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BAEOHSEFEOP CERIIR L EMNR2 XL —TH Y | BINENROHESEFELE L
ZATCERLEE-THWS TRV, HRTOERT R/LX—L, EIZKNIHEE, kKSIFEE.

ZLTURFAREIZL > TEESNTVD, BARDKIFEEIT, MASNTZAM - A% - K
SRAT A7 E DAL ZIRENZ LT b, Z OLARREI ORI OBLE 5. 1980 44X
DIEPAEEEE (BUEDORFEER) ITBWTH T XX B O FER% THiiEihE 7
Hry A7 LOB%E] & LD b, £oh T, BEEAOARFELZ B L LTE
71 F ARt O R FH BRI 01 72 Z IR BT OWFZERFEN T Lo b |

AR ALARBHT K D3I, HIERERR L ORIK & ST\ D ZibRFE LI ESET
W5 DT, FERICHNT 72 HIERIBBR LXK & LT B LIRFBRAEOIFINEHE TH D, EXRT
AKX —IRFT DRI T, S bR B2 PG 5 7o o1l i bR FE 2 PEH
LZ2WHA AR AL F—IZ L OREBHINORIE L & bic, B F—z2AITEM
LU T bR 2 HE I 2 HEIR O e N BERBRE TH 5, T70b b BB
FIL, BEPANLERBERET AL X —2ERBRICER ST D & & bic, ARrEEEO
IO ICBERK XN F—OHIMM 2t EHICIRY AL TR E L THER SN TN D
—J7. WIEMEBIIC L 2 EHE B (BlxiX, B8, N2 FTv7r) D%
LIRFZYE LT 2D, PIREERI b 0 “ b B HEH oMl BB & LT, (1)PRHERI D
WL 2 AR ATRE = 0L — R OBREHI 8 e, QPRI 2 B 50E — Z ITE R, 3)PNIAHE
BozhERm L, REDFENRDH D, QQB)DFETITERTRAF—ZHNDH, HARDIE
) ORERUERD S Q) TIHHEEIHN R HE D BRSO, 3)DHD
COITHINE « BOEFFIZERE— X FL2FHT o147V v FHER S o & b HHZ0RI kD
OO ThDLEEZ DN, ZEMLRFFHIMHOFED—SL LT, WPETH, m=X
U —H JEC B EL SRR AT RE 7R AR TR B O BB 03D H 4L C & 72, Fig.1-1 12
P R M ORI T, AR R ERIT, SR X—BEAL (2R b
b, &) o TREPED HILTND Z &R D,
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Figure 1-1. Development of rechargeable batteries.
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UTF U LA A ZIREH (Lithium-ion battery, LARE LIB &WET) 1%, 1987 FFIZHF I (1T
Ko THIPEILE, 191 FIZEAE DO Y =— L bIZB WM b S iz, LIBIX, HE
MmT36vVULDEEBENZAL, @BV FULEZHNTRNWERREME LT, #Hiikds
BIRE L TRASND & HERAEN T I LD, #EREREO N AEBIR & /2o T,
RIZELDECHEmEMOT LA EI L T&, £L T, MR D ICT(Information and
Communication Technology) ft&DIELDH T, /— M PC LA~v— h 73 icfiFEsh
BHENA VT NA ZADEPRE L TRERAIKR D ER>TND,

Pen b IiF O LIB OENG £ ORI 2R E LT, EMIZa L MY FU A
(LiCoO)EDJEIRER b, AR T 7 74 MR SN D RFERME, £ L CTEMREICT
F L h—RF— NECREMEN AN SN, & DAL E Fig.1-2 [ZR-7,

LIB 23, ZNETO®RY F ULz fnicE s RE <R D01, BN s ) F
TVAREEINTNWHAZETHDL, 2OV T ULDA L OBENCZLY | TRE(1-1)2>5(1-6)
DRI TREIND LD ICHEL L OREROEBEMMICET L, ZkEMm L L TEIEYS
%o BBV TFULEHEATHLENEN-D, RELBEMAERERL TWD

I FEIRF 0D FE ML S
1EH LiCoO, — xLi" + xe™ + Li(1.1C00> (1-1)
=y C +Li* + e — LixCs (1-2)
SN LiCoO: + C —Li(1.C00; + LixCs (1-3)

Jike e B D FE ML
1EH xLi* + xe” + Li(1-9C002 — LiCoO> (1-4)
g=yi LixCe »> C+Li*+e (1-5)
EX NN Li(1.C003 + LixCs — LiCoO, + C (1-6)
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Figure 1-2. Schematic of the principle of the lithium-ion battery (at charging).
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B & ISR S BB BRI, PERRS LA M A DB OWIMA %N 2 TEMIR L LT
HobnTind, 20X HIZLIB T, Z< OMEZEAG DY, T EIEREL B X T
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Figure 1-3. Manufacturing process of LIB electrodes.



1.3, WHARAMBE OB

LIB [Zi%, fERAMMEIE LT 7774 FBAHVWLNR TS, 77774 NI, LIB%
RS | RS R ICEN oM B L LT R<MEbT& 7z, £D72H, LIB Offif E
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1. FKmlT SEI (EAEMEM) &4k L CEMRKT CLEICEET 5D T, 20 SEl
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REAME T T %, (Fig. 1-4) & BIIEBDS BV O RN E, VFULRT  RIA
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FAE DA U D fERERH 5720, ERIIIY 7 I 7 0 0 OWEZHLEAT 5N
L— 2 2T %)
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WZHKIZ N2 T D,
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Fig. 1-6 [IZIRIARABIEWEM B L TamT 3 F—FE D AR GaROuH B LML
EMOBAMNEES 20 B L OHEAEEYL - OBGmAELE, BUTO 7774k (Co) & &
HITRT, ZTOHRT, Sild, FImA RN 4200mAh/g &, 7T 7 7 A B D 372mAh/g (ZHER
T, FHFICEL, TLTZOBERENEER I LMD, FRICER ST 5,

ARFSCTIX, KA LIB OB EE LT, ZORERBEMARELAT D SIITERL,
WIFEBRFE Z2 e T,
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Figure 1-4. Cycle test of LiFePO4/Graphite cell at -20 to 80°C.
1.5 mAh/cell, 2-4 V cut off, N/P=1.1
Cathode: LiFePOs : Acrylic binder : Active Carbon Fiber (ACF) : Vapor Grown Carbon Fiber
(VGCF) : Ketjen black (KB) =89:5:3:1.5: 1.5 (wt.%), CC-Al foil,
Capacity : 1.5mAh/cm?, dried at 160°C for 12h.
Anode: Graphite : Acrylic : VGCF : Acetylene black (AB)=93.5:4:0.7 : 1.8 (Wt.%),
Cu foil, Capacity : 1.7mAh/cm?, dried at 160°C for 12h.
Electrolyte: 1M LiPFg, EC : DEC=1: 1 vol, +VC 1wt.%,

Separator: Glass nonwoven fabric (350 pm)

Cell type: 2032-type coin cell

Figure 1-5. Lithium deposition on the glass separator

at —5°C after cycle test in Fig.1-4.
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Figure 1-6. Theoretical capacities of various anode materials for LIB.

Fig. 1-7 (C R HEAREMIEWEAEL O Li Wk (A RO L2~ d, BUTAHED 7
77 7 A A LR 11 fEIR T 2 0lzx L, Sil 4.0 fEET 5, Si Ok /1708
SR L RIS R E R EM LORB L 222, ZOFKEICHED Li O AR
2K 2 Si OREZRAEFEEIZED . St BEPBEL, EEERNGHBEL CLES, 207
B Si BfiE VT FERERER T, A 7 AEREME T2 2 b T,
Si DIEBIZAIT & DMfsE - RIBEZ MR 272012, ALEIFIZ >N T
1. FEBESORENASAL U —OPRE - BT
2. EIREREERORRK - B
3. Si DRLA-H A XD

117,



0 1 2 3 4

Volume change rate

Figure 1-7. Theoretical volume change at Li insertion reaction of various anode materials for LIB.

EF S U F BN T, BRE S HTMEHE, S Tl L ORI R K OME
FHMEEZFFORY A I FPDNNA X —Th D, ERONAA 2 —& PL A X —%H
WA 7 VRIS T D IER EOSbE Fig. 1-8 (¥, Sk z i L3 < 5
D10, Si 27T 774 MRA L. REEEREZIH Lz vz, 1MW b
TWARY 7ok =U F o PVAR) NS U A=A T L« T X VT T A(SBR)NA
F—lE, T<SHMLTEENRES KT L, 2T L T, PL A U7 —%, BEVRD
FVELT, VERPHERTHE R D Z &R0 oTe, 1272, PL AL U X — 3% OHETRIE 2%
BLS/ D720 D N A 2 —J0 100°CLL EEivy 250 CUL EOBSLELAMETH U | BLik
DORGERAEIC KT D 5% 0 PLSA U F —OBFRE L S,

