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Abstract Quaternary tellurite glass systems of the form
80Te0,—5TiO,—(15 — x)WO5; — xA,O,, where A O, is
Nb205, Nd203, and Er203, x=0.01,1,3, and 5 mol% for
Nb,Os and x = 0.01, 0.1, 1, 3, 5, and 7 mol% for Nd,O3
and Er,Os, have been prepared by the melt quenching.
Density and molar volumes have been measured and cal-
culated for every glass system. The thermal behavior of the
glass series was studied by using the differential thermal
analysis DSC. Glass transition temperature 7y, crystalli-
zation temperature 7., and the onset of crystallization
temperature T, were determined. The glass stability against
crystallization S (& 100 °C) and glass-forming tendency
K, (~0.3) have been calculated. Specific heat capacity C,
(>1.4 J/g °C) was measured from room temperature and
above the T, for every composition in each glass series.
Quantitative analysis of the above thermal properties of
these new tellurite glass with the structure parameters like
average cross-link density 71, (>2.4), number of bonds per
unit volume n, (=8 x 10%8 cmf?’), and the average
stretching force constant (F) have been studied for every
glass composition.

Introduction

Tellurite glasses are of scientific and technological interest
because of their high refractive indices, low melting

R. El-Mallawany (PX<)

Physics Department, Faculty of Science, Menofia University,
Menofia, Egypt

e-mail: relmallawany @hotmail.com

I. A. Ahmed
Supreme Education Council, Doha, Qatar

temperatures, high dielectric constants as well as their good
UV and IR transmissions. Recently, they have been con-
sidered as promising materials for non-linear optical
devices [1]. Educationally, an introduction to “Tellurite
Glasses” lecture has been provided as resource for the
entire international glass community available in video
streaming format on the IMI website [2]. Some tellurite
glasses are also reported to be suitable for setting up optical
fiber amplifiers [3], they also are of usual electronic
behavior-notable semiconductivity and electronic switch-
ing effects [4]. Tellurite glasses have attracted a great deal
of attention both in fundamental research and also in
optical devices fabrication over the past several years. It is
mainly because the optical glasses based on tellurite are
showing good transparency in the visible—infrared, rela-
tively low phonon energy compared with other oxide
glasses such as silicate and phosphate glasses, large resis-
tance against corrosion, and the possibility to incorporate a
large amount of rare earth. In addition, tellurite glasses
could be used in production of fiber, planer broadband
amplifiers, and lasers [5]. These special optical properties
encourage identifying them as important materials for
potential applications in high performance optics, laser
technology, and optical communication networks. Tung-
sten—tellurite glass is proposed as a host for broadband
erbium-doped fiber amplifiers (EDFA) [6]. Near-infrared
emissions with widely different widths in two kinds of Er* -
doped oxide glasses (alkali-barium-bismuth—tellurite) with
high refractive indices and low phonon energies have been
achieved [7]. Very recently [8], the refractive index and UV
spectra of the quaternary tellurite glass system of the form
80TeO,—5TiO—(15 — x)WO3; — xA,O,, where A,O,, is
Nb»Os, Nd,0s3, and Er,Os3, x = 0.01, 1, 3, and 5 mol% for
Nb,Osand x = 0.01,0.1, 1, 3, 5, and 7 mol% for Nd,O3 and
Er,O5. The refractive index has been measured at room

@ Springer



5132

J Mater Sci (2008) 43:5131-5138

temperature and at wavelengths 486.13, 587.56, 589, and
656.27 nm. The average dispersion (ng — nc), and Abbe
number of this glass were estimated. The UV spectra of the
glasses have been measured in the wavelength range of 200-
1000 nm at room temperature. The relation between the
refractive index and optical energy gap is examined. The
purpose of the present paper is to complete the previous study
[8] by examining and analyzing the thermal behavior of the
same glass samples to get a complete view about the optical
and thermal properties of tellurite glass.

