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Abstract- Glasses with composition of 10MO-40Sb2O3-50B2O3 (where MO = ZnO, CdO, CaO, and BaO) were prepared by 

melt quenching method. Various physical parameters of these glass materials were calculated and presented. Amorphous 

nature of these materials was confirmed from XRD and DTA studies. Various stability factors were calculated and 

presented from DTA analysis; from the results, the stability of the glass network is observed to decrease with increase in 

ionic radii of modifier ion from ZnSB to BaSB glass with increase in ionic radii of the modifier ion. IR spectral analysis of 

these glasses exhibited several symmetrical and asymmetrical bands due to borate, antimonite, and zinc structural units; 

with increase in ionic radii of modifier ions in the glass matrix, it has been observed that the intensity of BO3 (asymmetrical) 

band increased at the expense of -Sb2O3 (symmetrical) band, with shifting of its meta-centre towards lower 
frequency, which suggests an increase in degree of disorder in the glass network from ZnSB to BaSB glass with an increase 
in ionic radii of the modifier ion. From TL analysis, the intensity of the glow peak is found to increase from ZnSB to BaSB 

glass in an increasing order of ionic radii of modifier ions; further, the studies suggest that BaSB glass can be used more 

effectively in radiation dosimetric applications. 

 

Index Terms- Antimony-borate glasses, glass forming ability parameter, IR studies, thermoluminescence, trap depth 

parameters, radiation dosimetry. 

 

I. INTRODUCTION 

 

Among the various oxide glasses, borate glasses have 

attracted much attention because of their electrochemical 

and optical applications, namely as solid-state lasers, 
optical waveguides and luminescent materials. Borate 

glass is a particularly suitable optical material because of 

its high transparency, relatively low melting point, high 

thermal stability, different coordination numbers and 

good rare earth ions solubility [1]. Borate glasses, in 

particular, have been the subject of numerous infra-red 

studies due to their structural peculiarities [2-5]. In pure 

B2O3 glass structure most of the boron is involved in 

B3O6 (boroxol) ring. Addition of modifier breaks boroxol 

ring and thereby produced BO3 and BO4 units [6-9]. In 

addition, modifier also changes the physical properties 
along with structural modifications. The heavy metal 

oxide based glasses like Sb2O3 glasses have attracted 

extensive investigation in recent years because of their 

potential applications in non-linear optics and broad band 

optical amplifiers [10-15].  Further, these glasses are 

known due to their significant transmission potential in 

the infrared region and have large refractive index when 

compared with the conventional borate and silicate 

glasses [16-17]. Most of the studies available on Sb2O3  

glasses are on the understanding of their structural 

aspects by X-ray and neutron diffraction studies [20-23]. 

Very few studies are available on electrical properties of 
these glasses [24, 26] and most of them are restricted to 

the d. c. conductivity measurements. The antimony-

borate based glasses are of scientific and technological 

interest. Starting from the pioneer study by Imaoka et al 

[27], the binary Sb2O3–B2O3 glasses have been a subject 

for structural investigations because Sb2O3–B2O3 glasses 

have been considered as promising materials for 

nonlinear optical applications. There were several 

attempts made to improve the physical characteristics of 

these glasses to a considerable extent, by the addition of 

different modifier metal. Among the four modifier oxides 
chosen to mix in the present glass system, viz., ZnO, 

CdO, CaO, and BaO; ZnO is expected to shorten the time 

taken for solidification of glasses during the quenching 

process. Both ZnO and Cd are thermally stable and 

appreciably covalent in character [28]. CaO and BaO are 

chosen for investigation purpose (as the difference in 
their ionic radii is more). Also, glasses containing heavy 

metal oxides such as BaO found applications in plasma 

displays, gamma ray radiation shields [29], and so forth 

in addition to exhibiting good chemical durability and 

higher refractive indices. Addition of CaO and BaO to 

borate network stabilizes the glasses [29]. In view of 

these, it is felt worthwhile to have some understanding on 

the effect these different modifiers over the various 

physical structures and thermoluminescence properties of 

Sb2O3-B2O3 glasses. 

