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600°C W A] 2F 900°C, °F 600°C tH#] F 1,000°C, °F 600°C W A] ©F 1,100°C, °F
700°C WA ©F 800°C, oF 700°C W A] ©F 900°C, °F 700°C W A] °F 1,000°C, °F 700°C
WA] oF 1,100°C, 2F 800°C W A] <F 900°C, °F 800°C W A] <F 1,000°C, < 800°C W] #]
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nm WA 2F 600 nm, F 10 nm WA] ¢F 700 nm, ©F 10 nm W§ A 2F 800 nm, &F 10 nm
WA 2F900 nm, F 10 nm WA ©F 1 um, F 10 nm WA] F 5 um, ©F 10 nm WY A] &F
10 tm, ©F 100 nm WA ¢F 200 nm, <F 100 nm W A] <F 300 nm, F 100 nm W A] &
400 nm, ©F 100 nm WA 2F 500 nm, &F 100 nm W A 2} 600 nm, &F 100 nm W #] &F
700 nm, ©F 100 nm W A 2F 800 nm, &F 100 nm W A 2} 900 nm, &F 100 nm W #] F
1 m, ©F 100 nm WA F 5 gm, ©F 100 nm WA] ©F 10 gm, <F 200 nm W A ¥ 300 nm,
©F 200 nm WA] 2F 400 nm, <F 200 nm WA 2F 500 nm, &F 200 nm WA 2F 600 nm,
©F 200 nm WA] 2F 700 nm, <F 200 nm WA 2F 800 nm, &F 200 nm WA F 900 nm,
°F 200 nm WA] 2F 1 um, ©F 200 nm WA] 2F 5 gm, ©F 200 nm WA] F 10 um, <F 300
nm WA 2F 400 nm, ©F 300 nm WA 2F 500 nm, &F 300 nm WA ©F 600 nm, &F 300
nm WA] 2F 700 nm, 2F 300 nm WA 2F 800 nm, &F 300 nm WA ©F 900 nm, &F 300
nm WA 2F 1 um, ©F 300 nm WA &F 5 wm, ©F 300 nm 4 A] <F 10 gm, &F 400 nm W A
°F 500 nm, ©F 400 nm WA] F 600 nm, F 400 nm W§ Z] 2F 700 nm, ©F 400 nm 1§ A
oF 800 nm, ¥ 400 nm WA] F 900 nm, F 400 nm W A| 2F 1 um, ©F 400 nm W A] oF
5 um, ©F 400 nm W A] 2F 10 gm, &F 500 nm WA ©F 600 nm, ©F 500 nm W A] 2F 700
nm, ©F 500 nm WA] 2F 800 nm, ©F 500 nm W A] 2F 900 nm, ©F 500 nm W A &F 1 um,
°F 500 nm WA 2F 5 um, ©F 500 nm WA F 10 gm, F 600 nm W A] 2F 700 nm, &F
600 nm WA 2F 800 nm, &F 600 nm WA] F 900 nm, F 600 nm WA] 2F 1 um, ©F 600
nm WA 2F 5 um, ©F 600 nm WA 2F 10 zm, ©F 700 nm WA ©F 800 nm, ¢F 700 nm
WA 2F 900 nm, F 700 nm WA 2F 1 um, ©F 700 nm W4 Z] &F 5 um, ©F 700 nm W A
°F 10 xm, ©F 800 nm Y A] 2F 900 nm, &F 800 nm W] 2F 1 um, F 800 nm W A &F 5
(m, ©F 800 nm W A] 2F 10 pm, F 900 nm W A] ©F 1 um, F 900 nm W A &F 5 um, oF
900 nm WA ¢F 10 gm, &F 1 m WA &F S m, &F 1 m WA ©F 10 gm, == 2F 5 um
WA oF 10 i 7 Ao}, o]l Al gkE = 312 of T
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°F 100 nm WA] 2F 1 wm, ©F 200 nm WA] 2F 300 nm, ©F 200 nm W A] 2F 400 nm, &F
200 nm WA 2F 500 nm, &F 200 nm WA &F 600 nm, ¢F 200 nm WA &F 700 nm, &F
200 nm WA 2F 800 nm, &F 200 nm WA &F 900 nm, ©F 200 nm WA] F 1 um, &F 300
nm WA 2F 400 nm, ©F 300 nm WA 2F 500 nm, &F 300 nm WA ©F 600 nm, &F 300
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nm WA] 2F 700 nm, 2F 300 nm WA 2F 800 nm, &F 300 nm WA ©F 900 nm, &F 300
nm WA F 1 um, &F 400 nm WA F 500 nm, ¢F 400 nm WA F 600 nm, F 400 nm
WA 2F 700 nm, ¢F 400 nm W A 2F 800 nm, &F 400 nm WA 2F 900 nm, ¥ 400 nm
WA 2F 1 am, ©F 500 nm W A] 2F 600 nm, ©F 500 nm W A 2F 700 nm, <F 500 nm
W A 2F 800 nm, 2F 500 nm W A 2F 900 nm, &F 500 nm WA ©F 1 um, F 600 nm
WA 2F 700 nm, F 600 nm W A 2F 800 nm, &F 600 nm W A] 2F 900 nm, &F 600 nm
WA 2F 1 um, ©F 700 nm W A] 2F 800 nm, ©F 700 nm Y A] 2F 900 nm, &F 700 nm
WA 2F 1 um, ©F 800 nm WH A] 2F 900 nm, ¢F 800 nm W A] &F 1 um, B2+ ©F 900 nm
WA ok 1 md = o}, o]l Al gy = 41 of T,