I, ARIEVEMEI T 5 ST RO REIZ OV TR 21T o7, RIUHMED A TT
RO D SiRiERAWT, BBREINTZPIAA X —ZHWT, A UMk CEMmZ
ERL, a4 B THA I NEEOREZIT 70, £ ORER% Fig. 19 ITR-T, R
AZXDRERLDIZEMERBEORTNRRENT LRG0 D, REORB/NIWNWATT
£ Dso=2pum O b DN IREREDOIR TR DR T2D T, 2O Si KL FRIZ OV TR
EHED Tz, BLFRRN S HIT/NS U SR Tl B FR8203 150nm L F72 & E L7an 2 &
DHEINTEY O SioF 2R+, T /UA4Y, 7/ arsRKYy ToMERER E23Z<
WEINTND T, L, STk A ANY T I 7 ail/ind LR E LKL
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T2 AT V=2l T DERONA U H—BNL MBI D70 E FEH LOMENHEZ S
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Figure 1-8. Cycle test of Si containing anode with various binder.
0 -1V cut off, 30°C, 0.2C-rate
Anode active material: Si : carbon= 30 : 70 (wt.%) (Ball Milled under 50G for 1h)
Anode: active material: binder : KB : VGCF=85:10:2: 3 (wt.%)
Counter electrode: Li foil,
Binder: Polyimide (PI),
Styrene-butadiene rubber (SBR)+ Carboxymethylcellulose (CMC),
PolyVinylidene DiFluoride (PVdF)
Current collector: Cu foil (t40 pm)
Electrolyte: IM LiPFg, EC : DEC=1:1 vol, +VC Iwt.%
Separator glass filter (GA-100)

Cell type: 2032-type coin cell

10
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Figure 1-9. Cycle test of Si anode with various Si diameters.
0.01 - 1 V cut off, 30°C, 0.2C-rate
Anode: Si : PI-binder : AB : VGCF =78 :18 : 1 : 3 (Wt.%), 3.2mAh/cm?,
Counter electrode: Li foil,
Binder: Polyimide (PI), Heat treatment at 300°C,
Current collector: Ni plated steel foil (t10 um),
Electrolyte: 1M LiPFs, EC : DEC=1: 1 vol, +VC 1wt.%,
Separator: PP/PE/PP film (t20um) + glass filter (GA-100),

Cell type: 2032-type coin cell.
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WIZ. WHAR LIB (Z[A) S T ORI EIBASE & LT, B O REUL O 0 72 8 OREREL
BEOBRSE & U CTHRBEROER Z1To7z, IRV L PL AL X —Z AT, FkIZL
TIEWE T LA AV, BMEES 2 2o 45D 4em THELET LI =
LT IX—MEALEZERL, BHERREZIT o7, ZO/E. Fig. 1-10 (277 L 9 OHERD
BN TH D EIETE (FF 20um) 3BT H GEWE D HEE L 0T TW L0038 5T,
Z AU Si DEFEZEAITANA XA —TBRE LTeh, BEETH D2HEN G| SIEIX S 73,
fgde Z & MHPRTICHFT o 72 £ B 2 b ivle, EEEOMIIAIL, EMFEOEREZZZ 5 &
& BITMMENCIEE S L, SR OFKS 2 < WRetE & 5 DT, LEROTRR - BFEIT
HETH D, BEEZHIZELS T2 LB, HELHE T O 3L F —FE NN
TER, ZOTZOIERM LT RI2 DB OBRR il T, THEOEIEBIT O S EARIZ N,
JEZ 10pm D AT > U AGTERR Ni A v FHE O A BWNZ L, ZhaEEARe LTEM
L72& 24 Fig. 1-10 IR T L2 ICMYZ A LS Z &< ERSFIATE D5 Z L0350
fo 12 EERORE S LT, MERMEUNOBMAE, BRI OWTIE, &b
ZHRTE >N A FHE > AT LV ARBEOIRICEN TS Z L 2B ET 5L Ni A v X4
BERAT UL ABIVENTOWDEE X DN, 7272, Ni A v XHfEE, BN CEMIK
HIZ RSB STEH T 5 A v ¥k & BET D 2 LIS X D8Ma O L7223, 50 [EIFEHKE
RERCTIZAT VU ABAR & T, YA 7 SICBHE R BITRD b e o7z,

VAL D0k B 2/l G o TERL L 72 Si Rl g Fv o EiE, EEEAS —55~80°CT
LA PHERRBD LT, JAWRERMEEZ AT 5 2 E R0 o7 1, (Figs.3-10, 3-11) &
Hlz, Si REMEERAWESES, BRIEICZF Lo — R — MO RERN T & LR TE

7= 13,
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Front face
{coated side)

Back face
(non-coated side)

Si anode after 10cycles Si af‘Ode aﬂe_r 10cycles
Ni plated steel foil (10pm) Rolling Cu foil (20pm)

Figure 1-9. Photos of Si anode used Ni plated steel (left-hand) and rolling Cu (right-hand) (after
10cycles). Capacity density : 6mAh/cm?,

Due to volume change of Si active materil with charging - discharging cycle, Cu was rippled.

Si RAMEWE & LT SI0ORNd 5, Figl-7 75, Si0 DEFEZE(LIE Si Il T/hEW o
T, WM EIOBRREEED D 5> X THMIE LB 26N 5, L, SO IERASARREE VD
BOBEAEA L TWD IS, Si0 1X, EEROBMSISORNIZ, FRollm S R ARG %
9,

RIS 20Si0 +20Li —  15Si + 5LisSiOs4 (1-7)
LSS
FeEERE AME 15Si + 66LiT + 66— 3LixnSis (1-8)
R AMR 3LinSis  — 15Si + 66Li" + 66e (1-9)

Tbb, FHERBEOE 1 [0 H BRI R OXA-8)08E U, HERI 19784 T
be ZODOREULSIEZ L AT 2 LigSiOq 1XIEWE & L TEEL 22T, B B, SiO
DEEDOR SOWtLY% N L TE72WVEE, TROLARARREICRD EHESIND, EER
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ZlliE, SIOFARAHMAE RSO L LETRISSED I LD, #1DT SO ZEWE L L
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HAGIR DK 2 3T, BUELEBGRICHED U F U LG HEBRY S FIRRICEHIE S,
LiCoO, LI DL & L TE L AN Tn 5,
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W5, TORTHERMNEMEE LT, VT v AICETRRER LY 1718
(xLizMnO;3-(1 —x)LiMO> (M=Mn, Ni, Co 72 &), LR-NMC L7, 200~mAh/g) <>, &
RER(E) D Li(Ni,Co,Mn)O; (Ni:Co:Mn = 1:1:1, 5:2:3, 622 72 &) 35, WTHOMEL
VFULEGHEISELOIL, UFULEEZMA TR L TERL TS, 20720, ARk
Y DIEWE NIRRT 7L LinO HEDOT VAV o aE AT WD, TIVH DT v H U RS IR
WL, Z LTI E & BTSN EL Z E NI HBNTWD DT, @A ®EIEmAE
OO NEHEL LTWD, 72, LRNMC I, FHICEBEEDHFTE 28, F 1 EEO
T m A TR BT FAILEALETH DL L L, RERAFYFREZAT DL &
WEMEFH 2 ED DEEITITBET HIMER D D,

IERIEE DRI Z E 0D ZOREETRIL, A,

(1) FrEEOEMAFEYE, EEWHELTOTEF LTI v7 (AB) | A & —
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methylpyrrolidone, NMP)) % W\ CH—ICIRANHSE, ATV — 45T 5,

(2) ZOARTY —=2ENT LI =0 LAEOEBR LICH—ICBT L, iESE5,

(3) W LBz &R a— L7 LA THIET 5,
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(4) FEHITHAIATHNC, AR L TEZEGE LSRR EZRET 5,

(5) MRAEEE AU O L 72 SRR ClEt 2 #2232 T 5,
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ARERIE. (1) OAZ U —fRRRFCER L, (2) THAZ - BIRESh D, BUERGERHIC
A S TVD NMP (3, BREEAMAE D, AMESORERRKREWE LT, BN (BU)DH
HFNES THUIXI SRR & 7o Te, EDTD | BRI Z BRI AW OV IR WIKIZEE T 5
TENBEBLENTVWS, IRNETEROB T TRICBW T, ABIEAIZHH L Wiz T,
EBREBILED Y T U LEABACYOIEME OBEENEIL, HEVMEIZR L Rho72 18, L
ML, KRAZ Y —ICEET 556, RERHICHEEEL 2L, £EEROT VI =y AEEE
g9 2 EEMEN B D, Z D= DEETE O I % ) E X85 72 O E O % 00 &1
BB OERMPRET S TND R 19202 a X MEIZR>TLED, b H—HE LT, B
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EBICERFFEICENTZT 7 UL RPPI NS U X —ICE SR DM ERND D,
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Figure 1-10. Cycle test of LiFePO4 cathode using various binder.
2 -4V cut off, 60°C, 10C-rate
Cathode: LiFePOy : binder : Active carbon : KB : VGCF =89 :5:3: 1.5 :1.5 (wt.%), 1.1 mAh/cm?,
Anode: SiO : PI-binder : KB : VGCF =79 :18 : 1.5 : 1.5 (wt.%), 2.8 mAh/cm?,
Binder: PVdF-base, Polyimide(PI)-base, Acrylic-base,
Electrolyte: 1M LiPFs, EC : DEC=1 : 1 vol, +VC 1wt.%,
Separator: glass filter (GA-100),

Cell type: 2032-type coin cell.

