O3 concentration ranging from 0.0028 to 0.05 mass fractions, the result was obtained
that Mossbauer spectrum of >’Fe shows a superposition of quadrupole doublet, and a
magnetic sextet [21]. Of greatest interest studies of the glass in the R,0O-B,03-Fe;0O3
system (where R,0=Li,0, Na,O, K;0). Raman et al. (5, 9, 11, 16, and 18) have made a
Mossbauer study of R,0-B,03-Fe,O3 glasses aimed to detecting unbounded oxygen. For
XR;0.(94-x) B,03-6Fe,0O3 ( where x is mole %) glasses the Mossbauer spectra taken at
room temperature showed quadrupole doublets whose isomer shift gradually decrease with
increasing concentration of the alkali metal over the range 0-20 mole% R,O. This decrease
becomes rather drastic at 22 mole%. It was concluded that iron as Fe®* is incorporated into
the glass structure network, and with varying x the polyhedron of oxygen atoms
surrounding the Fe** ion changes from octahedral to tetrahedral. This structural change is
due to non-bridging oxygen in alkali concentration ranges beyond 20 mole%.

Polyalkaline borate glasses are the object of Mossbauer investigations reported in
[4, 13]. It is shown that in wLi,O. (0.35-w) PbO 0.1Fe,03y. 0.55B,03 (where w is the mass
fraction ranging from 0 to 0.12) glasses iron stabilizes as Fe?* and Fe**, the contribution of
Fe?* decreasing with the growth of w and becoming zero at w = 0.117 [13].Several
methods [32] were studied the effect of iron oxide addition on the structure and magnetic
and electric properties of lithium lead borate glasses. Those methods such as IR
transmission spectra, optical absorption techniques, electrical conductivity, magnetic
susceptibility measurements and differential thermal analysis (DTA) have been used to
obtain information about whether the iron ions occupy the Fe,Os to the glass samples. The
authors [32] found from those measurements that the addition of up to 3mole% iron oxide
to the samples introduced as modifiers at the expense of Pb ions. The iron enters the glass
structure as network former with a FeO4 structure. Moreover, they suggest that for high
amount of iron oxide, the iron ions exist in an octahedral coordination rather than in
tetrahedral coordination.

The effect of adding Fe,O3 to Li,O-B,O-PbO glass system on the crystallization
Kinetic parameters has been studied [33]. They found that at low Fe,O3 up to 3 mol% the
iron ions presence in an octahedral coordination enter as a network modifier which is high
agent for crystallization and causing a decrease in the activation energy. For a higher
amount, the iron ions tend to form a tetrahedral coordination and to increase the activation
energy.

Also they observed that the heat treatment caused an increase in non- bridging
oxygens.

2. Experimental

A series of glasses was prepared by adding 1, 2, 3, 5 and 10 mole% Fe,O3 to
25Li,0-10Pb0-65B,03 mole% based glass. The glasses were melted at 1423+20Kfor one
hour, and then quenched in air at room temperature between two copper plates. All glass
samples were heat treated for 10, 20, 40, 70 and 150 minutes at T=T,=843K (Tp is the peak
temperature as determined from DTA measurements for a heating rate of 30 C%min. The
heat treated samples were crushed to powder form. The Mossbauer measurements were
performed by constant acceleration method at room temperature, with a source of cobalt-
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57 (100 mCi) diffused into an Rh matrix. The velocity of the spectrometer was calibrated
using an iron metal absorber which was also used as a reference for the isomer shift value.

3. Results and discussion

Investigation of the time effect of heat treatment on 25Li,0-10Pb0O-65B,03; mole%

based glass with addition of Fe,Oz up to 10 mole% was performed.
Fig.1 shows the Mossbauer spectra for the glass samples of 1 mole% iron oxide at different
times of heat treatment (10, 20, 40, 70 and 150 minutes), starting by the glass sample. All
spectra show quadrupole doublets belonging to Fe** and Fe®" as well as it becomes well
resolved as the time of heat treatment increases. On the other hand, the isomer shifts for
Fe** increase gradually with increasing the heat treatment time up to 70 min. After that it
decrease again, this indicates that Fe3+ incorporated into the glass structure network.
Moreover, this drastic decrease occurred in the isomer shift is believed to be induced by a
change in the Coordination State of Fe** ions owing to the presence of non-bridging
oxygen.

