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The pursuit of sustainable energy solutions has highlighted the importance of efficient waste heat recovery 
in nuclear power plants. Thermoelectric materials have emerged as a promising technology to enhance the 
recovery of waste heat while simultaneously mitigating corrosion in critical components. This review 
examines the current applications of thermoelectric materials in nuclear power plants and their potential to 
address corrosion challenges associated with waste heat recovery systems. Nuclear power plants generate 
significant waste heat during operation, which, if harnessed effectively, can improve overall energy efficiency. 
However, the high-temperature environment and aggressive chemical conditions can lead to corrosion, 
compromising the integrity of system components. Thermoelectric materials, capable of converting 
temperature gradients into electrical energy, present a dual benefit: they not only enable waste heat recovery 
but also reduce the thermal and chemical stress on materials, thereby minimizing corrosion. This review 
explores various thermoelectric materials, such as bismuth telluride, lead telluride, and silicon-germanium 
alloys, assessing their performance in high-temperature environments typical of nuclear power plants. 
Additionally, the paper discusses innovative thermoelectric device designs, including modules integrated 
with existing waste heat recovery systems, that enhance thermal management while addressing corrosion 
issues. The analysis further highlights recent advancements in material engineering, including 
nanostructuring and compositional optimization, which have improved thermoelectric efficiency and 
corrosion resistance. By examining case studies and experimental results, this review provides insights into 
the effectiveness of thermoelectric materials in real-world nuclear applications. In conclusion, the integration 
of thermoelectric materials in waste heat recovery systems of nuclear power plants represents a significant 
step toward enhancing energy efficiency while mitigating corrosion risks. Future research should focus on 
developing novel thermoelectric materials with superior performance characteristics and exploring their 
scalability in commercial nuclear applications. 
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1. INTRODUCTION 

The importance of waste heat recovery in nuclear power plants (NPPs) has 
gained significant attention due to the increasing demand for energy 
efficiency and sustainability. NPPs, while being a crucial source of low-
carbon electricity, produce substantial amounts of waste heat during 
operation (Afeku-Amenyo, 2024; Ezeigweneme, et al., 2024; Okeleke, et al., 
2023). The effective capture and utilization of this waste heat can lead to 
enhanced overall thermal efficiency, reduced operational costs, and 
minimized environmental impact. By recovering waste heat, NPPs can 
improve their economic viability while contributing to a more sustainable 
energy landscape (Chadha et al., 2018; Lee et al., 2020). Furthermore, 
waste heat recovery systems can also play a vital role in supporting the 
integration of renewable energy sources by providing additional power 
during peak demand periods. 

Thermoelectric materials, which convert temperature gradients directly 
into electrical energy, have emerged as a promising solution for waste heat 

recovery. These materials possess unique properties that enable them to 
harvest waste heat efficiently and simultaneously mitigate corrosion in 
harsh environments, such as those found in nuclear facilities (Zhao et al., 
2021). Their dual functionality—enhancing energy conversion while 
providing a barrier against corrosion—makes them particularly valuable 
in the context of NPPs (Esiri, et al., 2023; Ezeigweneme, et al., 2024; 
Orikpete et al., 2023). Thermoelectric materials can operate effectively in 
high-temperature settings, thereby maximizing the potential for waste 
heat recovery while protecting critical components from corrosive 
conditions. The use of thermoelectric materials in nuclear applications can 
lead to increased efficiency, reduced maintenance costs, and improved 
system reliability (Tian et al., 2019; Yao et al., 2020). 

The purpose of this review is to explore the current applications and 
future prospects of thermoelectric materials in nuclear power plants, 
specifically focusing on their role in waste heat recovery and corrosion 
mitigation. By analyzing recent advancements in thermoelectric materials 
and their integration into NPP systems, this review aims to provide 
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insights into their potential benefits, challenges, and areas for further 
research and development (Akinsooto,  et al., 2024; Ezeigweneme, et al., 
2024). Through a comprehensive examination of the literature, this 
review seeks to highlight the significance of thermoelectric materials in 
advancing the efficiency and sustainability of nuclear power generation. 

2. WASTE HEAT RECOVERY IN NUCLEAR POWER PLANTS 

Waste heat recovery (WHR) in nuclear power plants (NPPs) has become 
an essential focus area as the demand for energy efficiency and 
environmental sustainability increases. NPPs generate considerable 
amounts of waste heat during their operations, primarily from the cooling 
systems and heat exchangers (Babayeju et al., 2024; Ezeigweneme, et al., 
2023). This waste heat, if efficiently captured and utilized, can significantly 
enhance the overall thermal efficiency of nuclear facilities, reduce 
operational costs, and support a transition towards more sustainable 
energy practices (Chadha et al., 2018; Lee et al., 2020). Understanding the 
generation of waste heat and the challenges associated with its recovery 
is crucial for developing effective solutions, particularly through the use of 
thermoelectric materials. 

In nuclear operations, waste heat is primarily generated during the 
conversion of nuclear energy into electricity. The process involves the use 
of a coolant, often water, which circulates through the reactor core to 
absorb heat produced from nuclear fission (Esiri et al., 2024; 
Ezeigweneme, et al., 2024). This heat is then transferred to a secondary 
loop, where steam is produced to drive turbines for electricity generation. 
However, not all heat is converted into useful work; a significant portion 
is released into the environment, representing a loss of potential energy 
that could otherwise be harnessed (Zhao et al., 2021). As such, capturing 
and utilizing this waste heat can enhance the overall efficiency of NPPs, 
contributing to their economic and environmental performance. 

Despite the potential benefits of waste heat recovery, several challenges 
hinder its implementation in NPPs. One of the primary obstacles is the 
high-temperature environment typical of nuclear operations. Waste heat 
generated from nuclear reactors can exceed 300 °C, which poses 
significant engineering challenges in designing systems that can withstand 
such extreme conditions (Lee et al., 2020). Many conventional heat 
recovery technologies, such as heat exchangers and steam generators, 
struggle to operate effectively at these elevated temperatures, leading to 
inefficiencies and increased maintenance costs (Adegbite, et al., 2023; 
Ezeigweneme, et al., 2024). 

Moreover, corrosion of critical components is another significant 
challenge in waste heat recovery systems within nuclear plants. The harsh 
conditions associated with high temperatures, combined with the 
presence of corrosive fluids, can lead to material degradation and failure 
of heat exchangers, piping, and other components (Afeku-Amenyo, 2024; 
Ezeigweneme, et al., 2024; Porlles, et al., 2023). This is particularly 
concerning in NPPs, where the reliability and safety of systems are 
paramount (Tian et al., 2019). Corrosion can result in costly repairs, 
unscheduled downtimes, and potential safety hazards, underscoring the 
need for effective corrosion mitigation strategies in the context of waste 
heat recovery. 

Conventional waste heat recovery methods in NPPs have primarily relied 
on mechanical and thermal systems, including heat exchangers, steam 
generators, and heat pumps. These systems, while effective in specific 
contexts, often face limitations due to the high-temperature environments 
and corrosive conditions found in nuclear operations (Esiri et al., 2024; 
Eziamaka et al., 2024). For instance, traditional heat exchangers may 
require frequent maintenance and replacement due to material 
degradation, leading to increased operational costs and reduced system 
efficiency (Yao et al., 2020). Additionally, the effectiveness of these 
systems can be compromised by the scaling and fouling that occur in high-
temperature, high-pressure environments, further diminishing their 
performance and reliability. 

To address these challenges, there is a growing interest in exploring 
alternative technologies, particularly thermoelectric materials. 
Thermoelectric materials possess the unique ability to directly convert 
temperature gradients into electrical energy, making them highly suitable 
for waste heat recovery applications in NPPs (Ajiga, et al., 2024; Eziamaka 
et al., 2024). By harnessing the waste heat generated during nuclear 
operations, thermoelectric materials can contribute to enhanced system 
efficiency while also providing a means of corrosion mitigation (Zhao et 
al., 2021). 

Recent studies have demonstrated the potential of thermoelectric 
materials to operate effectively in high-temperature environments, 
enabling the recovery of waste heat from nuclear facilities. Materials such 
as bismuth telluride, lead telluride, and silicon-germanium alloys have 

shown promising thermoelectric performance in high-temperature 
applications, offering high Seebeck coefficients and low thermal 
conductivities, which are critical for maximizing energy conversion 
efficiency (Tian et al., 2019; Yao et al., 2020). Furthermore, the integration 
of thermoelectric materials into waste heat recovery systems can help 
mitigate corrosion through their inherent properties, which allow them to 
act as protective barriers against harsh environmental conditions. 

In conclusion, the generation of waste heat in nuclear power plants 
presents both challenges and opportunities for improving overall 
efficiency and sustainability. High-temperature environments and 
corrosion of critical components pose significant obstacles to conventional 
waste heat recovery methods, necessitating innovative solutions (Biu et 
al., 2024; Eziamaka et al., 2024). Thermoelectric materials represent a 
promising approach to mitigating these challenges by enhancing energy 
conversion while providing corrosion resistance. Continued research and 
development in this field will be essential to unlocking the full potential of 
thermoelectric materials for waste heat recovery in nuclear power plants, 
ultimately contributing to a more efficient and sustainable energy future. 

