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FH—FE W

W U F LA FTUBHDOLIEA T =K L

—IH FHLER

UF U LA T BMDOEA T = XA LEMHHTT 52 LT ORBICEFERHY | BF
ORI TS, LanL, sl S ZTRIONIEFICEETHY . EZ > Tnd
ETORSEHRRET S Z LT TE TR, 207d, EHOPLLICBIT 2 FEHEH K & 78> T
WDAR=ANER LY TTEET D,

BHOLIIRES FITT 2 DOERICIVEZ > TWNDHEEXLND, HREDKT L
HADIKT T2V, HEOHERDOERFRIIFMEORE, v V7 LRHEMADY F U
AAFUPHELTLEI ZLIZHD D, UTFULLFTUBMLNORTRDND L, 1L

WZfE, B ZBE T 2B FOEGHED L, R E L TERNSIRY HE2/ &L L
TLE S, MR FIZEMONEHIEMO ERER & e > T %, NEHERHUZIZN < D0
FIENET D, T OB 2 RS & | B & EEARM OB FBERGL, BN OEFBEHEHT,
BWNICIFIET DV F U LA A T =4 OBEIRGL, EWE & BREFTOU F 7 A
A Fr OBBIRG (BERMBEEG), EWENDO Y F U LA 4o OBk, ERERT O
FULAF LT =F 0 OBEREU: ESBATFET D,

Feu T, BARBIC A B IR T OZERIZSWTELZET 5, Fig. 1 (ZIEMIC LiCoO,,
HAMRUZ graphite & WU FELORKERBOBERTHL, Z0LH, VFULE
AERSEMRY 2 ERZ, Bz AN L7 KRR Y F U LA A BIMOR I
HDHEETITHBICREZDNITED L, 5B APLABMICHIET 22 EnmbitTing Y,
CHUTEM DR ERD DER DD D Rzl b5 2 R FERE SN TWD, 50
EIRFFRK 80% F TORELINRERERD DORRICOWTERIT 5, £DORFKIZEIZ >
FEL, T niEEH 6 bAM SEl EOMRRICERT 2D TH D, —DiF, A SEI
DERIZ L D ENRFIOEINToH 5, SEI FENRELS 2D Z LI D | BHUERIZY F U LA
A Hy SEl a3 DB OEPLOIE R ENAET D, £k KiE &b ~7-EmA
DEFBEEGL, [EWE & BRI CTO Y T U LA 4 OB (BB SI2E
BERFTZENEZOLND, 2 DHIL, Al SEI IKOKEICE2F v UV 7O TH S,

HEDES, EMBEDOX ¥ U7 LRDIEMND U F U LA A HVEMMRIE & AR SEI
IROARICHIA S D 2 &L TRENBD T 5, DLENFRERFFR £ 80% £ THORIEL)
BRANERD OFERFARTH D, ZOAM SEI BOKEDET VA Peled X° Ploehn 512 &
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S TRIBES T 49,
(SEI film growth rate) =dx /dt=k/ x

T T, x IISEl DR S ¢ TR, k 1ISOSHEER TH D, ZOROWS T
A fE< & SEI IRDE A L aRBRRFI D 1/2 FALBIBIRICH 2 ENRBIND, D
BT MV F U LA F EMOFHMTRITIA NS TNSY,

VT, BAERFFEK 80% LIRIZH 2 2 2R A &Y ORI OWTHBIT 5, i
EI 7Y . Al SEI BERRET 5 Z LIC X 0 EBNASY F U LA 42 OIEBDBT T 5
No, THUZXY | RERICEFVEMICEB I, AMOBMNLE THD, Tk, Y
F LA A& graphite AR E DOISENITA 0.1V (vs. Li/Li"Y) THDLH, UF U LA A
COMIENEL 7D Z EIC XV AMDEN 0V (vs. Li/Li") I2F TET L, T2k,
AMEEENZ Y F 7 LN L, BEICTEBNO Y F 7 51 F o Bnkbi b, T Tk~ &
T, VF UL A VBEMIHEHENLTWD ) F U LAEHREBSRREIY (NMC111, LCO)
XV F LA T OMBERN —EREABZ 5 BB LEZ T2 LNMbNATND D, ik
BBEZ D EARZEICRY, TN L VIEWE OEFHEROWERPEZ 5, DL ERKERE
K 80% LAREICH Z 2 BB BBV OERFRE S TWD, £D7w, B HBHZR
CICHHENTWD Y F U LA F o BHITERERED 80% (22 LR R T & S, 7]
MAT&ER< o TLED,

