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Abstract

Thermal and microstructural characteristics of (1 —x)TeO,—xPbF, (x=0.1, and 0.25) optical glasses were investigated. A differential thermal
analysis technique was used to determine the glass transitions, crystallization and melting temperatures of each composition. Each sample shows
only one crystallization peak at 355 and 322 °C for 0.1 and 0.25 mol PbF, content, respectively. Microstructural analysis of the samples was carried
out after the samples annealed above their crystallization temperatures. The X-ray diffraction pattern of the sample containing 0.1 mol PbF, content
predicts that the PbTe;O7, and y-TeO, crystalline phases are present. The micrographs of the samples, and the elemental analysis of the crystalline
phases observed were recorded using an optical microscope (OM). These results verify the existence of the crystalline phases determined from the

X-ray diffraction patterns.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The synthesis of the glasses with high refractive index values
is of great importance in the glass science; hence tellurium diox-
ide (TeO;) based glasses are of scientific and technical interest on
account of their various unique properties.' They have been con-
sidered as promising materials for fiber-optic amplifiers and fiber
lasers. In comparison with silicate and borate glasses that are in
use commercially, tellurite glasses have also more advantages as
frequency up conversion laser hosts due to their physical prop-
erties such as low melting temperature, high dielectric constant,
high refractive index, large third-order nonlinear susceptibility,
better infrared transmissivity, low phonon energies, and there-
fore, glass have small multi-phonon decay rates for the excited
states when they are doped with the rare earth ions.>* In addi-
tion, tellurite glasses are resistant to atmospheric moisture and
capable of incorporating large concentrations of rare earth ions
such as Tm3* into the matrix. The refractive index, n, and density,
p, for many oxide glasses can be varied by changing the glass
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composition, sample temperature, pressure, and transformation
range history such as reannealing.*>

Microstructure of the materials used as amplifiers in infrared
region is a very important parameter since it directly affects
the luminescence quantum efficiency as reported in the study
of the optical properties of Er>*-doped TeO,—PbF, glasses.*
The present study is part of an ongoing investigation on the
(1 —x)TeO,—xPbF, glasses doped5 with 1.0mol% Tm;,0Os3.
After a series of preliminary DTA and X-ray diffractometry
tests, two compositions, with 0.1, and 0.25 mol PbF, compo-
nent were chosen to investigate the effect of the PbF, content
on the microstructure of this glass matrix.

2. Experimental
2.1. Glass synthesis

Two tellurite samples were prepared to with the compositions
0of 90 mol% TeO,—10 mol% PbF;, and 75 mol% TeO,-25 mol%
PbF, (now hereafter referred to as the 0.9TeO,-0.1PbF,, and
0.75Te0,—0.25PbF,). All chemicals used in this investigation
were reagent grade of TeO; (99.999% purity, Aldrich Chemical
Company), and PbF; (99% purity, Aldrich Chemical Company).
Batches of 7 g in size were thoroughly mixed and melted in
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a platinum crucible with a closed lid in an electrically heated
furnace at 800 °C for 1h. The melts then were removed from
the furnace and quenched in air by casting and pressing between
two rectangular graphite slabs at room temperature.

2.2. Thermal behavior and microstructural
characterization

Differential thermal analysis (DTA) scans of as-cast glass
specimens were carried out in a Rigaku Thermoflex thermal ana-
lyzer equipped with a PTC-10A temperature control unit in order
to determine the characteristic glass transition temperatures,
Ty, crystallization onset, T¢, and the peak crystallization tem-
peratures, Tp. The samples, about 20 mg, static non-isothermal
DTA experiments were performed by heating at heating rate of
10°C/min in a platinum crucible and using the same amount
of Al,O3 as the reference material in the temperature range
between 20 and 600 °C. The crucibles used were matched pairs
made of platinum and the temperature precision was =1 °C. The
T, temperature is selected as mid-point between the onset and
the minimum temperature. The T, temperature is measured at
the onset crystallization, and the T}, temperature is measured at
the peak of crystallization. The samples were annealed above
their crystallization peak temperatures using a muffle furnace
with heating rate 10 °C/min.

The microstructural characterization of the as-cast and
annealed glass samples were carried out using X-ray diffrac-
tion (XRD) and optic microscopy (OM) techniques. The X-ray
diffraction investigations were carried out in a Philips™ Model
PW3710 using Cu Ka radiation at 40kV and 40 mV settings
in the 260 range from 10° to 90°. The crystallized phases were
identified by comparing the peak positions and intensities with
those in the JCPDS (Joint Committee on Power Diffraction Stan-
dards) data files.%” The Nikon Eclipse 150 Optical Microscope
(OM) was used to obtain the optical micrographs of the samples
surfaces.

