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Abstract—This literature review discusses engineered 

materials such as high entropy alloys and in particular high 

entropy ceramics as alternatives and solutions to be deployed in 

high temperature applications in the extreme environemtns that 

prevail in nuclear reactors.   
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I.  INTRODUCTION  

One of the key challenges that is faced in nuclear fusion is that 
the materials are rendered radioactive by virtue of fusion 
neurons that are generated during the process. One way to 
overcome this problem is to make use of low-activation 
alloys. These alloys exhibit a very high temperature resistance.  

Traditional materials used in the fusion process such as steels 
have been shown to have low operating temperature range. 
They are also limited by creep – a process where the metal 
loses its structural integrity under extreme conditions.  

II. HIGH ENTROPY ALLOYS 

Barron et al., has shown that high-entropy alloys containing 
Vanadium (V) such as V-Cr-Mn and V-Cr-Mn-Ti exhibit very 
high toughness and irradiation resistance. When a metal such 
as Titanium is embedded in the structural matrix of the alloy, 
it acts as an interstitial impurity and strengthens the overall 
matrix. The matrix now offers promising properties such as 
enhanced high temperature creep resistance, toughness and 
irradiation resistance.  

Research on High Entropy Alloys for studying their 
irradiation resistance has drawn a lot of interest in recent 
times. High-entropy alloys (HEAs) provide a distinctive 
chance to create alloys for advanced nuclear applications by 
offering enhanced compositional freedom as shown by 
Pickering et. al(2021). This advantage is especially invaluable 
when it comes to situations where the thermal and irradiation 
properties of existing engineering alloys like austenitic steels 
are insufficient. However, it is important to note that much of 
the investigations done thus far remain in its infancy and there 
is ample opportunity to cover ground in this area of research. 

Furthermore, Dias et al., have shown that addition of Copper 
to the lattice of high entropy alloys offers specific advantages 
of high conductivity and strength thus serving the purpose of a 
heat sink in nuclear fusion reactors. Not only that, introducing 

copper in the interstitial lattices causes distortions in the BCC 
and FCC structures offering unique advantages of high 
hardness, enhanced oxidation and corrosion resistances and 
high thermal stability under continuous as well as cyclical 
operation. Copper containing High Entropy Alloys offer 
promising advantages for use in extreme environments such as 
nuclear fusion reactors.    

Zhang et al., 2022, have shown a novel technique by the 
name of laser powder bed fusion technology that can be used 
to fabricate interstitial high entropy alloys (iHEAs). These 
iHEA’s exhibit superior structural advantages compared to 
single phase high entropy alloys. This unique manufacturing 
technique can be controlled so as to influence the grain 
microstructures of the iHEA’s and offer them higher 
temperature stability, corrosion resistance, electrical resistivity 
and good mechanical properties over a wide range of 
temperature. 

III. HIGH ENTROPY CERAMICS 

Traditionally, ceramics are known for their higher temperature 
and creep resistance compared to metal alloys and hence an 
increased interest has been triggered to look at High Entropy 
Ceramics in recent times.   

More recent research conducted by Matheus et.al, 2023 
focuses on High Entropy Carbide (HEC) ceramics points 
towards evidence that these materials exhibit higher thermal 
resistance, irradiation resistance compared to High Entropy 
Alloys. The future of nuclear fusion materials shall entail 
research around the promising area of High Entropy Carbides 
and a study of their enormous potential in the context of 
extreme environments.  

Toher et al., has reviewed the mechanisms induced within 
high entropy ceramic materials and their consequent impact 
on the structural properties such as hardness, yield stress, 
thermo-chemical stability, thermal-conductivity and increased 
corrosion resistance.   

Nisar et al., 2020, presents the mechanism of high entropy or 
the state of disorder of the crustal lattice model and its 
resulting impact on the mechanical properties of High Entropy 
- Ultra High Temperature Ceramics (HE -UHTC) such as 
borides, nitrides and carbides. These HE-UHTC’s have 
melting points greater than 3000 oC. The paper discusses the 
computational models that study the thermodynamic 
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behaviour of HE-UHTC’s and validate these models using 
experimental data. Among these HE-UTHC’s borides and 
carbides have been studied extensively in literature for 
extreme temperature aerospace applications while literature on 
nitrides is fairly limited.  

Other works by Xin et al., 2023 have shown reduced Helium 
ion induced irradiation damage in Zirconium carbide ZrC and 
other high entropy carbide structures with alloying elements 
including Titanium, Niobium, Tantalum and Tungsten 
(Zr0.2Ti0.2Nb0.2Ta0.2W0.2)C.   The lattice energies are 
measured to compare the irradiation induced damage in both 
types of ZrC alloys. The high entropy of these structures 
allows for equitable distribution of Helium ions, thus resulting 
in high irradiation resistance and mechanical toughness, both 
of which are cardinal in surviving extreme nuclear 
environments.  

Tan et al., 2023 have studied the behaviour of high entropy 
alloys inside a nuclear fusion reactor environment using 
computational modelling and simulation techniques. The 
objective of studying these mechanisms of irradiation damage 
is to use these models for the designing the microstructure of 
high entropy materials that can withstand such extreme 
environments. 

IV. UNRESOLVED CHALLENGES 

Among high entropy materials which garnered interest in the 
last decade, high entropy alloys are reasonably well covered in 
literature and their mechanisms well understood. The area that 
is garnering a lot of attention in recent times is high entropy 
ceramics for ultra-high temperature applications and other 
extreme environments. Within the scope of high entropy 
ceramics, carbides appears to have been explored relatively 
more than the other ceramics such as nitrides, borides, 
diborides and oxides. 

The design of high entropy ceramic materials for extreme 
environments offers a very promising area for further study 
and investigation.  
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