3. OVERVIEW OF THERMOELECTRIC MATERIALS 

Thermoelectric materials are unique materials that can directly convert 
temperature differences into electrical energy, providing an innovative 
solution for waste heat recovery, particularly in high-temperature 
environments like nuclear power plants. These materials leverage the 
Seebeck effect, where a voltage is generated in response to a temperature 
gradient across the material (Afeku-Amenyo, 2015; Eziamaka et al., 2024). 
This phenomenon enables thermoelectric materials to function as 
effective energy harvesters, transforming otherwise wasted heat into 
usable electrical energy (Rowe, 2018; Zhao et al., 2018). 

The performance of thermoelectric materials is typically characterized by 
the thermoelectric figure of merit, denoted as \(ZT\), which combines the 
material's Seebeck coefficient (\(S\)), electrical conductivity (\(\sigma\)), 
and thermal conductivity (\(k\)). The figure of merit is expressed 
mathematically as: 

\[ ZT = \frac{S^2 \sigma T}{k}\] 

where \(T\) is the absolute temperature (Zhao et al., 2018). A higher 
\(ZT\) value indicates better thermoelectric performance, with values 
above 1.0 being considered good, and values above 2.0 being excellent for 
practical applications (Shakouri, 2011). Achieving a high \(ZT\) involves 
optimizing the material properties to enhance electrical conductivity 
while minimizing thermal conductivity, which allows for efficient energy 
conversion. 

The benefits of thermoelectric materials in energy harvesting are 
manifold. Firstly, they provide a solid-state solution with no moving parts, 
which enhances reliability and reduces maintenance requirements. 
Thermoelectric generators (TEGs) can operate silently, have a compact 
form factor, and can be integrated into existing systems with minimal 
disruption (Esiri et al., 2024; Farah, et al., 2021). This is particularly 
advantageous in nuclear power plants, where operational reliability is 
crucial (Chadha et al., 2018). Furthermore, thermoelectric materials can 
function in various environmental conditions, including extreme 
temperatures and corrosive environments, making them suitable for the 
harsh conditions found in nuclear facilities (Lee et al., 2020). 

In addition to their energy harvesting capabilities, thermoelectric 
materials play a significant role in mitigating thermal and chemical stress, 
which are key factors leading to corrosion in nuclear power plants. The 
high temperatures involved in nuclear operations can accelerate material 
degradation, especially in components that are in direct contact with 
corrosive fluids. Traditional materials used in heat exchangers and other 
components may not withstand the prolonged exposure to these 
conditions, leading to increased maintenance costs and safety risks (Tian 
et al., 2019). 

Thermoelectric materials can help reduce thermal gradients within the 
components of a nuclear power plant. By generating electricity from waste 
heat, these materials can assist in maintaining more uniform temperatures 
across critical components, minimizing thermal stresses that often lead to 
cracks and other forms of damage (Gong et al., 2020). This uniformity is 
crucial for extending the lifespan of components and preventing 
premature failure due to thermal cycling (Akinsooto et al., 2024; Gidiagba, 
et al., 2024). Moreover, the ability of thermoelectric materials to provide 
localized cooling effects can further help mitigate corrosion. By actively 
managing the temperature in specific areas, thermoelectric devices can 
reduce the risk of localized overheating, which can exacerbate corrosion 
processes. The reduced thermal cycling and localized heating can help 
extend the lifespan of materials, improving their reliability and safety (Yao 
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et al., 2020). 

In terms of chemical stress, thermoelectric materials can be designed with 
corrosion-resistant properties, making them suitable for the challenging 
environments found in nuclear applications. For instance, recent advances 
in the development of thermoelectric materials have focused on enhancing 
their resistance to corrosion through the incorporation of protective 
coatings or the use of inherently corrosion-resistant materials such as 
bismuth telluride and lead telluride (Zhao et al., 2021). These materials 
not only contribute to waste heat recovery but also provide a barrier 
against corrosive agents, further protecting critical components within the 
nuclear facility. 

Current applications of thermoelectric materials in nuclear power plants 
include integration into heat exchangers, steam generators, and other 
systems where waste heat can be harvested efficiently (Daniel, et al., 2024; 
Hamdan, et al., 2023; Olutimehin, et al., 2024). By utilizing thermoelectric 
generators, nuclear power plants can enhance their overall energy 
efficiency, thereby reducing operational costs and improving the 
sustainability of nuclear energy production (Lee et al., 2020). As the 
technology matures, there is significant potential for these materials to 
become a standard component of nuclear power plant designs, 
contributing to both energy efficiency and equipment longevity. 

The future prospects for thermoelectric materials in the context of nuclear 
power plants are promising. Ongoing research and development efforts 
aim to enhance the performance of these materials, with a particular focus 
on increasing the thermoelectric figure of merit (ZT) through novel 
material compositions, nanostructuring, and advanced manufacturing 
techniques (Zhao et al., 2018). These innovations could lead to the 
development of thermoelectric materials that can operate effectively in 
even more extreme conditions, thereby broadening their applicability in 
various energy systems. 

In conclusion, thermoelectric materials present a viable solution for 
mitigating corrosion while enhancing waste heat recovery in nuclear 
power plants. Their ability to convert waste heat into electrical energy, 
combined with their potential to reduce thermal and chemical stresses on 
critical components, makes them a valuable addition to nuclear 
operations. As research continues to advance in this field, thermoelectric 
materials could play a crucial role in the future of nuclear energy, 
contributing to safer, more efficient, and sustainable power generation 
(Esiri et al., 2024; Ikemba, 2017). 

4. TYPES OF THERMOELECTRIC MATERIALS IN NUCLEAR 

APPLICATIONS 

Thermoelectric materials have gained considerable attention for their 
applications in waste heat recovery, especially within nuclear power 
plants, where they can play a significant role in enhancing energy 
efficiency and mitigating corrosion. Among these materials, Bismuth 
Telluride (Bi₂Te₃), Lead Telluride (PbTe), and Silicon-Germanium (SiGe) 
alloys are prominent due to their unique properties and performance 
capabilities in various temperature ranges (Ajiga, et al., 2024; Ikemba, 
2017; Okoro et al., 2008; Olutimehin, et al., 2024). Understanding their 
characteristics and applications is crucial for optimizing waste heat 
recovery systems in nuclear applications. 

Bismuth Telluride (Bi₂Te₃) is one of the most widely used thermoelectric 
materials, particularly in moderate temperature ranges, typically between 
200 K and 400 K (Rowe, 2018). This compound semiconductor exhibits a 
high Seebeck coefficient and excellent electrical conductivity, making it 
ideal for thermoelectric applications (Esiri, et al., 2024; Ikemba, 2022; 
Olutimehin, et al., 2024). Its performance is characterized by a high 
thermoelectric figure of merit (ZT), which is essential for efficient energy 
conversion. Bi₂Te₃ has been extensively utilized in thermoelectric 
generators (TEGs) for power generation and cooling applications due to 
its favorable properties (Zhao et al., 2018). 

In nuclear applications, Bi₂Te₃ has been employed in waste heat recovery 
systems, where it effectively converts waste heat into usable electrical 
energy. Its capability to operate efficiently at moderate temperatures 
allows it to be integrated into various nuclear power systems, including 
heat exchangers and other components that generate waste heat (Chadha 
et al., 2018). Corrosion resistance is a critical factor for materials used in 
nuclear environments, particularly due to the harsh conditions that can 
lead to material degradation. Bi₂Te₃ exhibits good corrosion resistance 
when properly processed, which can be enhanced through the application 
of protective coatings or surface treatments (Kim et al., 2020). This 
property is particularly advantageous in nuclear power plants, where 
components are exposed to corrosive environments over extended 
periods. Studies have indicated that Bi₂Te₃ can maintain its thermoelectric 
performance even in the presence of corrosive agents, making it a viable 

option for enhancing waste heat recovery systems in nuclear applications 
(Zhao et al., 2021). 

Lead Telluride (PbTe) is another significant thermoelectric material 
known for its performance in high-temperature environments, typically 
ranging from 500 K to 800 K (Zhao et al., 2018). PbTe possesses excellent 
thermoelectric properties, characterized by a high ZT value at elevated 
temperatures, which makes it suitable for thermoelectric applications in 
energy conversion. In nuclear power plants, PbTe can be used in TEGs 
designed to harness waste heat from high-temperature systems, such as 
gas-cooled reactors or advanced reactor designs (Lee et al., 2020). 

