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INTRODUCTION

Silicon-based materials are highly anticipated ® b
applied to a high-capacity anode in the next-gdiward.i
ion battery because Si has about ten times larger
theoretical capacity in comparison with graphitedain
practical use. There are, however, serious disddgen
of Si as anode material: its high hardness andigh
electrical resistivity. In addition, its drastic lume
changes during charge—discharge generate a stneks a
degrade performances of Si-based electrodes. Tmirap
the performances, we have studied various ionigidiq
electrolytes for binder-free Si-based electrodes3][1
because Li-ion transfer at the electrode/electeolyt
interface directly affects the performances andai be
easily controlled by cation and anion structuresthedf
ionic liquids. We have, moreover, revealed thaimiog a
composite of Si and other active materials is éffecto
enhance the anode performances [3,4]. For insthaS,
is more deformable by an external force and hasiehm
higher electronic conductivity in comparison with
elemental Si. An electrode performance of L&Si
composite, therefore, is expected to enhance hygusi
suitable ionic liquid electrolyte.

In this study, we investigated the effect of thecires
on the anode performances for binder-free W&8i
composite electrodes.

EXPERIMENTAL

Thick-film electrodes and LagBi composite were
prepared by a gas-deposition (GD) method [5]. Ativac
material powder of LagiSi composite was synthesized
by a mechanical alloying (MA) method [3]. Lanthanum
chips and Si powder were mixed so that the weigtib r
of LaSk:Si is 70:30. The weight ratio of MA balls to the
mixture was set to be 15:1. The MA was performadgus
a high-energy planetary ball mill at 300 rpm at noo
temperature for 5 h. Thick-film electrodes of th&Si/Si
were prepared on Cu foils by GD. Electrodes of ISn&
were also prepared for comparison.

Anions of ionic liquids used in this study are
bis(trifluoromethanesulfonyl) amide [TFSA and
bis(fluorosulfonyl)amide [FSA. A cation isN-methylN-
propylpiperidinium [PP13. Electrolytes were prepared
by dissolving a salt of Li-TFSA in these ionic lida with
a concentration of 1.0 M. For comparison, we used a
electrolyte of 1.0 M LiClQdissolved propylene
carbonate (PC, f0;) as a conventional organic
electrolyte. We assembled 2032-type coin cells istet$
of the thick-film electrodes (working electrode),dheets
(counter electrode), and the ionic liquids elegtiml The
charge—discharge tests were performed at 303K addru
constant current densities of 0.420 A ¢Si alone) or
0.315 A g* (LaSi/Si composite), corresponding to
current rates of 0.12or 0.2%C. A potential range was set
to be 0.005-2.000 V vs. Li/Li

RESULTSAND DISCUSSION

Figure 1 shows a dependence of discharge (Li-
extraction) capacities on charge—discharge cyclabau
for the electrodes of Lag8i composite and Si alone in
the various electrolytes. The capacities of L&Si
electrodes have been converted to ones per mass of
elemental Si. In the PC electrolyte, the capacitthe Si
electrode rapidly decreased by the 100th cycleohtrast,
the capacity decay was suppressed in the ioniddliqu
electrolyte using [PPIHTFSAT]. When the anion of the
ionic liquid was changed to [FSA the Si electrode
exhibited larger discharge capacities for 150 ccl@ur
previous analysis have suggested that Li ions dmhpot
transfer at the electrode/electrolyte interfacE $A-based
electrolytes because of their easier desolvatiohichw
enables efficient electrode reactions of Li-
insertion/extraction and improves the performan2ed.

The composite electrode of LaSi in the
[PP13][TFSAT] electrolyte showed an initial capacity of
1480 mA h g@)™ and a remarkably stable cyclability: a
very high retention of 100% was attained at thetd00
cycle. By changing from [TFSA to [FSA], the
composite electrode provided a drastic improvenient
the performance. We found not only a large initial
capacity of 3300 mA h §)™ but also a high capacity
retention of 91% at the 100th cycle. A ratio of &@0th
cycle's capacity to silicon's theoretical capat3y80 mA
h g was as high as 84%. This result shows that
elemental Si in the composite could be effectivedgd to
Li-insertion/extraction even after a long-term def
discharge by the promising applicability of
[PP13][FSAT] and by a benefit of LaSias conductive
material and buffer material for the stress.
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Fig.1 Cycling performances of Laf$i composite electrodes
in two kinds of ionic liquid electrolytes using [PB][FSAT]
and [PP13[TFSAT], comparing electrodes of Si alone. The
discharge capacities of Laf8i electrodes were converted to
capacities per mass of elemental Si in composite.