1.5. LIB D2

LIB DM & WA BTN T EVWEZ S D L5 I BV inEE CTH D,
RO % ORERGF OB 23R 13, — RV BVE RSB (TG-DTA) R
FEEBBENE (DSC) NHWDLND, LorL, LIBIZ—2IZE & F 5T\ D O THESME
FEDOZENPRE S, RBEMTOMBRAIT I LENDH D, 7805 Figl-11 [T X9
Tk LIB D56 FRSHERATEE A T O ESUEA 100°CHIER 2> 5 300°CIZ 2T TIERARE
SNDEMETHD, MOEPORBFIRNE ST | ISHIEREFE L TAET S &, W
DO LEEEITIRIN D 2B, D E > )T 2 WHELK & L7cRBRO O L D236l LakEr 18 T
b5, R HETHFRA L CRHIAICNEER AL L SE T B TRELEY 2 — L 8%
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I ERZME L, ROMIRICEE RN E DT 52 ENRRICT I8 LD,
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1000 Thermal runaway
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Figure 1-11 Mechanism of thermal runaway of LIBs.
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1.6. ABIFED B & AFRICDHERL

LIB [ ZRROEF S &V . ZOFFITHER 2D | AFEEIIRIBITHML TN D, S5
(KRB A~ ORI 3 e th T R R O = L —FHE LIB ~DER B EHE - TV D,
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Z T, RREO BR9IE. HERR) & T224) OBl G, R LIB APEHC B L CREA
e & 87 a2 & VT, B, R DWW T OREFRPEEIC SV T ORI EE 5 5D
Thd, b TEROARIOWERR A WTHE L€ OFNBIROMERIZOWTE KT 5,

AFm L LD B o TeWFE A2 £ L DT b DT, 5 EN LRI D,

B 1 BT, FERm & L CARBITE DB 5 & BUR AT 2 b~ WFZEBRTE 2t ed 5 LT
IREROEIR OHERIZHOW T L, AWUHEO Bz R LT,

52 E T, WA E S RAMMREY EMmOZ BMEORHME & LT, Rt AR B
1 & BRIEPIOFME AR L, Z OBIE) b FEM COZ MR O R & oMz o
TERZMZ ., BRREMRFOREH 2157,

H3ETIE, Li 7V F—E U I AREREAE ST RAR/ME EMOBRS & LT, Wik
H Si R - IEMOR 2 V5T 5 KT B AR AN 4 fHl L7z BMaRatic Lo . 24
ICHRZRA LAY BE 7oA 2 RV L, EEM COEIRREITo 72,

H 4 FETIE KRAS o F =2 VT Em AR W IERRORE T EORS & LT, kR
Si SRAMO ERFFEZBNNFAT 572012, R RIEZ (EROGHIEBER A 2 —
MOIKFNA U —IZEFRT D720l e A0 L, £OEMMEREZFAMT 5 2
LIZRY | TR EIZITFARREOMER1 G DN D BREAM N DI WRIE T v X 2% LT,

55T, MG L LT, AFTEBIR TR LR ROBIEEIT - 72,
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B2E BEAEV) 3 RABRBICYIEROZEMEOFE

2.1. &

UF U LA ZREM (LIB) (X, £O&EmTXLF—FHENDL, HirE:S R EORAEM
B EXHBHEMET, WAWALRHBOERE L THWONL L) IZR>TE T,
Z L CHHEYED T2 ORI R v —8E B ENRm ELT&/, —/5 T, LIB
F &0 LIB A& iR & 95 BEOR AR EDOFHIZONTHELHRE LN TND 12,
L% EDICHTRVX—FEEOMBIOBBE N ED bR s h, AMEWE L LT Silkzo=
FNX—FENIATO T T 7 74 FOKI 10 fi5d v . AR LIB IEMEWE & L THER &
NTWD 34, 20X 5 2e# LOSEReH LB G & > TER S 5 B o2 210
fili -+ BRAEIZIEF ICHER S DI/ D 50, BAMRBRICIIHA b OH 503, Z 2Tk,
AR O The b ik LTI L ABR 2 B IR 3,

U 3 CARBO BRI

EF Si + 3.75Li* + 3.75¢ — LisssSi

i

JCERF  LisssSi— Si + 3.75Li° + 3.75¢

Tdhd "8,

ZOETIE, ®TRNF—FEPYEFTE 50U o REm/miEmEZ VT 1Ah #k
DZ I x— MNEMAZHE - REL, ZOBEMTER LABRELIT-o T, BeMEEFHMI Lz, &
O CREVRAMRGET 272010 U o R/ b EH% VT Li S8 &0 %7 2 RO #ETeE
ZRE Lz, 2LV BRIEFOE WY 2 SRIEWEIL, Li &AI12 L0 BEXHHTN
WD, ZHE TORBIIESOEWE & A\ 756 OEMGRGE & 13820 | BEA %
B S PICHRUE L7 Bl A OV CRYE L2 B S AR EMICL 2 THh D 2 L 2 FRELTZ,

2.2, EBR
2.2.1. EHRPEREWER OER

Si iR OIERLO - DIz, IEWE & LT Si K (Elkem £, Silgrain, e-Si ¥V — X,
Kifg Dso=2 pm, RE=I—7 4772 L), BEIH L LTTvF LT Iv7 (TUH,
TYHNT Ty I AB) N HE—E LTHRY A I RS & (FHBE, RV A I K, PL
WIENMP) ZHWT, Si:AB:PI=77:5:18 (wt.%) DEIG T, N-AF/L2-t'n ) K (N-
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methylpyrrolidone, NMP) Z ¥ L CHEEEE 30 wt% & 720 KO L, BAEEI F4
— (rF—, IO FERER) ZAWTHSICRE L. IEWEAT Y —&{FR LIZ, Z0Oif
WEAZ V=% VLRI — R NHABT T A (RIRHT T A, JEA1.0-1.2mm) bEiIZVA P—a—%
ZHAWTKI 20 um & 725 KO H—ITBT. L, £0D1% 300 °C, 12 KfH]EZE T CEULER 21T -
7o FONTIEWEREOBEMTEIL, 40 X 26 mm, JEAH) 20 pm TH o7z,

222. VF UL R—F0HE

FONTIEWE IR L, Li OF A &2 Lis7sSi & SOC=100% & L T, FiE D SOC (20%.
40%. 60%. 80%, 100%) & 7225 K 52 Li 8 (BE 10 um) 2 1598 @ I B A 1B
BHENTEESYZ, ZTROZEPRTEEET LI T IR— MIZAR, =ZF LT —AHR xR —
r (EC), Yx=FNH—HRx—b (DEC), E=L A —HRF—hF (VC), ~FH 714l
VR YU F 7 I (LiPFs) 7672 DB (23 2%, EC/DEC=1/1(v/v). +VC ; Iwt.%#N,
T IMLiPFs) Z1EA L, BT CREFECE DXL 2ICLTEE Lz, Zh%E 60°CIiH
WU T4 HEE Lz %10 (Fig. 2-1) ZO®%BAE L TRV H L, RmEZEE Li 235%-> T
WRWZ LR LT, Bla VAT NI —Rx— b (FF{L%, DMC) THE L, &Y
BIEOIELARE L, BRHURRIE AR LT,

Super- thin Li foil

Li= 3860 mAh/g Heat

pasting treatment '@ v, g  4days

- ;e ]
Active layer : I:> -y ‘?..‘ :
Y, "

= ‘ Qian
Glass plate L Hectrolyte f@ s v @

Li foil directly attached to active materials

Figure 2-1. Li pre-doping procedure for Si active material layer

2.23. BRERROHE
BRIEPTE ORI E T, KPR (Z£{b5~. Loresta-EP MCP-T360) % i\, 414
PRk, @ERENG R CRIEEITo72, VF UL R—=F L7z Si i3k & BUGHERE WD
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T, #ER—60°CLL T OMMKEE AEREE THEER B o, \IHE 217 -7,

224. A EIVE IARET IV T 2 F— bR OBEER

BRI, TE%E & LT LiNiisCoisMnys)02 (Umicore £, NMC), EHEBIAI L LT AB
& KR R EiAE (BFFnEE T VGCF—H, vapor grown carbon fiber, VGCF), % L T/NA U &
— & LT polyvinylidene difluoride (Kureha Battery Materials Japan, PVdF #1120, PVdF)% v
C. NMC :AB : VGCF : PVdF =91:3.3:0.7 : 5 (Wwt.%)DEIG T, NMP &AM & LTS L,
HAHE R 0 — (Vo —8HaR0 AR 2RV CHOICIRA LT, EMAEYEA T Y
—HER LT, ZOTEWEA T Y — %7 VI =7 LAEHEBER (EAH 20 pm) O EIZE T L,
SR —7—TCTr—LT LA L, TOHK 150 °C, 12 FFHEEZE F CAVLBLAZ 1T\, IEMG%
PERL U7, TEMOTERE OB TEITHK 4.5 mAh/cm? TH -7,

BROERIZIX, EPURRERE & W U B2 FWT, Si:AB:PI=82—x:x:18 (x=1,2,
5,10) (wt.%) OFEIGT, NMP 2L L CEESI 30 wt% b 7en KO L, BAEKR
FH— (rF—8aly KRR 2 W THSICIRE LT, AMAEHWE R 7 U — %2 (Fi
Lice ZOWEWEAT U —%Ni Ay &l (2 10 pm) EEEOWEICEBET L, €D
% 300°C, 12 RFEELZE T CEVLBE 21T\ AMZIER L7z, AMOTEYE OB T &I 3.5
mAh/cm?> CToh -7z,

225, A ELE IARERT I F— MEAOER

TERL L 7= B OMERE 2 TR T D 720, B o A U V2 AERL U7, JBICiii L&
D BRRN DA ZFTHIRE, BN —F L TH T AT gV E— (T IR T v 7 8
GA-100, [E& 044 mm) ERV AL 7 oL —% (RY 7oLy /| RyxzFLy /
AU 7L ro3 EiE, JEE 20um) 20 L CRHBIZIZY FULAE (Bl L—R) &
W THLANL T CR2032 B (SR D =2 R AL T, £ L CBARIR (2 2 L5,
EME IM LiPFs  EC/DEC=1/1(v/v). +VC; 1 wt.%¥0) Z A L CTERLL 7=,

7 Ix— MEAOGEIR, ML, AR, BRI, Eh eSO =y ez
TN =T LEZTERYAMAITTEL, £ L TREORE I > TAMITFFNZER(LT
HWFEEZHNCTVF LT R=7LTBW %, VU F U LET Y R—7 Lo Atk (51k 350
x 90 mm) & IEME (595 300 x 85 mm) DOEICE AL —% (FIAIFPERY oL 6l

WAL, JE S 24 pm, 14 800 x 100 mm) Z A THERICHEEI L, ZhzT7 /v T I x—
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N7 4V ANICERIE L, EBRER (2 2k, EMFE IMLIPFs EC/DEC=1/1(v/v), +VC;1
Wt%IsIN) ZIEA L, BEZEE AL CTEE Lz, Fig2-2 IC/ER L 7=47# L3BRA 1AR#& 7
F— hEADOBE LR, FTH LIRER TOET OFF ANLE, ETHI L 5B BV 6 P O Sk ALET
%’f/j——\‘j«o

F f— \
4 )
| [
2 @
- Inserting point
\ V.
v k J
(c) 12cm

Figure 2-2. Fabricated 1 Ah class winding type of the pouch cell.
(a) the nail with built-in thermocouple (T.C.) for the nail penetration test, (b) appearance of the

fabricated pouch cell, and (c) dimensions of the fabricated pouch cell and position of the nail insertion.

