
Calculation method for the equivalent elastic constants of 

LiCoO2 electrode composites 

As well documented in the literature, the LiCoO2 cathode coating is a typical 

composite with LiCoO2 particles, conductive carbon black (CB), PVdF binder and 

pores. Based on the reported material properties of the constituents in LiCoO2 electrode 

coating listed in Table S1, one can estimate its equivalent elastic properties (Young’s 

modulus and Poison’s ratio) as following method.  

Table S1 Material properties of the constituents of LiCoO2 cathode composite 

 LiCoO2 PVdF Carbon Black 

ρ  ( 3g cm−⋅ ) 5.1 [1] 1.78 [2] 1.9 [3] 

E  ( GPa ) 170 [4] 2.0 [2] 32.47 [3] 

ν  0.3 [2] 0.34 [2] 0.315 [3] 

The mass content (%) [5] 85.0 10.0 5.0 

 

Firstly, the lower bounds of the effective shear modulus ( mG ) and bulk modulus 

( mK ) of a matrix containing CB particles and PVdF binder are determined using the 

inverse rule of mixtures. 
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where CBK  and PVdFK  are the bulk modulus of the CB particles and PVdF binder 



respectively, while CBG  and PVdFG  are the corresponding shear modulus. ,CBmθ  and 

,PVdFmθ   are the volume fractions of the CB and the PVdF in the CB/PVdF matrix, 

respectively. In addition, CBθ  and PVdFθ  are the volume fractions of the CB and the 

PVdF in the LiCoO2 composite, respectively. 

Secondly, in order to consider the effect of the porosity of 30% in LiCoO2 

composite, open cell theory for an isotropic porous solid is adapted to evaluating the 

effective bulk modulus of a porous matrix ( pmK ) with the previously defined CB and 

PVdF matrix as the solid part, and is given by Equation (S2a-c). 
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where mρ  is the density the solid portion of the CB/PVdF matrix, pmρ and pmθ  are 

the density and volume fraction of the porous matrix (CB, PVdF and porosity), 

respectively. Meanwhile, ,CBpmθ   and ,PVdFpmθ   are the volume fractions of CB and 

PVdF in the CB/PVdF porous matrix, respectively. Besides, Pθ and Aθ are the volume 

fractions of porosity and active particles of the LiCoO2 composite, respectively. The 

Poisson’s ratio of the porous matrix ( pmν ), is assumed to be equal to 1/3. 

Thirdly, according to ‘S-combining rule’ [3], the bulk modulus ( eK ) and shear 



modulus ( eG ) of the LiCoO2 composite are identified by Equations (S3a-d) and (S4a-

d) as followed. 
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where Aν   and AK  are the Poisson’s ratio and bulk modulus of LiCoO2 particles, 

respectively. 
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where AG is the shear modulus of LiCoO2 particles. 



Finally, the Young’s modulus and Poison’s ratio of electrode coating composite 

have been acquired in terms of the following equation, respectively. 
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 Solving above Equation (S5a) and (S5b), we can obtain the equivalent elastic 

constants of LiCoO2 cathode composite, i.e. 1.97GPa, 0.31e eE ν= =  
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