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ABSTRACT: The objective of this study is to design a unique glass network composed of TeO2-ZnCl2-Nb2O5-TiO2 to investigate the 

microstructural and mechanical properties. In this experiment, the proposed glass network was produced using melt quenching method. The 

microstructural properties and hardnesses was derived from the XRD, SEM and Vicker’s Hardness measurements. Microstructures and 

crystalline phases was determined using the XRD diffractometry from 20 to 90 range. The estimated crystalline phases of the prepared glass 

samples were -TeO2 and -TiO2. As a conclusion, tellurite-based oxide glass materials have become very much promising candidate in the 

areas like fiber optics, optical communication, white LED, quantum dot, quantum computing, laser technology, photonics due to their second 

harmonic properties. 
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1. INTRODUCTION 

Recently, tellurite based optical glass materials have achieved a great trend on the field of fiber optics, fiber sensor, optical 
communication, laser technology, white LED, quantum dot applications [1-3]. These tellurite-based novel glass materials 

Total five glass samples have some special properties like high-speed transmission, higher refractive index (at around n=1.8-

2.05), lower phonon energy (800eV), higher transparency etc. There are studies that show a significant increase in literature 

searches. In this concept, Kabalci et. al. have developed a tellurite based optical glass materials where they have found the 
optical bandgap (Eg) was increased up to 3.0 eV. The glass transition (Tg), bandgap (Eg), crystallization properties got 

extremely effected by the enhancement of boron compounds in the glass network [2]. Furthermore, Kabalci et al. have found 

glass tendency (Kg1) to be nearly 2.01 where the hardness properties get increased with respect to increase the ration Al2O3 

[3]. Masai et al. have made experiment on Tin doped borate glass for photoluminescence where they found the quantum 

efficiency to be 60% [4]. Again, Kabalci et al. have analyzed a tellurite glass materials by using UV-VIS spectrophotometer 

where the optical direct band gap was derived up to 3 eV, and the indirect band gap also enhanced up to 2.74 eV [2]. Kumar 

have analyzed barium doped strontium stannate glass for Rietveld refinement of XRD and UV-VIS analysis for optical, 
dielectric and electrical applications, where they have found the direct bandgap up to 3.97 eV and the indirect band gap 

to be 3.5 eV for which is suitable for UV detector and electronic device and conduction device application, where the 

band gap was found the direct bandgap up to 3.97 eV and the indirect band gap to be 3.5 eV [5]. 
 

Swapna et al. have developed a vanadium oxide doped tellurite based glass materials for determination of optical, 

thermal and structural properties, while it observed that Nb2O5 components along with the increase ZnO elements 
dominated the optical properties of that glass network and also effected the spin Hamiltonian parameters as well. The 

Nb2O5 composition also changed the glass structure and enhanced the stability of the glass network [6]. 

 

Moreover, Swapna et. al. have proposed another tellurite based quaternary glass for optical communications, where they 
found that the glass transition (Tg) gets decreased with enhancing the boron oxide components. The optical band gap 

energy was found to be up to 1.92 eV which was extremely affected by the enhancement of boron oxide contents in the 

glass network [7]. Following this, again, Swapna et. al. have  developed another tellurite based optical glass where they 
found that the optical properties got extremely effected by the boron oxide and niobium oxide contents [8]. Kostka et 

al. have investigated an erbium (Er3+) doped borate based glass materials for photoluminescence to study the optical 

properties of the glass network with a focus about the PL band, and the energy states of the erbium ions, where they 
have found that when the glass was excited by light at 514.5 nm wavelength, narrow emission of the erbium ion (Er3+) 

was found as the luminescence of the host glass could not be excited by this wavelength and at 1530 nm wavelength, 

the PL band represents a specific transition of the erbium ions [9]. Suresh et. al. have developed samarium (Sm3+) and 

ytterbium (Yb3+) doped tellurite glass and found the quantum efficiency to be 141% and the bandgap was suitable for 
solar cell applications [10]. 

