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TdHE SFES ALY T UG

LiARD (A7) Ao, 090 < a < 1.8 2 0 < b < 0.50]th); LiEx-
bR, D.(AF7] A1oJA, 0.90 < a < 1.8, 0 < b < 0.5, 2 0 < ¢ < 0.050]T}
)5 LiEspR0sDc(P37] AellA, 0 < b < 0.5, 0 < ¢ < 0.05°]%}.); LiNipy
CoRD (Z7) Aol A, 0.90 < a < 1.8, 0 <b <05 0<c¢<0.05%0c<
@ < 201th.); LiNityCoROsaZa (7] 2lelA, 090 < a < 1.8, 0 < b <
05,0 £ ¢ < 0.05 2 0< a <2°t.); LiNirp-CoR0s-aZo(ZF7] Ao A, 0.90
<a<18 0<b=<050<¢<0.05%20<a <2°t.); LiNijpMpRD
(7] Ao, 090 < a <18 0<b=<050<c<005%0<a <2
o1th.); LiNiro-MnROp-oZa (7] 2olA, 0.90 < a < 1.8, 0 < b < 0.5, 0 <
c £0.05 2 0< a < 20t.); LiNirp-MROp-aZe(A7] 2lolA, 0,90 < a <
1.8, 0 <b <05 0<¢<0.05 3;"0 < a < 201%H.); LiNipEG0,(F7] 2]l

A,09 <a<18, 0<b=<09 0<c¢<05%0.001 =<d <= 0.1°|t}
)+ LiNiyCoMngGeO, (7] "‘01/\1 0090 < a2 <18, 0<=<Db=<209 0=¢c¢=<=

0.5, 0 < d <0.5 2 0.001 <e < 0.101t}.); LiNiGO,(A7] 2olA, 0.90 < a
< 1.8 2 0.001 < b < 0.10]5F.); LiCoG0x(7] 2elA, 0.90 < a < 1.8 &
0.001 < b < 0.10]%}.); LiMnG0x(37] 2ellA, 0,90 < a < 1.8 € 0.001 < b
< 0.19]tH.); LiMngG0s(AF7]1 Aol A, 0.90 < a < 1.8 2 0.001 < b < 0.19)
t}h.); Q02 QSz; LiQSz; Vo0s; Livzos; LiTOs; LiNiVOs; Lia-nJa(POg)s(0 < f < 2);
LiapnFes(PO)s(0 < f < 2); R LiFeP0;.

A7) shebale) 9lojAl, A Ni, Co, Mn = o]Ze) Zdtolm; R Al, Ni,
Co, Mn, Cr, Fe, Mg, Sr,. V, 3lEF 94 EE olg9 x¥olx; D=0, F, S, P
e ol59 ol EE Co, Mn T 0|59 ZFola; ZEF, S, P =
9] *%%gtolar; G= Al, Cr, Mn, Fe, Mg, La, Ce, Sr, V‘ e o]l xgolil; Qe
Ti, Mo, Mn T¥E olE 91 Zz3tola; TE Cr, V, Fe, Sc, Y ¥ S olE9 zglola; J

=V, Cr, Mn, Co, Ni, Cu =& °o|E9 ZF3tolt.
EE o] 3¢E E%Oﬂ HYFE @ AR AT 5 da, B AV 37
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g YAZE Mg, Al, Co, K, Na, Ca, Si, Ti

Ge, Ga, B, As, Zr = 9]

o,
rlo
o

£ ETHELS ALY F Ud. ZHIT L ¥
7] 8= olgd 2SS Agetd ¥F FEAY BAHA AA4FE FA ge
B (g S0 22do] 38, AW T2 IVTL 5 oW AT I U
A}%ﬁ}(ﬂE sy, o] EH?‘SME %‘r‘H —E—C']wﬂ FALete A ECA 2 ol

’2}71 = 2= ’%% EF ukly # JJJ.XH% e,

’8*71 Holtl e 42 €532 AAEES A2 2 F A7, =8 45 883
€ AF JAAA ZF FHA7IE QLS o0, T HEA] 2 EYHELE,
JeEAagdges, NEeAtzddgrs, debiudgszs, EavdEs
flol=, slzEasg LeudIaeols, ZTugIzodlols, oAU Aol
=& xgste Zyv, ZYvddEgE, Egtdd, ZYHEREFLEARA,
Zejuded EF0ols, EEd, EE} i%%ﬂ, 2EHA-Fetd gy, o}
g olHE &

ga-Seitd #u, o EA £x, YA 5 AMEE F o
olo] F}ATE= L ol ), .' | "