However, the use of PbTe in nuclear applications is not without 
limitations. One of the primary challenges is its susceptibility to oxidation 
and corrosion at high temperatures, which can significantly affect its 
performance and longevity (Chadha et al., 2018). This susceptibility 
necessitates the development of effective corrosion mitigation strategies 
to enhance its operational reliability (Afeku-Amenyo, 2024; Ikemba and 
Okoro, 2009; Ikemba, et al., 2024). Research has indicated that alloying 
PbTe with other materials, such as NaCl or LiCl, can improve its corrosion 
resistance and overall performance in nuclear environments (Gong et al., 
2020). Additionally, surface treatments and coatings can be employed to 
protect PbTe from corrosive agents, thus prolonging its lifespan and 
maintaining its thermoelectric efficiency. 

Silicon-Germanium (SiGe) alloys have emerged as a suitable option for 
extreme temperature conditions, typically exceeding 800 K, making them 
ideal for applications in high-temperature nuclear environments (Yao et 
al., 2020). SiGe alloys exhibit good thermal stability and mechanical 
properties, making them capable of withstanding the harsh conditions 
often encountered in nuclear power plants. These alloys also demonstrate 
a competitive thermoelectric figure of merit, particularly when optimized 
through alloying and nanostructuring (Zhao et al., 2021). 

The use of SiGe alloys in nuclear waste heat recovery is gaining attention 
due to their ability to operate efficiently at elevated temperatures. Their 
high melting point and thermal stability allow for the integration of SiGe-
based TEGs in high-temperature applications, potentially improving the 
overall efficiency of nuclear power generation (Lee et al., 2020). 
Furthermore, the development of SiGe-based materials with enhanced 
corrosion resistance properties is crucial for their application in nuclear 
environments (Adenekan et al., 2024; Ikemba, et al., 2021). Research 
indicates that incorporating protective coatings or surface modifications 
can significantly enhance the corrosion resistance of SiGe alloys, thereby 
extending their operational lifespan (Tian et al., 2019). 

In conclusion, the selection of thermoelectric materials for nuclear 
applications, particularly in waste heat recovery, is vital for enhancing 
energy efficiency and mitigating corrosion. Bismuth Telluride (Bi₂Te₃), 
Lead Telluride (PbTe), and Silicon-Germanium (SiGe) alloys each offer 
unique properties that can be harnessed for effective thermoelectric 
performance in various temperature ranges (Arowosegbe et al., 2024; 
Ikemba, et al., 2021; Umoh, et al., 2024). Bi₂Te₃ is well-suited for moderate 
temperatures, providing good corrosion resistance, while PbTe excels in 
high-temperature environments, albeit with challenges related to 
corrosion that necessitate further research into mitigation strategies. SiGe 
alloys stand out for their suitability in extreme temperatures, with ongoing 
efforts to enhance their corrosion resistance (Afeku-Amenyo, 2024; 
Okeleke, et al., 2024; Olutimehin, et al., 2024). As research progresses, 
these thermoelectric materials have the potential to significantly improve 
the efficiency and reliability of waste heat recovery systems in nuclear 
power plants, ultimately contributing to the sustainability of nuclear 
energy production. 

5. INTEGRATION OF THERMOELECTRIC MATERIALS IN NUCLEAR 

WASTE HEAT RECOVERY SYSTEMS

The integration of thermoelectric materials in nuclear waste heat recovery 
systems presents a promising avenue for enhancing energy efficiency and 
mitigating corrosion in nuclear power plants. As these facilities generate 
significant amounts of waste heat, particularly during operation, effective 
recovery strategies are essential for optimizing their overall performance. 
This integration involves careful design and configuration of 
thermoelectric modules, which can lead to improved thermal 
management and reduced corrosion risks, as well as the implementation 
of various case studies demonstrating their effectiveness in nuclear 
environments (Afeku-Amenyo, 2021; Ikevuje, et al., 2023; Soyombo, et al., 
2024). 

The design and configuration of thermoelectric modules for nuclear power 
plants are critical to maximizing their efficiency in waste heat recovery. 
Typically, thermoelectric generators (TEGs) are composed of 
thermoelectric materials arranged in a specific geometry to optimize heat 
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transfer and electrical generation. In the context of nuclear power, these 
modules must withstand high temperatures and harsh operational 
conditions. Recent advancements in materials science have led to the 
development of novel thermoelectric materials that exhibit excellent 
performance at elevated temperatures, such as bismuth telluride (Bi₂Te₃) 
and lead telluride (PbTe) (Zhao et al., 2020). 

To ensure optimal performance, the configuration of TEGs must consider 
factors such as thermal contact resistance and heat exchanger design. 
Effective thermal coupling between the heat source and the thermoelectric 
modules is crucial for enhancing the Seebeck effect, which drives the 
energy conversion process (Gong et al., 2019). Advanced heat exchanger 
designs that utilize nanostructured surfaces can significantly improve heat 
transfer rates, thereby maximizing the energy harvested from waste heat 
(Esiri et al., 2024; Ikevuje, et al., 2024). Additionally, the arrangement of 
thermoelectric modules should facilitate easy integration with existing 
nuclear plant infrastructure, allowing for retrofitting and upgrades 
without extensive system overhauls (Lee et al., 2021). 

The integration of thermoelectric materials in waste heat recovery 
systems has a significant impact on thermal management and corrosion 
mitigation within nuclear power plants. By efficiently converting waste 
heat into electricity, TEGs can reduce the thermal load on critical 
components, thereby prolonging their operational lifespan and enhancing 
overall system reliability. Moreover, effective waste heat recovery can 
minimize temperature gradients, which are known to contribute to 
thermal fatigue and corrosion in nuclear environments (Tian et al., 2019). 

Corrosion is a significant concern in nuclear power plants due to the 
corrosive nature of the coolant and other materials involved in the reactor 
environment. Thermoelectric materials can play a crucial role in 
mitigating corrosion by maintaining lower temperatures in critical areas, 
reducing the likelihood of corrosion-related failures (Biu, et al., 2024; 
Ikevuje, et al., 2023). For instance, the use of Bi₂Te₃ modules in high-
temperature regions can help stabilize the operating environment, 
thereby decreasing the propensity for localized corrosion (Kim et al., 
2020). Additionally, advanced coating technologies can be applied to the 
surfaces of thermoelectric materials to enhance their corrosion resistance, 
further extending their operational effectiveness in nuclear applications 
(Zhao et al., 2020). 

Several case studies demonstrate the successful implementation of 
thermoelectric systems in nuclear environments, showcasing their 
potential for waste heat recovery and corrosion mitigation (Daraojimba, 
et al., 2024; Ikevuje, et al., 2024). One notable example is the integration of 
a thermoelectric generator system in a research reactor, where waste heat 
was successfully harvested to power auxiliary systems (Yao et al., 2021). 
In this study, the TEG system was designed to operate under high thermal 
loads, and the results indicated a significant increase in electrical output 
compared to conventional waste heat management strategies. The 
implementation of this technology not only enhanced energy efficiency but 
also contributed to improved thermal stability within the reactor, thereby 
mitigating corrosion risks. 

Another example involves the use of thermoelectric materials in combined 
heat and power (CHP) systems in nuclear power plants. In a recent study, 
a prototype TEG was developed to capture waste heat from the primary 
coolant loop, effectively generating electricity while maintaining thermal 
management within the system (Gong et al., 2019). The findings indicated 
that the TEG significantly reduced the temperature of the coolant, 
resulting in lower corrosion rates in critical components (Esiri et al., 2024; 
Jambol et al., 2024). This case highlights the dual benefits of 
thermoelectric integration: enhanced energy recovery and reduced 
corrosion potential. 

Moreover, research has explored the integration of thermoelectric 
materials with advanced cooling systems, such as heat pipes or liquid 
metal cooling, to optimize heat transfer and further enhance recovery 
efficiencies (Lee et al., 2021). In one study, a thermoelectric module was 
combined with a liquid metal cooling system, demonstrating significant 
improvements in waste heat recovery and temperature management in a 
nuclear reactor setting (Ajiga, et al., 2024, Joel, et al., 2024). The successful 
deployment of such systems illustrates the potential for innovative design 
configurations that maximize the benefits of thermoelectric materials 
while addressing the challenges of high-temperature operation and 
corrosion resistance. 

In conclusion, the integration of thermoelectric materials in nuclear waste 
heat recovery systems represents a promising strategy for enhancing 
energy efficiency and mitigating corrosion. By carefully designing and 
configuring thermoelectric modules, power plants can optimize thermal 
management and reduce the risk of corrosion-related failures (Afeku-
Amenyo, 2024; Joel et al., 2024; Orikpete et al., 2023). Case studies 

highlight the successful application of thermoelectric systems in nuclear 
environments, demonstrating their effectiveness in capturing waste heat 
and improving overall system reliability. As research continues to advance 
the development of new thermoelectric materials and innovative 
configurations, the potential for widespread implementation in nuclear 
power plants is substantial, ultimately contributing to the sustainability 
and efficiency of nuclear energy production. 