Vo A 2 50, A U d AT ke BA dAE S e, ]
Hdol Al 1 A ufE el ofsto] Ay, gAY E 53 S 2AE
A Fghc}, 7] B9 Al 2 S wE gAY 53 G x2A =, 3T

B0l A 1 SHo) ME T e 2 B A Az Pel thtol 7%
WgS BT 4% 5 Jor], FREE PR A= JAT 4L

e
Aefsiol o, 1 A o] AgfE Sl ety sdstA 482 = 3
Vo] A Tl oA, ] A E v d e A A0 A
A G Lo, o] A gty = AL ot

Ao d FEde) oA, ] AelE Y=Y A= oF 10 nm WA F 10 ]
A71E 7HAE AY G Ao, o]of] AlgE = A2 ol Al & Fo, A7
A Z Y= YA 715 9F 10 nm WA F 100 nm, ©F 10 nm W =] 2F 200 nm, oF
10 nm WA] ¢F 300 nm, ©F 10 nm WA ©F 400 nm, ¢F 10 nm WA] 2F 500 nm, ¢F 10
nm WA 2F 600 nm, F 10 nm WA] ¢F 700 nm, ©F 10 nm W§ A 2F 800 nm, &F 10 nm
WA 2F900 nm, F 10 nm WA ©F 1 um, F 10 nm WA] F 5 um, ©F 10 nm WY A] &F
10 zm, ©F 100 nm WA F 200 nm, ¢F 100 nm WA] 2F 300 nm, F 100 nm W A] &F
400 nm, ©F 100 nm WA 2F 500 nm, &F 100 nm W A 2} 600 nm, &F 100 nm W #] &F
700 nm, ©F 100 nm W A 2F 800 nm, &F 100 nm W A 2} 900 nm, &F 100 nm W #] F
1 m, ©F 100 nm WA F 5 gm, ©F 100 nm WA] ©F 10 gm, <F 200 nm W A ¥ 300 nm,
©F 200 nm WA] 2F 400 nm, <F 200 nm WA 2F 500 nm, &F 200 nm WA 2F 600 nm,
©F 200 nm WA] 2F 700 nm, <F 200 nm WA 2F 800 nm, &F 200 nm WA F 900 nm,
°F 200 nm WA] 2F 1 um, ©F 200 nm WA] 2F 5 gm, ©F 200 nm WA] F 10 um, <F 300
nm WA 2F 400 nm, ©F 300 nm WA 2F 500 nm, &F 300 nm WA ©F 600 nm, &F 300
nm WA] 2F 700 nm, 2F 300 nm WA 2F 800 nm, &F 300 nm WA ©F 900 nm, &F 300
nm WA 2F 1 um, ©F 300 nm WA &F 5 wm, ©F 300 nm 4 A] <F 10 gm, &F 400 nm W A
°F 500 nm, ©F 400 nm WA] F 600 nm, F 400 nm W§ Z] 2F 700 nm, ©F 400 nm 1§ A
oF 800 nm, ¥ 400 nm WA] F 900 nm, F 400 nm W A| 2F 1 um, ©F 400 nm W A] oF
5 um, ©F 400 nm W A] 2F 10 gm, &F 500 nm WA ©F 600 nm, ©F 500 nm W A] 2F 700
nm, ©F 500 nm WA] 2F 800 nm, ©F 500 nm W A] 2F 900 nm, ©F 500 nm W A &F 1 um,
°F 500 nm WA 2F 5 um, ©F 500 nm WA F 10 gm, F 600 nm W A] 2F 700 nm, &F
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600 nm WA ¢F 800 nm, ¢} 600 nm =] 2F 900 nm, F 600 nm WA <F 1 um, 2F 600
nm WA F 5 um, &F 600 nm WA F 10 gm, &F 700 nm W A ¢F 800 nm, F 700 nm
=) ©F 900 nm, 2 700 nm =] F 1 gm, &F 700 nm =] 2k 5 gm, <F 700 nm tH =]
oF 10 gm, ©F 800 nm WA] ¢F 900 nm, &F 800 nm W A] F 1 um, <F 800 nm W #] &F 5
gm, °F 800 nm W =] F 10 gam, ©F 900 nm W #] F 1 gm, ©F 900 nm WA] F 5 um, F
900 nm W] °F 10 gm, °F 1 gm WA 2F 5 gm, ©F 1 gm W A] 2F 10 gm, 3= F 5 ym
WA oF 10 i 7 Ao}, o]l Al gkE = 312 of T
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°F 100 nm WA] 2F 700 nm, F 100 nm WA 2F 800 nm, &F 100 nm WA 2F 900 nm,