B IR &SRR

JERBRARTIEY . A 7 VRIEITTIE SEL IO ARSI & 720 . BT L
T, ZL T, BOFME SN TVDFERERE 80% LAEDH 2 M a2 5ICAmTO Y
F U LA ERTEDE OB R AT 25T — RICB Y | SMARE R 25 &
T, BUE. TOHIA TN = X LITHOWNTOHFENTERITITON TN DA, 25°C BREETOH
ETIXEMEZ LS T DO RARRFM R END Z EREE > TWD, & 2 TR
WL LT, BIERE CHRBREZITH) F T SEI BARKG L, BhoLbr B D
RAENRENTND Y, ZOHOHSITEBMOFEEOWDHEE TCERINTND, ZO5R
BEIRE L HEEEOBRIZUI TOT L= 20X TR Z ENHKD 2 L REITHFZEIC &
DB TWND 9,

r=Aexp (-Ea/RT)



rATHRE . A4 T RREICERMRAER (HERT) . Ea 1 1mol &7V DOIEMALT
FAF— RIFEMER, TIFHEHREZRYS, ZO7 V=0 20wV F U LA S
VEMDSE T, HLBFERLT DM D T 1 ZADIEMAL = R X —Z AT D 72 I
RSN THD219, LnL, 60°C LLEDIREIZ/ D & BIERNLZEIAF/ETE T,
SEI AR S TBIDORIEE R Z L, HIbA =X LOEEBEL D ATREERH 51, T 0
7o, ZOBGERBME X DIRERPHIZRE SN TEY , 13E A EDETIHFETIE HkiliRIX
60°C LLFTiThii T3,

BT NMC IEMBN Y F U LA A& L EREEE RO B%R

—HHIZTHA 7 NV EERDHIZONT, EBANDOY F AL FURERTHT L 2B
7oo 22T, ZOHTIE NMC EMDO U F U LA F U EREDPEBEEICE X 2RI
WS 5,

EFTHIDOIT, NMC, LCO %D U F U LG HERBGERR(LY ORGSOV TR
%, Fig2 13 NMC, LCO & [AERDOFE GG 25> LiNiOy OHAEF 2R L7 TH %
), LiNiO, (XZZfH#f R3m & PRI DJEIRAEEIEEZ A LT Y., ZOMETITm by
A A NSRS Z LD | SETIRETRIH L o TV DY), BRILA A TR D
(111) FHEHR L, ZOBHEICY F UL F L L=y T AAF R —f@BEIHFIET D,
NMC O%E1E Fig. 2 1285 =y 7 /A F 2 OLEIC Co, Mn FDOEBEENREEL T
W5, RIREDOEE., VF UL A NTEBRERE, BBENORDEMO RNz BHE)

. TEMR / TEMFERE CRLEETADEITT S,

ZIT, BRRFANLD Y F U LA T U BEORRT % a @M b8 LK%
Fig. 3 [T L2, VF U LA AU REENOIBET 2 & EBeERE O FE 1R L5
RFELH D Z LT c BWHMICHEMEFRIERT 29, W2, VF U LA A RERICHN
FASNDEVF I AL F L LEBSBREOBER R LN A5 2 LT ¢ fiFAICH
NAEF /NS 0D, 2D ENnG, ERGREEOREMEREZ LI 52 21280, NMC
EMDOVF T LA T GHREHET D ZENARETH DL Z LR D0 D,