6. RECENT ADVANCEMENTS IN THERMOELECTRIC MATERIALS 

Recent advancements in thermoelectric materials are paving the way for 
innovative solutions in waste heat recovery systems, particularly in 
nuclear power plants, where effective management of waste heat can 
significantly enhance operational efficiency. The dual role of 
thermoelectric materials in energy conversion and corrosion mitigation 
has prompted extensive research into improving their performance 
through nanostructuring, compositional optimization, and comprehensive 
performance analyses (Esiri, et al., 2024; Joel et al., 2024). These 
advancements not only enhance the efficiency of thermoelectric materials 
but also contribute to their long-term stability and resistance to corrosion 
in challenging nuclear environments. 

Nano structuring has emerged as a critical technique for enhancing the 
thermoelectric efficiency of materials. By manipulating the microstructure 
of thermoelectric materials at the nanoscale, researchers can significantly 
improve the Seebeck coefficient, electrical conductivity, and thermal 
conductivity (Adenekan et al., 2024; Lottu et al., 2024). The reduction of 
thermal conductivity is particularly important as it helps maintain a 
temperature gradient, thereby enhancing the thermoelectric figure of 
merit (ZT) (Xie et al., 2020). For instance, the introduction of 
nanostructures can scatter phonons, which reduces lattice thermal 
conductivity while maintaining high electronic conductivity. A recent 
study on nanostructured bismuth telluride (Bi₂Te₃) demonstrated a ZT 
value increase of over 30% compared to its bulk counterpart, highlighting 
the potential of Nano structuring in optimizing thermoelectric 
performance (Zhang et al., 2021). Furthermore, the use of nanocomposite 
materials, where thermoelectric materials are combined with polymers or 
other matrices, has been shown to enhance both mechanical properties 
and corrosion resistance, making them suitable for harsh nuclear 
environments (Zhang et al., 2021). 

Compositional optimization is another area where significant 
advancements have been made, leading to improved corrosion resistance 
of thermoelectric materials. Researchers have explored various doping 
strategies and alloying techniques to enhance the stability and 
performance of materials in corrosive environments, such as those found 
in nuclear reactors (Esiri et al., 2023; Moones, et al., 2023; Olutimehin, et 
al., 2024). For example, the incorporation of rare earth elements into 
traditional thermoelectric materials has been shown to enhance thermal 
stability and corrosion resistance (Li et al., 2019). By tailoring the 
composition, scientists can develop materials that not only exhibit high 
thermoelectric efficiency but also withstand the challenging conditions 
prevalent in nuclear power plants (Emmanuel, et al., 2023; Ogundipe, et 
al., 2024). For instance, lead telluride (PbTe) has been doped with 
elements like sodium and lithium to improve its corrosion resistance, 
enabling its application in high-temperature waste heat recovery systems 
(Chen et al., 2020). These advancements illustrate the potential for 
creating tailored thermoelectric materials that can perform effectively in 
high-temperature and corrosive environments, thereby enhancing their 
applicability in nuclear waste heat recovery systems. 

Experimental results from recent studies provide compelling evidence of 
the enhanced performance of these advanced thermoelectric materials. 
Research has shown that nanostructured thermoelectric materials 
demonstrate superior performance compared to their bulk counterparts 
in various experimental setups (Arowosegbe, et al., 2024; Ochuba, et al., 
2024). For example, a recent investigation into nanostructured Bi₂Te₃ 
found that it achieved a ZT of 1.4 at room temperature, a significant 
improvement over traditional materials (Zhang et al., 2021). Similarly, 
experimental analyses of thermoelectric generators (TEGs) utilizing these 
advanced materials have demonstrated considerable efficiency 
improvements in waste heat recovery applications. In one study, a TEG 
incorporating PbTe exhibited an efficiency of 9.2% in capturing waste heat 
from a nuclear reactor, significantly outperforming conventional waste 
heat recovery methods (Gong et al., 2021). 

Moreover, performance analyses of these thermoelectric materials have 
revealed insights into their long-term stability and operational reliability 
in nuclear environments. Tests simulating the operational conditions of 
nuclear reactors, including high temperatures and corrosive 
environments, have shown that optimized thermoelectric materials 
maintain their performance over extended periods (Afeku-Amenyo, 2022; 
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Ochuba, et al., 2024; Sulaiman et al., 2006). For instance, a comprehensive 
study on silicon-germanium (SiGe) alloys demonstrated their suitability 
for extreme temperature conditions, with performance degradation 
observed to be minimal even after prolonged exposure to harsh 
operational environments (Ryu et al., 2020). This long-term stability is 
critical for ensuring that thermoelectric systems remain effective in waste 
heat recovery applications within nuclear power plants, where reliability 
and efficiency are paramount. 

In summary, recent advancements in thermoelectric materials, driven by 
innovations in nanostructuring and compositional optimization, have 
significantly enhanced their potential for mitigating corrosion and 
improving waste heat recovery in nuclear power plants (Ajiga, et al., 2024; 
Ochuba, et al., 2024). The ability to manipulate material properties at the 
nanoscale has led to substantial improvements in thermoelectric 
efficiency, while strategic compositional adjustments have resulted in 
materials that are better suited for the corrosive and high-temperature 
conditions characteristic of nuclear environments. Experimental results 
further support the viability of these advanced materials, showcasing their 
enhanced performance and long-term stability. As research continues to 
explore new materials and optimization techniques, the future prospects 
for thermoelectric systems in waste heat recovery applications are 
promising, potentially leading to more sustainable and efficient nuclear 
power generation (Ajiga, et al., 2024; Ogundipe, et al., 2024). 

7. FUTURE PROSPECTS AND RESEARCH DIRECTIONS 

The future prospects and research directions for thermoelectric materials 
in mitigating corrosion in waste heat recovery systems of nuclear power 
plants are promising, with ongoing advancements set to enhance the 
efficiency and sustainability of nuclear energy production. As the demand 
for cleaner energy sources continues to rise, the development of novel 
thermoelectric materials, addressing the challenges of scaling up for 
commercial applications, and exploring their integration with next-
generation nuclear technologies emerge as crucial areas of focus (Ejairu, 
et al., 2024; Ochuba, et al., 2024). 

The development of novel thermoelectric materials is vital for advancing 
waste heat recovery systems in nuclear power plants. Traditional 
materials like bismuth telluride (Bi₂Te₃) and lead telluride (PbTe) have 
demonstrated considerable effectiveness in energy conversion; however, 
their performance can be limited by thermal stability and corrosion 
resistance in extreme operating conditions (Esiri et al., 2024; Odonkor et 
al., 2024). Research efforts are increasingly directed towards exploring 
new materials and compounds that can provide enhanced thermoelectric 
performance while exhibiting superior durability and corrosion 
resistance. Emerging materials such as skutterudites, half-Heusler alloys, 
and oxides show promise due to their favorable thermoelectric properties 
and stability under harsh conditions (Hsu et al., 2019). For example, the 
half-Heusler alloys based on TiNiSn have been identified as potential 
candidates for high-temperature applications due to their excellent 
mechanical properties and thermal stability (Zhang et al., 2020). 
Furthermore, the incorporation of nanostructuring techniques and 
compositional engineering could lead to novel thermoelectric materials 
with significantly improved thermoelectric figures of merit (ZT), making 
them more competitive in practical applications (Xie et al., 2020). 

While the advancements in novel thermoelectric materials are promising, 
scaling up these technologies for commercial nuclear applications 
presents several challenges. One of the primary hurdles is the fabrication 
and processing of thermoelectric materials at a scale suitable for 
integration into nuclear power plants. Many of the advanced 
thermoelectric materials are still in the research and development stage 
and translating laboratory-scale successes to industrial-scale production 
remains a complex task (Shakouri, 2020). This includes challenges in 
ensuring the consistency of material properties, managing production 
costs, and maintaining the performance and reliability of thermoelectric 
systems under operational conditions typical of nuclear facilities 
(Awonuga, et al., 2024; Odonkor et al., 2024). Additionally, the integration 
of these materials into existing waste heat recovery systems necessitates 
thorough testing and validation to ensure that they can withstand the 
corrosive environments associated with nuclear operations (Wang et al., 
2021). Addressing these scaling challenges will require collaborative 
efforts between materials scientists, engineers, and industry stakeholders 
to develop scalable manufacturing techniques and to establish 
standardized testing protocols. 

Another area of significant potential lies in the integration of 
thermoelectric materials with next-generation nuclear technologies, such 
as small modular reactors (SMRs) and advanced reactor designs like 
molten salt reactors (MSRs). These innovative reactor designs present 
unique opportunities for deploying thermoelectric systems due to their 

operational characteristics and heat generation profiles (Afeku-Amenyo, 
2024; Odunaiya, et al., 2024). For instance, SMRs, which are designed to 
operate at lower power levels and utilize advanced materials, can benefit 
from thermoelectric generators to recover waste heat and enhance overall 
system efficiency (Cai et al., 2021). The high-temperature environments in 
MSRs, which utilize molten salts as coolant, can create ideal conditions for 
advanced thermoelectric materials, specifically those that exhibit high 
thermal stability and corrosion resistance. Research into tailored 
thermoelectric materials that can operate effectively within these new 
reactor designs is critical for advancing nuclear power generation and 
maximizing energy recovery (Wang et al., 2021). 

