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In this study, we investigate the phase equilibrium, synthesis, and thermoelectric 

properties of the CeBiTe₃ compound. CeBiTe₃ is formed in the quasi-binary Bi₂Te₃–Ce₂Te₃ 
section of the Ce–Bi–Te ternary system. Based on the obtained data, a phase diagram of the 
Bi₂Te₃–Ce₂Te₃ system was constructed. The temperature dependences of the electrical 
conductivity and thermoelectric force (Seebeck coefficient) were studied in the temperature 
range of 300–960 K. 

The band gap energy of CeBiTe₃ was estimated from the temperature dependence of 
electrical conductivity and found to be approximately 0.2 eV. The results demonstrate that 
CeBiTe₃ exhibits semimetallic behavior and is a promising thermoelectric material for medium- 
and high-temperature applications. It was found that CeBiTe₃ forms at 950 K in a 1:1 molar 

ratio and melts incongruently. The system is eutectic, with the eutectic reaction occurring at 
800 K and a composition of 80 mol% Bi₂Te₃. 

The solubility limit of the solid solution at room temperature was found to be 
approximately 97 mol% Bi₂Te₃.  

In addition, the study contributes to the development of sustainable energy 
technologies through waste heat recovery and improved energy efficiency, in accordance with 
the United Nations Sustainable Development Goals (SDGs), particularly SDG 7 (Affordable 
and Clean Energy), SDG 9 (Industry, Innovation and Infrastructure), and SDG 13 (Climate 
Action). 
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INTRODUCTION 
 
Understanding the phase relationships in this ternary system is crucial for creating 

materials with optimized properties for specific applications. Furthermore, the coexistence of 
these phases at different compositions and temperatures provides insight into the stability of 
complex systems. The goal of this study is to construct a comprehensive phase diagram, 
identify stable and metastable phases, understand the interactions and compatibility of the 
components, and examine how thermal and compositional changes affect the system's 
behavior [1-4]. The results of this work will not only expand our fundamental understanding of 
complex systems but also provide a valuable foundation for the development of new materials 
for applications in energy, electronics, and environmental technologies [5-7]. 
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 The study of phase equilibria in multicomponent systems is essential for 
understanding the thermodynamic stability and phase relationships of materials with potential 
technological applications. This research is particularly important for systems containing 
selenides and tellides, which are of significant interest due to their application in promising 
technologies such as photovoltaics, thermoelectric devices, optoelectronics, and 
environmental sensors [8-11]. The Ce–Bi–Te system represents a chemically rich area of 
interest due to the unique properties of its constituent compounds, which are widely known for 
their use in advanced technologies. The introduction of lanthanide atoms into the crystal lattice 
of such compounds can improve their properties and create additional functionality. In order 
to optimize the properties of functional compounds, it is important to develop the 
physicochemical basis for the synthesis of new inorganic functional materials, which is 
possible based on studying the phase diagrams of the corresponding systems [12-14]. 

Most ternary bismuth compounds have been extensively studied for their potential as 
electronic materials, exhibiting remarkable properties such as high photovoltaic efficiency, 
radiation detection capabilities, and thermoelectric performance. Their abundance in nature 
and environmental characteristics have further stimulated recent research into these 
materials. Bismuth is a p-type semiconductor known for its potential for solar energy 
applications due to its direct band gap and naturally occurring non-toxic components [15-17]. 

Therefore, research bismuth telluride (Bi₂Te₃) occupies a special position among 

semiconductor materials due to its outstanding thermoelectric properties and wide range of 
applications in electronic devices [18-20]. Moreover, Bi₂Te₃ has attracted significant attention 

as a topological insulator. However, Bi₂Te₃ and solid solutions based on it possess a layered 

crystal structure, relatively low melting temperature, and limited mechanical strength, which 
restrict their practical applications, especially at elevated temperatures [21-23]. 
To overcome these limitations and to obtain new functional materials with enhanced 
thermoelectric and electrophysical properties, ternary systems based on bismuth tellurides 
and rare-earth elements have become an important subject of modern materials science 
research [24-26]. Among them, the Ce–Bi–Te system is of particular interest due to the high 
thermoelectric efficiency of both bismuth and cerium tellurides [27-30]. 

 
 EXPERIMENTAL 
 
For the investigation of electrophysical properties, CeBiTe₃ samples were synthesized 

by a direct synthesis method in a single-zone furnace at temperatures of 1100–1200 K. High-
purity elements were used: tellurium (TB4), bismuth (B4), and cerium (CEM-0). The starting 
materials were weighed with an accuracy of 10⁻³g, sealed in evacuated (0.1Pa) quartz 

ampoules, and annealed for 8 hours. 
The CeBiTe₃ compound was identified in the Bi₂Te₃–Ce₂Te₃ quasi-binary section of 

the Ce–Bi–Te ternary system. The system was studied using conventional phase–chemical 
analysis methods, including differential thermal analysis (DTA), and microstructural analysis 
(MSA). 