47 ERAAE A3 TAAL Bolsy] A8 AeHE AozA, FAHE
AR o] QojM, iz e 7 AR AEA ABold e AL A}%
e, 1 42 Hd EQF, AR 4

N

3, 2 ,
Gang o, UA, 25elE, & 5o 348U, 34 45 5o AT 4
A3, EF FALA FEA 5 244 AEE 1F EE 1F oS T
AgE 5 Ao
47 AR PAAZE AS AT 5 gt ol @RHE AL o,
A7) £33 47 F3e A7 28Q, 244 2 ARAS 40 FAN £

S Azxsta, o] 2AES AF HAA =X Az,
olg} Z& HF Az WHE G Eofl dy < Hiolmz B AN
FAR A2 AFsrlz dn. 37 FHEE Y EE 5 'W%%}
Ao oo A==

71 dajde

Bl 771 &ee EEEe 2T
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A7) vl fr7l Sele AR Mrisety whgo] #ojsts o] &E°] °lF

A7) B A %ﬂ%UHE\_ FtHY O EA, 22 A, AdAg 24, ASAH, &
HEA EE HIFHAAAY L& AHEE F . A7) FHRY0EA &viEE ¢
g RV o]EMMC), Yold IR o]E(DEC), Y=Z=EH 7tHU]E(DPC), #HE
Z2g FRY O EAPC), JYZEY RV o|E(EPC), HEdd 7FEY o] E(MEC),
odd FtRU]E(EC), ZT2HH FtREYO|E(PC), FEA FFRUE(BC) Fo| At
239 £ 9on, A7 dadzA £u2E dE olMEolE, oE ofAlHE, n-
29 oA HOIE, YdHEOHEHE, HEZZIQYoolE, YT YlE,
y-REZEE, o) 7} gFo] = (decanol ide) , dyzatE, Iz LBE
(mevalonolactone), 7FEZ EZZE(caprolactone) o] AlRE 4 . A7) dg=
A ful2= UEd JdeHZ, dEZEY, vy, "uSAdg, 2-AgHE
S =2F, HEHI=EEFA Tol AHE F don, A7 AEA &uEs AE
A= Fo] AEE F do. EI AU d3EA fulEE oEEaE, olax
29 ¢3E F 4%% T en, A7 BFdAd SR s R-ONRE €2 WA
C209] A, EXN & & Fx9 gsgirloln, o|F A NI & EE
Ha 2L g & dh) T9 HELF HuEdEIolv= 9 or|=F,
1,3-t&&d 59 Dl%—’é—%}e dX &(sulfolane)F 5o AHEE + 3l

7] Bl #7) &ule @5eR Ee sy oy E3tato /\}%TQ T Jo
o, s o] EFEt Algste H9 1‘% H &S HEX3te WA ATl wet
AAsA 24 F Ja, olE "’”?SH HOM] Za}ahe AtEEAlE 88 oldd
T U, |

wd, 47 AudolEA 8ue A3 B9 (cyelic) ﬂiﬁl et Al&d
(chain) 7HEUlo|EE E@slo] AgstE ol Eoh. o] A% #¥ Frdol=g
A& d ?}ELﬂOIE—E ok 1:1 1—H7<l'.‘i.k 1:99 FEIjuE 1?}‘6}04 AL&3te Aol 3
Aol o] 8 YEE F Ut \

A7) v fr18uE A7) FEUOIEA &ajd A7) WEE g@EaaA
4714018 o T3 FE Q. old Ay] stEuoEA &ujel Ay WFE &
S 7180 oF 11 WA o 30:19) Eyuz Y & Ao

W) 9RE BaEaA $21802E ) s 10 WU Basa
sggol AHgE F Aok,

==
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C109] &77], C1 WA C109] 2¢A7] EE ol5Y xFoltt.)

A BgE wssad 4U180E A4, EReEdA, 1,2-0ZF0W
A, 1,3-gT2o 294, 1,4-0ZFo=zdAd, 1,2,3-EgdZFozdA, 1,2,4-E
dEFo=zvixl, =94, 1,2-"dE2=244, 1,3-"E22dAd, 14-HEEE
A, 1,2,3-ElEZ=2WA, 1,2,4-E8 2294, oloje=wlal, 1,2-tjojole
=dA, 1,3-fololeEw®lAl, 1,4-tjolo]le=wiAl 1,2,3-Egjoo] ozl al,
1,2,4-Egjolo]oxdldl, EFd, ZFL2EFA, 1,2-4EFLEZEFA, 1,3-¢
Z208EZAd, 14-UEFQEZEZA, 1,2, 3-EFEFLZEFA, 1,24-ETZ
FR2ERJA, E2REFY, 12-UEE2EFA, 1,3-HEZEERA, 1,4-9&
22E2d, 1,2,3-Egf222E2q, 1,2,4-ElSTRZE, olo]QEEZRC]
1,2-tjolo] @ = EFql, 1,3-tolo]=EF4, 1,4-tolo]eEEF<l, 1,2,3-EF
oo R R EF A, 1,2,4-EF ool EEFA, AYW E& olEY ZFE A EE
At}

