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Abstract 

Superconductivity is a quantum phenomenon characterized by zero 
electrical resistance and the expulsion of magnetic fields (Meissner effect) 
below a critical temperature. Since its discovery in 1911, 
superconductivity has transformed our understanding of condensed 
matter physics and enabled advanced technological applications. This 
review provides a detailed examination of superconducting materials—
including elemental, ceramic, and unconventional superconductors—the 
underlying mechanisms driving superconductivity, and the current and 
emerging applications in power transmission, medical imaging, quantum 
computing, and magnetic levitation. Comparative analysis highlights the 
performance parameters, critical temperatures, and operational 
challenges of various superconducting classes. Finally, we discuss 
technological hurdles and future research directions toward room-
temperature superconductivity. 
 

 
Introduction 
1. Background and Significance 
Superconductivity, discovered by Heike 
Kamerlingh Onnes in 1911, describes the 
phenomenon of zero electrical resistance in 
certain materials at low temperatures. Beyond 
zero resistance, superconductors expel magnetic 
flux (the Meissner effect), exhibiting perfect 
diamagnetism. The phenomenon revolutionized 
condensed matter physics, leading to new 
theoretical frameworks and advanced 
applications in energy and electronics. 
2. Classification of Superconductors 
Superconductors are broadly classified into Type 
I (pure elemental superconductors) and Type II 
(alloys, compounds, and high-temperature 
superconductors). Type I superconductors show 
complete Meissner effect below a critical 
magnetic field, while Type II superconductors 

exhibit mixed states allowing magnetic flux 
penetration via vortices. 
3. Motivation for Review 
Recent discoveries of high-temperature 
superconductors (HTS), such as cuprates and 
iron-based superconductors, have pushed the 
critical temperature above 100 K, expanding 
potential practical applications. A comprehensive 
understanding of superconducting materials, 
mechanisms, and applications is essential for 
guiding the development of next-generation 
superconducting technologies. 
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Comparative Table and Analysis 
Material 
Class 

Critical 
Temperature 
(Tc) 

Mechanism Applications Strengths / Limitations 

Elemental SC 
(e.g., Hg, Pb) 

4–7 K BCS electron-
phonon coupling 

Low-
temperature 
physics 
experiments 

+ Well understood; – Very 
low Tc 

Type II alloys 
(NbTi, 
Nb3Sn) 

9–18 K BCS MRI, accelerators + High critical field; – 
Cryogenic requirements 

Cuprates 
(YBCO, 
BSCCO) 

90–135 K Unconventional 
(d-wave pairing) 

Power cables, 
magnets 

+ High Tc; – Brittleness, 
complex fabrication 

Iron-based 
(FeSe, 
BaFe2As2) 

26–56 K Unconventional 
pairing 

Magnets, 
electronics 

+ Moderate Tc; – Sensitive 
to pressure/composition 

MgB2 39 K Electron-phonon Wires, 
electronics 

+ Simple structure; – 
Moderate Tc 
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Analysis: 
 High-Tc superconductors enable liquid 

nitrogen operation, reducing cooling cost. 
 Type II materials dominate practical 

magnet applications. 
 Cuprates and iron-based SCs face 

fabrication challenges due to brittleness 
and chemical instability. 

 
Discussion  
Superconducting materials vary widely in 
structure, critical temperature, and mechanism. 
Elemental superconductors are well-
characterized but limited by very low Tc. 
Conventional BCS superconductors remain 
crucial for research and specialized applications, 
while Type II alloys are industrially significant 
due to their high magnetic field tolerance. 
High-temperature superconductors, particularly 
cuprates and iron-based materials, have 
revolutionized applied superconductivity by 
enabling liquid nitrogen cooling. Their 
unconventional mechanisms, often associated 
with strong electronic correlations and magnetic 
interactions, remain an active research frontier. 
Understanding these mechanisms is critical for 
designing next-generation superconductors with 
higher Tc and better mechanical properties. 
Applications span energy transmission, medical 
imaging (MRI), particle accelerators, quantum 
computing (Josephson junctions and qubits), and 
magnetic levitation transport systems. Despite 
technological potential, challenges include brittle 
materials, fabrication complexity, and cryogenic 
cooling requirements. Efforts toward room-
temperature superconductivity, including 
hydrides under extreme pressure, highlight the 
ongoing pursuit of practical, ambient-
temperature superconductors. 
 
Conclusion  
Superconductivity remains a cornerstone of 
modern physics and technology. From the first 
discovery in mercury to high-temperature 
cuprates and iron-based superconductors, 
research has expanded both fundamental 
understanding and practical applications. While 
conventional BCS superconductors underpin 
many industrial technologies, high-Tc materials 
promise transformative applications in power 
grids, quantum computing, and transportation. 
Challenges remain, including understanding 
unconventional pairing mechanisms, improving 
material stability, and reducing fabrication costs. 
Room-temperature superconductivity remains 
the ultimate goal, with recent breakthroughs in 
hydride-based superconductors under high 
pressure demonstrating the potential of novel 
materials. 

Continued interdisciplinary research, combining 
materials science, condensed matter physics, and 
engineering, is essential for realizing the full 
promise of superconductivity. Future directions 
include scalable fabrication, enhanced 
mechanical properties, and environmentally 
sustainable synthesis routes, paving the way for 
widespread technological adoption. 
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