BH VF AL A ERMO) YA T

BUE, VF U LA A BEMITERASHR S, KAHBR~OFMHABIERLTEBY, ZhiZ
e, KEIOBMOAENHEML TS, LML, ERABFEICHAISL TS U F 7 LA
A UBMITERFRED 80% (FEMRFFE 80%) ICEELIZRECTHME SN TEY, AT
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<o TLEI, Ll VFULAL A EMOEMIZIT Co REDLT XX NLHME
HEnTEy, FEFICEMTH D 19, 2Dl FMmllE LB U o1 7 cBd HF
ZENEINATON TS D, BIfE, VYA 7 ADFEtE LT, BBROT NS LT A X LZH
DT D VR E UL THEAIT 2 5EOMSLAED 5T D, BARRIZIZERD LT
BMREZRIZ L VAL, BT 52 L Tl T L ISR Z Y 72371k 82— g
AT TWd, L, ZTORT Ch 7L, REICERELY RIZTRIEDI AR IR
TLEIF, AR EL DY YA I NT HTeHOIEL OWMBERNE LR 5720, 2 A b
MDD HTR L% OREPEET D 17,

%=1 AMFFEO B

RIfiE COY A 7 VEFEEART, ZRLRBEOMENYIRTE 2082 FIELZRE
T2, Tbbe LNHOBWMEEICFA2MAT, IR CREA EE S, HRAT2
ZEEZHEMNE LTV, EROMELE L TERMNO LT A2 VAR T VA1 71t
TERRD BAZOLOEHRMT L LRS- 0, VYA 7 VDB Rgip=a A b,
BEFEM OHIBSIFF T X 5,

AT TIE, BERFFE 80% F TOHOERFRKTH D HM SEI B4 @I/ fifd
52 L TENORNEHEIZHD S, REZEESELHNTRETH 5 L HEN L, Tk
DENMEERRGE LT, BEANOWRE ANEZ D Z LIZ X DAk SEL IEOIREE & LDk

PUBE DR EE T LT, FBRRRO ANE AN Z T, EREZ MRS 5 2 & CTAM
SEI [RZBRETHZENARETH L EB X, INLOBRERE VORI 2 5 W B L
e L7,
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BIE EREBHERSIC L DA ERERRORER

g M

ARETIE, BEMEFR 80% £ THILSE-®L UK, Bk ERL) I LT T
DEEFEEIT T, £, EMEHOMBLIRET HZ L2 HE LT, EANEOE
fRIE D ANIVER AT o T2, HtV T, BAARFUEINO IR & 72 > T 5 Al SEL B0 53 fif %
HEYE LT, 60°C BREE CTRAELEZ ERRE THERF T2 L WO RIEFIEETTo 72, BLE
JEZ BUERRBICHER S8 5 2 & C, AMEMN 2R LMIZE-ST, Al SEL KA o+ 2 2
ENRHKD LB 2T, o, XPS I TAMD SEI 2B L CTHAT L7 R & O T3
%

F—IE EMmER

FTHOI, EMOIERAIEIZ DWW T 2 EWEIC NMC111 (MX6, UMICORE Japan
Corp.). HEBHAIIZ acetylene black (AB, Li400, Denka Co., Ltd.), /A > ¥ —{&{KIZ PVdF
(#1100, Kureha Corp.) % 7wt.% (2725 X 912, NMP (LBG, Kishida Chemical Co., Ltd.) (i
ER7-HD &M, NMC111:AB:PVAF=93:3:4 (by weight) (2725 L 9 IZiRBLL7-, D
Wik = BB AR 9 — (Hb & 0 BHKES, ARE-310, THINKY Corp.) % H VN, ZAHAH
2000 rpm THIFE L CTEMA T YV —%257, 2a—FX—ZH\T, =y F U 7B EE L7z Al
SE5EJE (15 pm, Hohsen Corp.) EIZAT UV —%F ¥ A R L CTHEICETL, A7 L—s3—|C
TZOBTREZHFFH L, 100°C ([ZMBALIZA Yy b7 L— b CIRFLE S, NMP & FREL
7ot EBZEA—7 % VT 100°C, 12 FREFIBJEREE L7, #2)f% v — v 7" L 28 (HSTK-
2022, Hohsen Corp.) THEN AT 5 Z & CEMEE AL LIF, ZD%, 60 x 30 mm DR FHF
WZEID Wb o EIERRE LT,

