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� Akadémiai Kiadó, Budapest, Hungary 2014

Abstract Five glass compositions were prepared by melt-

quenching method with progressive substitution of ZnO for

MnO2 in the glass system 70 TeO2–xZnO–(20 - x) MnO2–

10 PbO (0 B x B 20 mol%). The FTIR spectra were recor-

ded over a continuous spectral range 400–2,000 cm-1 to

study the structure changes with increasing of ZnO content.

Differential thermal analysis was recorded to determine the

glass transition temperature, Tg, and the crystallization

temperature, TP. The results indicated that the melting tem-

perature, Tm, of these glasses under normal atmospheric

conditions was found in the range of 1,030–1,090 K

depending on the composition. The Tg decreased while the

Tm increased with increasing ZnO content. The thermal

parameters were correlated with the results of FTIR spectra.

X-ray diffraction analysis showed that the as-prepared

glasses have an amorphous nature while there are many

crystalline phases such as Mn2Te3O8, Mn7O15Pb3, Pb3-

Mn7O15, Pb2Te3O8, Pb2ZnTeO6, and Zn2PbO4, which are

formed after heat treatment.

Keywords Tellurite glasses � Infrared spectroscopy �
DTA and XRD

Introduction

Study of various oxide glasses obtained by non-conven-

tional network formers like TeO2 and/or PbO [1–6] has

received intensive attention due to their special physical

properties such as high refractive index, high density [7],

low transformation temperature, high thermal expansion

[8], and excellent infrared transmission [9]. These glasses

have wide applications in the fields of electronics, nuclear,

solar energy technologies, and acoustic–optics devices

[10–13].The magnetic properties of glasses having transi-

tion metal (TM) oxides such as MnO2 provide useful

information on the different valence states and the mag-

netic interaction between TM ions in a vitreous matrix and

the distribution mode of magnetic ions in the glass network

[14]. Several studies on glasses have low concentration of

manganese oxide establishing the presence of Mn2? ions

and MnO. The magnetic properties of such glasses [15–18]

render them suitable for large practical and potential

applications in many fields such as memory switching [19],

electronics, and magnetic information storage [20].Reddy

et al. [21] reported that the addition of ZnO enhances the

suitably applications in plasma display panels, computer

monitors, and promising candidates for large area hang-on-

wall TVs. ZnO can act as a glass former and enters the

network with ZnO4 structural units and as a network

modifier by coordinated octahedrally the zinc ions. The

structural and physical properties of glasses containing

PbO at lower concentrations as a network modifier or at

higher concentrations as a network former have been

studied elsewhere [2].

K. A. Aly � Y. B. Saddeek

Physics Department, Faculty of Science and Arts, Khulais,

King Abdulaziz University, Jidda, Saudia Arabia

K. A. Aly (&)

Physics Department, Faculty of Science, Al-Azhar University,

P.O. Box 71452, Assiut, Egypt

e-mail: kamalaly2001@gmail.com; Kaali5@kau.edu.sa

A. Dahshan

Department of Physics, Faculty of Science, Port Said University,

Port Said, Egypt

A. Dahshan

Physics Department, Faculty of Girls, King Khalid University,

Abha, Saudia Arabia

123

J Therm Anal Calorim (2015) 119:1215–1224

DOI 10.1007/s10973-014-4225-1



Thermal properties and crystallization behavior of some

tellurite based glasses were studied by DTA and XRD

[8, 22–24]. It was found that the addition of BaO reduces

the thermal stability due to the formation of c-TeO2 phase

[8], while addition of Nb2O5 enhances the thermal prop-

erties of the tellurite glasses through the formation of NbO6

and increasing its rigidity [24].

The aim of the present work was to study the influence

of ZnO on the structure and the thermal properties of the 70

TeO2–xZnO–(20 - x) MnO2–10 PbO (0 B x B 20 mol%)

glasses. The study was performed by FTIR, DTA, and

XRD techniques. The system under study is of interest

because both TeO2 and PbO oxides are non-conditional

glass formers and also due to their expected magnetic

properties which will be undertaken in a new work.

Experimental

Five glass samples of different compositions in the glass

system 70 TeO2–xZnO–(20 - x) MnO2–10 PbO (0 B x

B 20 mol%) were prepared by the melt-quenching method.