Experimental procedure

Quaternary tellurite glass systems of the forms 80TeO,—
STiO,—(15 — x) WO5; — xA,0,, where A0, is Nb,Os,
Nd,O3, and Er,O3, x = 0.01, 1, 3, and 5 mol% for Nb,Os
and x = 0.01, 0.1, 1, 3, 5, and 7 mol% for Nd,O5; and
Er,03, were prepared by the melt quenching method. The
batches of high purity constituents were thoroughly mixed
and grounded in agate mortar. The powdered mixture was
then put in an alumina crucible and heated in an electric
furnace in air atmosphere. In order to reduce any tendency
of volatilization the mixture was kept at 300 °C for 15 min.
Depending upon the batch material the temperature was set
in the range of 750-850 °C, the melt was left in this range
for 30 min to assure complete melt of the constituents and
it was stirred a few times to improve the homogeneity. The
melt which had a high viscosity, was then cast at room
temperature in a stainless steel mold of dimension
1 x 1 x 1 cm?. Subsequently, the sample was transferred
to an annealing furnace and kept for 1 h at 300 °C. Then
the furnace was switched off and the glass sample was
allowed to cool inside for 24 h. The prepared cubic sam-
ples were polished by a lapping machine with 600 grade
and soft fine AlO; powder. Opposite faces were finished
optically flat and parallel with a high mirror-like surface.

The density of the prepared glass samples were deter-
mined at 20 °C temperature by a simple Archimedes’s
method using distilled water as an immersing liquid of
density (p = 0.998207 g/cm’) and a digital balance of
sensitivity 10 g. Glass transition temperature T,, crystal-
lization temperature 7., and the onset of crystallization
temperature 7, were determined by using the recorded
thermograms of the differential scanning calorimetry
(DSC) Perkin—Elmer 7 at 10 °C/min heating rate. Spe-
cific heat capacity C, is measured with (DSC-7 Perkin
Elmer) equipped with a computerized data acquisition and
system analysis. Samples for heat capacity were typically
30-50 mg in mass enclosed in crimped Al DSC pans.
The C, was measured from room temperature and above
the T,.
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Results and discussion
Glass series, densities, and molar volume

The prepared quaternary tellurium glass has different col-
ors ranging from yellowish to reddish brown depending on
the ions modifier percentage. They are all transparent and
homogenous. The prepared samples were carefully
checked for any air pockets/bubbles and only those which
were free from these defects, were chosen for further
investigation. The results of the glass densities measure-
ments are presented in Fig. 1 for the three prepared
quaternary glass series:

80T602—5Ti02—(15 — .X)WO3 — .XszOs, (a)
8OT602_5Ti02_(15 — X)WO3 — de203, (b)
80Te0,—5TiO,—(15 — x)WO; — xEr,03, (c)

where x = 0.01, 0.1, 1, 3, 5, and 7 mol%.

Measurements have been made for the variation of the
densities of the three quaternary systems with mol%
increase of the modifiers Nb,Os, Nd,Os;, Er,Os at the
expense of WO; mol%. Their densities were found to vary
in the range (5.178-5.989 g/cm?). These values are less
than the tellurite-based quaternary system reported by [9],
but higher than the ternary tellurite-based series prepared
by [10] and much higher than the density of SiO, glass
reported by [11]. Comparison with the pure TeO, glass of
density (5.11 g/cm3) [12] has been made and it was found
to be higher but close to the value of binary tellurite-based
glass [13]. A systematic variation of the densities with the
modifiers content reflects the good mix and thermal treat-
ment of corresponding melts and samples. Referring to the
(a) series Fig. 1 shows an increase of the glass density from
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Er,0, Nb,O, and Nd,O, mol%