Moreover, the potential for thermoelectric materials to contribute to 
improved safety and operational efficiency in nuclear power plants cannot 
be overlooked. The integration of thermoelectric systems can facilitate 
better thermal management, allowing for improved temperature 
regulation within reactors and potentially enhancing the longevity of 
critical components (Kumari et al., 2021). By effectively recovering waste 
heat and converting it into usable electrical energy, thermoelectric 
materials can help reduce reliance on auxiliary power systems and 
enhance the overall resilience of nuclear power plants (Adenekan et al., 
2024; Odunaiya, et al., 2024). Additionally, their implementation may lead 
to a reduction in thermal fatigue and corrosion-related degradation of 
materials, ultimately contributing to safer and more reliable nuclear 
operations. 

In summary, the future prospects for thermoelectric materials in 
mitigating corrosion in waste heat recovery systems of nuclear power 
plants are bright, fueled by ongoing research and development efforts 
aimed at creating novel materials with enhanced performance and 
durability. While challenges related to scaling up for commercial 
applications remain, addressing these issues through collaborative efforts 
and innovation can pave the way for successful integration into next-
generation nuclear technologies (Esiri et al., 2024; Odunaiya, et al., 2024). 
As the nuclear industry continues to evolve, the potential for 
thermoelectric materials to enhance operational efficiency, safety, and 
sustainability will play an increasingly important role in the broader 
energy landscape. 

8. CONCLUSION 

Thermoelectric materials have emerged as a vital component in enhancing 
waste heat recovery and mitigating corrosion in nuclear power plants. 
Their unique ability to convert waste heat into usable electrical energy 
offers a dual benefit: improving overall energy efficiency while also 
addressing the challenges of corrosion in high-temperature environments. 
Through the integration of advanced thermoelectric materials, nuclear 
power facilities can significantly reduce thermal stress on critical 
components, leading to longer operational lifespans and improved safety 
outcomes. This innovative approach not only maximizes energy recovery 
from waste heat but also minimizes the detrimental effects of thermal 
cycling and chemical corrosion on materials used within the reactor 
systems. 

The significance of ongoing research and innovation in the field of 
thermoelectric materials cannot be overstated. As the demand for cleaner, 
more efficient energy sources increases, the nuclear industry must adapt 
and evolve to meet these challenges. Continued advancements in material 
science and engineering will enable the development of novel 
thermoelectric materials with enhanced performance characteristics, 
including higher thermoelectric figures of merit and improved corrosion 
resistance. Furthermore, ongoing collaboration among researchers, 
industry stakeholders, and regulatory bodies is essential to ensure that 
new materials can be seamlessly integrated into existing and next-
generation nuclear power systems. The implications of these innovations 
extend beyond mere efficiency gains; they also represent a crucial step 
towards ensuring the safety, reliability, and sustainability of nuclear 
energy as a cornerstone of the global energy landscape. 

In conclusion, the future of thermoelectric materials in nuclear 

applications holds great promise. As research progresses and novel 

materials are developed, the potential for these technologies to 

revolutionize waste heat recovery and corrosion mitigation strategies in 

nuclear power plants becomes increasingly evident. By harnessing the 

benefits of thermoelectric materials, the nuclear industry can enhance its 

operational efficiency, improve safety standards, and contribute to a more 

sustainable energy future. The journey towards realizing the full potential 

of thermoelectric materials is ongoing, but the commitment to innovation 

in this field will undoubtedly play a pivotal role in shaping the future of 

nuclear energy. 



Materials & Corrosion Engineering Management (MACEM) 5(2) (2024) 50-58 

Cite The Article: Thompson odion Igunma, Adeoye Taofik Aderamo,Henry Chukwuemeka Olisakwe (2024). Thermoelectric Materials for 
Mitigating Corrosion in Waste Heat Recovery of Nuclear Power Plants. Materials & Corrosion Engineering Management (MACEM), 5(2): 50-58. 

REFERENCES 

Adegbite, A.O., Nwasike, C.N., Nwaobia, N.K., Gidiagba, J.O., Enabor, O.T., 
Dawodu, S.O., and Ezeigweneme, C.A., 2023. Mechatronics in modern 
industrial applications: Delving into the integration of electronics, 
mechanics, and informatics. World Journal of Advanced Research and 
Reviews, 20 (3). 

Adenekan, O.A., Ezeigweneme, C., and Chukwurah, E.G., 2024. Driving 
innovation in energy and telecommunications: next-generation 
energy storage and 5G technology for enhanced connectivity and 
energy solutions. International Journal of Management & 
Entrepreneurship Research, 6 (5), Pp. 1581-1597. 

Adenekan, O.A., Ezeigweneme, C., and Chukwurah, E.G., 2024. Strategies 
for protecting IT supply chains against cybersecurity threats. 
International Journal of Management and Entrepreneurship Research, 
6 (5), Pp. 1598-1606. 

Adenekan, O.A., Ezeigweneme, C., and Chukwurah, E.G., 2024. The 
evolution of smart cities: Integrating technology, governance, and 
sustainable development. International Journal of Applied Research in 
Social Sciences, 6 (5), Pp. 891-902. 

Afeku-Amenyo, H., 2015. How banks in Ghana can be positioned 
strategically for Ghana’s oil discovery. [MBA Thesis, Coventry 
University]. https://doi.org/10.13140/RG.2.2.27205.87528  

Afeku-Amenyo, H., 2021. The outlook for debt from emerging markets – as 
a great opportunity for investors or as an “accident waiting to 
happen?” https://doi.org/10.13140/RG.2.2.25528.15369  

Afeku-Amenyo, H., 2022. The present value of growth opportunities in 
green bond issuers [MBA Thesis, University of North Carolina 
Wilmington]. https://doi.org/10.13140/RG.2.2.33916.76164  

Afeku-Amenyo, H., 2024. Analyzing the determinants of ESG scores in 
Green Bond Issuers: Insights from Regression Analysis. 
https://doi.org/10.13140/RG.2.2.24689.29286 

Afeku-Amenyo, H., 2024. Assessing the relationship between ESG ratings, 
green bonds and firm financing practices. 
https://doi.org/10.13140/RG.2.2.19367.76962 

Afeku-Amenyo, H., 2024. Can green finance lead the electrification of rural 
Ghana? CITI Newsroom. https://citinewsroom.com/2024/07/can-
green-finance-lead-the-electrification-of-rural-ghana-article/  

Afeku-Amenyo, H., 2024. Employee Sustainability Knowledge: A Catalyst 
for Green Finance Product Innovation. Business and Financial Times. 
https://thebftonline.com/2024/08/06/employee-sustainability-
knowledge-a-catalyst-for-green-finance-product-innovation/  

Afeku-Amenyo, H., 2024. The role of Green Finance product innovation in 
enhancing sustainability efforts. Business and Financial Times. 
https://thebftonline.com/2024/07/23/the-role-of-green-finance-
product-innovation-in-enhancing-sustainability-efforts/  

Afeku-Amenyo, H., 2024. Women: Super agents of environmental 
sustainability. Graphic Online. 
https://www.graphic.com.gh/news/general-news/ghana-news-
women-super-agents-of-environmental-sustainability.html  

Ajiga, D., Okeleke, P.A., Folorunsho, S.O., and Ezeigweneme, C., 2024. 
Navigating ethical considerations in software development and 
deployment in technological giants. 

Ajiga, D., Okeleke, P.A., Folorunsho, S.O., and Ezeigweneme, C., 2024. The 
role of software automation in improving industrial operations and 
efficiency. 

Ajiga, D., Okeleke, P.A., Folorunsho, S.O., and Ezeigweneme, C., 2024. 
Designing Cybersecurity Measures for Enterprise Software 
Applications to Protect Data Integrity. 

Ajiga, D., Okeleke, P.A., Folorunsho, S.O., and Ezeigweneme, C., 2024. 
Enhancing software development practices with AI insights in high-
tech companies. 

Ajiga, D., Okeleke, P.A., Folorunsho, S.O., and Ezeigweneme, C., 2024. 
Methodologies for developing scalable software frameworks that 
support growing business needs. 

Akinsooto, O., Ogundipe, O.B., and Ikemba, S., 2024. Regulatory policies for 
enhancing grid stability through the integration of renewable energy 
and battery energy storage systems (BESS). 

Akinsooto, O., Ogundipe, O.B., and Ikemba, S., 2024. Strategic policy 
initiatives for optimizing hydrogen production and storage in 
sustainable energy systems. 

Arowosegbe, O.B., Olutimehin, D.O., Odunaiya, O.G., and Soyombo, O.T., 
2024. Risk Management in Global Supply Chains: Addressing 
Vulnerabilities in Shipping and Logistics. International Journal of 
Management & Entrepreneurship Research, 6 (3), Pp. 910-922. 

