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Apstract : The discovery of lithium-ion batteries have made a major technological breakthrough that 

enabled the widespread use of batteries as a source of electricity. They were the first ones to be capable of 

having the following application characteristics simultaneously: high work voltage, high energy density, low 

memory effect, along with a small self-discharge, a quick charging process and a long-life span. However, 

numerous fires and explosions of lithium-ion batteries suggest that their thermal stability is poor, and that they 
need improving to be safe for use. The paper deals with a review of innovations and considerations that would 

increase safety in the future and reduce the risks of handling Lithium-ion batteries. All of these innovations are a 

great challenge for engineers and materials scientists. 
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1. INTRODUCTION 

 The use of fossil fuels over the last 200 years as the world's main energy source has led to a 

significant reduction of this natural resource, and today the whole world is coping with a new energy 

crisis. In 2012, the International Energy Agency announced the need to change the way energy 

supplies were handled in order to overcome oil shortages, but it also influenced the reduction of CO2 
emissions [1]. Accordingly, the world today is turning to the use of clean energy sources such as 

nuclear energy, wind energy, solar energy and geothermal energy as well as the application of 

hydrogen as an energy source. As a suitable replacement for petrol and diesel-powered motor vehicles, 
more options developed in order to turn to the production of hybrid and electric car in the world of 

today it should be emphasized that the idea is not new.  Ever since the invention of the steam engine at 

the end of the 18th century, a lot has been done on the development of vehicles for transporting 
people. In that way, the steam engine was used in 1769. for transporting four people and developed a 

speed of 9 km/h. The improvement of the steam engine for the transport of passengers was worked on 

until the beginning of the 19th century and there were minor improvements. This idea was completely 

abandoned at the end of the 19th century when Nicholas Otto developed an internal combustion 
engine (1862-1866) and a vehicle with this drive was constructed by Karl Benz on July 3, 1886 in 

Mannheim, and in 1897 Rudolf Diesel perfected the diesel engine [2]. 

The development of the internal combustion engine and attempts to use electricity to drive 
vehicles were simultaneous: Robert Anderson 1884, 1899, electric cars become very popular, 

especially among women, in 1901. Thomas Alva Edison worked to improve the performance of 

electric car batteries. The idea of the hybrid car production came into being the very same year. 
Namely, Ferdinand Porsche built a car that moved using a battery and energy obtained from burning 

gas. After that, there were many attempts to perfect electric and hybrid vehicles [3].  

  The main reason for the failures lay in the batteries themselves. It was only with the discovery 

and improvement of Lithium-ion batteries (LIBs) that the necessary technological breakthrough was 
made, which was going to enable the transition to electric vehicles and their increasing use [4]. 

Additionally, LIBs are expected to play a key role in the storage of electrical energy obtained from 

renewable energy sources [5]. Presently, LIBs represent the main power sources for portable devices, 
Figure 1. This is the consequence of the high operating voltage, high energy density and low memory 

effects compared to traditional batteries. 

The disadvantages of LIBs are a narrow interval of operating temperatures and the speed of the 

charge/discharge process, and it has also been noticed that the battery capacity and lifetime decrease 

faster if it operates at a high temperature [7–8]. 
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Fig. 1 Applications Li-ion battery [6] 

 

 This paper will deal with the failure mechanisms of LIBs, which represented their defects, as well 

as some attempts to overcome this problem. 

2.    PRINCIPLE OF OPERATION OF LI-ION BATTERIES 

Each LIBs has four main components: cathode, electrolyte, separator and anode, Fig.2.Lithium 

ions are deposited on the anode during the charging process to move towards the cathode during 

discharge, that is, lithium ions are exchanged between the anode and the cathode [9].  

Anodes that are in commercial use are made of graphite or Li4Ti5O12 (LTO), and their theoretical 

capacity is 372 or 175 mAh g−1 [11]. Working to find a material that would increase anode capacity, 
Norwegian researchers from Drexel University announced that by using SiOx (0<x<2) as anode, they 

were able to increase capacities by three to five times compared to "conventional graphite technology" 

[12]. In production of conventional cathodes, however, several different materials are used such as: 
LCO (LiCoO2), LMO (LiMn2O4), NCA (Li(Nix CoyAlz)O2), NCM (Li(Nix CoyMnz)O2, LFP 

(LiFePO4), i and etc.).Each of these materials has its specific structure (eg LCO, NCA and NCM have 

a layered structure, while LMO has a helical structure), i.e. good and bad properties. If the material 

contains Co, then it is characterized by higher specific energy and higher voltage, but it is also toxic 
and thermally unstable. If the Co content is reduced, the thermal stability increases and the capacity 

and number of charging/discharging decreases [12]. There is still ongoing research to find the most 

suitable cathode material. 