°F 100 nm WA] 2F 1 wm, ©F 200 nm WA] 2F 300 nm, ©F 200 nm W A] 2F 400 nm, &F
200 nm WA 2F 500 nm, &F 200 nm WA &F 600 nm, ¢F 200 nm WA &F 700 nm, &F
200 nm WA 2F 800 nm, &F 200 nm WA &F 900 nm, ©F 200 nm WA] F 1 um, &F 300
nm WA 2F 400 nm, ©F 300 nm WA 2F 500 nm, &F 300 nm WA ©F 600 nm, &F 300
nm WA] 2F 700 nm, 2F 300 nm WA 2F 800 nm, &F 300 nm WA ©F 900 nm, &F 300
nm WA F 1 um, &F 400 nm WA F 500 nm, ¢F 400 nm WA F 600 nm, F 400 nm
WA 2F 700 nm, ¢F 400 nm W A 2F 800 nm, &F 400 nm WA 2F 900 nm, ¥ 400 nm
WA eF 1 am, ©F 500 nm WA 2F 600 nm, F 500 nm WA F 700 nm, &F 500 nm
W A 2F 800 nm, 2F 500 nm W A 2F 900 nm, &F 500 nm WA ©F 1 um, F 600 nm
WA 2F 700 nm, F 600 nm W A 2F 800 nm, &F 600 nm W A] 2F 900 nm, &F 600 nm
WA F 1 am, ©F 700 nm YA 2F 800 nm, &F 700 nm WA F 900 nm, &F 700 nm
WA 2F 1 um, ©F 800 nm WH A] 2F 900 nm, ¢F 800 nm W A] &F 1 um, B2+ ©F 900 nm
WA ok 1 md = o}, o]l Al gy = 41 of T,
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[65] A7) A A 2=, ol E E°, PEO(polyethylene oxide), PVdF(polyvinylidene
fluoride), PVdF-HFP(polyvinylidene fluoride-hexafluoropropylene),
PMMA [poly(methyl 2-methylpropenoate)], PAN(polyacrylonitrile), 5=+
PV Ac[poly(ethenyl ethanoate)| 5 AF-8-3F A3 3132} A8l 1= PEO,
PPO(polypropylene oxide), PEI(polyethylene imine), PES(polyethylene sulphide),
EE}; PVAC%‘ /\]__9_8} :ﬂ_jﬂ ;q 3]] Al EQ_ /\]__9_61— 2= o]q_ o 8} ;q 3]] 7(1;_&:
o] & gl 7} 1. Y] o] E (ethylene carbonate, EC), 3~ 2 2 &l 7} B 1] o] E(polyethylene
carbonate, PC), ¥ #l 7} 2. Y| o] E (butylene carbonate, BC),
H]d 7 7} B Y| o] E (vinylene carbonate, VC), Tl ol| & 7} B.4] ©] E(diethyl carbonate,
DEC), Y v ¥ 7} ¥ Y| ©] E(dimethyl carbonate, DMC), |l & | & 7} 24| ] E (ethyl
methyl carbonate, EMC), ™| & 3 2 1] 0] E (methyl formate, MF),
kS E] 2 8E(y-butyrolactone, y-BL), A 3 2 {1 (sulfolane),
] €l o} M| E]] 0] E (methylacetate, MA), == ™ €l 3 2 3] @ 4] o] E (methylpropionate,
MP)Z ALE 3 8 o AFE S S o) e A e d RS o
ke = gz, ol 27 lE 9 e 2=, ol & 591, LiCl, LiBr, Lil, LiCIO,, LiBE,,
LiB;¢Cly, LiPFg, LiCF;SO;, LiCF;CO,, L1ASF6, LiSbFs, LiAICL, CH;SO;L1, CF;SO;
Li, (CF;SO,),NLi, S22 R &8 {, Ao A WSt =2 248/, e
HEGId e § 58 AR 5 AT
[66] vl A Aol Sl M, BV =2 HE w
AstE & E9EhE A 5 oy, ool Al gy =

e <> U o N J 1 < 1. <R )
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o
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[e]