Arowosegbe, O.B., Olutimehin, D.O., Odunaiya, O.G., and Soyombo, O.T., 
2024. Sustainability And Risk Management In Shipping And Logistics: 
Balancing Environmental Concerns With Operational 
Resilience. International Journal of Management and 
Entrepreneurship Research, 6 (3), Pp. 923-935. 

Awonuga, K.F., Nwankwo, E.E., Oladapo, J.O., Okoye, C.C., Odunaiya, O.G., 
and Scholastica, U.C., 2024. Driving sustainable growth in SME 
manufacturing: The role of digital transformation, project, and 
capture management. International Journal of Science and Research 
Archive, 11 (1), Pp. 2012-2021. 

Babayeju, O.A., Jambol, D.D., and Esiri, A.E., 2024. Reducing drilling risks 
through enhanced reservoir characterization for safer oil and gas 
operations. 

Biu, P.W., Nwasike, C.N., Nwaobia, N.K., Ezeigweneme, C.A., and Gidiagba, 
J.O., 2024. GIS in healthcare facility planning and management: A 
review. World Journal of Advanced Research and Reviews, 21 (1), Pp.
012-019. 

Biu, P.W., Nwasike, C.N., Tula, O.A., Ezeigweneme, C.A., and Gidiagba, J.O., 
2024. A review of GIS applications in public health surveillance. World 
Journal of Advanced Research and Reviews, 21 (1), Pp. 030-039. 

Cai, W., and Lee, J.H., 2021. Thermoelectric energy conversion in small 
modular reactors: A review. Energy, 228, Pp. 120649.  

Chadha, S., Choi, J., and Jin, J., 2018. Waste heat recovery in nuclear power 
plants: A review. Energy Reports, 4, Pp. 375-389.  

Chen, Z., Zhu, Y., and Xu, H., 2020. Corrosion resistance of lead telluride 
thermoelectric materials under high-temperature conditions. Journal 
of Alloys and Compounds, 835, Pp. 155244.   

Daniel, J., Salu, J.K., Ikemba, S., and Olubiyi, S.A., 2024. Justification of 
Physical Characteristic of Mixed Oxide (MOX) in VVER-1200 Reactor. 

Daraojimba, E.C., Nwasike, C.N., Adegbite, A.O., Ezeigweneme, C.A., and 
Gidiagba, J.O., 2024. Comprehensive review of agile methodologies in 
project management. Computer Science and IT Research Journal, 5 
(1), Pp. 190-218. 

Ejairu, E., Mhlongo, N.Z., Odeyemi, O., Nwankwo, E.E., and Odunaiya, O.G., 
2024. Blockchain in global supply chains: A comparative review of 
USA and African practices. International Journal of Science and 
Research Archive, 11 (1), Pp. 2093-2100. 

Emmanuel, G., Olusegun, T., Sara, V., Etochukwu, U., Ajan, M., Habib, Q., 
Aimen, L., and Ajan, M., 2023. Heat Flow Study and Reservoir 
Characterization Approach of the Red River Formation to Quantify 
Geothermal Potential. Geothermal Rising Conference, 47, Pp. 14. 

Esiri, A.E., Babayeju, O.A., and Ekemezie, I.O., 2024. Advancements in 
remote sensing technologies for oil spill detection: Policy and 
implementation. Engineering Science and Technology Journal, 5 (6), 
Pp. 2016-2026. 

Esiri, A.E., Babayeju, O.A., and Ekemezie, I.O., 2024. Implementing 
sustainable practices in oil and gas operations to minimize 
environmental footprint. 

https://doi.org/10.13140/RG.2.2.19367.76962
https://citinewsroom.com/2024/07/can-green-finance-lead-the-electrification-of-rural-ghana-article/
https://citinewsroom.com/2024/07/can-green-finance-lead-the-electrification-of-rural-ghana-article/
https://thebftonline.com/2024/08/06/employee-sustainability-knowledge-a-catalyst-for-green-finance-product-innovation/
https://thebftonline.com/2024/08/06/employee-sustainability-knowledge-a-catalyst-for-green-finance-product-innovation/
https://thebftonline.com/2024/07/23/the-role-of-green-finance-product-innovation-in-enhancing-sustainability-efforts/
https://thebftonline.com/2024/07/23/the-role-of-green-finance-product-innovation-in-enhancing-sustainability-efforts/
https://www.graphic.com.gh/news/general-news/ghana-news-women-super-agents-of-environmental-sustainability.html
https://www.graphic.com.gh/news/general-news/ghana-news-women-super-agents-of-environmental-sustainability.html


Materials & Corrosion Engineering Management (MACEM) 5(2) (2024) 50-58 

Cite The Article: Thompson odion Igunma, Adeoye Taofik Aderamo,Henry Chukwuemeka Olisakwe (2024). Thermoelectric Materials for 
Mitigating Corrosion in Waste Heat Recovery of Nuclear Power Plants. Materials & Corrosion Engineering Management (MACEM), 5(2): 50-58. 

Esiri, A.E., Babayeju, O.A., and Ekemezie, I.O., 2024. Standardizing methane 
emission monitoring: A global policy perspective for the oil and gas 
industry. Engineering Science and Technology Journal, 5 (6), Pp. 2027-
2038. 

Esiri, A.E., Jambol, D.D., and Chinwe, O., 2024. Enhancing reservoir 
characterization with integrated petrophysical analysis and 
geostatistical methods 2024/6/10 Journal of Multidisciplinary 
Studies, 07 (02), Pp. 168–179. 

Esiri, A.E., Jambol, D.D., and Chinwe, O., 2024. Frameworks for risk 
management to protect underground sources of drinking water 
during oil and gas extraction 2024/6/10 Journal of Multidisciplinary 
Studies, 07 (02), Pp. 159–167 

Esiri, A.E., Jambol, D.D., and Ozowe, C., 2024. Best practices and 
innovations in carbon capture and storage (CCS) for effective CO2 
storage. International Journal of Applied Research in Social Sciences, 6 
(6), Pp. 1227-1243. 

Esiri, A.E., Kwakye, J.M., Ekechukwu, D.E., and Benjamin, O., 2023. 
Assessing the environmental footprint of the electric vehicle supply 
chain. 

Esiri, A.E., Kwakye, J.M., Ekechukwu, D.E., and Benjamin, O., 2023. Public 
perception and policy development in the transition to renewable 
energy. 

Esiri, A.E., Kwakye, J.M., Ekechukwu, D.E., and Benjamin, O., 2024. 
Leveraging regional resources to address regional energy challenges 
in the transition to a low-carbon future. 

Esiri, A.E., Sofoluwe, O.O., and Ukato, A., 2024. Aligning oil and gas industry 
practices with sustainable development goals (SDGs). International 
Journal of Applied Research in Social Sciences, 6 (6), Pp. 1215-1226. 

Esiri, A.E., Sofoluwe, O.O., and Ukato, A., 2024. Digital twin technology in 
oil and gas infrastructure: Policy requirements and implementation 
strategies. Engineering Science and Technology Journal, 5 (6), Pp. 
2039-2049. 

Esiri, A.E., Sofoluwe, O.O., and Ukato, A., 2024. Hydrogeological modeling 
for safeguarding underground water sources during energy extraction 
2024/6/10 Journal of Multidisciplinary Studies, 07 (02), Pp. 148–158. 

Ezeigweneme, C.A., Daraojimba, C., Tula, O.A., Adegbite, A.O., and Gidiagba, 
J.O., 2024. A review of technological innovations and environmental 
impact mitigation. 

Ezeigweneme, C.A., Daraojimba, C., Tula, O.A., Adegbite, A.O., and Gidiagba, 
J.O., 2024. A review of technological innovations and environmental 
impact mitigation. World Journal of Advanced Research and 
Reviews, 21 (1), Pp. 075-082. 

Ezeigweneme, C.A., Nwasike, C.N., Adefemi, A., Adegbite, A.O., and 
Gidiagba, J.O., 2024. Smart grids in industrial paradigms: a review of 
progress, benefits, and maintenance implications: analyzing the role 
of smart grids in predictive maintenance and the integration of 
renewable energy sources, along with their overall impact on the 
industri. Engineering Science & Technology Journal, 5 (1), Pp. 1-20. 

Ezeigweneme, C.A., Nwasike, C.N., Adekoya, O.O., Biu, P.W., and Gidiagba, 
J.O., 2024. Wireless communication in electro-mechanical systems: 
investigating the rise and implications of cordless interfaces for 
system enhancement. Engineering Science and Technology Journal, 5 
(1), Pp. 21-42. 

Ezeigweneme, C.A., Umoh, A.A., Ilojianya, V.I., and Adegbite, A.O., 2024. 
Review of telecommunication regulation and policy: comparative 
analysis USA and AFRICA. Computer Science & IT Research Journal, 5 
(1), Pp. 81-99. 

Ezeigweneme, C.A., Umoh, A.A., Ilojianya, V.I., and Adegbite, A.O., 2024. 
Telecommunications energy efficiency: optimizing network 
infrastructure for sustainability. Computer Science & IT Research 
Journal, 5 (1), Pp. 26-40. 