Fig.2 and Fig.3 show the Mossbauer spectra for the glass samples but with addition
of 2 and 3 mole % iron oxide, respectively. All the spectra exhibit the same behavior as in
Fig.1. The only difference is the intensity which has a minimum relative fraction of Fe** at
3 mole% Fe,03 for all times of heat treatment and this going with the conductivity result
[32] which has a minimum at 3 mole% iron oxide.

The interesting feature is observed when going further than 3 mole% up to 10 mole%
Fe,Os. Indeed, the Mossbauer spectra exhibited a superposition of a quadrupole doublet
and a sextet which is referable to the phase Fe,Os. This feature is more clearly visible at 10
mole% iron oxide (Fig.5) which shows the transition from superparamagnetic to
ferrimagnetic behaviour.

The spectra consists of a magnetically split sextet component and a central doublet.
This sextet has a magnetic hyperfine field splitting and isomer shift belonging to the phase
Fe,O3 (hematite) for Fe** cation in octahedral site. As the time of heat treatment increases
the intensity of the magnetic component increases and simultaneously the doublet
component, which appears in the center of the spectrum, decreases in intensity. This
behaviour indicates clearly that the magnetic sextet and the doublet components both arise
from the same species, which exhibit superparamagnetism. It can be concluded that at
lower amount of iron oxide up to 3 mole%, the iron ions enter the glass network as a
modifier to form FeOg groups and Pb ions as a network former. At higher amount of iron
oxide, more than 3 mole% up to 10 mole%, the iron ions enter the glass structure as a
network former and modifier. Moreover, at that high rate of iron content, the iron ions exist
in the glass samples, mainly in octahedral coordination rather than in tetrahedral
coordination. Also, as shown from Mossbauer spectra at 10 mole%, the increasing in non-
bridging oxygen which is responsible for the separation of the hematite phase and existence
of Fe** as a network former in the glass samples, not only concentration of iron oxide
dependence, but also time of heat treatment dependent.
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Fig.1. The Mossbauer spectra at room temperature of the glass samples heat treated at 843 k
Containing 1mol% iron oxide, (a) glass sample, b) 10 min., ¢) 20 min., d) 40 min., €) 70 min.
and f) 150 min.
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Fig.2. The Mossbauer spectra at room temperature of the glass samples heat treated at 843 k
Containing 2mol% iron oxide, (a) glass sample, b) 10 min., ¢) 20 min., d) 40 min., e) 70 min.
and f) 150 min.
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Fig.3. The Mossbauer spectra at room temperature of the glass samples heat treated at 843 k
Containing 3mol% iron oxide, (a) glass sample, b) 10 min., ¢) 20 min., d) 40 min., ) 70 min.
and f) 150 min.
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Fig.4. The Mossbauer spectra at room temperature of the glass samples heat treated at 843 k
Containing 5mol% iron oxide, (a) glass sample, b) 10 min., ¢) 20 min., d) 40 min., e) 70 min.
and f) 150 min.
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Fig.5 The Mossbauer spectra at room temperature of the glass samples heat treated at 843 k
Containing 10mol%o iron oxide, (a) glass sample, b) 10 min., ¢) 20 min., d) 40 min., €) 70 min.
and f) 150 min.
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4. Conclusion

MOssbauer spectroscopy was used to study the iron- containing borate glasses,
polyalkaline borate glasses and also the effect of iron oxidation on the structure and electric
properties lithium lead borate glasses.

Investigation of the time effect of heat treatment on 25Li,0-10Pb0-65B,03 based
glass with addition of Fe,O3 up to 10mol%was performed.

For 1mol% iron oxide up to 3mol% at different heat treatment (10, 20, 40, 70and
150 minutes) show quadruple doublet that belongs toFe**and Fe®* as well as it becomes
well resolved as the time of head treatment increases. In this case the iron enters the glass
network as a modifier to form FeOg groups and Pb ions as a network former.

At higher amount up to 10 mole % Mossbauer Spectra exhibit a superposition of
quadruple doublet and sextet which is referable to Fe,Os, and are characteristic of a
transition from supper paramagnetic to ferrimagnetic behavior. Here iron ion exists in glass
sample mainly in octahedral coordination rather than in tetrahedral coordination.

Increasing in non-bridging oxygen which is responsible for the existence of Fe** as
a net work former in the glass sample, depends on the concentration of iron oxide and time
of heat treatment.
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