The starting materials of PbO, TeO2, MnO2, and ZnO of

AR grade were obtained from Aldrich, Glaxo, and CDH

Chemical Company. Appropriate amounts of chemicals

were thoroughly mixed in an agate mortar and melted in

platinum crucible at 1,223 K for 1 h and then poured into a

pre-heated aluminum mold.

FTIR spectroscopy was carried out at room temperature

in the region from 2,000 to 400 cm-1 with a resolution of

4 cm-1 by a JASCO, FT/IR–430 (Japan) infrared spec-

trophotometer. Each powder sample weighing 1 mg was

mixed with 50 mg of KBr powder in an agate mortar and

then pressed into pellets form. At least two spectra for each

sample were recorded in the wavenumber range of

2,000–400 cm-1 with a resolution of 4 cm-1, corrected for

dark current noise, and normalized. The resulted spectra

were curve fitted to get quantitative values for the band

areas of heavily overlapped bands with a computer pro-

gram Origin 8. Estimated error limit in the fitting process is

about ±2 cm-1.

The crystallization behavior of glasses under non-iso-

thermal conditions were followed by the DTA technique

which was performed in a SHIMADZU DTA–50 ANA-

LYZER (with an accuracy of ±0.1 K) using 20 mg pow-

dered samples with different heating rates (/ = 4, 8, 16,

32, and 48 K min-1) in the temperature range of

300–1,093 K. All DTA experiments were performed in N2

gas with Al2O3 powder as a reference material. The DTA

analyzer was calibrated, for each heating rate, using the

well-known melting temperatures and melting enthalpies

of zinc and indium supplied with the instrument.

The structure of the as-prepared and annealed glasses

was checked by XRD patterns using a Philips X-ray dif-

fractometer PW/1710 with Ni-filtered Cu Ka radiation

(k = 1.542 Å), powered at 40 kV and 30 mA. The crys-

talline phases in each glass sample were obtained by a heat

treatment at the onset temperature of the first peak of

crystallization for 2 h and were identified by comparing its

XRD pattern to ICDDVIEW 2006 identification cards.

Results

FTIR analysis

The recorded FTIR spectra of the studied glasses in the

range of 2,000–400 cm-1 shown in Fig. 1 reveal the

characteristic absorption bands of tellurite glasses and a

small absorption band at *1,640 and *1,400 cm-1

attributed to the bending vibrations of O–H bonds brought

by air moisture during the preparation of KBr pellets for

FTIR measurements [25]. Therefore, the effective spectral

domain for the structural changes concerns the range of

850–400 cm-1. The main characteristics of FTIR spectra

of the base glass exhibited a main absorption band with two

shoulders at *475 and *800 cm-1 which are attributed to

the different structural units of TeO2, PbO, and MnO2. The

intensity of the shoulder *475 cm-1 increases as the ZnO

content increases. This spectrum is strongly affected by

increasing the substitution of MnO2 by ZnO. The general

features of the spectra of these glasses are the shift of the

position of the absorption bands to lower wavenumbers, the
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Fig. 1 Infrared spectra of the investigated 70 TeO2–x ZnO–(20 - x)

MnO2–10 PbO (0 B x B 20 mol%) glasses. Numbers at the plots

represent CKD content in mol%
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bands become sharp and are strongly overlapped especially

in the region 500–800 cm-1 as the ZnO content increases.

The overlapping and broadening of the bands may be

attributed to the structural grouping rearrangements with a

change in glass composition, which affect the properties of

glass. Therefore, a deconvolution process [26] has been

applied to resolve the overlapping of the bands to identify

their positions and their relative area. Figures 2 and 3 show

the deconvolution of the FTIR spectra of the glasses

70 TeO2–10ZnO–10MnO2–10 PbO and 70 TeO2–20 ZnO–

10 PbO, respectively, as an example. Table 1 shows the

characteristic parameters of FTIR absorption bands.

Thus, the peaks centered at around 473–465 cm-1 can

be assigned to vibrations of MnO6 overlapped with the

vibrations of ZnO6 [27, 28]. The bands at around

515–494 cm-1 were assigned to the vibration of Pb–O–Te

[29]. The bands at 590–563 cm-1 can be assigned to the

bending vibrations of Te–O–Te linkages, while the bands at

around 657–632 cm-1 are assigned to the stretching

vibration of axial Te–O bonds in the TeO4 trigonal bipy-

ramidal (tbp) units with bridging oxygen. The trigonal

pyramid units of TeO3 with non-bridging oxygens (NBOs)

are centered located at 727–719 cm-1, and the bands

located at 791–771 cm-1 were attributed to the stretching

vibration of equatorial Te–O bonds in the TeO4 [26, 30–32].