WRIZAMRDOVER A IEIZ DWW T 2 {EWE T graphite, HEBIHIIC acetylene black (AB,
Li400, Denka Co., Ltd.), /N4 > ¥ — &K T styrene-butadiene rubber (SBR, JSR Corp.,
TRD2001) DESy 48.5wt.% T~/Li g & L, JolF EOIEM i L 7= A1t
WAL =B | SHEEICKE W TV D T2, BZOBHROEFE T graphite ,
AB " —ZhB LAV MENEZ S, 2 <72, sodium
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carboxymethylcellulose (CMC, DKS corp., WSC) % 1 wt.% (2725 X 9 IZ/KICEES 726 D
ZorAl & LT L, graphite : AB: CMC : SBR=95.7:0.5: 1.8 : 2 (by weight) & 725 X 9
WL L=, Z ORI A BEAEE R 0 — (b & Y KRR, ARE-310, THINKY Corp.) %
VN, AEEEEFE 1000 rpm THRIR L CEMGA 7 U — %1572, a—% —% M\ T, Cu £EHE (10
um, Hohsen Corp.) EIZAZ Y —%F ¥ A ML THmIZEBTLL, A7 L—_—ZTZDOBRT
BAE LT, 40°C (B L 72K > b7 L— b CIGFER S ®, KERE L%, HEA—
7% VT 80°C, 12 WEBERZE LT, Wik, v — /L7 L 2B (HSTK-2022, Hohsen
Corp.) CTHENZEMNT 5 Z & CEMBEEL LIF, ZDOH%, 60 x32mm ORFHIZEIY P iz
LOEAMRE LT,

WIE BV

AHFFETIE NMC 111 [EH, graphite B, RY 7oL —% (B H—FK
2500,Ube Industries, Ltd.) >R XD MBAT VI T I 32— heAZHWE, ERIRIC
I%¥ 1M LiPFs/EC : DEC =3 : 7 (LBG, Kishida Chemical Co., Ltd.) Zfiff L7=, FEEMmIIA
MR, BL—%& Ef, BL—% Al L —% EfE, B —% AOIEICE
R,V ES, RIVAIFT—7TEO, BESEEMmER) = F L URTIES A, £D
ENBEIHIEHRIA I RT =7 THED, EBEITNRNVEOIEETHZETHELL, 20

FEEMICY 7Y — R&2#TF, 95 155mm 7/ 7 x— &AW, Fid Fig.4 O L)
ZEIE LTz, NEOWIRE ANVEZDEIE, ZO7 A7 I3 — FOENEZY Y > TIT-
2o WO AWK Z ZAToT24813, HE22 — b —F —T —80 kPa DJsE F THZERVE L