, A A, e A, e A A 9] vkt & 7} 7 sk

[70] 271 & B A o)F4: 43} E & = LiCo0,, LiNiO,, LiMnO,, LiMn,0,, Li(Ni,Co,Mn
J0,(0<a<1,0<b<1,0<c<1,at+b+c=1), LiNi,yCoyO,(¢] 7] ol A, 0<Y < 1), LiCo
1 yMnyO,(e] 719l A4, 0<Y < 1), LiNi; yMnyO,(¢] 7] o) 4], 0<Y < 1), LiMn, ,Ni,O,
(o171 A, 0<Z<2), LiMn, ,Co,0.(¢]1 7] | A, 0<Z<2), LiCoPO,, LiFePO,, X
o|F9 ZIEE o] FolX T OEFEH 1 F ol A EHE= AE AL
RO}, o] A gHE = A1 of )

[71] 271 Aol met F53 F= A = Abel ol 78] W(seperator) & 7] Al SFaL
o 71e) Al ek dafolE& st

[72] st g F ola A=, ol & 59, 4V &
el 2 S ThE, ol 5 skl d (winding) st Aol A 59 = A9 A
Alo] 2~ = 3p9-X o) W v, A7) AA] Alo] 2 = 3hg-X] o
Aafj s Tt Alxd 5 Ak A7) L9 713 27171 9F 0.
oF 10 ymo] 2L, F71 = Luks o 2 oF 5 ym W A] F 300 im<! A& AFE3H}
TAAAN 2N, Zez2ddl = ZYodd 59 SddA S8, £
el FE e A EY 7

[73] A7 Al 7] Gufoll glEaol SalE A 5 J ot ool Ay =
AL ot} A7) F7]18 vz, d & 5o, T2 7R Yo E,
HAZFR Yol E, EFZoEHl7tR Yol E, FE AR Y o] E,
e 7tR Y ol E, v e rtR o] E, WEo|E IR Y o] E,
HEYIZZ2 AR Yo E od X2 AIlH Y|o|E HEo|AMX Z IR Yo E,
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X2yl yo]E tJREylR Yo E IZUEY oAl EUEZ,
HEds g feh 2 g Eas] m 2 Fe y RE 2EE, 130548

4-m ] 4T NN-THE ZFoln & vl g oA Eoln| &=

U el g Z Lol = 1 4-t] 24k, 1,2-T] W E Aol §F, A 3 e ﬂ%iiﬂ 3
FEEAA, JEZHA, He =g &, e H =2, R o] 59 23E=
o] Fojxl o R RE AElE A 5 9lor, o]d A gy = A& ot

271 2 F 9 -2 LiPF,, LiBF,, LiSbF,, LiAsF,, LiClO,, L1CF3SO3, LI(CF3302)2N
LiC4F,SO;, LiAlO,, LiAICL, LiN(C,Fyy, 1 SO)(C,Fyy, 1 SO)(EH, x Z yi= #H¢d
LiCL Lil, @ o] 59| %357 o] Fo]x F o 2 1LE _E”Iﬂ A 5 919_1%, Ol ol
A g = A& of T}

V9 A FAdol oA, AT ol xR = A7) e o] &)l F-7] aLA|
Al A g/ei= F7) A Al A oA AR 5= o, ool Al g = Al
ofUt}, o] w, A1 F-7] LA A& /= 7] A del o] A8 =
739, 7490l Wb = A A Ao EevhE AT 8 o] s s
Abg8HA] ol i kst

7] 57) DA AADL, o F Fof, Selel gl F24, Selol Pl SAo]=
FuA), Fel A S Ao = fm A, ik o 26 2 Fe)v], Eeju)
Q2@ wi= Fo) B v)del e 3 5 glon), ofel] e Qe

ol ), 7] F7] A Al AL, o E £, LisN, Lil, LisNIL, Li;N-Lil-LiOH, Li,
SiS;, Li,SiOy, Li,SiO,-Lil-LiOH, Li;PO,-Li,S-SiS,, 2 o] 5 9] &3} o = o] Folxl
T O R HE ey Ag ¥3ek 4 9 o, ofof A|dHE = A ol
g o] AAE 9% FH

ols}, AAd & FHzxsto] & £ AA 8] A st nr, E{lo] o]