Figure 4 shows the compositional dependence of the center-

band wavenumber on ZnO content for the effective modes

of vibrations of tellurite glassy network.

X-ray diffraction (XRD) and differential thermal

analyzer (DTA) analysis

The amorphous state of the as-prepared glasses was con-

firmed by the absence of any sharp lines or peaks in the

XRD patterns as shown in Fig. 5. As a comparative
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Fig. 2 Curve fitting of IR spectra of the glasses 70 TeO2–10 ZnO–10

MnO2–10 PbO
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Fig. 3 Curve fitting of IR spectra of the glasses 70 TeO2–20 ZnO–10 PbO

Table 1 Deconvolution parameters of the infrared spectra of

70 TeO2–x ZnO–(20 - x) MnO2–10 PbO (0 B x B 20 mol%)

0 ZnO C 472 494 563 636 727 791

A 4.32 17.76 18.41 20.59 27.27 11.65

5 ZnO C 473 496 574 644 715 778

A 3 16.86 20.35 22.83 23.33 13.63

10 ZnO C 473 515 590 657 713 771

A 2.89 11.62 27.61 25.02 18.43 14.42

15 ZnO C 467 499 578 652 717 774

A 3.5 12.35 25.64 24.22 23.2 11.09

20 ZnO C 465 497 572 632 719 777

A 3.86 15.05 19.45 23.78 27.64 10.22

C is the component band center (cm-1) and A is the relative area (%)

of the component band
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Fig. 4 Compositional dependence of the center-band wave number

for vibrations of Te–O in (TeO4), (TeO3) and Te–O–Te in the FTIR

spectra of 70 TeO2–x ZnO–(20 - x) MnO2–10 PbO

(0 B x B 20 mol%)

Structure and crystallization kinetics 1217

123



example, Fig. 6 shows the DTA curves of the 70 TeO2–

5 ZnO–15 MnO2–10 PbO glass at different /s. The glass

homogeneity was revealed by the appearance of single

glass transition temperature and one melting temperature.

The inset of Fig. 6 represents the two overlapped crystal-

lization peaks that were separated using Origin 8 program.

Glass transition and activation energy of glass

Transition

The variation of Tg with ZnO content and heating rate for

the studied glasses is shown in Fig. 7. The Tg is decreased

as the ZnO content increased from 0 to 20 mol %, and

increased with increasing the heating rate. The results of

Fig. 7 were fitted according to the mentioned empirical

relationship elsewhere [32]:

Tg ¼ dþ Dln /ð Þ ð1Þ

whered and D are constants for a given glass composition

and their values are listed in Table 2.

The activation energy for glass transition Et has been

evaluated using the so-called Kissinger’s formula [33]. For

homogeneous crystallization with spherical nuclei [34, 35],

it has been shown that the dependence of Tg on / can be

given by

ln T2
g=/

� �
¼ Et=RTg þ cons ð2Þ

where R is the universal gas constant. Plots of ln ðT2
g=/Þ

versus 103/Tg for these glasses indicated linearity for all

heating rates (Fig. 8). The values of Et decreased with the

increase in ZnO content (Table 2).
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Fig. 5 XRD patterns of the 70 TeO2–x ZnO–(20 - x) MnO2–10 PbO
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Crystallization kinetics

The activation energy for crystallization (Ec) can be eval-

uated from the dependence of Tp on / by applying Afify’s

condition [36]. According to this condition when the

crystalized volume fraction (v) equals to 0.63, the value of

the term ln(1-v) will be -1 and the Johnson–Mehl–

Avrami equation can be written in the form of

�1n ¼ ln 1� vð Þ ¼ �ðKtÞn; ð3Þ

i.e.,

K0:63t0:63 ¼ 1; ð4Þ

where n is Avrami’s exponent, K0.63 is the overall reaction

rate that can be expressed as

K0:63 ¼ K0 e
�Ec

Rt0:63 ; ð5Þ

where K0 is the frequency factor, Ec is the activation

energy of crystallization, and t0.63 is the time at v = 0.63.