Ezeigweneme, C.A., Umoh, A.A., Ilojianya, V.I., and Oluwatoyin, A., 2023. 
Telecom project management: Lessons learned and best practices: A 

review from Africa to the USA. 

Eziamaka, N.V., Odonkor, T.N., and Akinsulire, A.A., 2024. Advanced 
strategies for achieving comprehensive code quality and ensuring 
software reliability. Computer Science & IT Research Journal, 5 (8), Pp. 
1751-1779. 

Eziamaka, N.V., Odonkor, T.N., and Akinsulire, A.A., 2024. AI-Driven 
accessibility: Transformative software solutions for empowering 
individuals with disabilities. International Journal of Applied Research 
in Social Sciences, 6 (8), Pp. 1612-1641. 

Eziamaka, N.V., Odonkor, T.N., and Akinsulire, A.A., 2024. Developing 
scalable and robust financial software solutions for aggregator 
platforms. Open Access Research Journal of Engineering and 
Technology, 7 (1), Pp. 064–083. 

Eziamaka, N.V., Odonkor, T.N., and Akinsulire, A.A., 2024. Pioneering 
digital innovation strategies to enhance financial inclusion and 
accessibility. Open Access Research Journal of Engineering and 
Technology, 7 (1), Pp. 043–063. 

Farah, L., Yoon, Y.B., Soo-Jin, P., Song-hyun, K., and Ikemba, S., 2021. 
Challenges and Opportunities for Biomass at Nuclear-Renewable 
Hybrid Energy System (NR HES) in West Kalimantan, Indonesia. Pp. 
225-227. 

Gidiagba, J.O., Nwaobia, N.K., Biu, P.W., Ezeigweneme, C. A., and Umoh, A.A., 
2024. Review On The Evolution And Impact Of Iot-Driven Predictive 
Maintenance: Assessing Advancements, Their Role In Enhancing 
System Longevity, And Sustainable Operations In Both Mechanical 
And Electrical Realms. Computer Science & IT Research Journal, 5 (1), 
Pp. 166-189. 

Gong, H., Liu, Y., and Zhang, W., 2019. Review of thermoelectric materials 
and their applications in nuclear energy systems. Materials Today: 
Proceedings, 45, Pp. 4160-4164.   

Gong, H., Liu, Y., and Zhang, W., 2021. Performance analysis of 
thermoelectric generators based on advanced materials for nuclear 
waste heat recovery. Energy Conversion and Management, 238, Pp. 
114176.   

Hamdan, A., Al-Salaymeh, A., AlHamad, I.M., Ikemba, S., and Ewim, D.R.E., 
2023. Predicting future global temperature and greenhouse gas 
emissions via LSTM model. Sustainable Energy Research, 10 (1), Pp. 
21. 

Hsu, K., 2019. High-performance thermoelectric materials: Challenges and 
opportunities. Nature Reviews Materials, 4 (1), Pp. 1-20.  

Ikemba, S., 2017. ICT Competencies and Teacher Education Programme in 
Colleges of Education:(A Case Study of FCT College of Education, 
Zuba). ACET Journal of Computer Education & Research, 11 (1). 

Ikemba, S., 2017. Performance management systems: The Nigeria’s 
perspective. International Technical Education and Cooperation 
(ITEC). 

Ikemba, S., 2022. Investors, governments turn the wheel of hydrogen 
economy (p. 2). Egypt Oil and Gas Publication. 

Ikemba, S., and Okoro, F., 2009. Survey of strategies required for the 
management of cybercafés as perceived by cybercafé operators in 
Bauchi metropolis. Federal Polytechnic Bauchi. 

Ikemba, S., Kim, S.H., Yoon, Y.B., and Park, S., 2021. Assessing the 
challenges of Nigeria’s electricity generation and transmission 
capacity. In Proceedings of the Fall Conference of the Korean Institute 
of Electrical Engineers, Booyoung, Jeju-Korea. 

Ikemba, S., Kim, S.H., Yoon, Y.B., and Park, S., 2021. Current status and 
issues of electricity generation and transmission in Nigeria. In 
Proceedings of the 52nd Summer Conference of the Korean Institute 
of Electrical Engineers, Gangwon-do, Korea. 

Ikemba, S., Song-hyun, K., Scott, T.O., Ewim, D.R., Abolarin, S.M., and 
Fawole, A.A., 2024. Analysis of solar energy potentials of five selected 
south-east cities in nigeria using deep learning 



Materials & Corrosion Engineering Management (MACEM) 5(2) (2024) 50-58 

Cite The Article: Thompson odion Igunma, Adeoye Taofik Aderamo,Henry Chukwuemeka Olisakwe (2024). Thermoelectric Materials for 
Mitigating Corrosion in Waste Heat Recovery of Nuclear Power Plants. Materials & Corrosion Engineering Management (MACEM), 5(2): 50-58. 

algorithms. Sustainable Energy Research, 11 (1), Pp. 2. 

Ikevuje, A.H., Kwakye, J.M., Ekechukwu, D.E., and Benjamin, O., 2023. 
Energy justice: Ensuring equitable access to clean energy in 
underprivileged communities. 

Ikevuje, A.H., Kwakye, J.M., Ekechukwu, D.E., and Benjamin, O., 2023. 
Technological innovations in energy storage: Bridging the gap 
between supply and demand. 

Ikevuje, A.H., Kwakye, J.M., Ekechukwu, D.E., and Benjamin, O., 2024. 
Negative crude oil prices: Supply chain disruptions and strategic 
lessons. 

Ikevuje, A.H., Kwakye, J.M., Ekechukwu, D.E., and Benjamin, O., 2024. 
Optimizing the energy mix: Strategies for reducing energy 
dependence. 

Jambol, D.D., Babayeju, O.A., and Esiri, A.E., 2024. Lifecycle assessment of 
drilling technologies with a focus on environmental sustainability. 

Joel, O.S., Oyewole, A.T., Odunaiya, O.G., and Soyombo, O.T., 2024. 
Leveraging artificial intelligence for enhanced supply chain 
optimization: a comprehensive review of current practices and future 
potentials. International Journal of Management & Entrepreneurship 
Research, 6 (3), Pp. 707-721. 

Joel, O.S., Oyewole, A.T., Odunaiya, O.G., and Soyombo, O.T., 2024. 
Navigating the digital transformation journey: strategies for startup 
growth and innovation in the digital era. International Journal of 
Management & Entrepreneurship Research, 6 (3), Pp. 697-706. 

Joel, O.S., Oyewole, A.T., Odunaiya, O.G., and Soyombo, O.T., 2024. The 
impact of digital transformation on business development strategies: 
Trends, challenges, and opportunities analyzed. World Journal of 
Advanced Research and Reviews, 21 (3), Pp. 617-624. 

Kim, S., Park, J., and Lee, J., 2020. Corrosion resistance of Bi₂Te₃-based 
thermoelectric materials for nuclear applications. Journal of Nuclear 
Materials, 534, Pp. 152-158.   

Kumari, N., 2021. Advanced thermoelectric materials: Review on synthesis 
and applications in nuclear energy systems. Journal of Nuclear 
Materials, 548, Pp. 152705.   

Lee, J.K., Han, S.H., and Kim, H., 2020. Strategies for effective waste heat 
recovery in nuclear power plants. Journal of Nuclear Science and 
Technology, 57 (12), Pp. 1375-1385.   

Li, X., Chen, Y., and Yang, Y., 2019. Enhancing the stability and performance 
of thermoelectric materials through compositional optimization. 
Materials Today Physics, 12, Pp. 100158.   

Lottu, O.A., Ezeigweneme, C.A., Olorunsogo, T., and Adegbola, A., 2024. 
Telecom data analytics: Informed decision-making: A review across 
Africa and the USA. World Journal of Advanced Research and 
Reviews, 21 (1), Pp. 1272-1287. 

Moones, A., Olusegun, T., Ajan, M., Jerjes, P.H., Etochukwu, U., and 
Emmanuel, G., 2023. Modeling and analysis of hybrid geothermal-
solar energy storage systems in Arizona. In Proceedings of the 48th 
Workshop on Geothermal Reservoir Engineering (Vol. 224, p. 26). 
Stanford University, Stanford, California. SGP-TR-224. 

Ochuba, N.A., Olutimehin, D.O., Odunaiya, O.G., and Soyomb, O.T., 2024. A 
comprehensive review of strategic management practices in satellite 
telecommunications, highlighting the role of data analytics in driving 
operational efficiency and competitive advantage. World Journal of 
Advanced Engineering Technology and Sciences, 11 (2), Pp. 201-211. 

Ochuba, N.A., Olutimehin, D.O., Odunaiya, O.G., and Soyombo, O.T., 2024. 
Sustainable business models in satellite 
telecommunications. Engineering Science and Technology Journal, 5 
(3), Pp. 1047-1059. 