oo 7. BRKEZ 7 I 3— MEANICHEHR%., —80kPa DL T2 30 /ofHEE L. EE
REBMERNDOZER E THoIRE ST,

BT AR

L LT BMEHL 20, B M THHALEZT I x— herE AW CEER A KRES
1To7zs WIEIY A 7 1% 60°C BrEE, @GP 3.0V-43V IZTITo 72, EEWREM: (C.C.
mode) 10 mA I[CTHEEITV., BABENERD v A T7EFEICRGE L%, EBESM
(C.V.mode) THEZ 24 {7V, Z D% C.C.mode 10 mA |2 CTENEEN FRY » b4
TEIEIZEET D ETCHEEIT T, ZOROKERRE (mAh) Z 1h THISZfEE 1C
LTz, DFEV, 1CIETOMETEBRZE MR LET D L | BB TR L ZMAEBICE
T2 L TRINLEMTH D, UBEOEGMIZ C LW o HALZHWTEHET 5, Hit T,
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2 YA 7 VEIL 25°C BREE, BIEHH 25V -42V [ TIT-72, C.C.mode0.1C IZTHE
ATV, BAVEBIEN ERY > b A TEEICEEL 2%, CV. mode THREL 30 HIATV,
Z D% C.C. mode 0.1 C I[ZCENEBEN TR v b A7 BIEICEIET 5 THREEITo 72,
Z D%, BNAOUMIMEREZ MR T D72 01C 25°C BRET. BIEHIPH 2.5V-42V, BHREE 1

ICTRBEBELAT T2, 4 FA 7 NVALEOFRBROSRIFE 3 YA 7 VA LFHKTH Y,
BRERIRIE DT 60°C IZEH L TIT o7z, ZOFMTHRILELZMD KL, BER &I YIEY A
7V L el U CR R 80% ICE LAMRSTIEZ#& T L,

HINIE ORI

FEERT BNV ORENEIE LI 2T 5720, Hbilirig, £BEFIEZIT o 12%IC
TE SRR 21T o 72, 25°C BRbE, FEEHM 25V-42V (2T C.C.mode1C IZTH
BAATV, BVEEN BRA y A7 EBEICEE L 2%, C.V.mode THREZ 30 7HITV,
Z D% C.C.mode 1 C ITTRABENTRY v MATEEICEZET L THEZIT> T2,
BI1E FHERT#% TOR NV OMRELZ MR T 2L, ZORFETORKELZ 3 A4 7114707,

FIH [EHEFE

KERFFE 80% £ THILIEZEL LU, Hibtr XKD I LT TD =20
WFREZITo 7z, ITNR#SOBFEIIETER -45°C LTFTO R4 L—LHNTITo 7,

1 DHOFEE LT, EMEROAMMAERET HZ L2 HME LT, BAWE O BRI
DANEZ HAT o7, FTBRRAINVEZNIIN A, BVEEZ ERE CHERF T2 &\ 9 [E
BREEITo T2, BAVERICER L, AMEMZBRILAIEST52 8T, VFUvLALF
BERDIFEA & 72> TWH AN SEl AL 5 Z LR AMTHD, £T. Hiktrro
E 2 I TEY  NEOEMIEEZIRY H UTZ@E 1), 20%, 7Ly v a2 REMKE 1.5
mL JIZ 7 (BfE 2), 8E 1,2 O HOBEZ UREMRKANEZ 1 BlE LTRLT 5,

DEMRANEZH 5 VIR L%, ELOMEEZE — h o —F—T -80kPa DT
TCHZERE L., 22T, EREOANEAC LI DR 'ORbEHRAEST D720, 25°C B
RICCEBWMANEL 3 14 7 W4T o572, £ D%, Potentio-Galvanostat (1480A, Solartron
anaytical Inc.) ZH W TEALDEEL 2.5V ITfR-7FEF, 60°C EREEICT 48 FrfEIHE L
oo ELT, BEAHAOEMBRDOANEZ % 5 FUTV, B OHEEZEE— o —TF—T -
80kPa ODWUE R CHZRIE Lz, £ D%, MEREBHERIC X O2RBEOBERET H720
25°C BRIEICCEBIRAIMEL 3 YA 7 MTo7, £ Dk, 60°C BRI THILHABRZITV,
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EMERF OV A 7 VR 2 HERR LT,

FARE X BOEE TG (XPS)

