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(2,2-0&FF R AMo|E, TR (3 3-tEFerrazd)dvolE, 2 (EZFeadu)iroE, =
23(2,2,2-ERE 2o 2o ) Aso|E, Z2Y(3,3,3-EeERoarrd)dsoE, (T2o2WE) (-7
zZoE) A olE, (EFL2rd)@-EFo2zI)AAE, (EFea2mE)(HEFeae)dolE, (&+
22HR) (2 2-HEFeRdR)ddelE, (SF2d)@ 3-HEretizddselE, (EFezrd) (=Y
Zro e aslolE, (B50me)(2,2,2- BT ot Aol s, (S5oud) (3,35 B 5oz
zza)dsdelE, (2-FFeRdE)@-Ereazad)ddolE, (2-FFezdE)(HEFeadE)ddoE,
(2-ZF22")(2,2-HEFLRAR)AdA0lE, (2-FF22AE)33-HEFRLELE2I)UMNE, (2-5F2
o) (EgEFe2e)ddels, (2-FF2d9)(2,2,2-ESFeRdAd)dYelE, (2-FF2=
9)(3,3,3-ES S 2222 ) duo]E, (3-EZRORITRA)N(CIFOIWY)MAeE, (F-TEeRIZ

2)(2,2-fEF L2 )HHo|E, (3-FFL2E2H)(3,3-UETFREZZI)LAE, (3-TFLZX2H)(E

ZFo2VE)AAE, (3-ZFO2TRY)(2,2,2-EEF2q)AME, -EF222Z29)(3,3,3-E
PEFEIRI)MAAE, (JEFLEAD) (2, 2-UEFEdE)AAE, (EF=md)(3,3-HEFLRE
Z2I)AA ol E, (HEFLEWE)(EYSFZME)ANE, (HEFLE2ME)(2,2,2-EfEF22qE)A
HeolE, (HEFL2ME)(,3,3- Ea FogzaI)AHE, (2,2-UEFLR2E)(3,3-HEFLE2EZE)A
HolE, (2,2-T&EF 2 ) (EYEFade)AddolE, (2,2-UZEFL2dY)(2,2,2-EEF22d4)d
olE, (2,2-HEFLEAY)(,3,3- Eﬂé—%ogziﬂwiﬂ(ﬂé, (3, 3-yEFernzgiH)EgERoare)A

E (3,3 HEFLEZEI)(2,2,2-EYEFo 2 E)AHANE 9 (3,3-UEFLEZIZH)(3,3,3-EYEF
orIRI)EFo|E Fo Mio]E(sulfate) AE o]Fo| +;

ﬂllL

oA AEsE o st B B oy EFEYU £ gloth, WEA ofo] Al@HE A oht,

7 E Ar1eeE AHAE ° 238 5 Qv

7] A7FAl= CEI(Cathode-Electrolyte Interface) @S H=Ede 4TS st Y F Aok, FAHL=E,
Egve B EARI(trimethyl boroxine, TMB), E&]d¥d REEZAIQI(triethyl boroxine), EgHE HYOIE
(trmethyl borate), E=zZg H#o]E (triethyl borate, TEB), EZ=(EgWEAH) HYE
(tris(trimethylsilyl) borate, TMSB), =lF EZZTFLZ(HZFLLZ-HE-FHL4) HYoE(lithium
trifluoro(perfluoro-tert-butyloxyl) borate, LiTPBOB) % #F UIZFLZ(SAEE) Ho|E(lithium
difluoro(oxalato) borate, LiDFOB)T< &4 AEE olFojx o 4,4-bi(1,3,2-dioxathiolane)2,2-
dioxide(BDID), 2-(2,2,2-trifluoroethoxy)-1,3,2-dioxaphospholane-2-oxide(TFEOP) <] 3 A= o]Fozl
;D oHe 22 2-Ef]EF 28 JlE o] E(methyl 2,2,2-trifluoroethyl carbonate, FEMC), =& tv]Z&F
L ZolM e o] E(methyl difluroacetate, DFMAc) 2 ol¥ tT]&FQ ZolA|Ho]E(ethyl difluoroacetate, DFEA

)5S ZF o2 Ed 7tH o] E(fluoroethylene carbonate, FEC)$F W-&3le] #H7lsls EF 223} Ad= o
Folzl oA dEEE o= st e & oY F Ao, RIEA ol AgEA= gom, 7] FAE CEI
PAE Bxete AriASW 588 AgEA gert.

