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Effect of electrolyte additive on cycle performarafe
electrodeposited Si-O-C composite anode for lithium
secondary battery
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Silicon shows high theoretical capacity so thas ibne
of the promising materials as anode of lithium selzoy
battery with high energy density and high capaciyas
anode shows the capacity fading due to large volume
change during charge-discharge cycles. It is aosgsri
problem for practical use. We have proposed a 8i-O-
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 iodied
that decomposed product of organic electrolyte @nd/
part of Si-O-C composite film anode acted as matrix
phase, and this matrix inhibited the volume chanfje
anode films. At tens of charge-discharge cycle, énew,
cycle retention is not high compared with that of
conventional carbon anode. Additive in the eldgteoof
LIB cell is effective to maintain the capacity natien
because of formation of SEI on the Si anode [5|6]this
study, effect of electrolyte additive on cycle penfiance
of electrodeposited Si-O-C film anode was investda
The method of effective addition was also discussed

The propylene carbonate (PC) containing 0.5 M SiCl
0.5 M TBACIO, (TBA: tetrabutyl ammonium) was used
as electrodeposition bath for preparation of Si-O-C
composite film anode. Cu foil was used for thesttdie,
and counter electrode and reference electrode Wére
wire and Li in TBACIQ, respectively. Current density
and quantity of electricity were 1 mA/énand 2 C. The
half-cell was used for measurement of electrochaimic
properties. The working electrodes were Si-O-Cdano
prepared by electrodeposition. The both countsteide
and reference electrode were Li foil. The elegteolwas
1 M LiClIO4 (EC:PC 1:1 in volume). Constant current
charge-discharge test was carried out under tleeofa?5
pAlcm? between 0.01 — 1.2 V vs. Li/Li

First, effect of additive in the electrolyte on chsarge
capacity of electrodeposited Si-O-C anode was
investigated. In this investigation, vinylene carate, VC,
and fruoloetylene carbonate, FEC, were used foitigdd
to form the SEI on the anode films. Concentratibboth
additives was 1vol %. The discharge capacity after
several charge - discharge cycles were comparedm F
the results, discharge capacity of the Si-O-C angieg
the electrolyte containing additive, decreased dtaally
compared with that using no additive electrolyta. the
case of VC, discharge capacity is less than 10 gAlffi/
silicone, which is less than 1 percent of that of
conventional Si-O-C. In the case of using FEC, lthsge
capacity is less than 400 mAh/g of silicone. At fhst
charge, the thickness dramatically increased and
microstructure dramatically changed because ofngcti
lithium [4]. It is suggested that these additiveas
inhibited to react anode and lithium by decomposed
reaction of the additive on the Si-O-C surface. islt
indicated that this inhibiting causes very low aapes.

Next, effect of additive in the electrolyte on aycl

performance of electrodeposited Si-O-C anode was
investigated. For improving the cycle performaringial
treatment were carried out. Lithiation (lithium ctag)
and delithiation (removing external lithium) werariged
out as initial treatment in this investigation. fig 1
shows effect of initial treatment on discharge citgaof
Si-O-C anode using the electrolyte containing adlit
was investigated. The discharge capacities wittiain
treatment show high value compared with that withba
treatment. Figure 2 shows capacity retention oOSi-
anode using the electrolyte with or without additivin
this investigation, initial treatment for both 0i-G-C
anode was carried out. From the fig.2, cycle tatan
was improved using VC and FEC. Using the additive
electrolyte is effective to maintain the cycle rgien. It is
thought that SEI from decomposing the additive were
formed, and that SEI protected Si-O-C anode suréace
same as the case of conventional carbon anode.

1400

1200 .,
g 1000 - T e
‘_Tg’ 800 = 1vol% FEC (with initial treatment)
E = 1vol% VC (with initial treatment)
E. 600 4 1vol% FEC (without initial treatment)
E A 1vol% VC (without initial treatment)
8 400 - A y
200
0
0 20 40 60 80

Cycle number/-

Fig. 1 Discharge capacity of electrodeposited SI-O-
composite anode using electrolyte containing VC or
FEC with or without initial treatment.
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Fig. 2 Capacity retention of Si-O-C composite film
anode using thelectrolyte with or without additi.

References

[1] T. Momma, et al.Electrochem. Communl3 (2011)
969-972.

[2] H. Nara, et al.Energy Environ. Sci5 (2012) 6500-
6505.

[3] T. Hang, et al]). Power Source®22 (2012) 503-509.

[4] T. Yokoshima, et al Abstract of 16th Int'| Meeting on
Lithium Batteries (IMLB2012)P3-80 (2012).

[5] L. Chena, et al.). Power Sourced74 (2007) 538-54.

[6] V. Etacheri, et al.Langmuir28 (2012) 965-976

Acknowledgment

This work was partly supported by "Research &
Development Initiative for Scientific Innovation dfew
Generation Batteries" from NEDO, Japan, and thetsra
in-Aid for specially promoted research "Establisiminef
electrochemical device engineering"



