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Abstract-- Magnesium batteries represent a promising 

alternative to traditional lithium-ion batteries, offering 

potential advantages in energy density, safety, and cost. 

However, the technology is not without its challenges, 

particularly concerning thermal runaway—a condition where 

an increase in temperature leads to a self-accelerating 

reaction, potentially causing catastrophic failure. This paper 

explores the phenomenon of thermal runaway in magnesium 

batteries, examines its underlying causes, and reviews current 

and emerging strategies for prevention. By analyzing recent 

research and technological advancements, this study aims to 

provide a comprehensive overview of how to address thermal 

runaway issues in magnesium battery technology. 
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I. INTRODUCTI ON 

Magnesium batteries are emerging as a viable alternative 
to lithium-ion batteries due to their potential for higher 

energy density, improved safety, and lower cost. However, 
like all battery technologies, magnesium batteries face 
critical challenges, including the risk of thermal runaway. 
Thermal runaway is a serious safety concern where 
excessive heat generation leads to uncontrollable reactions 
within the battery, resulting in potential hazards such as 

fires or explosions. This paper investigates the mechanisms 
behind thermal runaway in magnesium batteries and 
explores strategies to mitigate this risk, aiming to enhance 
the safety and reliability of magnesium-based energy 
storage systems. 

II.   UNDERSTANDI NG THERMAL RUNAWAY IN BATTERY 

SYSTEMS 

1. Definition and Mechanism of Thermal Runaway: 

Thermal runaway occurs when a battery's temperature 
increases rapidly, leading to a self-sustaining chain 
reaction. This section explains the fundamental principles 
of thermal runaway, including the roles of exothermic 

reactions, internal short circuits, and heat propagation. It 
provides a general overview of how thermal runaway 
develops in battery systems and the factors that exacerbate 
the risk. 

2. Factors Contributing to Thermal Runaway in 

Magnesium Batteries: 

Magnesium batteries differ from conventional lithium-

ion batteries in several ways, which impacts their 
susceptibility to thermal runaway. This section examines 
specific factors contributing to thermal runaway in 
magnesium batteries, such as: 

• Electrolyte Stability: The role of electrolyte 

decomposition and its impact on thermal stability. 

• Magnesium Anode Reactivity: How the reactivity of 
magnesium affects the likelihood of thermal runaway. 

• Thermal Management: The importance of effective 
thermal management systems in preventing runaway 

conditions. 

III. CURRENT CHALLENGES IN MAGNESI UM BATTERY 

TECHNOLOGY 

1. Electrolyte Decomposition and Stability: 

Magnesium batteries often use organic or inorganic 
electrolytes that can decompose under high temperatures or 
overcharging conditions. This section reviews recent 

research on electrolyte stability, including the development 
of new electrolyte formulations designed to enhance 
thermal stability and reduce the risk of thermal runaway. 

2. Anode and Cathode Material Issues: 

The performance and stability of magnesium batteries 
are influenced by the choice of anode and cathode 

materials. This section explores how different materials 
impact the risk of thermal runaway, including: 

• Magnesium Anodes: The potential for dendrite 

formation and its effect on battery safety. 

• Cathode Materials: How cathode materials contribute 

to thermal stability and overall battery performance. 

3. Battery Design and Manufacturing Considerations: 

The design and manufacturing processes of magnesium 
batteries can affect their susceptibility to thermal runaway. 
This section examines best practices in battery design, 

including considerations for electrode design, separator 
materials, and cell assembly techniques to mitigate thermal 
risks. 
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IV. STRATEGIES FOR PREVENTING THERMAL RUNAWAY 

1. Improved Electrolyte Formulations: 

Advancements in electrolyte chemistry offer potential 
solutions to enhance thermal stability. This section reviews 
recent innovations in electrolyte formulations, including the 

development of solid-state electrolytes, flame-retardant 
additives, and other strategies to improve thermal 
performance. 

2. Advanced Thermal Management Techniques: 

Effective thermal management is critical for preventing 
thermal runaway. This section explores various thermal 

management strategies, such as: 

• Heat Dissipation Technologies: Incorporating heat 

sinks, thermal barriers, and phase-change materials. 

• Battery Cooling Systems: Designing integrated 
cooling systems to maintain optimal operating 

temperatures. 

3. Battery Management Systems (BMS): 

Battery management systems play a crucial role in 
monitoring and controlling battery conditions to prevent 

thermal runaway. This section discusses the role of BMS 
in: 

• Temperature Monitoring: Implementing temperature 

sensors and control mechanisms. 

• Overcharge and Overdischarge Protection: Ensuring 
that batteries operate within safe voltage and current 

limits. 

4. Material Innovations: 

Research into new materials can enhance the safety of 
magnesium batteries. This section examines innovations in 

anode, cathode, and separator materials designed to 
improve thermal stability and reduce the risk of runaway 
reactions. 

V.   CASE STUDIES AND RESEARCH DEVELOPMENTS 

1. Recent Advances in Magnesium Battery Technology: 

This section highlights recent research and development 
efforts aimed at addressing thermal runaway in magnesium 
batteries. Case studies of successful innovations and their 

impact on battery safety will be discussed. 

2. Comparative Analysis with Other Battery Technologies: 

A comparative analysis of magnesium batteries with 
other energy storage technologies, such as lithium-ion and 
solid-state batteries, will be conducted to assess their 
relative risks and advantages regarding thermal runaway. 

VI. CONCLUSI ON 

Thermal runaway remains a significant challenge in the 
development and commercialization of magnesium battery 
technology. However, ongoing research and advancements 
in electrolyte formulations, thermal management, battery 

design, and material innovations offer promising solutions 
to mitigate these risks. By addressing the factors 
contributing to thermal runaway and implementing 
effective prevention strategies, the safety and performance 
of magnesium batteries can be significantly improved, 
paving the way for their broader adoption in energy storage 

applications. 
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