2.2.6. =IA AL 1ANRT IR — MEAOEAERRIE & EFTHIE
FERCERE (BLS v U —X | §Hlldit > Z—) ZMHWT, 30 CTRUERBFEEZITV, &
HOPERE 2 RFA L 7o, Si Butlia V7o B =2 v g, BRI 0.001-1.0V THEK
BAAITV., Si AL NCM IEM CHLASL T 2EMIT, BEMIAL 3.0-4.2V THRAERR %
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1To72s 1AW T I R — MBI OWTIE, HEFRF 3.0V &E RERF 42V ICBWTRI U A
— LEF (BEEHS. MODEL 3566) % N TJEHE 1kHz (2 THEFUHIE 21T - 7=,

2.2.7. ZEMFHE
ST UARBRIL, MR GREV AT L) #HWT 1AW BT VI 7 I%5— ML
T =72, WBRATIC, EMERREZITOEROMRZIT> TH D, 42V IS FEBIC LR
RED M 2 BRI U7z, mifsrE L7 hic8kieer (JIS-N65, & & 65mm. [EE 3mm)
Zlmnys OMETEEB L, IREOZNA LN 2D E THIBREZHER L7z, $T0R
FEEAIL, STRERICHIA L7z K BIBAVER A6 H L, o RmOREZLIL, BB
WAL DR ENCHR Y (41 72 7 — 7R K RBGERS (22 a3 Model ST) 24t L CHlll
E LTz, EMEEDOEGITELEFHI X > TER Lz, T o8&l Latirid = CEfi L7,

23. FEREBER
23.1. RO RRDIEWHEE OEGURIE D Lk

Table2-1 |27 I % — MEADIERIFZ, 2D ATV —Z AWNTH T 2R EIZBA L, B,
PR U728 & DIEWETEIZ OV T | ARIRPIRGH 2 vy, 4 im 1 4 8RENE, EEMANG AT
BARHHIRZME Lok R 2w, 1EWEE OEEIH AB OEH &V 2 I, #E
RN E T ETENR R R 7o, FHEERTH D Si OESHIWNE & EEIH O G A &)
REDEo72Z itk dbD B2 NS, tho 2 BIHOEWEE X, SEHFOEHHRED
e & HIZHRUREMELS 220 | BEAIOTRIMED BHAYE D ITHEIE L TW D ED R T
=7

Fig.2-3 \ZIEWEJE D4 SOC I LESIEIRE L BEAOF R L™, JEAIT Li O
L EBHITHML, SOC=100 (Li37sSilZAHY) TUHIORK 3.5 fFITEAITME L -, £72. Li
ZWIRT 2% L EREGURITIAEICEA U, WY SOC=0 75 100 ([Z¥INT 5 Z & THEA
THERIT 1 2L BB Uc, 2o, SiEEZ IV TRIE L7emE 2 & —8T 5,
ZORERDNG . Li OWIEIZ XY Si OBKEIRMET T 50T, HEAOGH RN DR
WA TH, Li 2R L TV DERHIEEAIN DR TOEETE 5 2 LI s s,
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Table 2-1  Electrical resistivity of Si anode active material layer after heat treatment.

Compoaosition of Si anode

Si AB Pl electrical resistivity "
81 wix 1wt 18 wios Overload
80 wix 2 wt% 18wt Overload

77 wt%  Swix 18 wx  0.58x10°Q-cm
72 wt % 10 wt.% 18 wit % 0.58x10 Q*cm

#* composite slurry coated on the glass by four-probe method (by Loresta®)

1 80
—e—Resistivity (Q-
esistivity (Q- cm) 70
Thickness (pm )

60
— 01 L ) -
E 50 E

(]

] e 2
g AN 3
2 c

30
2 001 ; \. S
@ -.._______. =

10

0.001 L L L L 0

0 20 40 60 80 100
SOC of Negative materials [% )

Figure 2-3  Electrical resistivity and thickness of Si anode active material layer in each SOC.
Si/AB/PI ratio = 77:5:18 (wt.%). 4 probe method using Loresta-EP MCP-T360, Lis 75Si is taken

as SOC=100.
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Fig.2-4 {2, 1AW DTV T I F— b E/IIHONT, FIE LI-BEOFREK THO 4.2V
LR TIRED 3.0V 2RV T, WEHEIL A IIE L7 R 2R d, FREK TR ONEEGTE

HEDAOGHEORENILEALEBRO LT, IZEFECTEroTz, —FH, BEKT

RED NERIRPUIE L, EEMRIOZHEN DR DI Lo TIRPUER &L 220, GF &

WEPNPE RO b, ZOMENS HEMROZAENZWGEIT, NEHEHITE

A OIPUE A SENC 72 0 | FEILEORRRIZ 030 53, WU NS —ETH
DITKE U GHEIE B A OE A BN S WAL, WEEHTIE St OBGUE A SEIZ 720 |

o« MET b Li OF 2 Wk - U OIREED . ZREnNEESIOKS & L TN D

ZEDIRIE S LT,

140

120 F

100 F

80

60 F

40 F

20 F

Internal resistance / mQ@1kHz

Content of AB (conducting material) /wt.%

—a— discharged at 3.0V charged at4.2V

Figure 2-4. Internal resistance of the 1 Ah class pouch cell for various AB contents.
After being charged at 4.2 V and discharged at 3.0 V using AC milli-ohm Tester at 1 kHz. The

capacity densities of the anodes and cathode were ~4.5 mAh/cm? and ~3.5 mAh/cm?, respectively.
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23.2. aAfrEMZKDEMRE
Fig.2-5 {26 MR I 4@ Li 2 W2 2B o 2 A e L O o ERSE 2R, Wb
0.2C RTHELIZBEOMERELENM ST, @RBEORMRL KT 56, IEHLTY
BMOEAREINT TR, BRNOA AU BEE L RE BT L2 L2 ENTITR
W, ZNEZE LTS ZTH, SEHAOZHEOENISHEY Ao nsEx b
Do

14 14

12 | @] _f (b)

"

Voltage / V vs. LI*/LI

Voltage / V vs. LI*/LI

04
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. . 0
(1] 1000 2000 3000 4000 4000
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Figure 2-5.  Charge-discharge curves of the Si anodes with various AB content: (a) 1 wt.%, (b) 2
wt.%, (c) 5 wt.%, and (d) 10 wt.%.

Si (particle diameter Dsp =2 um)/AB/PI ratio = (82-x):x:18 (wt.%) (x =1, 2, 5, and 10). The
discharge capacities on the x-axis are converted from the Si content. Cell type: 2032-type coin cell.
Counter electrode: Li foil.  Electrolyte: 1 M LiPF¢ in EC/DEC (1/1, v/v). Cut-off voltage: 0.001—
1.0 V. Charge current: 0.2 CA (The capacity densities were ~2.3 mAh/cm?). Discharge current:

0.2,1,2,and 10 CA. Temperature: 30 °C.
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Fig.2-6 |Z Fig.2-5 OO @RI G| /i TEM L7z Li Z2 /W7 EElo a1 ok
IVTOYA 7 NVEHEERT, 4 SOEME HIFIFRFHE Y OBEXE &S O, Fig2-6 T
RENDMEEOMEREIL, TNULENCEENDHIEWE Si O EESH -V ICHE L TE
D, FEAEICHR L S AEE LT D, MIIOMER &IT Si FA @ 3000mAh/g DL &9 K
ERMEE R LTS, REIK 60 BN MEREOREAD D LRKE L 2S5 TNDDH,
#1100 [0 B £ TTIREBIAIOEZAHEOEWVITRD bNRh o7,

4000 ,

E 1

=

< 3000 .

@ 8!

= !

£ :

% 2000 |

o 1

S ,

o !

% .

o High raté

£ Eg i

el OAB1wt% MAB2wt%
- ! AAB5wWt% @AB 10Wt.%

0 & 1 " 1 " 1 " 1 " 1

0 20 40 60 80 100 120
Cycle number / -
Figure 2-6. Cycle performance after high rate discharge of Si anodes with various AB contents.
Concentrations of AB as a conducting material were (a) 1 wt.%, (b) 2 wt.%, (c) 5 wt.%, and (d) 10
wt.%. Si (particle diameter Dso =2 um)/AB/PI ratio = (82-x):x:18 (wt.%) (x =1, 2, 5, and 10).
The discharge capacities on the y-axis are converted from Si content.  Cell type: 2032-type coin
cell. Counter electrode: Li foil. Electrolyte: 1 M LiPFs in EC/DEC (1/1, v/v). Cut-off voltage:
0.001-1.0 V.  Charge current: 0.2 CA (The capacity densities were ~2.3 mAh/cm?). Discharge

current: 0.2 CA after the high rate discharge test. Temperature: 30 °C.
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233 1AW T VI T I X— MVOSTHI LRABRIC & 5 Z2MFHE
Fig.2-7 12, lifE L7 1AW DT VI T I 3% — MEAOFTHI LIBROFE KA~ EE
BYAIGAH BN 1-5wi% D6, EIIEGREA K Z Sedolo, $TORA LB, EihE
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Figure 2-7. Changes in cell voltage and temperatures of the nail and the cell surface for the nail
penetration tests of the 1 Ah class pouch cell after being charged at 4.2 V with various AB contents.

