
 
 

Development of High Energy Cathode Materials 
 
Introduction  
 
Rechargeable lithium-ion batteries (LIBs) have become the dominant power sources not only for 
the consumer electronic devices but also for the pure electric vehicles (EVs) and plug-in electric 
vehicles (PHEVs) because of their high energy density, light weight and long cycle life. The 
increasing demands on minimizing global warming and environmental pollution have 
accelerated the development of EVs. With the state of the art LIBs used in automobile industry, 
the driving range of EVs is still far behind those of conventional vehicles using internal 
combustion engines. Therefore, there is an urgent need to further improve both energy density 
and power capability of LIBs, to improve the driving range and decrease the recharging time. To 
meet these requirements, significant effort has been devoted in the research of high energy 
density cathode materials. 
 
Project Objective and Impact 
 
The objective of this project is to develop low-cost, high-energy cathode materials with long 
cycle life. The success of this work will increase the energy density of LIBs and accelerate 
market acceptance of EVs, especially for PHEVs required by the EV Everywhere Grand 
Challenge proposed by DOE/EERE. 
 
Key Achievements 
 

                       
   

• High voltage spinel LiMxMn2-xO4 (M = Ni, Co, Cr, Al, Mg) 
Improve rate capability and cycling performance of high voltage spinel cathodes in both 
lithium half cells and in full cells by manipulating the Mn3+ concentration and site 
disorder. 

• Li-rich and Mn-rich (LMR) materials (xLi2MnO3 • (1-x)LiMO2 (M = Mn, Ni, Co) 
Improve long-term cycling performance and mitigate voltage fade of LMR cathode 
materials through a variety of strategies, including electrolyte additives, controlled Ni 
segregation and surface coating/modifications. 



 
• NMC materials (LiNixMnyCozO2 (x + y + z = 1)) 

(1) Achieve higher accessible capacities from traditional NMC cathodes by charging to 
moderately high cut-off voltages. (2) Synthesize NMC cathodes with higher Ni 
content to achieve higher energy density. 
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