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Under the German-Greek 
bilateral R&D cooperation 
initiative 2013-2015, the Safe 
High Energy Lithium-ion Cells 
for Electric Vehicles” – 
SHELION project aimed to 
investigate both the anode and 
the cathode materials with a 
clear objective to manufacture 
cells with a specific energy 
density of more than 150 Wh/kg 
with adequate cycling charging / 
discharging performance,  
complying with industrial 
manufacturing practices, safety 
standards and environmental 
regulations. Towards this 
direction, this project is focused 
on the lithium-ion technology 
and most precisely with the 
Silicon (Si) - Lithium Iron 
Phosphate (LFP) 
electrochemical system that due 
to silicon should provide 
excellent energy density and 
due to LFP excellent safety 
properties and cost advantage. 

Silicon anodes were prepared by depositing silicon on special copper foil with nodular grains by DC magnetron sputtering. LiFePO4 
cathodes were prepared by casting slurry on Aluminum foil. Glass cells were assembled  for electrochemical characterization of Si and 
LFP electrodes. Demonstrator pouch cells of nominal capacity of 820 mAh were manufactured by stacking 14 layers of Si electrodes, LFP 
electrodes and Celgard separators. 
 
 

Silicon as anode in Li-ion technology is considered as a promising material that will eventually replace graphite, mainly thanks to its high 
specific capacity that may attain more than 4200 mAh/g (theoretical value) compared to graphite’s specific capacity (372 mAh/g, 
theoretical value) [1,2]. However, silicon undergoes mechanical stress that is induced during lithiation and delithiation, which leads to poor 
life cycle [3]. During this project, silicon deposited by DC sputtering was investigated and after using multiple substrates and electrolyte 
solutions, anodes with high specific capacity of more than 2000 mAh/g and 2.5 mAh/cm2 were manufactured. 
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Figure 7. Demonstrator cell during overcharge test. 1: No Impact 
of overcharge observable, 2: Development of a burn hole, 3: 
Forced thermal runaway with flame formation. 

Figure 1. Specific capacity of silicon anodes with different  
electrolyte solutions. 

Figure 2. Specific capacity of full-cells with silicon anodes and 
LFP cathodes. 

•   Silicon anodes with specific       
capacity up to 2.5 mAh/cm2. 

•   Electrolytes with FEC 
additive have a positive effect 
on the performance of silicon 
anodes. 

•   Silicon / LFP full-cells with  
stable capacity under various 
current rates. 

Figure 4. Demonstrator 820 mAh pouch-cell with Silicon 
anodes and LFP cathodes. 

Figure 5. Capacity of multi-layer pouch-cell of nominal 
capacity of 820 mAh under various current rates. 

Figure 3. 14-layer electrode stack. 

SAFETY TESTS 

Figure 6. Overcharge test of 820 mAh demonstrator with a maximum C-rate of 6 C. a) Voltage and C-rate over time. b) 
Temperature over time. The demonstrator passed the test and was subsequently forced to a thermal runaway. 

Silicon anodes and LiFePO4 cathodes with specific capacity over 2.0 mAh/cm2 were used for manufacturing demonstrator pouch-cells with 
capacity of 820 mAh, containing 14 layers of electrodes. Demonstrator cells showed high capacity for 50 cycles under various current 
rates. Safety tests were passed successfully, including overcharge tests up to 6 C.  
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