Fig. 1 Variation of the density of the quaternary tellurite glass
system doped with Nb,Os Nd,O3, and Er,O3 mol%
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(5.455 glem® to 5.673 g/em?) with increasing mol% of the
modifier (Nb,Os) from (0.01 to 5 mol%). The (b) series
densities were found to range from (5.178 g/em® to
5.791 g/cm’) with the mol% increase of the modifier
(Nd,03) from (0.01 to 7 mol%) as shown in Fig. 1. For the
(c) series the densities were found to increase from
(5.775 glem® to 5.989 g/cm?) with the percentage increase
of the modifier (Er,O5) from (0.01to 7 mol%) as shown in
Fig. 1. The observed systematic increase of the density
values with contents of ions modifiers in the three series are
attributed to the substitution of WOj3; of molecular weight
231.84 g/mol with higher molecular weight modifiers
(Nb,Os) of molecular weight 265.81 g/mol, rare earth
metal (Nd,O3) of molecular weight 336.48 g/mol, and
(Er,O5) of molecular weight 382.518 g/mol in the glass
network. One of the clear factors in controlling the density
of the three glass series, is the direct substitution of WO;3
with higher molecular mass modifiers Nb,Os, Nd,0O3, and
Er,03, resulting in high glass density, and consequently
partially controlling the bulk properties of the glass such as
in the linear refractive index [8].

The molar volume for the three series was calculated
using the equation:

y =Y 1)
PG
where Vis the molar volume, Mg is the glass formula weight,
and pg is the glass density. The molar volumes for the three
glass series were found in the range (28.82-32.19 cm?). For
the (a) series the molar volume was found to be decreased
from (30.51 to 29.63 cm?) as the result of the increase of the
modifier (Nb,Os) from (0.01to 5 mol%) as shown in Fig. 2
and for the (b) series it was found to be decreased from (32.19
to 29.99 cm?®) as a result of the increase of the modifier
(Nd,03) from (0.01 to 7 mol%) as shown in Fig. 2. On the
other hand, in contrast to series (a) and (b) a direct propor-
tional relation between the molar volume and the mol%

32.5

32
315
31
30.5
30

Molar volume (cm?)

29.5
29

28.5 +

Nd,O5 Nb,O, and Er,04 mol%

Fig. 2 Variation of the Molar volumes of the quaternary tellurite
glass system doped with Nb,Os Nd,O3, and Er,0O; mol%

increase of the modifier (Er,O3) was found to exist in series
(¢). The molar volume was found to be increased from (28.82
to 32.19 cm?) as the content of modifier (Er,0;) increased
from (0.01 to 7 mol%) as shown in Fig. 2.

By looking at the relative mol% increase of the formula
weights for the (a) and (b) series shown in Table 1
resulting from an increase of the modifiers (Nb,Os, Nd,O3)
mol%, are less compared with the relative percentage
increase of the corresponding glass densities. So, the
observed decrease of the molar volume with the increase of
the glass density is attributed to the role and participation
of Nb,Os5 and Nd,Oj3 in the network structure, contribute
toward creating more compact glass network. This leads to
the observed inverse relation between the molar volume
and the glass density. In contrast to the roles of Nb,O5 and
Nd,O5 as network modifier, Er,O5; tends to create more
open glass network structure, and correspondingly the
molar volume increases with increasing Er,O; mol%.
Common glass-forming oxides have less density but more
free volume than the corresponding crystalline forms,
because glass has a more open network structure. So, it is
more informative to compare the ratio of densities of pure
TeO, glass (5.105 g/cm3) and that of the corresponding
crystalline forms (5.99 g/cm3) [14]. The ratio equal to 1.17
and the free volume is 4.66 cm3, i.e., the change is only
(17.5%) from crystalline solid to be non-crystalline solid.
Hence, the fact that the molar volume of the glass is greater
than that of the crystal which correlates extremely well
with longer number of TeO, units that can be accommo-
dated in the more open structure of the vitreous state.

Thermal properties of tellurite glass
Glass transition temperature (T,)

For the (a) series the glass transition temperature (7)
increases from 396 to 405 °C as shown in Fig. 3 as a result

450 T

430

350 +

Nb,Og, Nd,O4 and Er,0,5 mol%

Fig. 3 Variation of T, for the quaternary tellurite doped with Nd,O3,
Nb,Os, and Er,O3; mol%
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of increasing of Nb,Os content from (0.01 to 5 mol%).
These values of (T,) are close to the ternary tellurite-based
glasses [15]. The observed increase of (1) with the content
of the Nb™ jons is due to the ability of these ions to
strongly combine the structural units by exerting strong
columbic interaction with the surrounding oxygen of the
network [16]. For the (b) and (c) series, the (T;) increases
from (396 to 430 °C) and from (364 to 416 °C) as the
contents of Nd,O3 and Er,O; increases from (0.01 to
7 mol%), respectively, Fig. 3. To explain the noticeable
increase of (T,) with Nd>O3 and Er,O5 contents are due to
the partial substitution of WO; by these oxides of greater
number of cations per mol and average cross-link density.
This consequently, leads to an increase of the number of
bonds per unit volume, which has a direct proportional
relation with (7).