7] W AR dAl £He B sl HEA ArolE ®
£ 37] 834 29 dgd stRvo|EA FEES O XgY FE Q).
(3514 2] | |

BN
o

Rz Rg

(7] 5]'5—]"91_201]}"], Rr @ Re= 4 EHZHOZE F4, S247], Aofr7]
(CN), UEZ7I(NO;) E& C1 WA 59 EFLLE2LZ7]oH, A7 R ReT 30

T s 277, Aolxrl(N), HERZZI(NO;) & C1 WX (59 EF02¢7
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71o1t}.)

A7) odd FHRMCEA sgEe] B dRE UEFLE JAdEdATE
YlolE, €2 20dd JtRY0E, 222 g slRYolE, BEEREA 7R
UolE, JEEREHA FtRVE, UYERZJqEH FtRYE, AolxdEdd 711
Yol]E, 252028 JtRUYOE 5& & F Ark. A7 ¥dd FHEYOJE &

271 1% 1 ﬂHLﬂO]E?ﬂ a}t} < O AHgsle B 2 AMRRS A A

o

8 871 8ol Sagel, 4R Mol 2IF oo
FEdoz Agsiel /LA IF olAAAY FFL AseA sHu, F3% &
3 Alole) 2F o9 05L& FWsE 9T st Bhod. 47 HEGY o
®H<Q o|ZE LiPFe, LiBF,, LiSbFe, LiAsFe, LiCsS0s, LiCl0s, LiAlOz, LiAIC,,

LiN(CiF2x:1502) (CyF2n1S02) (714, x B y= AAa4d), LiCl, Lil, LiB(CO.)(HF

T

|A2&AolE R#o]E(lithium bis(oxalato) borate; LiBOB) & olE9 Z¢
E 4 gon, o]E% A A (supporting) Aoz ¥, A7 FELHY
= 0.1 WA 2.0M 9] ol A Ahgste Hol ok, UERY FEI A W
EJEM Agdo] BEP VEE L AEE NARE 948 AN 45S
»}E}@ # 9lm, 2F oo mFHoZ oY & U
2E olXAAY EF wal YIFH F Aol MolEs} EAY &
= gk, A7) AsdolHzE Egdgd, Tyzegd, Zeuded 220g
015 EE o]59) 25 olate] tETo] AlS4E & gon, Tydgd/TeTey
2% AmeolE], EZeldud/Iezagd/Sedgd 35 Aoy, EYx
i%zﬂ/iwaaﬂ/iavi% 3% Adeoly S ge Y tEuo] Algd

F dge BEo

do o e
2 W

olatol e B wge] TAH HAASS MA@, v, s J1AD
AAES B w9 FAYOR dAsAL 4¥E) A% R gaae, oz
A 2 weo] AgHolNE ohiBT.

5
AAld 1
2 Ao A2Ee 5 o EFe2d Sad 10 Mo AL F4AL 5
T T T
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5 M) EFe238 49 10 aMo] AL £84L 74z 100 nl¥ FAT F
1

5] T3 & FHIY 50 T7HA $2A10 ¥ FHlE
2 5 E TAIA H™E A7 AAld 1R 29 W
S fAE 194 AZWYoE Axd A E2o] AxHA do.

E, Hxo 47 9 glo] e BY Rl Hzto] o|Foix Al A,
FE&A AEY 47 AYE £2E A W AHsd AFoR FAE Q)

T eg At & &, AFstn 150 T AFFHAAM o 1A T AT
e AFHL Qe & AA s At

29 g3 oF 2053%2 LAHAT

(half-cell®] A=)

AAld 4

g9 Az

A7) AAl 1AM Az 5 EAE olfgon TAAL Ax WA
< 953 Zo. |

71N 2L Ba 7P AUE B2 g, FFYA 277 5 WA 10 m
Q) &4 AEA (Super P carbon black) 0.125 g, Eejn|da}dZ2elo|= (PVDF:
polyvinylidene fluorie, KF1100, €& T8t 38) ZFA 0.125 g N-AEHE
2] =(NMP: N-methylpyrrolidone, Aldrich) €% &3 =, g ZTY(Cu foil)el
YL &t FHE AU, HF U E 2399 UM E o] &t Ha T