18 FiE% O EREE O 21T 5 729 X MOCEFIEEE (XPS, JPS-9010MC,
JEOLLtd.) #HWTHEZIT o7, Bk L72EIEFEEZITo70KIT, A -45°C D KT A
J— LN TEME A L, EREEIATE L BRR AT Wi 72912, % DEC (2T
2 | L7, -100kPa OJE FIZ 12 BfEFHE L, S ¥, P72 77 —vt
Sz AV TR U 7 B A JEIRERIRE TRBI IR L, MIEZ T o7, A L7z X #RRIE
Mg Ko ## (1252.6eV) TH Y, Lils,Cls,Fls,Mn2p3/2 ® 4 SDDrFEIIHk L THIEELT
okoArfﬁV%(mﬁ%E4%V)%%wT10@%®iy?yfﬂﬁ%30ﬁﬁw\
Ty F 7 T EITHEZAT O BT, EMOKRMIZIT TR RS H MK L THRDIERE
B7,

o R & B

—IH  EEIRSMERR

FAbth BIRRANE X%, BN 21T o 7o, 25°C RETCENEN 3 A1 713D
FEMEZAT o7z, Fig.5 (3N AEE, ftic e LvEEZ R L TE Y, HbE, EHRIEAN
KAk, BVEEZHEBETHD 25V RO, T EN 3 YA 7 VHOHRZF
RLTWD, 20777 80 H%D 5 EBRRRANE XIS THERED 84.52mAh 7175
84.81 mAh [ZHM L7 Z &M hoTe, ZiE, EMEOANEZIZ LY | \EHUE A L
T EBHEREEZEZ OND, — . BIFHRANE 2% & IEMERF 21T > e R DR &2 i
% L. 8481 mAh /5 88.6mAh E THINL TV | HEMERIC X 2 KiE A% EE1E 3 s
TE 7z, AEREOERZHEN L7z X 5 ICAM SEI O EZ Y | B AHIAME T L
Tl ThdEBZT,

T, REBIEZOENLOYA 7 VEHEIZOWTHE T 5, Fig.6 Tld, fflicy+ -
IVEL, MERNC R &, 7 —r VFEEZ R LTS, K, REDOT 1y NS ERERF 21T
I RIZ 60°C BREE TIT o =B LiRBR, D7 1 v M IREMERE 21T > 72412 60°C BibE
TIT 2 BB ORE R 2R LT D, IEMERTRTR TOY A 7 VR i d 5 & iE
HEFFTZ OBLRBR CIXHILHEN EFH L TWD Z L PR T 7o, £z, BRI O
RERCONY 7 —a UhER T 99.55% (5 A 7 /VELEE) ThdH—) T, EHF%Z DS
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LR T O 7 —r R0 98.71% (5 VA 7V AL Thote, ZO7—m g
DIET, HAEBMEFFROLGEE FROENTHSH L 521, Bk, HUWHZ T, — 1 %)
KK TFTORACHONTERT 5,

%I XPS 2 X DA AT

B D SEI 2 A4 2 720, & IEEIER O FHFERBRTE O graphite FRRIZ L
T XPS HIEZEFT->7-, Fig. 7. 8. 9 T graphite A& Lils, Cls,F Is [ZBT RS H N
D XPS AR MEZENZENRT, ENENDRDOIRETRT AT MDD HLRRZ 1T
ST B DA, FRETRT AT MABKEMR R OARD T — % 2R L T2, ARICE
WL FIE oy F U 7R Z R L TEBY , —F FTOART MANEMRRE, I 0
EDOART MAZIIN D IO TEM AV IZET HFRE LTS, £7, Fig. 7,9 (2
HEHT DL, 2N 57 eV, 687 eV fHIICAM SEI LDy & STV D LiF D3 ERs
TE®, Lo, KEHERRATE EH O OAMKHIZH SEI BUIFMEL THD &) R
RIS, EMERTE DAMKEIZTT v BRI VBRE HTWD O, IEmHID HE
L7 Mn 28 MnF, O THRE L TWbH7ebEEXx b5, £, Fig8 TlE=vF 7%
TN TEMDO TR THD C-C fEE—7 OBENEIML TWD Z &R0,
% ZC, graphite ABOEMT THDH Cls, SEI TROER 3 EZEZXHNTND Fls OE
—Z7IZER L, U TOar&iTo7,