 

II. EXPERIMENTAL 

 

In the present study, the glasses were prepared by the 

melt-quenching technique. The starting materials Sb2O3, 

Na2B4O7.10H2O, ZnO, CdO, CaO, and BaO that used for 

the preparation of the present glass systems were with 

analar grade (larger than 99.9% purity). The chemicals 

with appropriate weight fractions used in preparation of 

glass samples were presented in Table 1. 
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III. RESULTS AND DISCUSSION 

  
A. Physical Parameters 

 

The density d of the glasses was determined by the 

standard principle of Archimedes’ using o-xylene 

(99.99% pure) as the buoyant liquid. The refractive index 

nd of the optically polished glasses was measured using 

sodium vapour lamp λ = 589.3 nm on a precession 

Abbe’s refractometer. The molar volume, VM, of the 

glass samples was calculated by using the formula,𝑉
𝑀 = 

�̅̅̅�

𝑑

 

. From the measured values of density, average molecular 
weight, and refractive index, and molar volume are 

calculated and presented in Table 2. 

 

 
 

B. XRD Studies 

 

Fig.1 presents x-ray diffraction patterns for pure and 

MO-Sb2O3-B2O3 glasses. XRD patterns of powder form 

of these glasses were recorded at room temperature by 

using shimadzu x-ray diffractometer; model XRD-7000 S 

in 2  ranges from 10o - 80o. All samples exhibited broad 

peaks with no any sharp peak, which is an indicative of 

glassy nature of the prepared materials. 

 

 
 

 

C. DTA Studies 

 

Differential Thermal Analysis (DTA) traces for the 

prepared glass materials were recorded by shimadzu 

differential thermal gravimetry (DTG) of model DTG-

60H with a heating rate of 10  per minute. Fig. 2 

presents DTA traces of pure and MO-Sb2O3-B2O3 glasses 

recorded in the temperature range 30-700 .  

 

 
 

The traces show an inflection due to the glass transition 

temperature Tg in the region from 289 to 325 oC followed 

by a well-defined exothermic effect due to crystallization 

temperature Tc between 416 to 479  and melting 

temperature Tm due to endothermic effect ranging from 

556 to 600  (Table 3). Presence of single transition 

temperature Tg indicates homogeneity of the glass. At 

still higher temperatures an exothermic peak Tc due to the 

crystal growth followed by an endothermic effect due to 

re-melting of the glass symbolized by Tm are observed. 

From the measured values of Tg, Tc and Tm, the 
parameters (Tc-Tg), Tg/Tm, (Tc-Tg)/Tm and glass forming 

ability parameter known as Hruby’s parameter Kgl = (Tc-

Tg)/(Tm-Tc), which give the information on the stability of 

the glass against divetrification [30, 33] are evaluated and 

presented in Table 3.  

 

Among all modifier containing glasses, the highest value 

of these parameters are observed for ZnSB glass (inset of 

Fig. 2) indicating its relatively high glass forming ability.  

 

 
 

D. IR Studies  

 

IR spectra of these glasses were recorded by using a 

Perkin Elmer Spectrometer in the wave number range 
400-4400 cm-1with a resolution of 4 cm-1 by KBr pellet 

method. Fig. 3 presents the room temperature recordings 

of IR spectra of MO-Sb2O3-B2O3 glasses.  
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The spectra of these glasses exhibited the following 

several bands due to borate, antimonite and zinc 
structural units.  

(i) A fixed band due to doubly degenerate bending 

vibrations (4) of Sb2O3 at 484 cm-1 for all glasses 
except for ZnSB glass was observed; however, for 

ZnSB glass a combined band due to 4-Sb2O3 and 
ZnO4 tetrahedral vibrational units was observed at 

473 cm-1. 

(ii) A fixed band due to symmetric bending vibrations 

(2) of Sb2O3 at 600 cm-1is observed for all 
glasses. 

(iii) A combined fixed band due to bending of B-O-B 
linkages and doubly degenerate stretching 

vibrations (3) of Sb2O3 is observed for all glasses 
at 710 cm-1. 

(iv)  A combined band (Band 1) due to B-O band 

stretching of the tetrahedral BO4 units and 

symmetric stretching vibrations (1) of Sb2O3 are 
observed for all glasses in the range 910-1010 cm-

1. 

(v) A band (Band 2) due to asymmetric stretching 
relaxation of the B-O of trigonal BO3 units was 

observed in the range 1385-1445 cm-1 for all 

glasses. 

The data on various band positions from the IR spectra of 

these glasses was presented in Table 4.  

 

 
 
From the IR spectra of these glasses, with increase in 

ionic radii of the modifier ion in the glass matrix (Zn2+ = 

0.74 Å, Cd2+ = 0.95 Å, Ca2+ = 1 Å and Ba2+ = 1.35 Å), it is 

observed that the intensity of band 2 (asymmetrical band) 

increases at the expense of the intensity of band 1 

(responsible for network formation) with shifting its 

meta-centre towards lower wave number side. However, 

there is no any change in band positions and intensities of 

other observed bands in the spectra. These observations 

obviously suggest that there is an increase in disorder in 

the glass network with increase in ionic radii of the 
modifier ion in it.  