The glass transition temperature for pure tellurium
dioxide (TeO,) was measured by [12] and found to be
325 °C. The low (T,) value for pure tellurite glass com-
pared with (T) for the three prepared glass series which
indicates that the glass networks formed by these systems
are stronger than the pure substance, this will confirm the
role of transition metal (T.M.O) oxides TiO, and WO; in
forming the glass series as conditional glass network for-
mer as well as the role of the modifiers in forming a stable
glass network with TeO, as host material.

The glass transition temperature (7,) depends on a
number of parameters. It increases with the increasing of
the average cross-linking of the network and the strength of
the bonds of which it is composed, i.e., Ty = f(7i,f)[10,
11, 12, 17]. It is more informative for analyzing the glass
network to correlate data between thermal and structural
properties, e.g., between (7,) and average cross-link den-
sity (n1.), number of bonds per unit volume (n,), and the
average stretching force constant (F).

To do further quantitative analysis relating the structure
parameters on (1) the average cross-link density was
calculated using the relation:

in(nc)i(NC)i
in(NC)i

A =

(2)

where x is the mol fraction of component oxide, n. is the
cross-link density per cation, N, is the number of cations
per glass formula unit, and i denote the component oxide.
The increase of Nb,Os, Nd,Os, and Er,O3 concentration on
the expense of WOj3 from (0.01 to 7 mol%) leads to an
increase in the average cross-link density from (2.40 to
2.50) as shown in Table 1 for the three series is consistent
with the (T,) increases shown in Fig. 3.

The number of bonds per unit volume (np,) of the glass
for the three series was calculated using the relation:
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Table 1 Glass composition, formula weight, and average cross-link
density (71.)

Glass Formula Average
composition weight crosslink
(g/mol) density (7)
TeO,-TiO,~WO;— Nb,Os
80-5-14.99-0.01 166.452 2.40
80-5-14-1 166.788 2.42
80-5-12-3 167.467 2.45
80-5-10-5 168.147 2.48
TeO,-TiO,-WO0;3-Nd,O3
80-5-14.99-0.01 166.459 2.40
80-5-14.90-0.1 166.553 2.40
80-5-14-1 167.495 2.42
80-5-12-3 169.587 245
80-5-10-5 171.681 2.48
80-5-8-7 173.773 2.50
TeO,-TiO,-WO;3-Er,03
80-5-14.99-0.01 166.461 2.40
80-5-14.90-0.1 166.596 2.40
80-5-14-1 167.952 242
80-5-12-3 170.966 2.45
80-5-10-5 173.979 2.48
80-5-8-7 176.993 2.50
m=50 3 (), ()
m-

where x is the mol fraction of component oxide, Ny Avo-
gadro’s number, V,, is the molar volume of the glass, nyis
the coordination number of the cations, and i denotes the
component oxide.

The number of bonds per unit volume was found to
increase with increasing mol% of the modifier in the (a),
(b), and (c) series from (8.68 x 10* t0 9.55 x 10°* m™>),
from (8.24 x 10®® to 9.67 x 10°®*m™), and from
(9.19 x 10%® t0 9.82 x 1078 m_3), respectively, as shown
in Fig. 4. Comparing these values with the number of
bonds per unit volume of pure TeO, glass of value
(7.74 x 10°® m—?) obtained by [12] will reflect the more
bonded quaternary glass network.

