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Abstract 

Lithium ions battery is a popular choice of battery to many 

smartphones manufacturer. Despite the constant revolution of 

smartphones in terms of hardware, batteries remained one of 

the most underdeveloped aspects. The surface temperature of 

the battery increased during charging of smart phone or phone 

left in the car in the hot and sunny days. It can cause fire 

hazard and explode, therefore it is important to understand 

temperature distribution in battery surface during heating and 

cooling. Under this project, low cost lithium ions batteries 

surface temperature distributions were studied to understand 

the risk during heating and cooling. There are three different 

capacities (1500 mAh; 2100 mAh and 2600 mAh)  lithium 

ions batteries were used during experiments and analysis the 

result the determine the risk. It was found that battery 

capacities, time of heating and heating place have significant 

effect on thermal distribution that increases the risk of fire 

hazard and explosion.     

Keywords: Lithium ions battery, swelling of battery, Thermal 

effects 

 

INTRODUCTION 

Lithium–ions (Li-ions) battery cells are one of the optimised 

electrochemical device that store and release energy in a 

specific application (Aisb, 2013). Li-ions battery cells were 

widely used in the portable and rechargeable electronic 

devices such as smartphones, laptop and tablets in the last few 

years (Brain, 2015). About 95 percent of mobile phone 

batteries and about 60 percent of the smart phone battery cells 

are Li-ions battery cells.  It was reported that by the year 

2020, approximately 38 percent of the total batteries will be 

replaced by Li-ions battery cells that would be make business 

about 15.6 billion U.S. dollars (Buchmann, 2010; Statista, 

2016). In the year 2015, the demand of Li-ions battery cells 

were 70,000 MWh and it is expected to grow up 190,000 

MWh by 2025 (Avicenne, 2012; Aisb 2013). According to the 

Japan Ministry of Economy, the total sales for rechargable Li-

ions battery cells were up to 562,511,000 units that generate 

revenue about 200,378 million JPY from January to July 2015 

in Japan.  

Most common Li-ions battery cells used in the smartphone is 

Lithium Cobalt Oxide (LCO) where 60 percent of them were 

Cobalt (Buchmann, Battery University, 2010).  Li-ions battery 

cells can either be in the shape of cylindrical (identical to AA 

cells) or prismatic (square or rectangular) (aisbl, 2013). There 

were four main functional components of a practical Li-ions 

battery cells – anode, cathode, separator, and electrolyte. The 

anode (negative electrode) of Li-ions battery cells was made 

of lithium with metal oxides (e.g. Cobalt, Nickel, and 

Manganese) while the cathode (positive electrode) was made 

of graphite (Buchmann, Battery University, 2010). The anode 

undergone oxidation to lose electrons, and the cathode 

undergoes reduction to gain electrons through the organic 

electrolyte during the discharge process (Buchmann, Battery 

University, 2010). The movement of electrons is reversed for 

the charging process. The separator was a very good 

electronic insulators used to prevent electrical short circuits by 

keeping the cathode and anode apart (Elmarco, 2015). There 

were also other additional components such as case or pouch, 

headers, current insulators, headers and vent ports also 

dramatically affect the efficiency of the battery cells (Long, et 

al., 2012).  

Studies showed that the Li-ions battery cells are flammable 

since the cobalt oxide is used as major content of Li-ions 

battery cells and it began to self–heat and started to burn up as 

well as in some cases exploded once it reached a critical 

temperature (Qing Song, et al., 2005). In the Li-ions battery 

during overcharging or over discharging as well as internal 

short circuit may cause chain of exothermic reaction and 

increases of temperature into critical point. In addition, the 

organic electrolytes such as ethylene carbonate (EC), 

propylene carbonate (PC), dimethyl carbonate (DMC), and 

diethyl carbonate (DEC) in Li-ions battery cells are also 

highly flammable (Qing Song, et al., 2015). Therefore, 

thermal issue is one of the major restrictions for the 

development of Li-ions battery cells (Yong Huang, et al., 

2015).  

