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Silicon shows high theoretical capacity so that it is one 

of the promising materials as anode of lithium secondary 
battery with high energy density and high capacity. Si as 
anode shows the capacity fading due to large volume 
change during charge-discharge cycles. It is a serious 
problem for practical use. We have proposed a Si-O-C 
composite anode electrodeposited from an organic 
solution showing high discharge capacity of ca. 830 
mAh/g of Si even at 7,000th cycle [1-4]. It is indicated 
that decomposed product of organic electrolyte and/or 
part of Si-O-C composite film anode acted as matrix 
phase, and this matrix inhibited the volume change of 
anode films. At tens of charge-discharge cycle, however, 
cycle retention is not high compared with that of 
conventional carbon anode.  Additive in the electrolyte of 
LIB cell is effective to maintain the capacity retention 
because of formation of SEI on the Si anode [5,6].  In this 
study, effect of electrolyte additive on cycle performance 
of electrodeposited Si-O-C film anode was investigated.  
The method of effective addition was also discussed. 

The propylene carbonate (PC) containing 0.5 M SiCl4, 
0.5 M TBAClO4 (TBA: tetrabutyl ammonium) was used 
as electrodeposition bath for preparation of Si-O-C 
composite film anode.  Cu foil was used for the substrate, 
and counter electrode and reference electrode were Pt 
wire and Li in TBAClO4, respectively. Current density 
and quantity of electricity were 1 mA/cm2 and 2 C. The 
half-cell was used for measurement of electrochemical 
properties.  The working electrodes were Si-O-C anode 
prepared by electrodeposition.  The both counter electrode 
and reference electrode were Li foil.  The electrolyte was 
1 M LiClO4 (EC:PC 1:1 in volume). Constant current 
charge-discharge test was carried out under the rate of 25 
µA/cm2 between 0.01 – 1.2 V vs. Li/Li+. 

First, effect of additive in the electrolyte on discharge 
capacity of electrodeposited Si-O-C anode was 
investigated. In this investigation, vinylene carbonate, VC, 
and fruoloetylene carbonate, FEC, were used for additive 
to form the SEI on the anode films.  Concentration of both 
additives was 1vol %. The discharge capacity after 
several charge - discharge cycles were compared.  From 
the results, discharge capacity of the Si-O-C anode using 
the electrolyte containing additive, decreased dramatically 
compared with that using no additive electrolyte.  In the 
case of VC, discharge capacity is less than 10 mAh/g of 
silicone, which is less than 1 percent of that of 
conventional Si-O-C. In the case of using FEC, discharge 
capacity is less than 400 mAh/g of silicone. At the first 
charge, the thickness dramatically increased and 
microstructure dramatically changed because of acting 
lithium [4].  It is suggested that these additives was 
inhibited to react anode and lithium by decomposed 
reaction of the additive on the Si-O-C surface.  It is 
indicated that this inhibiting causes very low capacities. 

Next, effect of additive in the electrolyte on cycle 

performance of electrodeposited Si-O-C anode was 
investigated.  For improving the cycle performance, initial 
treatment were carried out. Lithiation (lithium reacting) 
and delithiation (removing external lithium) were carried 
out as initial treatment in this investigation. Figure 1 
shows effect of initial treatment on discharge capacity of 
Si-O-C anode using the electrolyte containing additive 
was investigated.  The discharge capacities with initial 
treatment show high value compared with that without the 
treatment. Figure 2 shows capacity retention of Si-O-C 
anode using the electrolyte with or without additive.  In 
this investigation, initial treatment for both of Si-O-C 
anode was carried out.  From the fig.2, cycle retention 
was improved using VC and FEC. Using the additive 
electrolyte is effective to maintain the cycle retention. It is 
thought that SEI from decomposing the additive were 
formed, and that SEI protected Si-O-C anode surface as 
same as the case of conventional carbon anode. 
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Fig. 1 Discharge capacity of electrodeposited Si-O-C 
composite anode using electrolyte containing VC or 
FEC with or without initial treatment. 

 
Fig. 2 Capacity retention of Si-O-C composite film 
anode using the electrolyte with or without additive. 
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