Concentrations of AB as a conducting material were (a) 1 wt.%, (b) 2 wt.%, (c) 5 wt.%, and (d) 10
wt.%. The capacity densities of the anodes and cathode were ~4.5 mAh/cm? and ~3.5 mAh/cm?,

respectively.
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Figure 2-8. Changes in the detailed nail temperatures, obtained from Fig. 2-7, at penetration tests for
the 1 Ah class pouch cell at charged to 4.2 V for various AB contents.

Concentrations of AB as a conducting material were (a) 1 wt.%, (b) 2 wt.%, (c) 5 wt.%, and (d) 10
wt.%. The capacity densities of the anodes and cathode were ~4.5 mAh/cm? and ~3.5 mAh/cm?,

respectively.
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DISCHARGE
LixSi (+ AB} = Si+xLi*+xe (+ AB)  (AB; conducting material)

conductor conductor semi-conductor conductor

(semi-conductor)

anode (conductor)  LixSi | intgrnal short-

cathode Li(Ni,Co,Mn)0O, |

(a) (b) (c)

Figure 2-9. Schematic model of the safety cell with the Si anode for the nail penetration
test.

(a) The electrical resistivity of Li-doped Si was low as the Li content was high in the
charged cell. (b) For the nail penetration through the cell, both electrodes were
electrically connected and then short-circuit current flowed through the nail to generate
the Joule heat. According to the discharged reaction, the electrical resistivity of LixSi
increased as the Li content decreased. (c) The nail was locally surrounded by an anode
layer with higher resistivity due to discharge, and thereafter the short-circuit current

decreased.
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mass ratios, r.

(a)

Counter electrode: Li foil.

Cell voltage / V vs. Li/Li*

Cell voltage / V vs. Li/Li* Cell voltage / V vs. Li/Li"

Cell voltage / V vs. Li/Li*

Cell type: CR2032-type coin cell.

Electrolyte solution: 1 M LiPFs in EC/DEC (1/1, v/v).

Si/(Si0O + Si) mass ratio,
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The charge-discharge curves of the SiO-Si composite anodes of various Si/(SiO + Si)

loading: 1.3 mg em? (r = 0), 1.2 mg cm™ (r = 0.2), 0.78 mg cm? (r = 0.8), 0.75 mg cm™ (r = 1).

0.001-1.0 V. Current: ca. 0.2 mA. Temperature: 30°C.
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Capacity density (1% charge): ca. 3.2 mAh cm?.  Active mass

Cut-off voltage:
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Figure 3-2. The charge-discharge capacity of the 1% cycle and irreversible capacity of the SiO-Si

composite anodes of various Si/(SiO + Si) mass ratios.

Cell type: CR2032-type coin cell.

Capacity density (1 charge): ca. 3.2 mAh cm™?.  Active mass

loading: 1.3 mg cm? (r = 0), 1.2 mg cm™ (r = 0.2), 0.78 mg cm (r = 0.8), 0.75 mg cm™ (r = 1).

Counter electrode: Li foil. Electrolyte solution: 1 M LiPFs in EC/DEC (1/1, v/v).

0.001-1.0 V. Current: ca. 0.2 mA. Temperature: 30°C.
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Cut-off voltage:
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Figure 3-3. The charge-discharge curves of the LR-NMC cathode.

Cell type: CR2032-type coin cell. Capacity density: 2 mAh ¢m? (calculated in 200 mAh g of
reversible capacity). Active mass loading: 10 mAg cm™?.  Counter electrode: Li foil.  Electrolyte
solution: 1 M LiPFs in EC/DEC (1/1, v/v). Cut-off voltage: 2.0-4.6 V at 1% cycle, then 2.0-4.3 V at

2™ cycle. Current: 0.2 mA. Temperature: 30°C.
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DI 1 [BHOAmBE NEMOFEREmMAhEZZE L Lz, &512, 1HHAOFEEIL,. LR-
NMC FEHATEAL T 2729012 4.6V £ TiTo 72, HEAME r=08 & L, BMBORAHZ
BT R CEMOARA AR THE SN D L 5 ICEmBE LEE. 20 B OFKERIC
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Figure 3-4 (a). The capacity retention of the half cells using SiO-Si composite anode of » = 0.8 and
Sianode. Cell type: CR2032-type coin cell.

Capacity density: 3.2 mAh cm™ (calculated in 1 charge capacity). Active mass loading: 0.78 mg
cm? (r=0.8), 0.75 mg cm? (r=1). Counter electrode: Li foil. Electrolyte solution: 1 M LiPFs in
EC/DEC (1/1, v/v). Cut-off voltage: 0.001-1.0V. Charge-discharge condition: 0.5C-rate, 1C-rate

was defined as 2 mA. Temperature: 30°C.
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Figure 3-4(b). The discharge capacity vs. cycle numbers of the half cells using the SiO-Si composite
anodes of various Si/(SiO + Si) mass ratios, 7.

Cell type: CR2032-type coin cell.  Capacity density: 3.2 mAh cm (calculated in 1%t charge capacity).
Active mass loading: 1.3 mg cm™ (= 0), 1.2 mg cm? (» = 0.2), 0.96 mg cm? (r = 0.6), 0.78 mg cm™
(r = 0.8), 0.75 mg cm? (r = 1) Electrolyte solution: 1 M LiPFs in EC/DEC (1/1, v/v). Cut-off
voltage: 0.001-1 V.  Charge-discharge condition: 0.5C-rate, 1C-rate was defined as 2 mA.

Temperature: 30°C.
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Figure 3-5. The design for the cell consisting of the SiO-Si composite anode and the LR-NMC
cathode and using their irreversible capacities.

The Si/(SiO + Si) mass ratios of 0.8. The 1% charge capacities of the anode and cathode were
equalized in order to sufficiently obtain the maximum energy density and to compensate the
irreversible capacity of the anode by that of the cathode. Cut-off voltage for the full-cell after 2
cycle: 2.0-4.2 V. The details of the charge-discharge curves of the LR-NMC cathode and SiO-Si

anode using Li foil as the counter electrode can be referred in Figs. 3-1 and 3-3.
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Figure 3-6. The charge-discharge curves for the 1% cycle and 2™ cycle of (a) the cell composed of
the SiO-Si composite anode and LR-NMC cathode, (b) the LR-NMC cathode, and (c) the SiO-Si
composite anode using the Li reference electrode.

Cell type: Pouch cell. Capacity density of the LR-NMC cathode: 2 mAh c¢cm? (calculated in 200
mAh g of reversible capacity), 3 mAh cm? (calculated in 300 mAh g! of 1% charge capacity). The
1t charge capacities of the anode and cathode were equalized. Active mass loading: 0.73 mg cm?
(for anode), 10 mg cm (for cathode). Reference electrode: Li foil.  Electrolyte solution: 1 M LiPFg
in EC/DEC (1/1, v/v). Cut-off voltage: 1.5-4.6 V at 1% cycle and 2.0-4.2 V at 2" cycle. Charge-

discharge current: 0.1C-rate was defined as 2 mA. Temperature: 30°C.
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Figure 3-7. The electrochemical performance of the cell composed of the SiO-Si composite anode

and LR-NMC cathode at 30°C.

Cell type: CR2032-type coin cell. (a) The charge-discharge curves and (b) cycle performance of the

cell. Capacity density of the LR-NMC cathode: 2 mAh cm™ (calculated in 200 mAh g! of reversible

capacity), 3 mAh cm? (calculated in 300 mAh g! of 1% charge capacity). The 1% charge capacities

of the anode and cathode were equalized. Active mass loading: 0.73 mg cm™ (for anode), 10 mg cm
2 (for cathode).

Electrolyte solution: 1 M LiPF¢ in EC/DEC (1/1, v/v). Cut-off voltage: 1.5-4.6 V

at 1%t cycle and then 2.0-4.2 V after 2" cycle. Charge-discharge condition: 0.1C x 2 cycles — 0.2C

x 1 cycle — 0.5C-cycle, 1C-rate was defined as 2 mA. Temperature: 30°C.