https://creativecommons.org/licenses/by-sa/4.0
https://orcid.org/0000-0001-9398-0156
https://orcid.org/0000-0002-6752-1068


 
Microstructural and Mechanical Properties of TeO2-ZnCl2-Nb2O5-TiO2 Based Glass System Under Various Temperatures 

 

 
 
Scientific Journal of Mehmet Akif Ersoy University, 2024: 7(1) 2 

 

Mohamed have analyzed a lithium based barium titanate doped glass nano composite particle for Rietveld refinement 
crystal analysis for dielectric and electronic applications [11]. Following this, Swapna et. al. have developed an antimony 

trioxide doped tellurite glass materials for optical applications where they have found the bandgap energy to be 2.23 eV. 

The antimony trioxide had tremendously effected the optical parameters and spin Hamiltonian properties [8]. Kilic et. 

al had developed a tantalum pentoxide reinforced tellurite based glass for radiation shield application where they have 
found the photon energy to be up to 15 MeV [12]. Following that, Kabalci et al. had developed a boron based glass 

network for optical investigation where they have found the direct bandgap energy up to 3.6 eV [13]. Marzuki et al have 

developed a boro tellurite based glass network by varying bismuth oxide (Bi2O3) and lead oxide components for optical 
properties as well as radiation shielding applications and observed that the optical properties got highly effected by the 

enhancements of lead oxide component into the glass network [14]. 

 
In this study, a unique tellurite-based optical glass TeO2-ZnCl2-Nb2O5-TiO2 was prepared fabricated using the 

conventional melt quench technique for photonics, fiber optics and optical communication applications based on 

preparation temperature. Following the fabrication of the glass, thermal, optical, and microstructural properties 

including optical bandgap energy was also determined using UV-VIS spectrophotometer within 300nm-900nm 
wavelength range data for Beer-Lambert Law application. The thermal characteristics of the glass materials was 

determined by the conventional Differential Thermal Analysis (DTA) measurement and the optical bandgap (Eg) was 

derived from the UV-VIS spectrophotometry experiment. 
 

2. MATERIALS AND METHODS 

The proposed glass network TeO2-ZnCl2-Nb2O5-TiO2 was fabricated using the melt, and rapid cooling techniques. The 
required raw materials TeO2, ZnCl2, Nb2O5 and TiO2 were collected commercially from sigma Aldrich chemical 

corporation which were 99.999% trace metal basis powders. A total of five glass samples were prepared which were 

labeled to be TZNT1, TZNT2, TZNT3, TZNT4 and TZNT5, respectively as shown in Table 1. The molecular formula 
for the glass network was 70TeO2-15ZnCl2-10Nb2O5-5TiO2. During the preparation of the glass samples, the raw 

materials were used to be totally 10 grams per sample. The preparation temperature of the glass samples TZNT1, TZNT2, 

TZNT3, TZNT4 and TZNT5 were 900°C, 1000°C, 800°C, 750°C and 950°C, respectively, as shown in Table 1. 

 
Table 1. Glass samples as a function of the glass composites TeO2-ZnCl2-Nb2O5-TiO2 

Sample Code Glass Components (mol%) Preparation Temperature(°C) 

 TeO2 ZnCl2 Nb2O5 TiO2  

TZNT2 70 15 10 5 1000°C 

TZNT5 70 15 10 5 950°C 

TZNT1 70 15 10 5 900°C 

TZNT3 70 15 10 5 800°C 

TZNT4 70 15 10 5 750°C 

 

While fabricating the glass samples, each inner component raw materials were mixed precisely and melted on a crucible 

made of platinum using an electric arc furnace model named Protherm Furnace. For the sample TZNT1, the sample was 
melted at 900°C where the temperature increasing rate was 10°C/min up to 900°C and waiting an additional one hour 

inside the furnace.  Amorphous structure of the glass samples was identified by X-ray diffraction (XRD) spectroscopy. 