 

E. Thermoluminescence (TL) Studies 

 

Fig. 4 shows the thermoluminescence glow curves of x-

ray irradiated MO-Sb2O3-B2O3 glasses at room 

temperature; recorded by using NUCLEONIX-TL setup 

(Nucleonix Pvt. Ltd., Hyderabad).  

 

 
 

TL curve of SB (pure) glass has exhibited a broad glow 

peak centred at 353 K. With the introduction of modifier 

oxides in to the glass matrix, the intensity of the glow 
peak is found to increase (substantial increase in the TL 

light output (inset of Fig. 4)) with the shifting of the glow 

peak curve towards higher temperatures. 

 

The observed glow curve of these samples are similar to 

those reported in recent years by many researchers [21, 

22, 36-37]. The action of x-ray irradiation on glasses is to 

produce secondary electrons from the sites where they 

are in a stable state and have an excess energy. Such 

electrons may traverse in the glass network depending 

upon their energy and the composition of the glass and 

are finally be trapped, thus forming colour centres (or 
alternatively they may form excitons with energy states 

in the forbidden gap). The trapping sites may be the 

metal ions, which constitute the glass structure, ions of 

admixtures to the main composition, and the structural 

defects due to impurities in the glass. Thus this process 

leads to the formation of (i) boron electron centres, (ii) 

non-bridging oxygen hole centres, and (iii) boron oxygen 

hole centres. During the heating process for recording the 

TL light output, the electrons that were captured by metal 

ions are liberated and later trapped by holes in the 

recombination centre giving out TL light output as shown 
in the Fig. 5.  

 
 

The highest TL light output is observed for BaSB glass 

among all other modifier containing glass networks. 

When modifier ion of larger ionic radii (Ba2+) is 

introduced in to the glass network, there will be creation 

of relatively large number of NBOs and this will possibly 

produce greater structural defects as mentioned earlier. 

These defects act as trapping centres to form more 

number of colour centres, which in turn responsible for 

more thermoluminescence light output. 
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Finally, thermoluminescence studies of different modifier 

oxide containing Sb2O3-B2O3 glasses suggest that BaSB 
glass can be used more effectively in radiation dosimetry 

since they exhibit high TL light output in high 

temperature region. The trap depth parameters for the 

glow peaks of MO-Sb2O3-B2O3 glasses were computed 

by using Chen’s formulae [38]. 

  (1) 

   (2) 

In the above equations k is Boltzmann constant,               

τ = Tm–T1, δ = T2–Tm, µ = δ/ (T2–T1); where Tm is the 

glow peak temperature, T1 (rising end) and T2 (falling 

end) are the temperatures at the half widths of the glow 

peaks. The summary of the data on thermoluminescence 

peaks with corresponding activation energies and the trap 

depths are evaluated and furnished in Table 5.  

 

 
 

CONCLUSIONS   

The summary of main conclusions drawn from various 

studies on MO-Sb2O3-B2O3 (where, MO = ZnO, CdO, 

CaO and BaO) glasses is presented below: 

1. DTA studies of these glasses showed that the 

Hruby’s parameter, Kgl, is found to decrease 

with increase in ionic radii of modifier ion; the 

Kgl parameter is found to be highest for ZnSB 
glass and lowest for BaSB glass among all other 

modifier containing glasses. This is an 

indicative of relatively high glass forming 

ability for ZnSB glass among all other glasses. 

2. IR spectra of these glasses presented several 

band positions due to borate, antimonite, and 

zinc structural units. With the increase of ionic 

radii of modifier ions in the glass matrix, it is 

observed that the intensity of band 2 

(asymmetrical bands) increased at the expense 

of band 1 (BO4 units) with shifting of its meta-
centre towards lower frequency, which is an 

indicative of relatively high disorder in BaSB 

glass among all other glasses. 

3. The thermoluminescence spectra of these 

glasses exhibited a single TL glow curve. With 

the increase of modifier ion radii in the glass 

matrix, the intensity of the glow peak is found to 

increase with shifting of its glow peak towards 

higher temperatures. The highest TL light output 

is observed for BaSB glass among all other 

glasses. These results from the 

thermoluminescence analysis suggest that BaSB 
glass can be used more effectively in radiation 

dosimetric applications. 
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