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 Heat of a battery is induced by different heat 
sources that can be divided into an irreversible heat and 
reversible heat generation. Generally, the irreversible heat 
generation rate is obtained by multiplying  the current 
with  over-potentials, which represents  the difference 
between the terminal voltage and open circuit voltage 
(OCV). Ideally, no heat should be generated when current 
interruption takes place, but heat is continuously 
generated, which is called Heat of Mixing.   
 This work analyzed  effects of the heat of mixing 
on a single cell using an electrochemical model by 
assuming  that the porous electrodes are composed of 
active material particles  that  are simplified as spheres 
and gaps are filled with electrolyte. Then, the chemical 
reactions take place at the interface between electrode 
sphere and electrolyte governed by Butler-Volmer 
equation. Lithium ions diffuse in both electrodes and 
electrolyte driven by concentration gradient. Both 
electrodes and electrolyte are conductive and obey Ohm’s 
law. Under this set up, electrochemical energy of a battery 
is defined as the amount of electrical energy charged into 
a battery during quasi-static charging process that is 
expressed a function of state of charge (SOC). In real 
charging or discharging process, the lithium ion diffuse 
from a high concentration location to lower concentration 
location that equalizes the chemical energy and causes the 
heat of mixing. Concentration gradient along both 
thickness of the cell and the radius of electrode particles 
are considered. The overall irreversible heat generation 
rate is calculated as the difference between the electrical 
energy charging power at terminal and the 
electrochemical energy increment rate of the cell, which 
is validated for both charging and discharging process. 
 Finally, simulation results of heat generation are 
compared with experimental data for a coin cell using 
calorimeter as well as temperature distribution for a pouch 
type single cell using an infrared image data. 
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