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Abstract

Influence of a heat treatment for SiO on the charge-discharge cyclability of the cell with SiO/Graphite mixed elec-
trode was investigated by using advanced analysis technologies from the viewpoint of a charge-discharge reaction
process between Li and SiO. The cell using heat-treated SiO showed higher discharge capacity retention than that
of non-treated one. This superior cyclability was derived from the fact that the isolation of the active materials was
suppressed due to the decrease of volume expansion of the SiO active material at the first charge process. The dif-
ference of the reaction process for the SiO/Graphite electrodes was investigated by Si-K edge soft XAFS and SLi-
MAS NMR. These analyses revealed that the treatment increased amounts of amorphous SiO2 components and de-
creased the intermediate Si oxide (SiO.), and the formation rate of LisSiO4 as irreversible reaction product was
slower during the charge-discharge process. These differences are thought to bring the decrease of volume expan-
sion of SiO active material, resulting in the suppression of the isolation.
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ME L. &t SOC %L, #ImlDiAEET =
Z SOC100% & L, % SOC doFeEIRAEIC /x5 &K 9, 0.1
CADERTHRELR. &I, AWFETIE, SiO/ Hh
EEEMmIC LM FASNS 2B EL, PiEEE
N5 LzfEET 5.

212 Z)btib
2.1.1 THTIF L 72 Si0/ SR A EMmz Bl e L,

2018568 B15% £15]

IEARIC LiNivsCorsMnis02 2, BRI 7 VAT
L>A—FRx—F (FEC) HXUEMC Z{AfE 1:9
TIRA LT27AIC, 1.0 mol dm™ @ LiPFe & VAfi# & 1
726 DEANT IV ZE- LT, 2ov)LZzHAn
T, 25CICBI 3 YA EMHERRBEB XU AMEY
A I NVEmMEBZB kol £z, 50 BXT 150
YA I NBRICBWTARERERRBZ ZNZTNHEfMEL
T, WEMERHBRIE, 02 CA OBHT 42V ETEH
%, 4.2V OEEETABRHOGFN 8 h Lix%
XSICHELIEDOBIZ, 02 CA DEFHT25V T
B L. FRREY A 7V HEmaBRIE, 1.0 CA O
T 4.2V £ THGER, BIRMEN0.05CA LEZXT
42VODOEBETHELEZDOBIZ, 1.0 CA DEHRT25
V X THET 220K UERML 7.

2.2 SO/ BtnR A EMDOEIETE

221 TIVEIVIZEBFRBREY A 7 IVEDEBODHE

FEIRREND SOC A%

A2 HTHBRERKR T LIz 7))V %E Ar ZHE R
DTa—TRy 7 ANTHRIALT, Bz 7L,
VAFIH—REx—1 (DMC) T, wEEEk
DHIC, TOAMZIEAME L, MHEice)s L, &
fEWRIC EC 38 XU EMC Z{ARELE 3 1 7 TG LAl
1.0 mol dm 3 @ LiPFs ZAfRE ¥ 7z D2 VT
LiN—T vV LT, 2 Dx)V%E, 25CICBNT,
901 CADERTIOV ETCRERERNEL:
DBIC, 0.1 CADFEFHRT0.02 V ETHER, 002V
DEBETHRERLOGFN 16 h Lixd X5 ICAE
L.

2.2.2 B X 4R XAFS AIE

X #R XAFS JIE W, S mfE 2 SRy Z—D e —
LT AV BLIBICTHIME L. 2.1 IHTHRMERBRE
T LTz LiN—T7v)IVERIZTIVEIVE, Ar HRK
TOTu—"7KRy 7 ANTHRALT, BMZIDZL
7eDBIC, DMC THH, Wl LHERR & Lz, &
DK — Ry T =T TR D Db
12, FI VAT 7—Rw)IVIcEALE. Tk Ar
FHR 2R UIIREECE — LT 1 v E oL,
EZEML . JEICIFE N EEZ AWz, &,
AHFZETIE, Si-K BHD ZXT VT —2D 5 b,
iR E#% D XANES A7 MV L, iz
Zolz.