The DTA and PXRD techniques were employed to verify the purity and identity of the 
synthesized compounds, as well as to perform experimental investigations. DTA of the 
samples was conducted in evacuated quartz ampoules using a 404 F1 Pegasus System 
differential scanning calorimeter. The measurement data were analyzed with the NETZSCH 
Proteus Software, ensuring a temperature accuracy of ±20C. XRD analysis of the annealed 
alloys was performed at room temperature using a Bruker D2 PHASER diffractometer with 
CuKα₁ radiation. The diffraction patterns were indexed using the Topas 4.2 Software. 

To ensure complete interaction between the components and structural homogeneity, 
the samples were subjected to prolonged thermal treatment. The chemical stability of CeBiTe₃ 
was examined, showing that the compound is stable in air, water, and organic solvents, but 
decomposes under the action of mineral acids (H₂SO₄, HNO₃, HCl) and strong alkalis (NaOH, 
KOH). 
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RESULTS AND DISCUSSIONS 
 
 Based on the results obtained by the above methods, a phase diagram of the Bi2Te3 

- Ce2Te3 system was  constructed (Figure 1). 
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Figure 1. State diagram of the Bi2Te3 - Ce2Te3 system 

 
According to the phase diagram, CeBiTe₃ forms at 950 K at a 1:1 molar ratio of the 

components and melts incongruently. The system is of eutectic type, with the eutectic reaction 
occurring at 800 K and a composition of 80 mol% Bi₂Te₃. After thermal treatment and 

quenching in ice water, the solubility limit of the solid solution at room temperature was found 
to be approximately 97 mol% Bi₂Te₃ 

Thermoelectric measurements were carried out on parallelepiped-shaped 
polycrystalline samples in the temperature range of 300–960 K using the compensation 
method described in Ref. [31-33].  

The measurement error was estimated to be within 5–7%, mainly due to uncertainties 
in sample geometry and probe spacing.The electrical conductivity (σ) was calculated using 
the following expression:where I is the current, U is the potential difference between probes, l 
is the distance between probes, and S is the cross-sectional area of the sample.The Seebeck 
coefficient (α) was determined as:where ΔE is the thermoelectric electromotive force and ΔT 
is the temperature difference between the hot and cold ends of the sample. 

 
The following formula was used to calculate the thermo-e.h.q coefficient: 

α=
∆𝐸

∆𝑇
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Figure 2. Temperature dependence of the specific electrical conductivity (σ) and thermoelectric 

coefficient (α) of the BiCeTe3 compound 

 
The temperature dependence of electrical conductivity reveals semimetallic behavior. 

From room temperature up to approximately 673 K, the electrical conductivity decreases. With 
further temperature increase, a sharp rise in conductivity is observed, indicating the onset of 
intrinsic conduction [34-37]. 

From the linear region corresponding to intrinsic conductivity, the band gap energy of 
CeBiTe₃ was estimated and found to be ΔEg ≈ 0.2 eV. The temperature dependence of the 

Seebeck coefficient exhibits a similar trend: an increase at relatively low temperatures followed 
by a decrease above 673 K, which is attributed to the dominance of intrinsic charge carriers. 

Relevance to Sustainable Development Goals (SDGs). The present study is directly 
aligned with several United Nations Sustainable Development Goals (SDGs). SDG 7 – 
Affordable and Clean Energy: CeBiTe₃-based thermoelectric materials enable direct 

conversion of waste heat into electrical energy, improving energy efficiency. 
SDG 9 – Industry, Innovation and Infrastructure: The development of new functional 

thermoelectric materials supports innovation in energy and semiconductor technologies. 
SDG 12 – Responsible Consumption and Production: Enhanced thermoelectric 

efficiency contributes to reduced energy losses and more rational use of resources. 
SDG 13 – Climate Action: Thermoelectric technologies help reduce greenhouse gas 
emissions by recovering waste heat and decreasing dependence on fossil fuels. 

 
CONCLUSIONS 
 
The phase equilibrium, synthesis, and thermoelectric properties of the CeBiTe₃ 

compound have been systematically investigated. The compound exhibits semimetallic 
behavior, a narrow band gap of approximately 0.2 eV, and promising thermoelectric 
characteristics over a wide temperature range. These properties make CeBiTe₃ a potential 

candidate for thermoelectric energy conversion applications. Moreover, the results 
demonstrate the relevance of this material to sustainable energy technologies and global 
SDG-oriented research. 

Based on the obtained data, a phase diagram of the Bi₂Te₃–Ce₂Te₃ system was 
constructed. The results of the study show that CeBiTe₃ exhibits semi-metallic behavior and 

is a promising thermoelectric material. It was found that CeBiTe₃ forms at 950 K in a 1:1 molar 
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ratio and melts incongruently. The system is eutectic, with the eutectic reaction occurring at 
800 K and a Bi₂Te₃ composition of 80 mol%. 
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