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Si/Pitch Minimizes Chemical Reactivity with Electrolyte 

Full-cell Cycling Performance of Si/Pitch

Future Challenges

Synthesis of Si/pitch Composite Electrodes

Silicon as an Anode in Li-ion Batteries

silicon anode

Mechanochemical 
degradation during 
battery cycling
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Recent improvements in 
silicon anode performance

• Si-containing anodes can 
have high chemical 
reactivities with electrolytes 
containing LiPF6 in 
carbonate solvents

• Uncoated PECVD Si reacts 
with 1.2 M LiPF6 in 
EC:EMC (3:7) + 3% FEC to 
form significant amounts 
CH4, C2H4, and C2H2 
gasses

• Si/pitch protects Si surface 
from reacting with 
electrolytes as evidenced by 
significantly less gas 
produced
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Previous Work with Silicon Nanoparticle Electrodes
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Half-cell cycling is promising, but cumulative coulombic efficiency suggests molecular coated PECVD 
Si nanoparticles will not have long cycle lifetimes in full-cells where the Li-inventory is limited.

Plasma Enhanced Chemical 
Vapor Deposited (PECVD) Si

Synthesis of Si/pitch composite material by carbonizing a mixture of pitch and the PECVD Si NPs forms 
micron sized secondary particles comprising <10 nm Si NPs embedded in a conducting carbon matrix.

• Despite lower reactivity 
with electrolyte, Si/pitch 
electrodes still require 
prelithiation in a half-cell to 
account for low 1st cycle 
efficiency of ~67%

• Si/pitch reassembled into 
a full-cell vs. an NMC622 
cathode with N/P≈1.3, 
exhibits ~75% capacity 
retention after 1000 cycles

• Si/pitch electrode delivers >1 
mAh/cm2 up to 1C cycling rate; 
capacity utilization falls off at a 
2C rate with minimal delivered 
capacity at a 5C rate

• Area specific impedance (ASI) 
for the Si/pitch-NMC622 full-
cell has negligible increase 
over 1000 cycles

• The Si/pitch electrodes tested in 
this work are comparatively low 
loadings (< 2 mAh/cm2)

• Higher loading electrodes (>3 
mAh/cm2) are needed to improve 
energy density of Si/pitch

• Higher loading Si/pitch electrodes 
exhibit severe macro-mechanical 
stresses that shred Cu foil