Ochuba, N.A., Olutimehin, D.O., Odunaiya, O.G., and Soyombo, O.T., 2024. 
The evolution of quality assurance and service improvement in 
satellite telecommunications through analytics: a review of initiatives 
and their impacts. Engineering Science and Technology Journal, 5 (3), 

Pp. 1060-1071. 

Ochuba, N.A., Olutimehin, D.O., Odunaiya, O.G., and Soyombo, O.T., 2024. 
Reviewing the application of big data analytics in satellite network 
management to optimize performance and enhance reliability, with 
implications for future technology developments. Magna Scientia 
Advanced Research and Reviews, 10 (2), Pp. 111-119. 

Odonkor, T.N., Eziamaka, N.V., and Akinsulire, A.A., 2024. Advancing 
financial inclusion and technological innovation through cutting-edge 
software engineering. Finance and Accounting Research Journal, 6 (8), 
Pp. 1320-1348. 

Odonkor, T.N., Eziamaka, N.V., and Akinsulire, A.A., 2024. Strategic 
mentorship programs in fintech software engineering for developing 
industry leaders. Open Access Research Journal of Engineering and 
Technology, 7 (1), Pp. 022–042. 

Odunaiya, O.G., Nwankwo, E.E., Okoye, C.C., and Scholastica, U.C., 2024. 
Behavioral economics and consumer protection in the US: A review: 
Understanding how psychological factors shape consumer policies 
and regulations. International Journal of Science and Research 
Archive, 11 (1), Pp. 2048-2062. 

Odunaiya, O.G., Okoye, C.C., Nwankwo, E.E., and Falaiye, T., 2024. Climate 
risk assessment in insurance: A USA and Africa Review. International 
Journal of Science and Research Archive, 11 (1), Pp. 2072-2081. 

Odunaiya, O.G., Soyombo, O.T., Okoli, C.E., Usiagu, G.S., Ekemezie, I.O., and 
Olu-lawal, K.A., 2024. Renewable energy adoption in multinational 
energy companies: A review of strategies and impact. World Journal 
of Advanced Research and Reviews, 21 (2), Pp. 733-741. 

Ogundipe, O.B., Esiri, A.E., Ikevuje, A.H., Kwakye, J.M., and Ekechukwu, D.E., 
2024. Optimizing the energy mix: Strategies for reducing energy 
dependence. Open Access Research Journal of Multidisciplinary 
Studies, 08 (01), Pp. 094–104. 

Ogundipe, O.B., Ikevuje, A.H., Esiri, A.E., Kwakye, J.M., and Ekechukwu, D.E., 
2024. Leveraging regional resources to address regional energy 
challenges in the transition to a low-carbon future. Open Access 
Research Journal of Multidisciplinary Studies, 08 (01), Pp. 105–114. 

Okeleke, P.A., Ajiga, D., Folorunsho, S.O., and Ezeigweneme, C., 2024. 
Predictive analytics for market trends using AI: A study in consumer 
behavior. 

Okeleke, P.A., Ajiga, D., Folorunsho, S.O., and Ezeigweneme, C., 2023. 
Leveraging big data to inform strategic decision making in software 
development. 

Okoro, F., Ikemba, S., and Uzor, E., 2008. The effect of office automation on 
job security. In Proceedings of the 23rd Annual Conference of the 
Association of Technology Management Students. 

Olutimehin, D.O., Ofodile, O.C., Ejibe, I., Odunaiya, O.G., and Soyombo, O.T., 
2024. Implementing AI In Business Models: Strategies For Efficiency 
And Innovation. International Journal of Management & 
Entrepreneurship Research, 6 (3), Pp. 863-877. 

Olutimehin, D.O., Ofodile, O.C., Ejibe, I., Odunaiya, O.G., and Soyombo, O.T., 
2024. The Role Of Technology In Supply Chain Risk Management: 
Innovations And Challenges In Logistics. International Journal of 
Management & Entrepreneurship Research, 6 (3), Pp. 878-889. 

Olutimehin, D.O., Ofodile, O.C., Ejibe, I., Odunaiya, O.G., and Soyombo, O.T., 
2024. Innovations in business diversity and inclusion: case studies 
from the renewable energy sector. International Journal of 
Management & Entrepreneurship Research, 6 (3), Pp. 890-909. 

Olutimehin, D.O., Ofodile, O.C., Ejibe, I., Odunaiya, O.G., and Soyombo, O.T., 
2024. The role of technology in supply chain risk management: 
innovations and challenges in logistics. International Journal of 
Management & Entrepreneurship Research, 6 (3), Pp. 878-889. 

Olutimehin, D.O., Ofodile, O.C., Ejibe, I., Odunaiya, O.G., and Soyombo, O.T., 
2024. Implementing ai in business models: strategies for efficiency 
and innovation. International Journal of Management & 
Entrepreneurship Research, 6 (3), Pp. 863-877. 



Materials & Corrosion Engineering Management (MACEM) 5(2) (2024) 50-58 

Cite The Article: Thompson odion Igunma, Adeoye Taofik Aderamo,Henry Chukwuemeka Olisakwe (2024). Thermoelectric Materials for 
Mitigating Corrosion in Waste Heat Recovery of Nuclear Power Plants. Materials & Corrosion Engineering Management (MACEM), 5(2): 50-58. 

Orikpete, O.F., Ikemba, S., and Ewim, D.R.E., 2023. Integration of renewable 
energy technologies in smart building design for enhanced energy 
efficiency and self-sufficiency. The Journal of Engineering and Exact 
Sciences, 9 (9), Pp. 16423-01e. 

Orikpete, O.F., Ikemba, S., and Ewim, D.R.E., 2023. Integration of 
Renewable Energy Technologies in Smart Building Design for 
Enhanced Energy Efficiency and Self-Sufficiency. The Journal of 
Engineering and Exact Sciences, 9 (9), Pp. 16423-01e. 

Porlles, J., Tomomewo, O., Uzuegbu, E., and Alamooti, M., 2023. 
Comparison and Analysis of Multiple Scenarios for Enhanced 
Geothermal Systems Designing Hydraulic Fracturing. In 48 Th 
Workshop on Geothermal Reservoir Engineering. 

Ryu, J., Park, J., and Lee, H., 2020. Experimental study on the performance 
of silicon-germanium thermoelectric alloys in nuclear environments. 
Nuclear Engineering and Technology, 52 (4), Pp. 1165-1173.   

Shakouri, A., 2011. Recent developments in thermoelectric materials. 
Annual Review of Materials Research, 41, Pp. 399-421.  

Shakouri, A., 2020. Thermoelectric materials for energy harvesting and 
cooling: Challenges and opportunities. MRS Bulletin, 45 (5), Pp. 390-
395.   

Soyombo, O.T., Odunaiya, O.G., Okoli, C.E., Usiagu, G.S., and Ekemezie, I.O., 
2024. Sustainability reporting in corporations: A comparative review 
of practices in the USA and Europe. GSC Advanced Research and 
Reviews, 18 (2), Pp. 204-214. 

Sulaiman, M., Ikemba, S., and Abdullahi, S., 2006. Impact of computer 
literacy on graduate employability. Federal Polytechnic Bauchi. 

Tian, H., Liu, H., and Zhao, X., 2019. Thermoelectric materials and their 

applications in nuclear energy systems. Nuclear Engineering and 
Technology, 51 (3), Pp. 749-761.   

Umoh, A.A., Nwasike, C.N., Tula, O.A., Ezeigweneme, C.A., and Gidiagba, J.O., 
2024. Green infrastructure development: Strategies for urban 
resilience and sustainability. 

Wang, L., 2021. Challenges and prospects for thermoelectric materials in 
nuclear applications. Journal of Materials Science, 56 (20), Pp. 12240-
12261.   

Xie, Y., 2020. Enhancing thermoelectric performance through 
nanostructuring: A review. Advanced Materials, 32 (33), Pp. 1907198.  

Xie, Y., Zhang, Y., and Wang, Z., 2020. Nanostructuring strategies for 
improving thermoelectric materials. Nano Energy, 68, Pp. 104276.   

Yao, W., Zheng, Y., and Liu, X., 2020. Overview of thermoelectric materials 
for waste heat recovery in nuclear power plants. Applied Energy, 261, 
Pp. 114320.   

Zhang, Q., 2020. Advances in half-Heusler alloys for thermoelectric 
applications. Materials Today Energy, 18, Pp. 100492. 

Zhang, T., Zhang, Y., and Zhang, W., 2021. High-performance 
nanostructured bismuth telluride thermoelectric materials: A review. 
Journal of Materials Science, 56 (13), Pp. 7517-7535. 

Zhao, J., Zhang, S., and Guo, Y., 2021. Recent developments in 
thermoelectric materials for waste heat recovery. Materials Today: 
Proceedings, 45, Pp. 4170-4174.   

Zhao, Y., Xu, S., and Yang, Y., 2018. Advances in thermoelectric materials: 
From fundamental studies to applications. Journal of Materials 
Chemistry C, 6 (3), Pp. 470-492. 