49



Fig.3-8 |%, Li{ixZMEM L L7z SiO-Si #HHAMI LU LR-NMC EMET 1.5CL— M
BELESGEDOT VT Ix— M TcofE, Li ke Lz LR-NMC EMT 1C
L— FCRIELIEGEDaA e VOYEMOY A 7 Ve Z Y, EElo A1 7L
PEREDIX FI&, LR-NMC i & [/ U Z2 78 L7z, A2 T, LR-NMC EEMD 27 —1 %)
RIZH A 7 VO &R Uiz, L7edi- T, BHOSHEOFIEIL, LR-NMC EMRIZ
Lo boLBbis, LLRBE, SiIO-Si#HEAMD 7 —r G -t A 7 VE D
e L (Fig3-4), 512, Fig3-9 I8\ T SiO-Si ~ LR-NMC E/VCThD Li &
% B IRARILED Si0-Si A EME X OV LR-NMC MO kB AR A Ll Uiz & 2 A, 1646

MBI T X TOVA 7V TIEIEE CEA E 723X 27 LT 52 (Fig3-9b) | SiO-
Si EEAMOBEMBITHEDOK DV ICRBIC LA L, A 7 VEREINE & HICEEDR
KT L7z, ZOREND, BBOBINEMOLILEIY HRIEATHT, ZLTHE
IX SiO-Si HAAMIZ L > THIRENTWD Z Loz, Tz, BHMOLLOFIA
X, ERE Y i LA SiO-Si AMORRIZE 2 b DL EE X bivd, BMOY A 7 LPERE
ZYET HI121E, LR-NMC IEMR & [FERIZ SiO-Si G AMOBENLETH D,

50



0.15C0.75C 1.5C
3504 p

‘ S 4 100
o 300 ‘ MW Charge 1 80 2
E 250 @ Discharge %
—- T H 5
Z 3 200 160 3
g S 150 - 40 2
o £ . €
&< 100 f §
@ B ] S
g 50 F 20 cg:
=} i J
0 " L " . 0
0 20 40 60 80 100
Capacity / -
(a)
0.1C0.2C0.5C 1C
ssoc“_,.?..*’

S P ] 100
"o 300 i " R
< Fi W Charge 80 &
E _ 250 @ Discharge &’?
T w i @
{:}" T 200 R4 {160 B
= 5
&8 150 [ o
q[_; = — 40 o
o = 100 —g

=
= ]
2 50 B
[m] 3
o L : . : ; 0
0 20 40 60 80 100

Cycle number / -

(b)

Figure 3-8. The cycle performance of (a) the cell using the SiO-Si composite anode and LR-NMC
cathode with a reference electrode of Li foil at the 1.5C-rate, and (b) LR-NMC cathode half-cell using
Li foil as the counter electrode at the 1C-rate.

Cell type: (a) pouch cell and (b) CR2032-type coin cell. Capacity density of the LR-NMC cathode: (a)
17.5 mAh (calculated in 200 mAh g*!' of reversible capacity), 26.3 mAh cm? (calculated in 300 mAh
g’! of 1% charge capacity), and (b) 2 mAh (calculated in 200 mAh g'! of reversible capacity), 3 mAh
cm? (calculated in 300 mAh g! of 1% charge capacity). The 1 charge capacities of the anode and
cathode were equalized. Active mass loading: (a) 0.73 mg cm™ (for anode), 10 mg cm (for cathode),
(b) 10 mg cm™.  Electrolyte solution: 1 M LiPFs in EC/DEC (1/1, v/v). Cut-off voltage: (a) 2.1-4.6
V at 1%t cycle and then 2.1-4.2 V after 2" cycle, and (b) 2.5-4.6 V at 1%t cycle and then 2.5-4.3 V after
2" ¢ycle. Charge-discharge condition: (a) 0.15C x 1 cycles — 0.75C x 1 cycle —1.5C-cycle, 1C-
rate was defined as 17.5 mA. and (b) 0.1C x 2 cycles — 0.2C x 1 cycle — 0.5C-cycle— 1C-cycle,
1C-rate was defined as 2 mA. Temperature: 30°C.
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Figure 3-9. The charge-discharge curves of (a) the cell composed of the SiO-Si composite anode and
LR-NMC cathode, (b) LR-NMC cathode and (c) SiO-Si composite anode using Li foil as a reference
electrode after several cycles.

Cell type: Pouch cell. Capacity of the LR-NMC cathode: 17.5 mAh (calculated in 200 mAh g of
reversible capacity), 26.3 mAh (calculated in 300 mAh g of 1% charge capacity). The 1% charge
capacities of the anode and cathode were equalized. Reference electrode: Li foil. Active mass
loading: 0.73 mg ¢cm™ (for anode), 10 mg cm™ (for cathode). Electrolyte solution: 1 M LiPFg in
EC/DEC (1/1, v/v). Cut-off voltage: 2.1-4.6 V at 1% cycle and 2.1-4.2 V at 2" cycle. Charge-
discharge condition: (a) 0.15C x 1 cycles — 0.75C x 1 cycle —1.5C-cycle, 1C-rate was defined as
17.5 mA. Temperature: 30°C.
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Figure 3-10. The high-temperature performance of the cells composed of the SiO-Si composite
anode and LR-NMC cathode.
Cell type: CR2032-type coin cell. Capacity density of the LR-NMC cathode: 2 mAh cm™
(calculated in 200 mAh g! of reversible capacity), 3 mAh cm (calculated in 300 mAh g! of the 1
charge capacity). The 1% charge capacities of the anode and cathode were equalized. Active mass
loading: 0.73 mg ¢cm 2 (for anode), 10 mg cm ™2 (for cathode). Electrolyte solution: 1 M LiPFg in
EC/DEC (1/1, v/v) for 30°C, 1 M LiPFg in EC/DEC (1/1, v/v) + 1 wt.% VC for 60 °C and 80°C. Cut-

off voltage: 2.0—4.2 V. Charge-discharge rate: 0.5C, 1C-rate was defined as 2 mA.
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Figure 3-11. The low-temperature performance of the cells composed of the SiO-Si composite anode
and LR-NMC cathode.

Cell type: CR2032-type coin cell.  Capacity density of the LR-NMC cathode: 2 mAh cm (calculated
in 200 mAh g'! of reversible capacity), 3 mAh cm? (calculated in 300 mAh g-! of 1 charge capacity).
Active mass loading: 0.73 mg cm™ (for anode), 10 mg cm™ (for cathode). The 1% charge capacities
of the anode and cathode were equalized. Electrolyte solution: 1.2M LiPFs EC/EMC/MB (methyl

butyrate) (2/4/2, v/v/v). Cut-off voltage: 2.0-4.2 V. Charge-discharge rate: 0.1C, 1C-rate was
defined as 2 mA.
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Figure 3-12. The rate performance of the cell composed of the SiO-Si composite anodes and LR-
NMC cathode.

Cell type: CR2032-type coin cell.  Capacity density of the LR-NMC cathode: 2 mAh cm (calculated
in 200 mAh g'! of reversible capacity), 3 mAh cm? (calculated in 300 mAh g-! of 15 charge capacity).
The 1% charge capacities of the anode and cathode were equalized. Active mass loading: 0.73 mg
cm? (for anode), 10 mg cm™? (for cathode).  Electrolyte solution: 1.2M LiPFs EC/EMC/MB (methyl
butyrate) (2/4/2, v/v/v). Cut-off voltage: 2.0-4.2 V. Charge-discharge rate: 0.1C, 1C-rate was
defined as 2 mA. Temperature: 30°C.
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Figure 3-13. The 1-Ah-calss cell composed of the SiO-Si composite anode and LR-NMC cathode.
Cell type: Laminated-type pouch cell.  (a) The charge-discharge curves and (b) cycle performance of
the cell.

Capacity density of the LR-NMC cathode (single side): 2 mAh cm (calculated in 200 mAh g of
reversible capacity), 3 mAh cm? (calculated in 300 mAh g! of 1% charge capacity). Active mass
loading (single side): 0.73 mg cm (for anode), 10 mg cm (for cathode). The 1% charge capacities
of the anode and cathode were equalized. Electrolyte solution: 1 M LiPFs in EC/DEC (1/1, v/v).
Cut-off voltage: 2.15-4.6 V at 1% cycle and then 2.15-4.2 V after 2" cycle. Charge-discharge

condition: 0.1C x 2 cycles — 0.2C-cycle, 1C-rate was defined as 1400 mA. Temperature: 30°C.
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Figure 3-14.  Cell voltage, nail internal temperature and cell surface temperature profiles of (a) 1000
mAh cell composed of the SiO-Si composite anode and LR-NMC cathode and (b) 825 mAh cell
composed of graphite anode and LR-NMC cathodefor the nail penetration test.

Electrodes of 1000 mAh cell composed of the SiO-Si composite anode and LR-NMC cathode:
Laminated-type pouch cell, 6 sheets [8.6 cm x 5.4 ¢cm, Active mass loading(single side): 1.1 mg cm™]
for anode, and 5 sheets [8.3 cm x 5.1 ¢m, capacity density (single side): 3 mAh cm™ (calculated in 200
mAh g of reversible capacity), 4.5 mAh cm? (calculated in 300 mAh g of 1° charge capacity),
Active mass loading (single side): 15 mg cm™] for cathode, the 1 charge capacities of the anode and
cathode were equalized. Electrodes of 825 mAh composed of graphite anode and LR-NMC cathode:
Winding-type pouch cell, 5.5 cm x 65 ¢cm [capacity density (single side): 1.8 mAh cm? (calculated in
320 mAh g'! of reversible capacity), 2.1 mAh cm™ (calculated in 370 mAh g! of 1 charge capacity),
Active mass loading (single side): 5.6 mg cm?] for anode, and 5.5 cm x 70 ¢cm [capacity density (single
side): 1.3 mAh cm™ (calculated in 200 mAh g! of reversible capacity), 2.1 mAh cm™ (calculated in
330 mAh g! of 1% charge capacity), Active mass loading (single side): 3.9 mg cm] for cathode, the
1% charge capacity of the anode and cathode were equalized. Electrolyte solution: (a) 1.2M LiPFg
EC/EMC/MB (methyl butyrate) (2/4/2, v/v) and (b)1 M LiPF¢ in EC/DEC (1/1, v/v). Temperature:
30°C.
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IEI 46%F LT 18%ICdhi=d, ZOEMIL 10C THHMET HZ &N TE, MA T,
1000mAh FE# O FTH| LERIZ I W TIBEMEEN ST OFFAIZ L - T 4.19V 25 3.9V iChH
FTNART T 2721 T, $TONER KOEMERROIREL N Z LN 36°Cl LU 29TCIZ L5
L7720 T, BWEEITRD o7z,