7] A7FAIE SEI(Solid-Electrolyte Interface)& A3 FAAY Hxsle 988 st Ad & Aok, 74

Hog, ZF oY JhHYo]E(fluoroethylene carbonate, FEC), H]d# 7}HUJo]E(vinylene carbonate,
VC), Bldolgddll 7lH o] E(vinylethylene carbonate, VEC), &#old JlHu|o]E(allylethyl carbonate), H]

9 olAlElo]E(vinyl acetate), TIH|E oltdo|E(divinyl adipate), ©oFAEAF YolEH(acrylic acid
nitrile), 2-¥]d ¥ (2-vinyl pyridine), y-FElZZE(y-butyrolactone, GBL), WEHYE J}HUoE

(methyphenyl carbonate), %4l ©o]H]|=(succinic imide), L&At FE(maleic anhydride), WE FZZ ¥
o] E (methyl chloroformate), WE Alubwo]E (methyl cinnamate) % o]F 2SS 712 F& F24 S9o I3
RER o|FofX T, EX~XUY|o]E(phosphonate) S3ER o|Fof o H|d gf Ae(vinyl-containing

silane) 3FEZ o]FH 5 P Yo]EF o] E(nitrate) ¥ Ho]EZo]E(nitrite) SFEZ o] FolZ 759
A e ol s e w oY ¢ oy, BEA] o] Al@E = AL okyy, 7] A® SEIE ATt
AY AL Bxds HAriAEd EdE Adx @),

A7) H7 A= HF, PR5e} 22 84 E4E AASe 98-S 3t Ad F v, FAFeRE, p-EF¢ Exd
ofo] &~ Alo}u]o] E (p-toluene sulfonyl isocyanate, PTSI)%2] o}o]iAlold|o] E (isocyanate, N=C=0) Z}&7|&
b= o 1-WE-2-9Et) = (1-methyl-2-pyrrolidinone) 59 HEZgt= +; fuEA gudg A

(dimethoxy dimethyl silane, DODSi), Yl#ld tlWEA] A& (diphenyl dimethoxy silane, DPDMS) <] Si-0 4+
ZE5 Zt= A (silane) FEAZE o]FoF +F; AW E X A¥olufo]= (hexamethyl phosphoramide)s9] X~
Folulole g o] Folxl T Eg2(2,2,2-E|EF 2o ") X AT0] E(tris(2-2-2-
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[0109]

[0110]

[0111]

[0112]
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trifluoroethyl)phosphite), E|=(EZHWEA AH)EZ2To|E(tris(trimethyl silyl)phosphite, TMSPi)-s 2]
X 23} E (phosphite) & o] FojZ o, % fod #Hd XA¥1}o]E(diethyl phenyl phosphonite, DEPP)5 <]
¥~ o] E(phosphonites)® o] FolZl oA MEEE o= sl e & o]idolut, WEEA] ofo] A|§HE A
Zom, 7] FAE SHELE AASE HIHAEH 588 AdEA &e

als I-

B7] ANAE s BAEE 98 o AY F Advk. FAH R, g E M (netallocenes), HEZFALO]
ol o€ @l (tetracyano ethylene), HIEZHE #Hl'ddl tjo}7l(tetramethyl phenylene diamine), U3}e]==25
A (dihydrophenazine), ®lo]dlgld  ZJlH Yol E(bipyridyl carbonates), ®Bloldld 7FHE Y]] E (biphenyl
carbonates), 2,7-Tlo}AlEl E|JStE#(2,7-diacety]l thianthrene) @ #|:=%}o]o}7 (phenothiazine)s 2l 713}
gE2 o]Fofx  +F; Li2B12FxH12-x(lithium fluorododecaborates), & HIA(ZAE)RHO|E(lithium
bis(oxalato)borate, LiBOB)&9] #lFHORE o]Fofx o5 % A (xylene), Ato]Z=3AA wllAl (cyclohexyl
benzene), Al wlAl(hexaethyl benzene), HFO|#Hd(biphenyl), 2,2-tldld =X 23(2,2-diphenyl
propane), 2,5-HEHEXE-1 4-tIH|EA] WA (2,5-di-tert-butyl-1,4-dimethoxy benzene), HI-HE-F¥ J}
H o] E (phenyl-tert-butyl carbonate), ©}u<(anisole), UZFQ Zo}l<(difluoroanisole) & #to]Q -