The value of t0.63 at each heating rate can be determined

from Fig. 9 where the crystallized volume fraction was

plotted as a function of temperature (a) and time (b) for the

first and second peak of the glass 70 TeO2–20 MnO2–10

PbO as an example. The activation energy for crystalliza-

tion (Ec) can be determined without the dependence on the

Avrami’s exponent (n) from the slope of the linear relation

between ln(K0.63) and 103/T0.63. Figure 10 investigates the

values of ln(K0.63) as a function of 103/T0.63 for different

glasses. The deduced values of activation energy of crys-

tallization and frequency factor, Ko, are listed in Table (2).

Furthermore, one can use the well-known Kissinger’s for-

mula [35] in the form of

ln T2
p=/

� �
¼ Ec=RTp � lnðK0R=EcÞ: ð6Þ

T
a

b
le

2
T

h
e

th
er

m
al

p
ar

am
et

er
s
q,

D
,

E
g
,
s T

g
,

E
c
1
,

E
c
2
,

K
0
1
,

K
0
2
,

n
1
,

an
d

n
2

fo
r

x
Z

n
O

–
7

0
T

eO
2
–

1
0

P
b

O
–

(2
0

-
x)

M
n

O
2

(0
B

x
B

2
0

m
o

l%
)

g
la

ss
es

Z
n

O
/m

o
l%

q
D

E
g
/k

J
m

o
l-

1
s T

g
/s

E
c
1
/k

J
m

o
l-

1
E

c
1
/k

J
m

o
l-

1
E

c
1
/k

J
m

o
l-

1
E

c
2
/k

J
m

o
l-

1
K

0
1
/s

-
1

K
0
2
/s

-
1

K
0
1
/s

-
1

K
0
2
/s

-
1

n
1

n
2

E
q

u
at

io
n

3
E

q
u

at
io

n
4

E
q

u
at

io
n

3
E

q
u

at
io

n
4

0
5

8
1

.6
4

3
.2

2
2

0
3

2
8

.3
2

8
9

.0
3

1
0

0
.2

0
8

7
.3

5
1

0
2

.0
1

.1
8

9
1

0
2
7

9
.7

3
9

1
0

2
8

1
.1

3
9

1
0

2
5

6
.4

5
9

1
0

2
7

1
.0

9
2

1
.2

9

5
5

7
4

.5
3

3
.2

1
1

9
8

.3
2

9
.5

3
8

4
.3

8
9

5
.3

4
8

2
.1

5
9

3
.5

3
2

.7
9

1
0

2
4

8
.6

9
1

0
2
6

1
.1

6
9

1
0

2
2

7
.5

9
9

1
0

2
4

0
.9

8
1

.1

1
0

5
6

6
.4

8
3

.2
2

1
9

2
3

0
.6

5
7

6
.2

2
9

5
.9

0
7

4
.3

9
9

5
.3

7
3

9
1

0
2
2

5
.1

6
9

1
0

2
7

1
.5

3
9

1
0

2
0

8
.0

4
9

1
0

2
5

1
.3

1
.1

5

1
5

5
6

3
.6

7
3

.2
5

1
8

8
.6

3
2

8
1

.6
1

–
8

0
.9

6
8

0
.9

6
9

.6
9

1
0

2
3

–
1

.2
6

9
1

0
2
2

–
1

.4
1

–

2
0

5
5

8
.9

8
3

.2
9

1
8

2
.5

3
4

1
2

2
.7

9
1

3
9

.5
6

1
2

1
.4

4
1

3
5

.2
6

6
.9

3
9

1
0

3
4

6
.4

4
9

1
0

3
8

8
.0

8
9

1
0

3
2

9
.5

9
9

1
0

3
5

1
.5

1
1

.3
2

1.71

13

14In
 (

T
2 g/φ

)

15

16

0
ZnO/mol%

5
10
15
20

1.74 1.77

103 Tg
–1/K–1

1.80 1.83

Fig. 8 The thermal parameter Ln T2
g=/

� �
versus 103/Tg for 70

TeO2–x ZnO–(20 - x) MnO2–10 PbO (0 B x B 20 mol%) glasses

Structure and crystallization kinetics 1219

123



Figure 11 shows the plots of ln(Tp
2//) versus 103/Tp for

different glasses under study. The obtained values of the Ec

and Ko as well as those obtained from Fig. 9.

