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Why Li-ion cells for Transportation (HEVs, PHEVs, EVs)?
Higher cell voltage & higher energy/power densities
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Batteries  technology candidates for PHEV  
and EV applicationsa d app cat o s
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Olivine structure 

Advantages of LiFePO4 for Application in PHEVs

Advantage of phosphates:
 Low cost

 Over-charge & under-charge resilient (1

(orthorhombic)
[PO4] 

Over charge & under charge resilient (1 
Li)

 Excellent structural stability (strong 
bond P-O)

Good cycle life
[FeO6] 

[LiO6] 

Good cycle life
Thermally and chemically stable

Safe

• LiFePO4 has a flat 3.5V plateau and a 
it f l t 178 Ah/
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New micron size nano-porous C-LiFePO4 with double 
the volumetric Energy density of the nano-LiFePO4gy y 4

Tap density : 1.87g/cm3
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C-LiFePO4 with Fe2O3 impurities shows poor  
performance at 55oC
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Same issue with NMC/MCMB
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Use of Additives such as LDFOB can resolve this 
problem
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Performance of  Li1.1(Ni1/3Co1/3Mn1/3)0.9O2/ Graphite Cell 
using Additive
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capacity retention and limited impedance rise during calendar life test  at 55oC.



Issues of Mn-spinel/carbon system during cycling and aging 
at 55oC using LiPF6/EC:DEC
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the carbon Mn-metal was observed at  the carbon surface by XPS



Use of LTO can lead to long cycle life and unmatched safety
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safety Test of Cells based on carbon and LTO
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LiNi0.5Mn1.5O4/Li4Ti5O12 Battery System
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Power & cycle performances of LNMO/LTO cell
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High Energy  composite electrode 
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 Capacity (10th cycle):  254 mAh/g



ANL composite electrode  with highly dense nano-
primary particles with improved rate capability

Secondary particles: 10 m
Primary particles: 50~100nm

primary particles with improved rate capability
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Effect of AlF3‐Coating on Rate and Cycle Life of 
high energy composite cathode at 55oC
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Gradient Concentration cathode material
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Comparison of performance of GCM (LiNi0.64Co0.18Mn0.18O2) LiNi0.8Co0.1Mn0.1O2 (Core 
composition) and LiNi0.46Co0.23Mn0.31O2 (outer surface composition)
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Heats profile from primary and secondary SEI 
decomposition in graphite
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Gas from the formation of the secondary SEI Layer 
on carbon

 Several gases from secondary SEI formation were
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Several gases from secondary SEI formation were 
observed after exposing charged carbon/Li cell at 

100oC for several hours. These gases are similar to 
the one observed during the formation process
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Heat generated from the decomposition of the secondary 
SEI can initiate the thermal runaway of the cell
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- The thermal heat generated by the  
continuous breakdown and formation of the SEI 
( 80oC~200oC) could trigger the early thermal

Temperature, oC

MCMB : H : 1552 J/g  

( 80 C 200 C) could trigger the early thermal 
run away observed in the cell

- This heat could be large enough to lead to the 
thermal runaway of the cell regardless of the

Preheated MCMB: H : 1045J/g

Heat from secondary SEI: H=507 J/g
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thermal runaway of the cell regardless of the 
nature of the cathode specially in large cells



Comparison of SEI Decomposition Heats from 
Hitachi Graphites
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Large particle size and low surface area reduces SEI 
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decomposition heat generation between 80 to 200oC



Use of electrolyte additives  could be very 
effective in reducing the heat caused by the 

secondary SEI  breakdown
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Ea kJ/mol 72.7 124

The use of electrolyte additive to stabilize the SEI can reduce the 
initial heat generated from the carbon below 180oC
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initial heat generated from the carbon below 180 C