The average stretching force constants (F) of the glass
for the three series were calculated using the relation 4 and
5 given by [10-12, 18]:

F= @)
X (),
P25 i G)

where x is the mol fraction of component oxide, ny is the
coordination number of cation, (f) is the stretching force
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10 T

Number of bondsx10/28/m"3

0 1 2 3 4 5 6 7 8
Nb,O;, Nd, O, and Er,0, mol%

Fig. 4 Variation of the number of bonds per unit volume for the
quaternary tellurite doped with Nd,O5, Nb,Os, and Er,0O; mol%
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Average force constant F (N/m)

o 1 2 3 4 5 6 71 8
Nb,O;, Nd,O,4 and Er,05 mol%

Fig. 5 Variation of the average force constant for the quaternary
tellurite doped with Nd,O3, Nb,Os, and Er,0O; mol%

constant of oxide and i denotes the component oxide, and
(r) is the cation radius in Angstrom.

By using the bond length of each cation—anion bond (r)
in every oxide used in the present multicomponent tellurite
glass from reference [19], the average stretching force
constant (F) was found to increase with the increasing
mol% of the modifier in the (a), (b), and (c) series from
(218.47 to 226.16 N/m), from (213.48 to 226.23 N/m), and
from (209 to 226.15 N/m), respectively, shown in Fig. 5.
While the value of (F) for pure TeO, is 216 N/m [12].
From the previous analysis, we deduce that the average
stretching force constant in the three glass series is acting
toward decreasing the (T,) with increasing mol% modifier,
but in contrast, the average cross-link density and number
of bonds per unit volume are acting in the opposite direc-
tion, i.e., toward increasing the (7,) with increasing mol%
modifier. By looking to the experimental results of the (7)
Fig. 3 it is obvious that the combined effect of both the
cross-link density and number of bonds per unit volume as
an increasing parameters on (I,) overwhelms the
decreasing effect of the average stretching force constant.
Finally, we conclude that these new glass systems are more

linked than the pure TeO, glass and consequently lead to
the observed increase of (T,) with the mol% of the modi-
fiers in the three series.

Specific heat capacity

Measurements of the temperature variation of the specific
heat capacity have been a rich source of information on
electronic, atomic, and molecular dynamics of solids. The
DSC (Differential Scanning Calorimetry) was used to
obtain thermal scanning curves for measuring the specific
heat capacity of the three glass series, in the range between
100 °C and 550 °C, allowing the glass transition temper-
ature (7) to be measured. All samples from the three series
show clear glass transition as in Fig. 6a, b, and c.

In most samples the crystallization temperature (7)
does not appear in DSC traces, as it is higher than 550 °C,
but it shows up in one sample 7 mol% Er,0O; with clear
exothermic peak at (7, = 490 °C). An approximate rela-
tion for evaluation of the melting point (7},,) may be found
by applying the classical two-third rule expressed as
(To/Ty,) = 2/3 as in reference [20].

The thermal stability range (S) for the glass can be
estimated using the relation:

S=(T.—T,) (6)

This provides a good estimate of the tendency of the
glass to crystallize. It should usually be larger than 100 °C
to obtain thick glass samples. The stability of most pre-
pared samples were found using relation 6 and they were
greater than 100 °C except one sample (7 mol% Er,0O3) in
Fig. 7 and its stability range was found to be equal to
74 °C. The observed low stability in this sample indicates
that this glass network is close to the boundaries of the
formation range. To perform further thermal stability cri-
terion on this particular sample the glass-forming tendency
(Kg), which is a useful devitrification tendency measure for
the glass, is given by:

T. - T,

K, = 7
g Tm_Tc ()