ZDEHIT, S0 & Si EEEALLEABEER L, ZOAMO R WA REHET S
LIk, RAAENKREN SIO THAENFIAT 5 Z &N TEE, SiO-Si EaAln
B L LR-NMC EfZ AV ZEIE, @=L X —#%E, Bz BRI bmrties Lo
EWEEMREEZ AT HEBMTAY . BEVWOBBORWAERLZFIMTSZ LT, Li 7L
Rt 7 7at ANRER TEMCHE LWFESRAERBMEH TH L L EZOND,
SiO-SY/LR-NMC £ /L% iz K —r ORFT R, Si0-SYLR-NMC /L2 EHR
SIS EZ A T2 2 2R LTV D,

% &
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BAE REAWODLROBICHEBRORLEH LD

4.1. &

UFULAAEM (LIB) 1%, EXEHESIONA 7Y vy FEXHEHEOER L LT
IR EN TS, LiCoO % Y — Rk, ZNHDHEOHIZHR LIB 28T
A & 40T & 72, LiNixCoyAl1 )02 (NCA) 3 L T Li(NixCoyMn | —-,)02 (NCM) I
L —#JE LIB ORHAERISWE & L CHERBEMTH D 12

N-AFN-2-'r U K (NMP) |[ZIERL7-AY 7 vk =Y 5> (PVdF) (PVdF
A=) X, SUHDOEMHAD AL o F—L LTRSS TNDS 34, L, PVAF
NAVE—ZLTF DX S 70 O ORERH 5, d= A b, BRERBE, MEICHFETHD .
BETITEMEICR>TLED E AT Y —2EERICBLT 2 2 EPREEIICRD, @RT
(XA O L EMAHE R IR T S D,

T VRS T VX = IR E DKL A —1E, Y — RO PVAF A F—I2fR
PLHHOELTHIIES T E T 36 KNS U H—HEa R N THY, £ L TEREARDN
Wi AFERENEN, L LA, NCA R NCM K%, T 6 0fE TRIZEIT S
W E LTCLOH DX O RDEDT N A VEEGHT D, TDI2d, KeMWZAT U —
T pH A EH L, Al EEBREZERT D, A7 v L AMBEER 7 OEHAL, NCA B X
O'NCM KL 1% BB B & W CRIEHE S T2 2 &, BEEROB & I+
HZENTED, LALEBRL, ZROOFEETrE AR MEHISE 5,

ZOETIE, WIARLIB M CTH D Si D@t & A2 9729012, PVAF (ZH~ Sk
DMETHERL, BREEIZHE LWIKEANAS X =2 T Y — 2T U —HOME COy 72
JLPR (apressurized CO, gas treatment ; AR, PCT LW59) ZBA% L7=, PCT L. 0.5-0.6 MPa
D COy FPHKR T CHOMA T U — % T 27200 O WG eiiiiETh 5, PCT 2T %
L&A T, ZDX I AKMNA o F—2 T H T H NCAEBDY A 7L, HEBIV
U —m I L YE ST

i

42. FE®
4.2.1 ERRE EMOMER
Li(NigsCo0.15Alp05)02 (NCA) HKi 7 (HA(LZFPESE) %, JetPaster (H AR E v L)
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ERAWT, KEREEELTTEFLU 7Ty 27 (AB) BLORTZ U AR ~— (727U
NAVHE—) Z NCA:AB: "M H—=94:2:4 (Wwt%) OHAETRALZ, ZOAZ
U —% CO; %S T 0.5MPa T3 i L7z, EHIZ, ZDAT Y —% Al{E LICEBAT L,

80°CCHzME L7z, &AN Al EZEAR 11 mm OMBIZFI Bk E, HZET 150°CT 12 FRFfE R
L7z, NCA FEMO &F T 1.6 mAh/em?> Th o7z,

NCA & EfAME LT, AU 7rEL /)L —# (Celgard) %I L CxHILY F o
L (M7 L— R) & U CHAN T CR2032 8 (BRI oo U AIEIC AN, Bif
i, XFE L LTIM @ LiPFs 2 5= F Lo —R % —F (EC) &VZFNLh—HRF%
— bk (DEC) (U1, vW) ¥k (RNy TV —7 L — K, FU X7 I VAL &R0z,

422 BHMOBEIILERNR EDOHE

RIEL7-EME, EE=2=> F (BLSYVU—X, fHllgitr¥—) #HT, 42V-
2.7V DORT 30°CIZ T 50 B 7 VFMERRZIT 72, U F ULk (K8 BLOWY F v
24 (FEE) ERE. FH 1V A 7 VHIX 18mA/g (0.16 mAh/cm?, 0.1C) TH Y, LIFED 49
P A 7 iE 36 mA/g (0.32 mAh/em?, 0.2C) & L7=,
EERALFA v B —F 236 (BIS) WEX, RTrvva A%y NN ALy k)
JEEBOSET F T A H— (Solartron) ZHv>, E/VELE 40V IZHBWT, EERE 10mV %
FIinL. 80k-0.5Hz DJEEEEIMH CHEZITo7z, 7—Z X ZView V7 b =T 7w 3
D% FNTOT LT,

EAE - HMETEE (SEM) 1%, JEOL % JSM-6390 3 J O KEYENCE #! VHX-D510 %
AWTIT o7z, X#EYT (XRD) HIEIE, U 47 Ultima IV ¢ CuKa % AW TIT o 7,

43. MERLBE
43.1 PCTIZX 5 NCAKTFRENDEIL

Fig.4-1 |{Z NCA Ki+- 0 SEM 14 % 7~9, NCA Ki+1Z. %+ um V1 XDOEE(K (Fig.4-1(a))
&2 um KDY A XD NCA K+ (Figd-1(b)) ORI TV,

Table 4-1 1Z., PCTAVBLOEL DT 7 UANRA o E—2EHT 5 NCA 25 U —D pH
%7~ 9, PCTHIO NCA AZ U —D pH (X122 TH-7z, PCT ZH\5HZ L TNCA A7
U—®D pH IFHLNIZIE T L, 30 T83IZFAo7,

65



Figure 4-1. SEM images of the NCA particles at low (a) and high (b) magnifications.

Table 4-1 pH values of dispersion containing NCA+acrylic binder with and without the PCT, and

NCA+H;0O

Sample pH

NCA-+acrylic binder with the PCT 8.3
NCA+acrylic binder without the PCT 12.2
12.3

NCA+H-0
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Fig.4-2(a)l2, # 7 AFEH D NCA ki1 LW Al {EEER EO PCT AV BIOELD
NCA FEMiD XRD /3% — > %759, Fig.4-2(b)iX. Fig.4-2(a) DR/ Oy % 7~4, PCT
72 LTI, NCA MHDOHMFEE ST, Zhicxt L, PCT #121% NCA ¥I2hI 2 T LixCOs b
[AE S 472,

KMENRA =% EH/THNCAAT Y =D pH WMEFTHAIT=ALIL, LFDO X7
Bl SOSIC K VAT 5 2 LN TE D,

2LiOH +CO, — Li,CO, + H,0, (4-1)

CO,” +H,0= HCO, +OH". (4-2)

LiOH X NCA Rif2H AT U —~ERBIZHEM L. Kp(LCONED/NENDT (e,
2.037x10° mol® /1> at25°C°), EHIZ COr &K LT LCOs kM & 72D, Z D=8,
PCT ORMEILSOSTEWE L CTH#EIT L, Rk E L CIEWE R A LCOs BN L, NCA
KA D& BT D2 I T % LB TE 5, A7 U —HICHME L2 CO2~ 1E H0 & UG
LCHCO;” BLWOH 127425, RSN/ OH 1L CO EISL (K (4-1)), CO2™ 73
ERREND, ZTHHEDBIRIZLY 27 Y —0 pHEIXME T T 5,

Fig.4-3 1Z. PCT A Y (Fig.4-3(a)¥ L (X Fig.4-3(b)) F L O L (Fig.4-3(c)¥ & ¥ Fig.4-3(d))
® NCA EMOFEE (Fig.4-3(a)¥ L O Fig.4-3(c)) B L OWrE (Fig.4-3(b)F X O Fig.4-3(d))
@ SEM {4 % 7~9, PCT 72 L (Fig.4-3(c)¥ & (N Fig.4-3(d)) Tix. NCA EMOEMR IZEEK
DIDBBLE ST (Figd-3(c) . Al TAEBIR EICZ B OTEWEE B3k S vz (Fig4-3(d)) .
INHDOHZTIFE L, OH & Al HEEMR L OUSIT K> THRAE LIKRITERT S
EEZLND, PCT O I LY (Fig4-3(a)$ L O Fig4d-3(b) . 1B 6 7edm e, %40
BIE DR NEESRTEWEE AR L TR Y . Ziuk Al EEER OB RELIENE L < B
SN EERLTWND,
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Figure 4-2. XRD patterns of the NCA electrodes with and without the PCT and NCA particles (a)

and a magnification of the indicated area (b).
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Figure 4-3. SEM images of the surfaces
and cross sections of the NCA electrodes
with (a and b) and without (c and d) the

PCT.
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432 PCT I X 2 EBMAFE~DF

Fig.4-4 12, PCT 7V B L O L O NCA BRI OV T, BIXBEORBICE T DB E
A9, 1EIA L 50 BIH OMMERE, 5EIHE S50 EHOMOYE) s —a %, B8IO[HE
H OMER R 2 50 B H OREREORR % Table4-2 ([ZFE L7z, 1A DKER