A Rigaku ULTIMA IV equipment was used (Kα of Cu, 40kV, 30mA, 2θ=10-90o). The morphology of the glass samples 
for the heat-treated glass samples analyzed by SEM CARL ZEISS ULTRA PLUS GEMINI. Microhardness of the 

prepared glass samples were determined by using Vicker’s hardness techniques considering under the 02 and 01 N 

loading by QNESS Q250M. 
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Fig 1. Prepared oxide glass samples at room temperature (a): TZNT4 at 750oC, (b): TZNT3 at 800oC, (c): TZNT1 at 

900oC, (d): TZNT5 at 950oC, (e): TZNT2 at 1000oC. 

3. RESULTS AND DISCUSSIONS 

3.1. Structural properties: XRD 

XRD which is referred to as X-Ray Diffraction is a popular technology to study the crystalline structure of glass 

materials by considered powder materials. To determine the crystalline phase and the size or shape of the samples are 

examined through the XRD analysis at various annealing temperatures according to DTA data. 
 

 
Fig 2. Plot of XRD for the samples TZNT1, TZNT2, TZNT3, TZNT4 and TZNT5 

From the results obtained by the DTA study, it was suitable to melt the glass samples TZNT1, TZNT2, TZNT3, TZNT4 
and TZNT5 in 500°C, 500°C, 610°C, 650°C and 500°C for the XRD analysis. From the graphical diagram, it was 

observed that the glasses have two crystalline phases, TeO2 and TiO2 as shown in Fig. 2. Here TeO2 was marked as alpha, 

on the contrary, TiO2 was marked to be gamma. According to the results, while enhancing the ZnCl2 content or Nb2O5 

contents, sharp peaks got visible which refers that the sample TZNT3 becomes more crystallined phases with -TeO2 

and -TiO2 compared to others. 

 
3.2. Structural properties: SEM 

In order to examine the surface morphology of a high temperature prepared glass sample, SEM study is a widely used 

experiment to determine the topographical structures. For the SEM analysis of the optical glass materials which were 
prepared to determine the crystalline phases, based on annealing at onset glass temperature values and then 

crystallization phases were performed in an acid medium with HF solution for 5 s. From the results obtained by the DTA 

study, the sample were annealed at the 500°C, 500°C, 610°C, 650°C and 500°C temperatures at 30 min for the samples 
TZNT1, TZNT2, TZNT3, TZNT4 and TZNT5, respectively for the SEM analysis. 
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Fig 3. SEM analysis of the TZNT1, TZNT2 sample 3kx magnification 

As seen in Figure 3, EDAX spectra of 3 regions selected for the surface topography of TZNT1, TZNT2 samples at 3kx 

magnification optical glass materials obtained at 500 degrees are also given in Table 2 and 3. Elemental spectrum 

convolutions of the three selected regions on the surfaces of the optical glass materials indicate that Nb, Te, O and Zn 
ions interact with each other to form common crystalline phases in the region. It is understood that the Cl element in the 

relevant regions leaves the material structure at high temperature and leaves its place to the element Ti, albeit in large 

quantities. 

 

 
Fig 4. SEM analysis of the TZNT3, TZNT4 sample 3kx magnification 

As seen in Figure 4, EDAX spectra of 3 regions selected for the surface topography of TZNT3, TZNT4 samples at 3kx 

magnification optical glass materials obtained at 610 and 650oC are also given in Table 4 and 5. Elemental spectrum 
convolutions of the three selected regions on the surfaces of the optical glass materials indicate that Nb, O, Zn and Ti 

ions interact with each other to form common crystalline phases in the region. It is understood that the Cl element in the 

relevant regions again leaves the material structure at high temperature and leaves its place to the element Te, albeit in 

large quantities. Here, the structural change of the crystallization phases of the material draws attention depending on 
the annealing temperature in the glass network. 