2.2.3 5Li MAS-NMR BIE

222 HEFMIC L CEMZHEL, ArFHEXTO
Zua—"7Ry 7 AN THIED S EmEEl O I 7% HiE L
Fo. ThZEEREEICE AL, °Li MAS-NMR jIlE =5

Iz,

26



GS Yuasa Technical Report

fii L7z,
224 aBETAE

212 HTFEH L7 7 )bV 7%, WEIEAAEIRARIC
BT, Fa—7Ky 7 ANTHRAL TEMZELD 72
L, DMC Tyl S 872D BIc, YA /A A—2—
ZHWTEMOEE ZHIE L.

2.2.5 B SEM 8i&

222 HEMAMRICL CEMZREL, 7uALr 3
YRy —ZfHLUTHmM T LzDbic, Efi
BYEE TSRS 2 F O T SEM R DB 25 2755
7z.

3 BRELUER

3.1 Si0/ EEWDYIEI TR ER D RIGHEEND I

SiO/ BehEAEMmZ W TE- LIz Lin—T 1)
OPEF R AR E Fig. 1 1IRT. K5, Si0/ &
RS EMmOYEFEEMIRZ, SiO OB DA KIC
Ko TIIRMEIR D, REVIBRG DTN RT2 5 Il
MIGIRZ R~ & LB, YEDFREERRD X UMKE
REF ECICRBMEBF DN RKRENT EHDNS.
NS SR E NS GOM]E 7 — 1 3R
&, 74% THZHDICH LT, REVLEFOEE X
69% THBHZ hbh-o7z. TNEOERITDONT
EET B 72D, X KR XAFS JIlE 36 X U °Li MAS-
NMR W EZ BT x> 7z,

BULEA D Si0 72 Z N EFNHW Tz Si0/ HEnES
EMOFANER, GAAEIRE BIUOHKEZD Si-K
Bk X #7 XANES AX7 +)V7 Fig. 2 \C/R9. FfiE

1.0
0.9
0.8
0.7
0.6
05f
0471
0.3
0.2
0.1

0.0 :
0 500

Voltage / V

— SiO with heat treatment

— SiO without heat treatment

1
1000 1500 2000

Amount of electricity / mAh g

Fig. 1 Charge and discharge curves of Li half cells
using SiO with and without heat treatment at 25°C.
Charge: 0.1 CAto0 0.02 V for 16 hours in total;
Discharge: 0.2 CAto 1.0 V.
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Fig. 2 Si K-edge XANES spectra of SiO/Graphite
electrodes using SiO with and without heat treatment
for fresh, after 1st charge, and after 1st discharge.
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Fig. 3 °Li MAS-NMR spectra of SiO/Graphite elec-

trodes using SiO (a) with and (b) without heat treat-
ment at various SOC.
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Fig. 4 Changes in (a) discharge capacity retention
and (b) Capacity ratio of 1.0 CA / 0.2 CA of full cells
assembled with LiCo13Mn1Nii30: electrode and SiO/
Graphite electrode using SiO with and without heat
treatment at 25 °C.

Charge: 1.0 CA to 4.2 V until 0.05 CA ; Discharge: 1.0
CAto2.5V.
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Table 1 Thickness of SiO/Graphite electrodes using
SiO with and without heat treatment for fresh and
after 1st charge in full cell test. This value expresses
the thickness except that of Cu current collector.

Heat treatment Thickness at Thickness after Increasing

for SiO fresh 1st charge ratio
/ ym / um / %

with 23 41 180

without 23 48 207

% Increasing ratio = (Thickness before charge) / (Thick-
ness after charge) X100

Thickness 23 um = 47 um (204%)

Crack

Fig. 5 Cross-sectional SEM images of SiO/Graphite
electrodes using SiO (a) with and (b) without heat
treatment after 150 cycles.
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Fig. 6 SLi MAS-NMR spectra of SiO/Graphite elec-

trodes using SiO (a) with and (b) without heat treat-
ment at discharge state for initial and after 150
charge-discharge cycles.
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Fig. 7 Si K-edge XANES spectra of SiO/Graphite
electrodes (a) using SiO with heat treatment at charge
state for initial, after 50 cycles, and after 150 cycles
compared to (b) that of SiO without heat treatment at
initial charge state.
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Fig. 8 SLi MAS-NMR spectra of SiO/Graphite elec-

trodes using SiO (a) with and (b) without heat treat-
ment at charge state for initial, after 50 cycles, and
150 cycles.
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