Thermal–runaway is a phenomenon that indicates exothermic 

reaction as well as the explosion occurred in Li-ions battery 

cells during the safety test (Chan, et al., 2015). It can happen 

due to exposure to excess thermal energy, defective wiring 

and cell damage (Ponchaut, et al., 2015). The Li-ions battery 

cells can also be exploded due to high discharge current and 

high voltage (Doughty, et al., 2012). Study showed that 

performances such as reliability, durability and energy 

capacity of the Li-ions battery depends on the operating 

temperature (Yonghuang, et al., 2015). The effects of thermal 

runaway are very dangerous and fast since it is initiated due to 

high temperature and pressure (Chan, et al., 2015). This is true 

especially in packs or larger number of cells, high heat from a 

damaged cell could be disintegrated onto another cell as well 

as the toxic and highly flammable gases are released in the 

form of heat (Ponchaut, et al., 2015). The safety of Li–ions 

battery cells is one of the most important concern since its 
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self–destructed when abused thermally. Therefore, under this 

project, it is aimed to determine the thermal effects of 

smartphone battery parameters such as capacity of battery and 

time on temperature dynamics. In addition, the rate of heat 

dissipation is also determined in order to avoid thermal 

runaway. The experiments were conducted to determine the 

temperature distribution on Li–ions battery cells. The 

experimental results are then analysed to develop a set of 

recommendation to prevent the explosion of Li–ions battery 

cells. 

 

Methodology 

In this experimental study, three different types of prismatic 

cells with capacity of 1500mAh, 2100mAh and 2600mAh 

with unknown cathode composition were chosen to be 

thermally abused in the modified oven. Initially all the cells 

are charged according to the manufacturer’s charging 

instructions. Full charged Li-ions battery is placed at centre 

position under the heating element and tested with continuous 

heating at rate of 5°C/min from ambient temperature to the 

onset temperature of thermal runaway. Once the battery 

reached the maximum temperature at120℃, it is kept for 20 

minutes. A thermal camera is used to determine the 

temperature profile of the initial charging of battery. The 

thermal image is used to locate the location of temperature 

sensors on battery surface. Total five Type-K thermocouples 

are attached on the battery cell surface as shown in the Figure 

1. The battery cell is mounted at the heating room. To ensure 

safety and to avoid the explosion or fire hazard, the 

experiments are carried out with great precautions. Each 

experiment is repeated three times to ensure the accuracy of 

the experiments.  

 

 

Figure 1. Location of Type-K thermocouples 

 

Statistic tools, three-way ANOVA analysis was used to 

determine the interactions between the independent variables 

and dependent variable. The three independent variables in 

this project are the capacity of the battery, locations heat 

concentration and time. The dependent variable is the battery 

surface temperature. The surface temperature of the lithium 

ions batteries are measured with thermocouple. Matlab 

software is used to carryout analysis and to relate the complex 

correlations between the temperature and the heat generation 

of the Li-ions battery cells. In addition, temperature profiling 

is done for better understanding the thermal effects on battery. 

The energy balance equation was used to determine the heat 

flow (Schuster et. al. 2015). 

𝑚𝑐𝑝

𝑑𝑇

𝑑𝑡
= (�̇�𝑔 − �̇�𝑑)                                                                (1) 

Where, �̇�𝑔 is the heat generation rate within the cell and �̇�𝑑 is 

the heat dissipation rate to the environment. 

�̇�𝑑 = 𝑄𝑐𝑜𝑛𝑣 + 𝑄𝑟𝑎𝑑𝑖

= ℎ𝐴(𝑇𝑠𝑢𝑟𝑓 − 𝑇𝑎𝑚𝑏)

+ 𝜀𝜎𝐴(𝑇𝑠𝑢𝑟𝑓
4 − 𝑇𝑎𝑚𝑏

4 )                                (2)  

 

Where, ℎ is the convection heat transfer coefficient; 𝐴 is the 

area of the case; 𝜀 is the emissivity of the cell surface (𝜀 =
0.8 ) (Yanqing, et al., 2015); 𝜎  is the Stefan-Boltzmann 

constant of = 1.38064852 × 10−23𝑚2𝑘𝑔𝑠−2𝐾−1; 𝑇𝑠𝑢𝑟𝑓  is the 

surface temperature and 𝑇𝑎𝑚𝑏is the ambient temperature . 

 

Results 

Effect of temperature on the type of cells at specific 

locations 

The temperatures in the five different points are recorded and 

the average value is presented in Table 1.  The highest 

average temperature is found at point which is near to the 

terminal or connection point and minimum temperature  

 

Table. Surface Temperature of the Lithium ions Battery 

Cell 

Capacity 

(mAh) 

Surface Temperature (˚C) 

Location 

1 

Location 

2 

Location 

3 

Location 

4 

Location 

5 

1500 95.78 93.23 99.04 96.58 108.98 

2100 95.78 93.28 88.89 99.29 105.46 

2600 89.52 91.95 87.90 101.59 112.51 

 

Analysis of Thermal Heat Generation for Each Type of Cell 

The thermal heat generation in the cells were calculated and 

presented in the Table 2. The heating system takes 

approximately 20 minutes to reach maximum heat generation. 