A e = A2 oyt

[2A] o]

B A Az o H SRS B TS TAE P, A
7t 2 e Al ghals S8 v A7 2 g4 2 vk JAE A s A,
o] 2 A4 A A EZ YA} S84 o7 TFato] vAa JAE el 24 A
A Z U= AE S A g E ol AA Y &5 AmEA AN 7 g
AT 2 A 5 A 2kl

W], ~Elo)dll WA 2 £ 8= 23S A5 98ke], ~Elo)dl 2.1
ZAHATIEA D22 FYBHATE 4]
), 2 2H5FZHE (potassium persulfate) 0.12 g2

0] THE 89 10mLE 7] Feted F]1ATh 4] HFULE

Qg Fo5 a1 3 AIZF T A Y] Zek o) Thal A 2
Tl H] ‘é‘ﬂﬁ(dlvmylbenzene) 0.9 g& F¢5to] F3 v A|171 3 24 A|71o]
st o 5 SFHA AAE FEt. Al 5 A Akl 2EH
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[83]
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Zg)agloldl FETF MK o7 WA T 7] 95Fe] Z e d T E o}l )
HE-2-9- o] &3t A, E2 2 X2 30 mLell ¥3LFr|F 1.80 g H 73t
|2 wolet AV FREEE R A3t T & 398k &9 A
TS A 03 g& FolataL, 16 ARE ¢t wb-g AT 7] whgo] inE F,
B7] &Ns AR YV E AA SR AL, ol gh&E o] &8Fe] Al H ST 2]
AHE 5 TA RS ol fhZoll FAA 7] L A=A F1 o =X, 7l
A AAE F5S T 7] 7 Z 2] 2 Eo] dl(polystyrene, PS)
ST HAE LAR Y-S H, ol 2E F ko] a2l A 7HE s
SAANF G o] F LA o] dEH JAE F2THA] BAAA B JAE FES
T AJT A7 A A EE vA JAE 2AFE AYE v Aok
el or Egste] A4d A E Y AT AR T
A (A Z 5 724 S F5F 7 AL, ol & g F ol AA &
= A= AR)EA ARSI dF ol AA =2 47 222 60
T, BAA 20 TR, 2R URIY 20 TEFRE el 24 =S T
Al 100 mme] FA 2 =325k A Akl 7] 259 FA = HH
Efo]=o] Folo) W} o] 7ttt Bl | w5 A= (=) 2 2 A
ARSI AL, AV A2 =S A AT o2 ARSI oW, F e T o 2 A
celgard 2400, 7 &} ¢} © 2 4] 1M LiPF,©] o} 91+= ol & @l 7} .4 o] E(EC) 50
T 3 el JhR Yl °] E(DEC) 50 T @2 Z 3 & <& AF&5ko] CR2032
148 A 8kt

BV AA A E SR v dRte A A A E YAt £9E
25 TAF A2 1| 7 (scanning electron microscope, SEM) - o] 1 ] -4
X- -3 (energy-dispersive X-ray spectroscopy)E ©| &38| -3 9] B4

2
of\
. ok

AAZol AR A e 2 Y d 27t FAsHA Bt o] 8-S e th(E 2
25 3) B 3] v GAF A9 d AuE gy E9E] 24
ool 1 7] $18he], X-A 3] 5218 (X-ray diffraction) ¥} 2} %+ %2 (Raman
spectroscopy) & 2 &8} ok X4l B ¥4 W o) ehelk g o) vhebd 9)=19]
X2 2 242 2AyZ YAt AR o] - Folstya, I
B4 S T4 gads AL 39135

538 & AN nE dAa-Ad e E 5 2 A o XA 3)E A
IR A, 717F 28.4°,47.3°,56.1°, 69.1°, H 76.4°¢ A HAE A= AG A
2w ] (111), (220), (311), (400), 2 (331) ZA WS ey M, 25° 2H o] W&
A= & A vt A4 E AYE U= dATE 24 A dASol
FAF ] TS gl &

4= & AN e gAY T 58 A gt

2= EG oA, 516 cm!'e] e 921919557 cm '] o 9= AR A Al
T2E ek 1,350 cm! 2 1,590 em 9] 3] A= A YAl HHEE
J=0) 22 D= B G-l =o|t), 7] D-1lE H G-l =] 9] F ] W
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