¥, PCT L OEMOYE, PCT AV O NCA EBMHO LD LB L TZIER L (F72bb
180mAh/g) Th->7-, L2>L, PCT L CIFHMEREITY A 7 L HFIZEIRNIZHEA L, 50 [F
HT 110mAh/g IZ72 572, PCT ZHWVAHZ LI2X 0, 1RIBICKT 2 50 [BH OERED
HEFFRDSRIEIZ M (82%) L7-, 50 1 H TOMEAEIT 140mAh/g TH YV . KR TES
L7z PVAF /A ¥ —% JIW /2 NCA O & D LIZER L Th o7 10 72 5[H & 50 [A]
HOYA 7 VOO 7 —a L3531 99.3%I 2R Lz,

Fig.4-5 1%, 1[81H (Fig.4-5(a)). 25[81H (Fig4-5(b)) BLU50[AH (Fig4-5(c)) TD PCT
AV B LWL O NCA BEMOFEMRS L OMERRZ R~ BETO LY mOEALEE
BXOMETD X VIENE/VELIE, FEMICK T 2mVRPUC X > TEL 2 RE 2lEE
JEICERTHHDTH D, 1HHTIE, PCT A Y D NCA EMOEELIL, PCT #E L D NCA

BRI E LI LR TILD N E o To, LML, BIEZERDHICLIEN->T, PCTAY
? NCA EMOIEELEDOHEINL, PCT # L DA TL L5227 < 25 [FIH & 50 [A]
HCo PCT ML NCA EBMOMELIL, PCT AV DBFE LY b@Emeotz, 2 bk
RiL, AELENRD Z L THINT 2EMOEGS, PCT Z2H\ 25 2 & TH L2l S
Nz Lz mmLTNnD,
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Figure 4-4. Discharge capacities of the NCA electrode with and without the PCT.

Table 4-2. Discharge capacities, retention rate and coulombic efficiency of the NCA electrode with

and without the PCT.

Discharge capacity
Retention rate (%) Average coulombic efficiency
Sample (mAh/g)

between the 5th and 50th cycles (%)
Ist cycle 50th cycle (50th/1st)

with the PCT 170 140 82 99.3

without the PCT 180 110 61 98.6
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Figure 4-5. Charge and discharge curves of the NCA electrode with and without the PCT at the st (a),
25th (b), and 50th (c) cycles.
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Fig.4-6 (2, 1mH, 5[FIH, 25[\H, 30 [FHILO50[EHDYA 7 VBICHIE S L
PCT 79 (Fig.4-6(a)) BLOEL (Fig.4-6(b)) ®» NCA BMDOF A FA Ty FER
To TAFAM vy ME 200 E 1 OOMRBHRICEY 7 4 v T 40 7 TET
Fig.4-6(cC. 7 4 v 7 1 » 7\ ST BMEE 2~ 3, & OFAEIEE . EAHEHT (R |
NCA B O~ 1 )V AJ@aiE 5 LitA A vigsdkpt (B) . NCA EfFKim Lo~ v
LJED CPE (CPE). FEMBEHETT (R, UGBS ZELER _HEEO CPE (CPE.) .
BLOT—LTNANTAL o E—=F 2 (W) DO IND, FHZEKT D &y T Eo)HE
HHx 8~7kHz T, ZhUE NCA BBEEIZ T 4 VAEND D Z & Aoy 1112, ] ERK
BT O 72 5 OB Ree (2B L 1314 2 U CRJE I EIIC & D AR TEWE O
2IVT D LitDA A PEEARET (W) 2% 7, Fig4-71%, Figd6 D FAFA M7y b
BFENT L7 1, 5, 25, 30 3L V50 [EIH D R (Fig.4-7(a)), Re: (Fig.4-7(0)) L Reotar

(Rs+ Ret+ Re) (Fig.a-7(0) %9, 2COVA 7 MIEIT 5 NCA BGOD Reeld, PCT M
LOFNRPCTHY OBAE LY bEd-7- (Figda-7(b), PCTZEL D 1[5 HD Ri% 4.3Q T
bolz, ZHIIFMELERLFTEBMICHM L, 50 [[EIZIE 7.5Q1272 57, PCT AV
DFAE D NCA B RAT 1 HIZPCT ELOBAE LY bE-7- (5.9Q), LaL, &
i Z B D T PCT A Y O%ED Re XA SN ST, 50 BIH £ Tl
QF ThTNcEMLE (Fig4-7(a), ZAbOFRNL, PCT M5 Z & TEMIK
Doy RN E LI S Z LR En D,
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Figure 4-6. Nyquist plots for the NCA electrodes with (a), without (b) the PCT at the 1st, 5th, 25th,

30th and 50th cycles and an equivalent circuit (c).
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Figure 4-7. R r (a), Rct (b), and Rmm ; (c) of the NCA electrodes with and without the PCT.
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FIRFEEERZLED PCT A9 B LU L TH NCA EMOMEEE/LIC OV T Fig.4-8
DL EZ 2 TS, PCT W5 Z & THA 7 KRR LUONEE 7 —a 23T
ELLUESNT, PCT MM+ %L (Fig.4-8(a)). NCA Ki¥ iZ Li2COs PIEATERL &
Nl 2072 1B HO Reds LOMREE L. PCT L D54 LV bR o7 (Fig.d-7(a).
7, FIERRANC S T 7 7 A MEMmEE R LiCOs iR Bk L CH< &, Tk
TR S AL D HEIE L & 0 #0 CEEMICENTZLONTE L Z X< HMbN TN D 1516,
Z LT, LieCOs DNy R¥ v v T HFET D & 7.07 eV TH Y | 22T RIEL Lt
FREGTED CO FEE & A A UREGMED Li-O fiGZ2H LT\ 5H DT 17, LiaCOs [LEFiffx
WTHDHEBZDLD, TORME, ZOWBEITEMKOSHEEZE, 50 B H RKRE#TH Rr
DRI E L CTER LTV D AT B 5 (Fig.d-7(a)), LARTO#FZE T, LiCoOs B
3BT LisCO3 P78 & AN MG 1 DB RL & ikl L. 2> Tk EIC £ % LiCoOs i i D4,
{b% #5825 0T, LiCoOz B i 0> Li2COs #FBE %2 A\ CHILEIT L D Ree DEGINIZ
B SN SN D 2 E BN BTV A 18, LisCOs 25 NCA ki v 2 L, £
WERFEAVEE LN Z ERREIN TS, LTeR- T, KEDIZFEAEDY FU LML
SN F U IMEDRUSENLE, BE L BMETHEDLLFITHFEL Tz L HER SN D,
INEOBRNFIEEF ORAIC Li RZMENEKT D E 2 LMET 52 &gk,
TR E LT, BRETO Re OB Z T (Figd-7(h) . Zh b5, 5[EA &
50 [E1H D17 — w1 LAh=R N (Table 4-2) L7=Z & & 25 [H & 50 [B1H O£ A3
PCT # L™ NCA &M L vV bK< 2o 7= (Fig.a-5() Z LB TWD, BEELEET
L&, REPTOTT b —ORER R OBELENK 002V EFT5E REAEITN 30
mAh/g B35 (Figd5 25H), Lizi-> T, BELENMENOT, PCT M35 & FK
BARBZIOTOICAR TR D,

76



before cycling 50th cycle

(a)

(b)

a film layer formed
aluminum by decomposition
compound of electrolyte

layers
withoutthe PCT

Al foil collector Al foil collector

Corrosion of the Al increase in the Ryand R,
foil collector occurs. during the cycling

Figure 4-8. Mechanism of improvement of the NCA electrode properties by use of the PCT.
Structural changes of the NCA electrode with (a) and without (b) the PCT.
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PCT L OHE 1T (Figd-8(b). 77 VIR A U HZ—Z OH ™ 12X ->THILT 5 Alfgtk:
W0, Al JHEBKR ETHEAENEZ Y . AL{LEWER Al EEEER RICER I
DD, IS DJEIX NCA KL 73K & Ri LR o To, £ D%, BARRITEGEIZ R S i,
NCA b2 BT ST IEE O R X BEIHEM L7, L~ T, RO
BIXEEAETLOEETIIES, RETOY F 7 LMY F 7 2O SUSEALIERAD 5
HAREMER B D, TN HOBRIZEY | PCT L OHA D NCA B TIL 25 [H1H & 50 B H
TRMNEVEL 72V (Figd-7(a) . BHEFTZBELTRMAPCTHY OLEELY & X0 EL
72% (Fig4-7(b)), ZNHOFRERE LT, WELED LFH &7 —a 2RO TE &I L
72

4.4. FEwm
LIB A7k A v 2 —% Erte NCA BB A NE CO, 7 AMER (PCT) ZHWTHRIEL, &

JEE, VA 7 NVEEB KO —a VRIS T 5D PCT OB % iil~Tc, ABFENHLT

DO Feds L ORI B LI,

1) KEASL X —%EFTHNCAHAZ U —OpH X, PCT ZHHTHZ L TI12205
83 IZE LK T T 5,

2) PCT #fEHT 254, 25HAMND S0 B EO R EIWBEENME FT 5720, BEXRAEE Y
— 0 RO W G AREIZA BT 5, ZhbofERIT, 8% 5 < PCT HIZE AR
PED LixCOs R S, ENNERE DAL L, NCA KRB D U F 7 LMk
WY F T DMEDENL MRS 2 Z LB AEL D,

3) PCT ZfiH L7aWiGa | A 7 VI ER &SI L, 50 [F1H Tl 110mAh/g
Thole, TZIVNVRNAL X —F, OH™ Lo THIT D e0n3bhH 5, BEKISN
Al EHEBER ETEZ o7, FMERNT, NCA R r-RFIZRERB IR I N5 T,
THEDBERNRE Ry L ORINZBIEEZ L, #ERE L GREBEOIME 77— %)
ROBET 2T EPRBRIND,
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