 

Fig. 2 Schematic of the principle of LIB [9]. Reprinted from Ref. [10] with permission of John 

Wiley and Sons publisher 
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The separator is a material that fills the space between the anode and the cathode, and its role is to 

prevent internal short circuits while at the same time transferring free lithium ions. Additionally, it 

affects the charge/discharge speed and battery life. A good separator has the following properties: 
thermal and chemical stability, good electrode wetting, battery shutdown at a given temperature and 

good ion conductivity. Several materials have been developed for commercial use, which can be 

divided into: microporous polymer membranes, nonwoven mats, and inorganic composite membranes 
[9]. Electrolytes fill the space in the pores of the separator as well as the space between the anode and 

cathode. Lithium ions move freely through the electrolyte. The main properties they should fulfill are: 

chemical and physical characteristics that ensure the rapid passage of lithium ions, that they are 

compatible with electrodes and chemically inert at the same time [9]. 

Inside each individual battery cell, the cathode and anode materials are mixed with a binder, 

conductive carbon, and solvent to form a paste. Afterwards, the paste is painted on the current 

collector (generally, graphite anode is painted on Cu foil; cathode is painted on Al foil). The shapes 
and components of the cylindrical and prismatic LIBs configurations are shown in Figure 3.a and 3.b, 

where the cathode is Li1+x Mn2O4 and the anode is carbon. In cases in which they are used for energy 

storage, multiple cells are packed together in different configurations (connected in parallel and/or 
series) to form a module; modules are combined together to meet voltage and capacity requirements. 

A typical organization of a battery pack is shown in Figure 3.c [9], [13]. 

 

 

 

c) battery packs 

Fig. 3. Schematics of the battery (a) i (b) and battery pack design with different cell configurations (c)[9] 

Reprinted from Ref. [13] with permission of Elsevier. 

The optimal LIB operating temperature range is from 20 °C to 40 °C. If the atmosphere 

temperature exceeds normal operating conditions, the risk of thermal runaway in LIBs becomes 
significant. Therefore, it is important to design an efficient thermal management system to control 

both the maximum temperature and the temperature distribution in LIBs [9,14].  

2.1.  LI-ion bateriy fire accident 

If LIBs are used and stored within the limits of the conditions recommended by the manufacturers, 

the chance of failure is about 1 in 40 million [9,15]. However, cases of accidents caused by LIBs 

catching fire or exploding in completely different devices have been registered, Table 1.  
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Table 1 Some LIB fire and explosion accidents 

No Date Accidents Accidents causes 

1 March 2010 Two iPod Nano music players overheated and 
caught fire, Japan 

Caused by overheated LIBs 

2 26 April 2010 Acer recalled 2700 laptop batteries, as Dell, 
Apple, Toshiba, Lenovo and Sony did in 2006 

Potential overheating and fire hazards of 
LIBs 

3 11 April 2011 EV taxi caught fire, Hangzhou, China Electrolyte burned due to short circuit 

4 October 2013 to 

November 2013 
6 Tesla Model S EV cars caught fire Short circuit of the battery due to crash, 

self-ignition of the battery and so on 

5 January 2013, 

January 2014  

Three fire accidents of Boeing 747, happened in 

Boston America, Takamatsu, Tokyo Japan, 
respectively 

Internal short circuit of the LIBs and the 

failure of the battery management system 
(BMS) 

6 April 2015  EV bus caught fire during charge, Shenzhen, 

China 

Overcharge of the battery due to the 

failure of BMS 

7 31 May 2016  The storage room of the LIB caught explosion, 

Jiangsu, China 

Caused by the fully charged LIBs, maybe 

self-ignition 

8 16 May 2017 s Panasonic announced to recall over 270 

thousand LIBs 
Potential overheating and fire accident 

9 2 July 2018  4 MW/12 MWh energy storage system (ESS) 

caught fire and explosion, Korea 

One LIB caught fire and propagated to 

over 3500 LIBs. 

10 29 July 2018  Electric scooter caught fire and explosion during 

charging, China 
Maybe overcharged. 