The area under the DTA curve is directly proportional to

the total amount of the crystallized alloy. The ratio between

the ordinates and the total area of the peak gives the cor-

responding crystallization rates, which make it possible to

plot the curves of the exothermal peaks represented in

Fig. 12. It may be observed that the (dv/dt)p values

increase with the increase of the heating rates, a property

which has been widely discussed in the literature [32, 36].

With the aim of the correct application of the preceding

theory, the materials were reheated up to a temperature
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slightly higher than Tg for 1 h in order to form a large

number of nuclei. It was confirmed by X-ray diffraction

that the absence of any sharp line or crystalline peaks after

the nucleation treatment for different compositions of the

glass system 70 TeO2–x ZnO–(20 - x) MnO2–10 PbO

(0 B x B 20 mol%) i.e., a large number of nuclei exist

already in the material, and therefore m = n for the glasses

under study. From the experimental data, it has been

observed that the correlation coefficients of the corre-

sponding straight regression lines showed a maximum

value for a given temperature, which was considered as the

most adequate one for the calculation of parameter n using

the following relationship [37]:

dv
dt

� �

p

¼ n 0:37 u Ecð Þ
.

R T2
p

� �
: ð7Þ

The numerical factors n and m depended on the mech-

anism of nucleation, growth, and the dimensionality of the

crystal. From the mean value of the kinetic exponent\n[,

it is possible to postulate a crystallization reaction mech-

anism. It was observed that n may be 4, 3, 2, or 1, which

are related to different crystallization mechanisms: n = 4,

volume nucleation, three-dimensional growth; n = 3, vol-

ume nucleation, two-dimensional growth; n = 2, volume

nucleation, one-dimensional growth; and n = 1, surface

nucleation, one-dimensional growth from surface to the

inside [34–39]. From Table 2 one can notice that activation

energy of crystallization of the first peak Ec1 decreased

with increasing ZnO content up to 10 mol%, and then it

was increased with further increase of ZnO content. Also

the values of Ec2 take the same behavior but it disappeared

at 15 mol% ZnO content.

Discussions

FTIR analysis

Kaur et al. [28] and El Mallawany [40] reported that the

structure of TeO2-rich glasses consisted of trigonal bipy-

ramidal (tbp) TeO4, deformed TeO4, TeO3?1 polyhedron,

and trigonal TeO3 pyramid (tp) structural units. The two

highly mobile axial bonds (Te–Oax) in each TeO4 structural

unit can be easily changed by network modifier atoms, and

TeO4 will be converted into TeO3. The formation of TeO3

may be attributed to the elongation of the bond length of

one of Te–Oax bonds beyond 0.298 nm. Moreover, it was

well established that the addition of lighter cations in a

glass network shifted the vibrations of the bands to higher

wave numbers. Thus, the values of the deconvoluted peaks

of the studied glass system agree well with that reported

elsewhere [31, 40, 41]. As shown in Figs. 1–3, the spectra

of the studied glasses did not indicated the presence of the

characteristic bands at *400–460 cm-1 of ZnO4 or MnO4

structural units [41]; thus, the former role of these units in

the studied glasses can be, therefore, excluded.

In binary lead tellurite glasses [31], there is a transition

between TeO4 tbp and TeO3 tp structures when modifier

content increases. It is well known that the structural

characteristic of tellurium atoms is related to the glass-

forming ability (GFA) of this system: when modifier con-

tent increases, resulting TeO3 structures and its non-

bridging oxygen atoms turns difficult the glass formation.

Due to its former role, addition of MnO2 into the lead

tellurite glasses contributed in the transformation of TeO3

into TeO4 structural units. Therefore, the area of equatorial

and axial [TeO4] structural units indicated that these units

were the main units in the manganese lead tellurite net-

work. Moreover, the bond strength of Mn–O is higher than

that of Zn–O [42]. As the ZnO content increases, the area

of the band at *472 cm-1 decreases and its frequency of

vibration remains unvaried in the range of

0 B x B 10 mol%. Beyond this limit, the area increases

and the vibration of the band was shifted to lower fre-

quencies indicating a substitution of MnO6 by ZnO6

structural units. The other characteristic tellurite bands

were affected by the increase of ZnO content as follows.

