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Electrode-electrolyte interface enhancing Si-based anode performances in ionic
liquid electrolyte for Li-ion battery

Usui, Hiroyuki
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lonic liquids are promising candidate of safe electrolyte for next-generation
rechargeable batteries with high energy densities because those have excellent non-flammability unlike
conventional organic solvent. In this study, we applied ionic liquid electrolytes comprised of
amide-based anions showing easier desolvation and cations promoting smoother interfacial Li transfer. The
anode properties were studied for electrodes consisted of Si particles coated with rutile Ti02, which
enables fast Li diffusion and has been developed by the principal investigator of this project. The
Ti02-coated Si electrode in the ionic liquid electrolyte exhibited better high-rate performances compared
with that in the conventional organic electrolyte. The electrode showed excellent cycling performance
with twice as large reversible capacity as the theoretical capacity of conventional graphite anode.
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Fig. 1 The first charge-discharge curves of Si
electrodes in Li-salt/Py13-TFSA with the
polypropylene-based separator.
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Fig. 2 Dependence of discharge capacity on cycle
number of Si electrodes in Li-salt/Py13-TFSA with
the polypropylene-based separator..
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Fig. 3 (a) Enhanced high-rate performance by interface
between TiO,/Si composite anode and ionic liquid
electrolyte. (b) Cycling performance of the TiO,/Si anode.

M. Shimizu, H. Usui, and H. Sakaguchi, Phys.
Chem. Chem. Phys.,, 18 (2016) 18 (2016)
5139-5147. Functional ionic liquid
for enhancement of Li-ion transfer: Effect of
cation  structure on  charge-discharge



performance of Li,TisO,, electrode
DOI: 10.1039/C5CP05008A
M. Shimizu, H. Usui, K. Yamane, T. Sakata, T.
Nokami, T. Itoh, and H. Sakaguchi, Int. J.
Electrochem. Sci., 10 (2015) 10132-10144.
Electrochemical Na-insertion

/extraction  properties of  phosphorus
electrodes in ionic liquid electrolytes

Y. Domi, H. Usui, M. Shimizu, K. Miwa, and
H. Sakaguchi, Int. J. Electrochem. Sci., 10
(2015) 9678-9686. Effect of
Film-forming Additive on Electrochemical
Performance of Silicon Negative-Electrode in
Lithium-Ion Batteries

H. Usui, T. Sakata, M. Shimizu, and H.
Sakaguchi, Electrochemistry, 83 (2015)
810—-812. Electrochemical
Na-insertion/extraction properties of Sn-P
anodes
DOI: 10.5796/electrochemistry.83.810

H. Usui, M. Narita, Y. Fujita, and H.
Sakaguchi, J. Surf. Sci. Soc. Jpn., 36 (7)
(2015) 334-338. Silicon-based
Anodes and Optimized Interface between
Electrodes and FElectrolytes for Next
Generation Lithium-Ion Battery
DOI: 10.1380/jsssj.36.334

M. Shimizu, H. Usui, K. Fujiwara, K.
Yamane, and H. Sakaguchi, J. Alloys Compd.,
640 (2015) 440-443.
Electrochemical behavior of SiO as an anode
material for Na-ion battery
DOI: 10.1016/j.jallcom.2015.03.171

H. Usui, S. Yoshioka, K. Wasada, M. Shimizu,
and H. Sakaguchi, ACS Appl. Mater.
Interfaces, 7 (12) (2015) 6567-6573.
Nb-Doped Rutile TiO,: a Potential Anode
Material for Na-Ion Battery
DOI: 10.1021/am508670z

M. Shimizu, H. Usui, T. Suzumura, and H.
Sakaguchi, J. Phys. Chem. C, 119 (6) (2015)
2975-2982. Analysis of the
Deterioration Mechanism of Si Electrode as a
Li-lon Battery Anode Using Raman
Microspectroscopy
DOI: 10.1021/jp5121965

M. Shimizu, H. Usui, K. Matsumoto, T.
Nokami, T. Itoh, and H. Sakaguchi, J.
Electrochem. Soc., 161 (12) (2014)
A1765-A1771. Effect of Cation
Structure of Ionic Liquids on Anode
Properties of Si Electrodes for LIB
DOI: 10.1149/2.0021412jes