The larger (K,), the stronger is the inhibition to nucle-
ation and crystallization processes, and consequently, the
larger the thermal stability of the glass. Low value of K,
indicates high tendency to devitrify. Understanding the
thermal stability makes possible the development and use
of TeO,-based glasses as non-linear optical martial or
matrix glass for rare earth elements [21]. The value of (K,)
for the 7 mol% Er,O3; was found to be 0.3 compared to
0.41 for pure TeO, [16]. It is higher than the binary TeO,—
La,0O5 of range value (0.21-0.25) [22] but close to the
binary system 92 TeO,—8Co0,0, of value (0.31), and lower
than the binary system 80 TeO,-20 MoOs5 [17].
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Fig. 6 (a) Variation of the specific heat capacity C, for the
quaternary tellurite doped x = 0.01, 1, 3, and 5 mol% of Nb,Os in
the temperature range 350—470 °C. (b) Variation of the specific heat
capacity C,, for the quaternary tellurite doped with x = 0.01, 0.1, 1, 3,
5, and 7 mol% of Nd,Oj3 in the temperature range 340-500 °C. (c)
Variation of the specific heat capacity C;, for the quaternary tellurite
doped with x = 0.01, 0.1, 1, 3, 5,7 Er,03 mol% in the temperature
range 300-450 °C

The specific heat capacities (Cp,) for all prepared sam-
ples were found to increase with temperature. For the (a)
series the specific heat capacity of the glass state (Cp, at
380 °C) increases from (1.86 to 2.56 J/g °C) and at the
super-cooled liquid state (Cp at 460 °C) increases from
(3.54 to 3.94 J/g °C) with increasing of the modifier
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tellurite doped with 7 mol% Er,O; in the temperature range 150-
500 °C
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2 2- Cpl of Nb205 mol% at 460 °C
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1 4- Cpl of Nd203 mol%at 460 °C
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6- Cpl of Er203 mol% at 440 °C
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Fig. 8 Variation of specific heat capacity at glassy state (Cp,,) and
super-cooled liquid (Cp) for the quaternary tellurite doped with
Nb205, Nd203, and EI'Z 03 mol%

(Nb,Os) from (0.01 to 5 mol%) Fig. 8. For the (b) series
(Cpg at 380 °C) increases from (2.01 to 3.21 J/g °C) and
(Cp1 at 460 °C) increases from (3.54 to 4.85 J/g °C) with
the increasing of the modifier (Nd,O3) content from (0.01
to 7 mol%) Fig. 8. For the (c) series the (Cp, at 340 °C)
increases from (2.56 to 3.43 J/g °C) and (C,; at 440 °C)
increases from (4.24 to 5.02 J/g °C) with the increasing of
the modifier (Er,O3) content from (0.01 to 7 mol%) Fig. 8.

These results (C,) were higher than the reported values
of the (C,) of ternary-based tellurite glass [23], and of the
binary vanadium tellurite glass of the form (100—x) mol%
TeO,—x mol% V,0s. The values of C,, are in the range
(0.76-1.45 J/g K_l), and the values of Cp,, are in the range
(1.0-2.12 J/g °C) [24]. To explain the noticeable increase
of the (Cp) values for the three series with modifier content
at the expense of WOj;, is attributed to the increasing
number of oscillators as the result of substitution of Nb,Os
(seven particles), Nd,O3 (five particles), and Er,O5 (five
particles) for WO; (particles four).
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To shed more light on the structure of tellurite glass,
further analysis of the behavior of the (C,,) in the transition
range between the super-cooled liquid and glassy state, i.e.,
(Cpi/Cpg) have been found as well as (AC,), (ie., Cpi-Cpo)
for all samples. In general, the so called strong liquids have
a tendency toward small changes in (C,,) values at (T}), i.e.,
Cp/Cpe = 1.1, compared with fragile liquids which are
easily devitrified with C,/Cp, > 1.1. The viscous-flow
behavior at elevated temperature of the TeO, can be
explained by change to the basic crystal structure com-
prising of trigonal bipyramid units, that are present in the
glass at room temperature, to TeOj5 trigonal pyramid units
with non-bridge oxygen (NBO) atoms as the temperature
increased above (T},) [25, 26]. Such structural change
above the glass transition causes a large change in viscous-
flow behavior.