 

 
Fig 5. SEM analysis of the TZNT5 sample 3kx magnification 
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According to the EDAX values given in Table 6 and Fig.5, elemental spectrum distributions of the Nb, O, Te and 

partially Ti-based structural phase transformations show themselves as a result of elemental effect on the surface 
crystallization phases depending on annealing temperature values of the optical glass material for the sample TZNT5 

sample 3kx magnification. As seen from the SEM-EDAX data for the all the prepared glass samples, it has been 

determined that the Nb element has a more effective determinant than Te element in the high temperature processes of 
the surface crystallization phases of the optical glass material. 

 

Table 2. SEM-EDAX data for the samples TZNT1, Mass percent (%) 

Spectrum O Cl Ti Zn Nb Te 

1 9.86 0.00 1.22 3.23 45.96 39.74 

2 6.21 0.00 1.11 2.79 53.85 36.04 

3 10.04 0.00 0.79 3.68 43.06 42.44 

 
Table 3. SEM-EDAX data for the samples TZNT2, Mass percent (%) 

Spectrum O Cl Ti Zn Nb Te 

1 4.59 0.00 0.30 0.30 67.76 27.05 

2 0.09 0.00 0.48 0.15 43.00 56.28 

3 12.29 0.00 2.67 0.38 44.64 40.01 

 

Table 4. SEM-EDAX data for the samples TZNT3, Mass percent (%) 

Spectrum O Cl Ti Zn Nb Te 

1 7.63 0.00 0.00 0.68 63.90 27.80 

2 20.52 0.00 22.12 4.08 52.73 0.55 

3 16.37 0.00 20.01 3.17 55.43 5.03 

 

Table 5. SEM-EDAX data for the samples TZNT4, Mass percent (%) 

Spectrum O Cl Ti Zn Nb Te 

1 10.40 0.00 1.90 5.17 48.39 34.14 

2 12.59 0.00 1.65 3.77 51.16 30.84 

3 12.16 0.00 1.95 3.09 48.66 34.14 

 

Table 6. SEM-EDAX data for the samples TZNT5, Mass percent (%) 

Spectrum O Cl Ti Zn Nb Te 

1 8.54 0.00 2.03 3.06 52.58 33.80 

2 9.08 0.00 0.13 8.54 58.42 23.83 

3 9.08 0.00 1.88 8.06 51.54 29.45 

 

As seen in Table 2-6, SEM-EDAX data obtained from 3 different regions of the surface after heat treatment of optical 
glass materials as a result of SEM analysis show the distribution of the compositions of the material at different 

temperature values. In these tables, the elemental distribution in the surface topography of the TZNT5-TZNT6 optical 

glass material briefly indicates the NbOTe bond energies, while it is noteworthy that as the temperature increases, 

there is a transition to the states with NbOZn bond energies for the TZNT7, TZNT8, and TZNT9. 
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3.3. Mechanical properties: Vicker’s Hardness 

 
Fig 6. Vicker’s hardness of the optical glass samples for TZNT3(800oC), TZNT1(900oC), and TZNT5(950oC). 

The surfaces of the optical glasses for which hardness measurement was carried out from surface of the well-polished 
samples and measurements were made from different surface points under 2 and 1 newton force. As seen in Figure 6, 

while the Vicker’s hardness ratios for TZNT3 and TZNT5 optical glasses were similar, higher values were measured for 

TZNT3 glass material. For the other two glass samples, hardness measurement could not be performed due to brittleness.  
 

4. CONCLUSION 

The optical glass network TeO2-ZnCl2-Nb2O5-TiO2 was fabricated using the widely used melt quenching experiments 
by varying the preparation temperatures. The samples labeled as TZNT1, TZNT2, TZNT3, TZNT4 and TZNT5 were 

prepared at various temperatures such as 900°C, 1000°C, 800°C, 750°C and 950°C on an electrical arc furnace and 

annealed at 300°C for six hours. The structural and mechanical properties of the glass network were extremely 
dominated by the enhancements of the ZnCl2 and Nb2O5 contents. The XRD analysis revealed that the glass samples 

have two crystalline phases -TeO2 and -TiO2. The Vicker’s hardness values vary for applied loading for the optical 

glass samples. 
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