AR O SEl JEOE IIZHOWTOFEREGL72DIC XPS T —F U TO LI m
v b U7z, Fig. 10, 11 [Z= v F > FALBEFf] & graphite BfRD Cls, Fls O — 27 5®ED
Btk Z 7~ L7z, Fig. 10, 11 X2 ZNH % O AR, MEMERFA1T > 1% O AMD XPS
HERRZ TR L TWD, BMRAH Y HED TN & BROERRS T D RFEDE— 7 HHEIN
LTW%—JT, SEl DD ZR"T 7 vHRDE—7 BN LTS ZERHERTE 5, =
DRFEOE— 7 PV IR DM O & — 7 38 L g L, BEN Y0 0E L R D02 A
fR SEI DT &R L FER Lz, PIZiE, =27 PR > 7o B — V7 BE AR T HEMR & |
ZOYDOY— 7 WEERT ERER L, ZORBOMEIZ, Cls OE—7BENEL
MR DTy F o ZHLPRIE [ % A SEI BEOfSEmOFEIE L LTz, Fig. 10 /.25 &, s
Cls OE—VEEDIR RO v F o FABRE TN 78 B Th 5D, — 7 Fig. 11 #R5 &
Ak Cls OE—JEOR RO v F o ZIBREITH 70 BThd, ZORRLY,
FCEAERF R O AR, BRI E AV X T2tk OAMO A SEL A5 BICIE L A EB L) 72
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Fig. 4 Tllustration indicating design of laminate cell.
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Fig. 5 Charge-discharge curves of NMC111 / graphite laminate cell after (a) pre-cycles, (b) aging
cycles followed by (c) five times of electrolyte replacement and then (d) keeping at 2.5V for 48 h in the
60°C constant temperature bath. Indicated is each third cycle of three cycles performed with charge /

discharge 1C, and voltage range 2.5 — 4.2 V.
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Fig. 6 Coulombic efficiency and discharge capacity of NMCI111 / graphite laminate cell after pre-

cycles and after keeping discharge voltage.
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After aging
After keeping discharge voltage
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Fig. 7 Li 1s XPS spectra of graphite electrode from NMC111 / graphite laminate cells after

aging and after keeping the voltage at 2.5V for 48 h at 60°C.
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After aging
After keeping discharge voltage
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Fig. 8 C 1s XPS spectra of graphite electrode from NMC111 / graphite laminate cells after

aging and after keeping the voltage at 2.5V for 48 h at 60°C.
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Fig. 9 F 1s XPS spectra of graphite electrode from NMC111 / graphite laminate cells after

aging and after keeping the voltage at 2.5V for 48 h at 60°C.
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Fig. 10 C 1s, F 1s XPS intensity of graphite electrodes from NMCI111 / graphite laminate
cells after aging. The dotted straight line indicates the intensity of C 1s spectra when the peak

intensity becomes half of leveling-off value.
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Fig. 11 C 1s, F 1s XPS spectra intensity of graphite electrodes from NMCI111 / graphite
laminate cells after aging, electrolyte replacing and then keeping the voltage at 2.5V for 48 h

at 60°C. The straight line and dotted straight line indicate the intensity of C 1s spectra when the

peak intensity becomes half of leveling-off value.
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After aging
After keeping discharge voltage
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Fig. 12 Mn 2p 3/2 XPS spectra of graphite electrode from NMC111 / graphite laminate

cells after aging and after keeping the voltage at 2.5V for 48 h at 60°C.
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Fig. 13 Mn 2p 3/2 XPS spectra intensity of graphite electrodes from NMCI111 / graphite

laminate cells after aging and after keeping the voltage at 2.5V for 48 h at 60°C
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Fig. 14 XRD patterns of fresh NMC111electrodeand ones from NMC111 / graphite laminate

cells after aging and after keeping at 2.5V for 48 h at 60°C.
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: (003) lattice plane distance c-axis length

NMC (Fresh) 4726 A 14.178 A
0 : o [NMC (aging) 4.777 A 14.331 A

: NMC (keeping discharge voltage) 4.746 A 14.238 A

| d - .