Liquid with low (AC,) values, such as SiO,, have gen-
erally tetrahedral coordinated network structures that are
expected to experience relatively little disruption during
heating. In contrast, liquids with large (AC,) values have
intermediate—range structures that are expected to change
substantially as the temperature increases. For the (a) series
the ratio of (Cp,/C,) and (AC)) Figs. 9 and 10 were found
to decrease from (1.9 to 1.54) and from (0.387 to 0.287),
respectively, with increasing of the (Nb,Os) content from
(0.01 to 5 mol%). For the (b) series the ratio of (C,/Cp,)
decreases from (1.76 to 1.51 J/g °C) and (AC,,) from (0.472
to 0.3) as the content of Nd,O5 increases from (0.01 to7
mol%) as shown in Figs. 9 and 10. The behavior of both
series (a) and (b) indicates that increasing the modifier
content forms less fragile liquids.

This is because the (C,/Cp,) and (AC,) are decreasing
functions of the modifier content.

The reported value of the (C,/Cp,) of the glass system
(20—x) mol% Li,O — x mol% Na,O-80 mol% TeO, was
included in the category of fragile liquids as mentioned by
[27]. Also, Zahra and Zahra [28] reported that TeO,-based

1.9

1.8

17 Er203 mol%

1.6

(ColCog)

Nd203 mol%

1.5 Nb,O, mol%

Nb,Og, Nd,O4 and Er,04 mol%

Fig. 9 Variation of the ratio (C,/Cy,) for the quaternary tellurite
doped with Nb,Os, Nd,O3, and Er,O3 mol%

0.5

Er203 mol%
— 0.4+

ACp (i/g9.c

0.3 1
Nd203 mol%
Nb205 mol%

0.2

o 1 2 3 4 5 6 7 8
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Fig. 10 Variation of AC, for the quaternary tellurite doped with
Nb205, Nd203, and El‘203 mol%

samples containing TIO0.5, AgO0.5, or Agl have large
values of (C,/Cp,) (1.43-1.66). For the (c) series the ratio
of (Cpi/Cpg) was found to be increased from (1.46 to 1.65)
whereas delta C,, increased from (0.21 to 0.46 J/g °C ) as
the modifier (Er,O3) content increased from (0.01% to
7 mol%) as shown in Figs. 9 and 10. This suggests that this
series belongs to the category of fragile liquids and there-
fore, by increasing the modifier contents it will results in
pushing toward more fragility.

Conclusions

Quaternary tellurite glass were prepared and investigated
for the thermal properties. The thermal properties: glass
transition temperature T, crystallization temperature T,
the onset of crystallization temperature 7, glass stability
against crystallization S and glass-forming tendency K,,
specific heat capacity C, were measured and quantitatively
analyzed.

e The decrease in molar volumes indicates that Nb,Os
and Nd,0O3; modifiers have been accommodated in the
glass structure, and have created a more compact glass
network. In contrast, the molar volume increases as the
content of the modifier Er,Os; increases. Although
Er,0; has the highest density glass among the studied
modifiers, it is accommodated in the more open
structure of the glassy state.

e These glass samples possess high thermal stability greater
than the 100 °C required by the thermal stability criteria.
Hence, all the studied samples are promising candidates
for rare-earth-doped optical fiber, with one glass sample
exception (7 mol% Er,O3) due to its low thermal stability
74 °C and Hurby’s criterion of value 0.3.

e The recorded increase of the glass transition tempera-
ture with the content of the modifier is attributed to the
increase in the cross-link density and the number of
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bonds per unit volume in the glass. Glass networks
formed in the prepared samples are stronger than that of
the pure host material TeO, alone. This is inferred
directly from the increasing values of (7)) with
modifier percentages and it finds direct support through
the quantitative calculations of the number of bonds per
unit volume, the cross-linked density and the average
stretching force constant.

Theoretical calculations of the number of bonds per
unit volume revealed the following: increases of the
Nb,Os concentration leads to an increase in number of
bonds per unit volume. The average stretching force
constant was found to increase with the increasing
mol% of the modifiers which explain quantitatively the
decrease of the glass transition temperature of the
present tellurite glasses.

Large values of specific heat capacity C, have been
observed compared to silicate glasses. Calculations of
the ratios of the specific heat capacities of the super-
cooled liquid to that at the glassy state revealed that
these glass samples belong to the category of fragile
liquids.
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