The bands of TeO4 were shifted to higher wavenumbers

and their area increased in the range of 0 B x B 10 mol%,

and the bands of TeO3 were shifted to lower wavenumbers

along with a decrease in their area. This process indicates

that there is a transformation of TeO3 into TeO4 and a more

creation of bridging oxygens [38, 39].

As the ZnO content is increased beyond this limit, there

is a suppression of TeO4 as a consequence of the structural

distortion due to the transformation of TeO4 trigonal

bipyramid into TeO3 trigonal pyramid and TeO3?1 poly-

hedron structure [40, 41] which contributes to the increase

in NBO as indicated by the shift of the bands of TeO3

toward higher wavenumbers along with an increase in their

area on the contrary of the assigned bands of TeO4.

On the other hand, detection of ZnO6 structural unit in

the studied glass network indicated the existence of con-

nected NBO to ZnO6 octahedral unit and ZnO acts as a

modifier. Thus, these oxygens break the local symmetry of

the Te–O–Te bonds. It is suggested that in this condition,

Zn2? ions may occupy interstitial positions and form weak

ionic Zn–O bond [42] which may also contribute to the

decrease of the rigidity of the glass [43].

Differential thermal analyzer (DTA) studies

The results shown in Fig. 7 indicate the validity of Eq. (1)

for the all glasses under study, and the increase of Tg with

the heating rate along with its decrease with increasing

ZnO content is confirmed. Therefore, the observed
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decrease in the activation energy of glass transition as an

apparent decrease in the Tg values can be ascribed to the

increase in ZnO6 structural units which is accompanied

with the creation of NBO, i.e., ZnO acts as a glass modifier.

Another reason for this decrease can be attributed to the

influence of formed weak Zn–O bonds as indicated from

the shift of structural units TeO3 and TeO3?1 to higher

wavenumber confirming the weakening of lead tellurite

network. The shift of the tellurite structural units was likely

observed elsewhere [41]. The observed decrease in the

values of Eg is found in good agreement with those pre-

viously reported by Pascuta et al. [23]. They found that

when ZnO molecules were replaced by MnO in MnO–

P2O5–ZnO glass, the Eg values decreases.

The above results can also be discussed on the basis of a

parameter called fragility (F), which characterizes and

quantifies the anomalous non-Arrhenius transport behavior

of glassy materials near the ergodicity breaking glass

transition region [23, 44]. Fragile glasses are substances

with non-directional interatomic/intermolecular bonds.

Strong glasses are those which show resistance to structural

degradation and is usually associated with a small DCp.

Fragility (F) is calculated using the following relation [23]:

F ¼ Eg

TgR lnð1:01Þ : ð8Þ

The values of (F) decreased with the increase in ZnO

content. This behavior indicates that the glasses become

more fragile, and their tendency to structural rearrange-

ment increases with increasing non-directional interatomic

bonds. The values of the fragility index obtained for the

studied glasses at different heating rates and ZnO content

are shown in Fig. 13. Studying of structural relaxation in

the glass transition region of glass-forming liquids has

great attention from both academic and technological

points of view. Structural relaxation processes in glasses

occur at temperatures lower than their Tg. Glass-forming

liquids are defined as fragile glass former exhibiting non-

Arrhenius temperature dependence of the viscosity, while

that exhibiting Arrhenius behavior is known as strong glass

formers. Fragile glasses have higher ionic bond character

as compared to covalent bond component. The limit for

kinetically fragile glass-forming (KF) liquids is character-

ized by a high value of F (F & 200) [23, 44], while the

limit for kinetically strong glass-forming (KS) liquids is

reached for a low value of F (F & 16) [44, 45]. Strong

glasses are that showed a resistance to a structural degra-

dation in the liquid state. For the 70 TeO2–x ZnO–(20 -

x) MnO2–10 PbO (0 B x B 20 mol%) glasses, the values

of F are near to KS limit. This indicates that all the glasses

in the present study are obtained from KS liquids. Hence,

stable glass with higher GFA required less activation

energy for glass transition process [46]. In energy point of

view, the state of an amorphous system, which has the

lowest energy, is the best stable and is the best GFA.

Larger activation energy for the glass transition (Eg) cor-

responds to larger fragility parameter (F). This reflects that

the thermal stability of glasses and the stability of super-

cooled liquids are attributed to the strong–fragile charac-

teristics of glass-forming liquids.