3. Results and discussion

Fig. 1 gives the DTA curves of the glasses scanned at a rate of
10 °C/min between 250 and 600 °C. DTA scans exhibit a small
endothermic peak called as the glass transition temperatures, T,
at 302 and 275 °C for the glasses with the 0.1 and 0.25 mol PbF,
component. The T, values determined in this investigation are
higher than those reported by Silva et al.3° They characterized
the thermal properties of the glasses with a differential scanning
calorimeter (DSC) for the (1 — x)TeO,—xPbF, glass using the
heating rate as 10 °C/min. As seen in Fig. 1(b), T} shifts to lower
values with the increasing PbF; content. This expected behavior
is attributed to the fact that PbF, acts as a network modifier and
breaks down the TeO4 network structure. 2

XRD technique is widely being used to identify the crystalline
phases in glasses.” TeO, is known to crystallize in two stable
phases known as a-TeO; and B-TeO,. The a-TeO, phase was
observed in TeO,—PbF; binary glass system by Silva et al.” They
were able to determine the a-TeO> and PbTe3;O7 crystalline
phases when they varied the PbF; content from 0.1 to 0.25 mol.
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Fig. 1. DTA graph of: (a) 0.9TeO,—0.1PbF, glass and (b) 0.75TeO,—0.25PbF,
glass recorded with a heating rate of 10 °C/min (g, T}, and Ty, are the glass
transition, the crystallization and melting temperatures, respectively).

They also reported that PbTe307 crystalline phase decomposes
into a-TeO; crystalline phase in which lead participates to the
glassy network formation. Blanchandin et al. also studied TeO,
based glass systems.!*~!2 They observed the formation of the
two unstable crystalline phases called y-TeO; and 8-TeO; in
addition to the stable a-TeO; crystalline phase.

Fig. 2 reports the XRD patterns of our samples together
with the a-TeO; crystalline phase. Fig. 2(b) is the XRD pat-
tern of the 0.9TeO,—0.1PbF, glass sample measured after the
sample was annealed at 370 °C for 30 min. The XRD pattern
of 0.75Te0,—0.25PbF; glass sample recorded after the sample
was annealed at 340 °C for 30 min is given in Fig. 2(c). The 26
and the I/I,,,x values were determined from the XRD measure-
ments and listed in Table 1. The crystalline phases observed in
our samples were identified by comparing the measured 26 and
the I/Inax values with the ones reported in the literature.!3

As can be seen from Fig. 2, the X-ray pattern of the sample
containing 0.1 mol PbF; predicts that the crystalline phase are
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Fig. 2. XRD patterns of: (a) a-TeOy crystal, (b) 0.9TeO,-0.1PbF, glass

annealed 370 °C for 30 min and (c) 0.75TeO,-0.25PbF; glass annealed at 340 °C
for 30 min.
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Table 1

The 26 and the I/I;,x values were determined from the XRD measurements for
the 0.9TeO,-0.1PbF; (annealed at 370 °C for 30 min), and 0.75TeO,-0.25PbF,
(annealed at 340 °C for 30 min) glasses

0.9TeO,—-0.1PbF, glass 0.75TeO,-0.25PbF, glass

20 Intensity (%) 20 Intensity (%)
21.266 18.48 27.48 100
234 17.21 31.82 41.98
27.42 100 38.16 11.57
29.68 36.25 45.6 35.37
31.48 11.85 54.36 28.09
35.54 14.1

38.2 9.309

43.04 15.94

44.64 18.62

47.04 25.25

51.54 16.93

56.9 20.31

Fig. 3. A representative micrograph of the 0.9TeO,-0.1PbF, glass annealed at
370 °C for 30 min taken with an optical microscope.

Fig. 4. A representative micrograph of the 0.75Te0,—0.25PbF, glass sample
annealed at 340 °C for 30 min taken with an optical microscope.

PbTe307 and 8-TeO,. The pattern of the sample with 0.25 mol
PbF, content shows the existence of the PbTe307 and 3-TeO,
crystalline phases.

The micrograph of the sample with 0.1 mol PbF, content
taken using the optical microscope is presented in Fig. 3. This
picture shows the presence of the y-TeO; phase in this composi-
tion. On the other hand as seen in Fig. 4 the sample with 0.25 mol
PbF, content contains the 8-TeO, meta-stable crystalline
phase.

4. Conclusion

On the basis of the results reported in the present investiga-
tion, the following conclusions can be drawn:

1. DTA results obtained with a heating rate of 10 °C/min show
that the peak crystallization temperature decreases from 355
to 322°C as the PbF, content increases from 0.1 to 0.25
mol.

2. The XRD pattern of the sample with the 0.1 mol PbF, content
reveals that the exotherm above the glass transition tempera-
ture is associated with the crystallization of the PbTe3O7 and
v-TeO, phases. On the other hand, the XRD pattern of the
sample with 0.25 mol PbF, content predicts the existence of
the PbTe307 and 8-TeO; crystalline phases.

3. The micrographs recorded using an optical microscope give
information about the size and the microstructure of the crys-
talline phases identified using the XRD records.
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