The average surface temperature of the cell could go up 

to 96℃. Since the radiation heat transfers of the cell, 𝑄𝑟𝑎𝑑  

was assumed negligible all the time, since the thermal 

radiation was insignificant at 120℃. According to Cengel & 

John in 2011, mentioned that the amount of emitted thermal 

radiation depends on the temperature and at high temperature 

the radiation is higher. In addition, the rate of heat transfer in 

the battery increased significantly with the capacity of the 

battery since the higher capacity battery has higher cell 

surface area (Cengel & John, 2011).   
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Table 2. Maximum Heat Generation by the Lithium Ions 

Battery Cells 

Cell Type 

(mAh) 

Time (min) 𝑇𝑠𝑢𝑟𝑓  

(˚C) 

�̇� 

(W) 

𝑄𝑐𝑜𝑛𝑣  

(W) 

𝑄𝑟𝑎𝑑  

(W) 
�̇�𝑑 

(W) 

𝑄�̇� 

(W) 

1500 19 95.27 1.65 0.54 0.00 0.54 1.11 

2100 20 96.47 2.25 0.69 0.00 0.69 1.56 

2600 19 96.30 2.50 0.78 0.00 0.78 1.72 

 

Thermal Runaway of the Battery Cells 

Figure 3 shows the image of the Lithium Ions battery cells 

before and after thermal safety test at 120oC. The test is 

conducted in the Thermal and Environmental Lab at 

Universiti Malaysia Sabah (UMS). During the experiment, 

most of the battery cell was swelling due to thermal effects in 

the battery materials. In the battery cells, the internal pressure 

built-up due to the oxidation of electrolytes that resulted 

swilling of battery cells (Mikolajczak et. al., 2011). Generally, 

in the Lithium Ions battery cells, the swelling effect has 

observed at 140oC since in this temperature the volatilization 

of the electrolyte is underway in the cell.  The swelling 

behaviour is not acceptable for the Lithium Ions battery cells 

at high temperature since it reduced battery cell performance 

significantly that resulted limiting the commercialization of 

this battery (Zhang et.al., 2016; Gor et.al., 2015 & Cannarella 

et,al., 2014 ).  

 

 

Figure 3. The swelling of Lithium Ions battery cells after 

thermal safety test 

 

The thermal images of the Lithium Ions battery cells are 

shown in the Figure 3 (a) and Figure 3 (b). From the 

observation it is noticed that the temperature distribution is 

evenly when the battery does not experience with swelling 

effect. The concentrated temperature zones are observed in the 

battery that has experienced with swelling effects. This is 

because the positive temperature coefficient (PTC) and 

current interrupter device (CID) of the battery are failed to 

prevent battery cells from exploding or catch fire. 

 

 

Figure 4. Thermal Images of the Lithium Ions battery 

 

Factorial ANOVA Test 

From the factorial ANOVA test, the effect of battery types, 

locations and time on the surface temperature were found to 

be significant with P-value less than the significance value, 𝛼, 

which is 0.05. The results of the factorial ANOVA can be 

found in Figure 5. Further validation can be made from Table 

1 where the temperature at Point 5 was highest while Point 3 

was lowest. Peng & Fangming (2015) supported the claims by 

stating that cell locations have significant effect on the heat 

generation rate. Besides that, time was also proved to have 

significant effect on the surface temperature since the 

temperature of the battery cell was raised at rate of 5˚C/min. 

Different type of battery cells also have different surface 

temperature. Hence, the results of factorial ANOVA test were 

validated with various experimental results. 

The advantage of factorial ANOVA test over the experimental 

result was its capability to determine the two ways 

interactions (combination of two independent factors) on the 

battery’s surface temperature (dependent factor). From Figure 

5 as well, the effect of two-way interactions on the battery’s 

surface temperature was found to be significant since the P-

value was less than the significance value, 𝛼. The combined 

effect of battery types and locations on the battery surface 

temperature was found to be significant as well. However, the 

combined effects of battery’s type and time has no effect on 

the battery’s surface temperature since the P-value was 0.097, 

which was more than the significance value of 0.05. The same 

case applied to the combined effect of battery location and 

time with P-value of 0.257.  
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Figure 5. ANOVA test results 

 

CONCLUSION 

While the Lithium-Ions batteries were the choices of all 

smartphone manufacturers, this research showed the 

importance of understanding the batteries. The temperature 

profile of Li-ions batteries was studied. The effects of battery 

parameters such as the type of battery (capacity), locations of 

the battery surface and time on the surface temperature of the 

battery cell were observed and analysed as well. Both 

statistical analysis (factorial ANOVA test) and experimental 

results verified the significant effects of the mentioned 

parameters on the battery cell’s surface temperature.  
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