H. Usui, K. Nouno, Y. Takemoto, K. Nakada,
A. Ishii, and H. Sakaguchi, J. Power Sources,
268 (2014) 848—852. Influence of
mechanical grinding on lithium insertion and
extraction properties of iron silicide/silicon
composites
DOI: 10.1016/j.jpowsour.2014.06.105

H. Usui, M. Nomura, H. Nishino, M. Kusatsu,

T. Murota, and H. Sakaguchi, Mater. Lett.,

130 (2014) 61-64. Gadolinium

silicide/silicon composite with excellent

high-rate performance as lithium-ion battery

anode

DOI: 10.1016/j.matlet.2014.05.065

M. Shimizu, H. Usui, and H. Sakaguchi, J.

Power Sources, 248 (2014) 378—382.

Electrochemical Na-insertion/extraction

properties of SnO thick-film electrodes

prepared by gas-deposition

DOI: 10.1016/j.jpowsour.2013.09.046

H. Usui, K. Wasada, M. Shimizu, and H.

Sakaguchi, Electrochim. Acta, 111 (2013)

575-580. TiO,/Si  composites

synthesized by sol-gel method and their

improved electrode performance as Li-ion

battery anodes

DOI: 10.1016/j.electacta.2013.08.015

H. Usui and H. Sakaguchi, J. Nanoeng.

Nanomanuf., 3 (4) (2013) 311-316.

Morphology Control of ZnO for Li-lon

Battery Anode

DOI: 10.1166/jnan.2013.1148

H. Usui T. Kono, and H. Sakaguchi, J.

Nanoeng. Nanomanuf., 3 (4) (2013) 326—-330.
Electrochemical Properties of

Metal/ZnO Composites Synthesized by

Co-Precipitation Method for Li-lon Battery

Anode

DOI: 10.1166/jnan.2013.1151

2015 12 7

Hiroyuki Usui, Hiroki Nishino, Masatoshi
Kusatsu, Tadatoshi Murota, Hiroki Sakaguchi
The 66th Annual Meeting of the International
Society of Electrochemistry  Gadolinium
silicide/silicon =~ composite  anode  for
next-generation lithium-ion battery 2015

10 8 Taipei International Convention
Center Taipei, Taiwan

56 2E02 Nb
TiO, Na
2015 11 12

56 2D14
Si
2015 11
12



2015 2
2015 9 27

Hiroyuki Usui, Kuniaki Wasada, Masahiro
Shimizu, and Hiroki Sakaguchi 7th
International Conference on Green and
Sustainable Chemistry (GSC-7) and 4th
JACI/GSC Symposium, D-1-03  TiO,/Si
composite electrodes for Li-ion battery

anodes 2015 7 7 Hitotsubashi
University Tokyo, Japan
32
2B-01
2015 5 22
2015 82 3J21 Sn-P
2015 3 17
55 2D25
2014 11 21
5
1009
2014 10 28
5 1P13
LiyTisO4,
2014 10 28
- 4
CSJ 2014 P2-102
2014
10 14
2014 1Q06
2014 9
27

Hiroyuki Usui, Kuniaki Wasada, Masahiro
Shimizu, and Hiroki Sakaguchi The 17th
International Meeting on Lithium Battery
(IMLB2014), P209 Binder-Free Thick-Film
Anodes of Si Coated with Rutile-Type TiO,
2014 6 10 Cernobbio Wing (Villa
Erba), Como, Italy

31 1A-12

2014 5 22

“ 6
" (2015) pp. 86-98.
FB

“

71(2015) pp.1-8.
10 “
" 65 (10) (2014)
pp-20—24.

7 4

(2014) pp.527-532.

R
" 56(3) (2014) pp.58—61.
“ 2 19
" (2013) pp.
182-196.
: 6 13
" (2013) pp.516-521.
R
" 55
(3) (2013) pp.25-28.
6 7

2

2016-036420
2016 2 26



2014-231423
2014 11 14

2014-223391
2014 10 31

2013-257073

2013 12 12
PCT/JP2013/82214
2013 11 29

2013-133933

2013 6 26
5755246
2010 11 29

2015 6 5

(M

USUI Hiroyuki

60423240