: Bragg formula : d =ni /2sin®

)
/o

\ d : lattice plane distance
A : wavelength

©: Incident angle

Fig. 15 (003) lattice plane distance and c-axis length of fresh NMCl11electrode and ones from
NMCI111 / graphite laminate cells after aging and after keeping at 2.5V for 48 h at 60°C calculated

from the bragg formula.
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Fig. 16 Current profile during keeping at 2.5 V for 48 h at 60°C with NMC111 / graphite laminate

cells.
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m— After aging (discharged state)
m— After aging (discharge state)
m— Diffrence spectrum

Normalized absorption [A.U.]
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B.E./ eV

Fig. 17 Ni L-edge XANES spectra of NMC electrodes from NMC111 / graphite laminate

cells after aging.
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m—— After keeping discharge voltage (discharged state)
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m— Diffrence spectrum

Normalized absorption [A.U.]
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Fig. 18 Ni L-edge XANES spectra of NMC electrodes from NMC111 / graphite laminate

cells after keeping at 2.5V for 48 h at 60°C.
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Difference spectrum (after aging)

Difference spectrum (after keeping discharge voltage)

Normalized absorption [A.U.]
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B.E./eV

Fig. 19 Ni L-edge XANES spectra of NMC electrodes from NMC111 / graphite laminate cells after
aging and keeping at 2.5V for 48 h at 60°C. Each spectra shows difference spectra from Fig. 17 and fig.
18.
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Fig. 20 Schematic representation of crystal structure changes as Li is introduced into the NiO lattice.

The cubic (1 1 1) nlane in NiO coincides with the (003) plane in LiNiO».
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Fig. 21 TEM images of Fresh NMC electrode observed from the a or b axis.
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Fig. 22 TEM images of NMC from NMCI111 / graphite laminate cells after aging observed from the a
or b axis. (1) and (2) indicates NaCl-type structure and R-3m structure respectively. FTT images of (1)

and (2) are indicated.
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Fig. 23 TEM images of NMC from NMC111 / graphite laminate cells after keeping at 2.5V for 48 h

at 60°C observed from the a or b axis.
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(Lithium difluoro(oxalato)borate)

Fig. 24 Chemical structures of electrolyte solvents and lithium salt used in this study.
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Fig. 25 Charge-discharge curves of NMCI111 / graphite laminate cell after (a) pre-cycles, (b) aging
cycles followed by (c) five times of electrolyte replacement and then (d) keeping at 2.5V for 48 h at
60°C. As the electrolyte during pre-cycles and aging, 1 M LiPFs/ EC : DEC =3 : 7 + 3 wt% LiDFOB
is used. Indicated is each third cycle of three cycles performed with charge / discharge 1C, and voltage

range 2.5 -4.2 V.
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Fig. 26 Coulombic efficiency and discharge capacity of NMCI111 / graphite laminate cell after pre-
cycles and after keeping discharge voltage. As the electrolyte during pre-cycles and aging, 1 M LiPFs
/EC : DEC=3:7+ 3 wt% LiDFOB is used. Indicated is each third cycle of three cycles performed

with charge / discharge 1C, and voltage range 2.5 -4.2 V.
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Fig. 27 Mn 2p 3/2 XPS spectra intensity of graphite electrodes from NMC111 / graphite
laminate cells after aging and after keeping the voltage at 2.5V for 48 h at 60°C. 1 M LiPF¢/

EC: DEC=3:7+3 wt% LiDFOB is used as the electrolyte during pre-cycles and aging.
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Fig. 28 Mn 2p 3/2 XPS spectra intensity of graphite electrodes from NMCI111 / graphite
laminate cells after aging and after keeping the voltage at 2.5V for 48 h at 60°C. 1 M LiPF¢/

EC:DEC=3:7+ 3 wt% LiDFOB is used as the electrolyte during pre-cycles and aging.
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