The process of glass transition on heating the glass sam-

ples, turns the glassy state into super-cooled liquid state, is a

process of atomic diffusion. A high thermal stable glass has a

difficult atomic diffusion, i.e., the probability of the occur-

rence of nuclei growth is low; thus, the glass transition needs

more time and the glass is high GFA. The total relaxation

time for the glass transition can be estimated as

ðsTg
¼ DTg=/Þ, where DTg is the difference between the

onset and end points of Tg as determined from DTA curves

[47]. The obtained values of sTg
as a function of ZnO at

heating rate 8 K min-1 are listed in Table 2. It was observed

that the value of sTg
increases with increasing ZnO content.

Accordingly, the GFA of the 70 TeO2–x ZnO–(20 - x)

MnO2–10 PbO (0 B x B 20 mol%) glasses ranks from low

to high ability as the ZnO content increases.

The observed decrease in values of Ec1 and Ec2 as listed in

Table 2 indicates increasing the kinetic resistance toward the

crystallization with the addition of ZnO up to 10 mol%. The

glass sample containing 15 mol % ZnO having only one

crystallization peak with activation energy (81.61

kJ mol-1). This value of Ec is higher than that observed for

the Ec1 values of glassy samples with ZnO B10 mol%.

Further addition of ZnO leads to increasing the kinetic

resistance toward the crystallization that is obviously clear

by sharp increase in Tp values and consequentially the Ec.

The variation of the rate of growth, K0, is found in
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accordance with the variation of Tp or Ec with increasing

ZnO content (Table 2) that might give more understanding

for the investigated glasses. Since K0 is a measure of the

growth rate of the crystallization process, it can be seen that

the growth rate increases for all the investigated glass sam-

ples by increasing the heating rate and that in accordance

with the above results of the crystallization rate (Fig. 12).

While Table 2 measures the variation of K0 with ZnO con-

tent that shows a decrease of K0 by increase ZnO content up

to 10 mol%. As far as it is known, the application of a con-

trolled crystallization process required an attention to be paid

to both nucleation and growth rates. Therefore, the reason for

the preceding behavior of the investigated glass samples may

be attributed to the retarded initial nucleation process with

the increase of ZnO content up to 10 mol%. As discussed

before, up to 10 mol % of ZnO and TeO3 were transformed

into TeO4 structural units, i.e., the chance for nucleation

process was low. Further increasing ZnO content more than

10 mol%, the Zn2? ions were settled interstitially which

helps increasing the crystal growth rate and increase the

nucleation process.

The XRD diffractograms of the crystallized glass sam-

ples suggested the presence of microcrystallites involving

three phases. According to the ICDD View 2006 identifi-

cation cards,1 these peaks can be identified as follows: (1)

Pb2Te3O8, (2) Mn2Te3O8, (3) Mn7O15Pb3, (4) Pb2ZnTeO6,

and (5) Zn2PbO4, whereas an additional amorphous phase

also remains, as shown in Fig. 14.

Conclusions

Different compositions of the 70 TeO2–x ZnO–(20 - x)

MnO2–10 PbO (0 B x B 20 mol%) glasses have been

synthesized. The results of FTIR and DTA were analyzed

to study the effect of ZnO content on the structure and

thermal analysis of these glasses. It was found that the lead

tellurite network is the main network for the studied glas-

ses. Furthermore, ZnO6 structural unit has been detected in

the studied glass network indicating the existence of con-

nected NBO to ZnO6 octahedral unit, and ZnO acts as a

modifier. Thus, these oxygens break the local symmetry of

the Te–O–Te bonds. The glass transition activation energy

and glass fragility are found to decrease with increasing

ZnO oxide ascribed to the formation of weak ionic Zn–O

bonds at the expense of Mn–O bonds. Increasing ZnO up to

10 mol% is found to be decreasing the kinetic resistance

toward the crystallization process, while increasing ZnO

beyond this limit leads to an increase of the kinetic resis-

tance toward the crystallization. This behavior was con-

firmed by the appearance of some crystallites like as

Pb2Te3O8 in all annealed glass samples. There are some

crystallites that are formed with the addition of ZnO like as

Pb2ZnTeO6 and Zn2PbO4 at the expense of Mn7O15Pb3 or

Mn2Te3O8.
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