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The recent studies based on thickness of the Si electrode 
have shown that area-specific capacity is inversely related 
to the cycling performance. As the Si area loading in the 
electrode gets higher, the cycling performance decays 
significantly. This phenomenon is observed in all the Si-
based and other active materials based electrodes, but 
more pronounced in Si-based electrodes. Both the ion-
transport distance and tortuosity of the pores in the 
composite secondary electrode increase as the electrode’s 
thickness increases. Therefore, lithium-ion diffusion is 
impeded with the increase of electrode thickness. 
Therefore, it is important to isolate the impact of Si 
volume change within micron-size domains, so as not to 
affect the overall electrode micro-structures. This is 
achieved by the following steps. First, form micron-size 
Si nanoparticle/conductive polymer composite secondary 
particles (Fig. 1); then build in porosity in the composite 
secondary particles, so the Si nanoparticle volume change 
during lithiation can be accommodated within the 
composite secondary particles (i.e., there is no volume 
change in the composite secondary particle level). Finally, 
assemble the composite secondary particles into a regular 
porous electrode, with pores among the composite 
secondary particles (Fig. 2). 
 
 A sonication spray-precipitation method was used to 
generate spherical composite secondary particles. The 
porosity within the composite secondary particles can 
provide dimensional stability in the composite secondary 
particle level, while the primary nanoparticles can freely 
expand and contract. This dimensional stability of the 
composite secondary particles maintains porosity among 
the composite secondary particles, to ensure stable ion-
transport properties in the electrode level. This will allow 
the fabrication of higher area loading of Si electrode. 
Spherical composite secondary particles have an average 
particle size of 10 µm in diameter, as seen in the scanning 
electron microscope (SEM) image of the particles 
collected after the spray-precipitation from the methanol 
non-solvent. 
 
The different Si loading electrodes based on the 
composite secondary particles were fabricated and tested 
in a coin cell with lithium metal as a counter electrode 
and reported in Fig. 3. The capacity retention during the 
initial cyclings of the electrodes shows the improved 
stability. The electrode design based on composite 
secondary particles, the capacity decay is minimum at 
moderate loading. Even at high loading of 4 mAh/cm2, 
the electrode made with composite secondary particles 
can still cycles at a small capacity fade. 
 
Acknowledgements 
This work was funded by the Assistant Secretary for 
Energy Efficiency, Office of Vehicle Technologies of the 
U.S. Department of Energy under contract no. DE-AC02-
05CH11231 under the Batteries for Advanced 
Transportation Technologies (BATT) Program, and by 
the University of California, Office of the President, 
through the University of California Discovery Grant. 

References 
[1] G. Liu, S. Xun, N. Vukmirovic, X. Song, P. Olalde-
Velasco, H. Zheng, V. S. Battaglia, L. Wang and W. 
Yang, Advanced Materials, 2011, 23, 4679. 
[2] S. Renganathan, G. Sikha, S. Santhanagopalan and R. 
E. White, Journal of the Electrochemical Society, 2010, 
157, A155-A163. 
[3] G. Liu, H. Zheng, X. Song and V. S. Battaglia, 
Journal of the Electrochemical Society, 2012, 159, A214-
A221. 
 
 

              
 
Fig. 1. Si/conductive polymer secondary composite 
particles made from spray precipitation process. 
 

             
 
Fig. 2. Electrode made with secondary composite 
particles. 
 
 

       

0 

0.5 

1 

1.5 

2 

2.5 

3 

3.5 

4 

4.5 

0 10 20 30 

C
ap

ac
ity

 (
m

A
h/

cm
2 )

 

Cycle Number   
Fig. 3. The cycling performance of the Si electrode made 
with the secondary composite particles.  
 

Abstract #1005, 224th ECS Meeting, © 2013 The Electrochemical Society


