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ABSTRACT 
 

Ternary tellurite glass system of [(TeO2)60 (B2O3)40]1-y[Ag2O]y glasses had been 
synthesized by melt quenching method. The thermal expansion coefficient of the 
glasses was determined between 30oC and 210oC. Experimental results indicate that the 
thermal expansion varies with micro structural of the glass system. Transition 
temperature and Debye temperature decrease with  Ag2O due to  loose packing of the 
glass network. 
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INTRODUCTION 
 

The physical properties of tellurite glasses have attracted the attention of many 
researchers, not only because of the numerous potential and realized technical 
applications for these properties but because of a fundamental interest in their 
microscopic mechanisms.  Some tellurite glasses are also reported to be suitable for 
setting up optical fiber amplifiers [1], electronic behavior-notable semiconductivity and 
electronic switching effects [2]. Tellurite glasses have attracted a great deal of attention 
both in fundamental research and also in optical devices fabrication.  This is because the 
optical tellurite glasses based shows good transparency in the visible–infrared, 
relatively low phonon energy compared with other oxide glasses such as silicate and 
phosphate glasses,  resistance against corrosion, and have the ability  to incorporate a 
large amount of rare earth. In addition, tellurite glasses could be used in production of 
fiber, planer broadband amplifiers, and lasers [3,4].  Although the thermal properties of 
crystalline solids are generally well understood but this is not the case for amorphous 
materials. The aim of the present work is to study the thermal properties of ternary 
tellurite glass system and their influence on the structure with Ag2O contents. 
 

MATERIALS AND METHOD 
 

The [(TeO2)60 (B2O3)40]1-y[Ag2O]y glasses were prepared by mixing together specific 
weights of tellurium dioxide (Aldrich 99.5%), boron oxide B2O3 (Alfa Aesar, 97.5%), 
silver dioxide Ag2O (Aldrich 99%) in a closed alumina crucible. The mixture were kept 
for 400oC for a period of 30 minutes, the crucible was then transferred to a second 
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furnace for 60 minutes at 800oC. The melt was then poured into a stainless steel 
cylindrical shaped split mould which had been preheated and then the sample was 
annealed at 350oC .The prepared samples were cut into required dimension for thermal 
properties measurements. The glass transition temperature (Tg) were determined by 
differential thermogravimetric analysis (Setaram Instrumentation Labys DTA/6) at 
heating rate of 20 K min-1.  The thermal expansion coefficient was measured using 
L75D1250 Dilatometer with the rectangular parallelepiped 3 x 3 x 6 mm3 samples.   
The prepared samples were ground into powder form for x-ray diffraction measurement 
using X’pert Pro Panalytical. 
 

RESULTS AND DISCUSSION 
 

The X-ray diffraction patterns of the studied glass system revealed the absence of any 
discrete or sharp crystalline peaks indicating that the samples are amorphous as seen in 
Figure 1 
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Figure 1: XRD spectrum of [(TeO2)60 (B2O)40]1-y[Ag2O]y glasses 
 
Figure 2 shows the thermal expansion coefficient with Ag2O content for [(TeO2)60 
(B2O3)40]1-y[Ag2O]y.  As the Ag2O increases the thermal expansion coefficient increases 
progressively.  There are two inflections or shallow minima and all curves unite at 30 
mol% of Ag2O.  The first inflection is at 15 mol% Ag2O thermal expansion coefficient 
decrease. This decrease is due to the increase of cross-linking density and the bonding 
strength in the glass network [5].  As Ag2O content increases the thermal expansion 
coefficient increases.  This increase in Ag2O leads to more Ag-O bonds in the glass 
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structure and this causes a weakening of the glass network structure; consequently 
higher thermal expansion values and lower transition temperature and softening 
temperature is expected [6]   
 

0.6

0.8

1.0

1.2

1.4

1.6

10 15 20 25 30

 Ag2O (mol%)

Th
er

m
al

 e
xp

an
si

on
 c

oe
ffi

ci
en

t
(x

10
-5

 0
C

-1
)

30C

60C

90C

120C

150C

180C

210C

 
 

Figure 2:  Thermal expansion coefficient of [(TeO2)60 (B2O3)40]1-y[Ag2O]y glasses as a 
function of Ag2O mol% at different temperature 
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Figure 3: Thermal expansion coefficient of [(TeO2)60 (B2O3)40]1-y[Ag2O]y glasses 
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Figure 3 shows the thermal expansion coefficient against temperature.  It is observed 
that at 15 mol% of Ag2O the gradient is very steep and thermal expansion coefficient 
values decreases drastically.  This due to the increase in cross-linking density as 
mentioned above.  At 25 mol%, when number of non-bridging oxygens increases 
thermal expansion increases with temperature but at 30 mol% there is a slight decrease 
in the thermal expansion.  This is due to the Ag (1.26 Ǻ) ion is smaller than Te (2.21 Ǻ) 
ion.  The smaller cations with higher field strengths seem to produce tighter, stronger 
bound structures than the larger cations [7,8]. 
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Figure 4: Transition temperature and Debye temperature of [(TeO2)60 (B2O3)40]1-

y[Ag2O]y glasses 
 
 
Glass transition temperature and Debye temperature decrease as the Ag2O content 
increases.  Tellurite glasses with Ag2O have a lower value of transition temperatures, 
that is Ag2O oxide creates a weaker tellurite glass [9,10,11]. This is attributed to the 
progressive transformation from the rigid structure of borotellurite to a matrix of ionic 
behaviour bonds (NBOs), which results in loose packing of the glass network [11]. 
 

CONCLUSION 
 

Thermal expansion is composition dependent, transition and Debye temperature 
decrease due to the progressive transformation from the rigid structure of borotellurite 
to a matrix of ionic behaviour bonds, which results in loose packing of the glass 
network. 
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