A|7F o)A A& % 70 mm doctor-blade ZEE ©]&3d Fy TY o ZHSA

T~

th. 70 Col A 1A B9 AZX T 30-40 mm FAY ZHE Azt

A9 Az

& A= (counter electrode) 22 2lF 2= (Lithium foil, 0.9 mm ¥4,
Alfa Aesar, USA), &l A (working electrode)2E Ag&E EZEL A&
2016-type®] =<l A& Az, |
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s BL 1.0M LiPFg7F &8lE o€ d 7}H o] E(ethylene carbonate: EC),
tog 7tRY]o]E (dimethyl carbonate:DMC) ¥ dlolg@d 7R ulo]E(diethylene
carbonate:DEC)S] ZF-& N (3/4/3 FHu], HIARATAG, Td7)& AL, =
A& A 2ete,

7] AAldl 400 A, "e‘/\l oA A= & d
ol &3 H& Adstue A7 AAld 49 FA

r

(A8
SEM A}RA
F7] AAld 104 AzE 5 2849 38 ¥4E #Ady] A BW
FAFE U A (SEM o2 ERl&H3l ).
E 4& AN 194 Az8 &3 FBAY g4 8D 39 Ao SEM AbHlo]
t}. |
A7) = 40lA A 2 BE A7) AAd 1M &4 =¥ 8l7] A, 100008 2
400008] 2 st SEM Atzlolth, A7) & 49 A E BAlA & F YFo], £F ¥E
29 g gR7)Fo] HE AL ¢ F U
271 £ 49 Ce A7 AAld 194 AxdE &5 €5
o] %2} SEM A}z1(200008)) 0] .
= 49 Bol viebd Az zo] BE 9RIF IV F Im AEo|n, 9B
FAE o 400mAE ¢ A :

=z le)
ha | —_— 1
= 62 AAd 20|14 ARE = BER BA 21 mE SEM Abdo]

()

of B& I

2

7159

o},
£ 69 AdlA UEhd A3 2ol o umAE Dole) stolojrl Y4B AL &
A = ARG
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6] Boll vERd AT} Zo] A 194 Azxd &5 EEHH
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)
T

= 69 B
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gae] SEM Abzlo]

94 23 =

= 82 AAld 394 A
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BET (Brunauer-Emmett-Teller, VELSORP-mini II, BEL, Japan) B]E WA ¢ 7
L AA Tz 9 g S o]83le 0.05-0.39 At ¢ (P/Po) WA 77K

7359 = BJH (Barrett-Joyner-Halenda) E(plot)S o] &3le =Ast=
(P/P0)E 0.97}A &3 FHdA AA7E 71F Hd E3 goz i

A 7139 271 FYS BIH ERA 0.0002-0.9 Fdl &8 (P/Po) A
2 WA 100 nm H 99 71F 271 £EE SAEUA

E 55 AAd 1] 42 ¢33 g8 987 % EE2 e 29oln
37] 12 AAld 19 o2 &3 @249 BT HEWA, 7% 3 2 HF ]
F 3A7E JYedlE Eoltt.

[£ 1]

BET Bl ®%H A (n'/g) % 71F F9(cc/g) B E R ERD

18.11 10.0574 12.67

= S04 x5 dp/me AEA EAGE V1T 218 AR, y5d
dVp/dlogdpE 54 71% 2717 Arhy BEseAS ofuidn,

yEAA log & °1&% ol 71T 719 £EE F o AYSA Lhro]
F7) 4o, log 7 ol EHsIE Fgsict. |

E 5ol yehd Rm go] 713 BESL 9RI12 F YRyIFo| BEE A
Bl Ao® FAHon], olg Po| FEH 7T YHHE Ol = AeAR AL
$5)E argradl o@ Aoz A3 WryFol BT Ao YA,

471 & 19 vehd whsh Zo) 7] Al 10 we $3F FBAe) BET 1)
ERe o 18.11n/g 52 AP0, ot YNHoz A8 AP
ol wjs) MERAC] Y o FAH Azolr,

u]g_uqzqo] FAE 4L AEd 7T 27 BXEC] Yeld A go] 9

1

M

A7) o 2|4 AzH &= o) BET HEWH, 7T 29 2 BF

A A
71% 3718 SAEA.
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24 Pie AET U9 YT,

© 7 AAd 20 HE £3 2849 9¥r)F RES tehd 2dTol,
7] B 2& AAd 20 WE &5 2849 BET HEHA, 715 3 R AT 7

A71€ Yehle Folo

[E 2]
BET ] £ 713 (n/g) T 718 FH(cc/e) B 718 A7 (o)
2.3574 0.0379 64.38

E 204 & F URol, A7l AAld 20 wE &= A2 4 2.35m
AEe] MEAHS e Ao FARYon, ot AR Agse A
o s wEBHo BH o FA Aol

half-cell EA %7} .

T 9 0.1CoA, A7) AAd 4 2 5olA AZH half-celld AX EA 3
7} A3}olty, ,
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