11 18 October 2017  EV car caught fire, Austria The LIB of the car caught fire after crash 

 

As seen in Table 1, accidents have occurred on a wide variety of devices using LIBs, from small 

consumers to electric vehicles and aircraft. The causes of accidents are as follows: overheating, short 

circuit, overcharging, self-heating and mechanical damage. The aforementioned accidents as well as 

many others, influenced the changes in the regulations for the transport and storage of LIBs. For 
instance, The International Civil Aviation Organization (ICAO) has banned the delivery of LIBs as 

cargo in passenger planes, when transporting LIBs by air, the batteries must not be charged more than 

30% [9]. 

3. FIRE PREVENTION OF LITHIUM ION BATTERY  

In order to ensure greater security of LIBs, there are two possibilities: 

 Improving stability through modification of chemistry and/or structure  

 By adding internal safety devices [9], [16], [17]. 

3.1. Improving stability through modification of chemistry and/or structure 

When considering modifying the chemistry and/or structure, thinking about modifying the 

cathode, anode, electrolyte, and separator. 

For the modification of the cathode, two approaches have been taken up to now. The first of them 

consists in a coating that improves the thermal stability of the cathode. Thus, Li [18] used a TiO2 
coating on the LiNi1/3Co1/3Mn1/3O2 cathode and thereby improved the discharge capacity and cycle 

stability of the battery, while the coating did not affect the LiNi1/3Co1/3Mn1/3O2 grid itself. 

Supplementary to this coating, it was observed that the MnSiO4 coating in LCO batteries gives a 
higher tolerance to overcharging and a higher thermal stability, as well as a Co3(PO4) coating that in 

LiNi0.93Co0.07 O2 which showed a higher thermal stability of the electrochemical cycle and general 

thermal stability [19]. Another approach to cathode modification is structural modification and is 
performed by inserting certain metals into the cathode structure. Therefore, for example, can insert Al 

or Ni atoms instead of Co atoms in LCO batteries. Al atoms increase thermal stability but decrease 
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capacity, while Ni atoms can increase capacity, thus obtaining the same capacity with increased 

thermal stability [20]. 

The modification of the anode was carried out by surface modifications. So, for example, Jung 
[21] deposited an atomic layer of Al2O3 directly on the anode and greatly improved the safety 

performance compared to graphite. Other materials that could be used include SrO, Mn4N, K2SO4, 

CaCl2, CaF2, SrF2, Ag, Mg, or Zn 

Electrolyte modification that would provide greater safety narrows down to various additives that 

should ensure a reduction in electrolyte leakage. One of the ways to achieve this is the use of solid 

polymer electrolytes [22]. Another way to reduce heating and heat conduction is obtained by adding 

retardants to the electrolyte [23].  

The role of the separator, which is always an insulating material, in LIBs is to prevent contact 

between the anode and the cathode, while at the same time it should allow the passage of lithium ions. 

That is why it is made of polymeric porous materials. The use of separators to improve the properties 
of LIBs narrows down to the use of polymers that will close the pores when the cell overheats. This 

process is called "separator shutdown". At what temperature this will happen depends on the polymer. 

For polypropylene (PP) that temperature is around 160oC, while for polyethylene (PE) it is around 

140oC [23]. 

3.2. Improving stability by adding internal safety devices 

One of the solutions is the design of cell ventilation. In the case of prismatic batteries, the design 
is such that the charging opening is used as "windows" for ventilation, which serve to release internal 

pressure.  The opening for the 18650 battery was made by designing small ventilation "windows" in 

the positive terminal cover [23], Figure 4. In both cases, the "window" for ventilation is a fragile cap 

that breaks when a critical pressure is reached. 

 

Figure 4. Structure of the 18650 battery cap 

 

For the time being, the International Electrotechnical Commission (IEC) has not defined 

requirements for the design of vents of LIBs. 

4. CONCLUSION  

With the discovery and improvement of Lithium-ion batteries, a necessary technological step was 

made to enable the transition to electric vehicles, but also enable the storage of electricity from 
renewable energy sources. However, the numerous fires and explosions of lithium-ion batteries 

indicate that it is necessary to increase the safety of batteries.This paper presents strategies dealt with 

by a large number of researchers in order to reduce the number of battery fires and explosions. All 
these strategies can be divided into two groups: improving stability through modification of the 
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chemistry and/or structure that includes all parts of the battery (cathode, anode separator, electrolyte) 

and adding internal safety devices. 

The development of stable base electrodes, separators and electrolytes is the most important way 
to solve the safety problem of lithium-ion batteries.That is in fact, the search for materials that will 

have good electrochemical performance and will be characterized by thermal stability during 

operation.If we add the improvement of the battery ventilation system, we can expect significantly 

safer lithium-ion batteries in the future. 
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