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Intercalation Dynamics Experimental Observations
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Experimental Evidence
cathode contains carbon black (15%), LiFePO4 (75%), and 
PvdF (10%). Anode is metallic lithium. Electrolyte is 
EC:DMC = 1:1, with 1 mol/L of LiPF6. Separator is trilayer 
PP+PE+PP (Celgard 2340).
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Fracture Mechanics in Battery Materials

Fracture occurs if:

G ≥ 2γ

Likely to occur
during delithiation

Likely to occur
in crystallographically
anisotropic materials

Likely to occur
in two-phase 
materials

G = Zσεa = ZEε2a

accumulated energy for fracture



Stresses and Cracks in LiFePO4

εa = 5.03%

εb = 3.7%

εc = −1.9%



Volumetric Changes in Battery Materials
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Lithium Graphite Intercalation Compounds
Through-layer

Expansion +10.4%
Modulus    34 - 37 GPa

In-layer
Expansion +1.2%

Modulus    >1,000 GPa

First-principles calculations predict that 
Li intercalation increases through-layer modulus by 60 - 80%

K. R. Kganyago and P. E. Ngoepe, Phys. Rev. B, 68, 205111 (2003)

Low density (2.27 g/cm3) 
Low voltage (0.1 - 0.2 V vs. Li)

● K. C. Woo et al. (1983)
▲ J. R. Dahn et al. (1990)
▼ T. Ohzuku et al. (1993)
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Electrochemical Properties of Li-GIC

T. Ohzuku et al., J. Electrochem. Soc., 140, 2490 (1993)
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§ Low potential versus Li-metal (0.1 - 0.2 V)
§Electrically controllable compositions (amounts of ions stored)



Overall System Expansion/Contraction