3-olA| Evto] EZ- (thiophene-3-acetonitrile) 59 WaFHo 2 o] Foj7 ;o AEEE o] 3l T & o
Fd o, HEEA] ojof AgE A= gon, 7] FXH AFAS WA Sk HUMAENE 53] AlgE A &

=t

B71 HA7HAE olxbdA el A E Folrl 98l HrtEe AY F dn. FAHoR, EfWE xxdolE
(trimethyl phosphate), Eglo|€ EA#|o]E(triethyl phosphate) 59 ¢Z EAHER o|Fol #; E
22(2,2,2-ER|ZF 0 2o ") 2o E(tris(2,2,2-trifluoroethyl )phosphate) &2 TZAS L AHo]ER o
Fol7 o A EA] Alo]FZEATAl (hexamethoxy cyclo phosphazene) §9] XAdAlo g o]Foxl +; o
g 2yUEFoRRE  oHZ(methyl nonafluorobutyl ether, MFE), ZFeEZsZzgA  JFHY|o]
(fluoropropylene carbonate) ¢ ZF2 23} oHZ 9 EF9 23} JlHUo]ER o]Fojx] ;oA AE Y
o= s e F oY F oy, WEA ol AFgHAE gon, 7] TAE IS wole HUMA
53] AR e

E
L
=
kil

71 A7HAlE dEe wdd dd FHe ddl HArbE= Ad ¢ v FAHeR, HEZS|ERFd

A&
(tetrahydrofuran), 2-WEHEZsIo]=2F 2 (2-methyltetrahydrofuran), #+o] 2% (thiophene), 2-wlE M o] Q.
#(2-methylthiophene), UWol|EZ W& (nitromethane), HEHLAARE S 22Fo|=(tetraalkylammonium
chloride), A€ Efvd o42F ZF2do]=(cetyl trimethyl ammonium chloride), €|F HEFLESE &£¥
ol E(lithium perfluorooctane sulfonate), HEZ g5 HEFLEZSE XY E

(tetraethylammonium perfluorooctane sulfonate), ¥HZFQ ZZg] o 2 (perfluoropolyethers), AII3 % Snl2

SOl AdEEE o sty e E oldd 4 3

A7) ANMAE ol2e] &vizt ddE w71 el HUtEE Ad & du. FAFeR) 12-38e4 2 1
%E?], Efa@lgEFo29d) B2 (tris(pentafluorophenyl)borane), 3 o}x}-ol €| Z (aza—ether) 3+t

E 9 BE(borole) 8HE TolA AYEE o v B E oY F ).
A7) HAMAE EFuE FJAAY BAS A HoH A7tEE RAY 4 Q. gAY ew,
LiN(S02CnF2n+1)2(n=2 WA 4)¢] 3a2& zt= %

A & F7I8ME o] Fol Hejde] wrhs BN TR AHEHE FEoR
domn, FAACE o5 EW YFAY FxE 0.1 WA 60M, ©S vpEAEA 0.5 WA 20 F 3l

i

Kl

| AadS dA9 7IAA B4 v i MRS ATV fE 7] A A wESAE 23E
T Reon, FAAeR Eeofady ol E(polyacrylate), EE|wElolaAH o] E(polymethacrylate), ZE|H]d e
dZF 9ol = (polyvinyledene fluoride, PVDF), ZEIXEFZX2Fd (polyhexafluoro propylene,
PHFP), E&oddl SAlo]=(polyethylene oxide, PE0), EZ|Z2H3KAle]=(polypropylene oxide, PP0O), &
Zord AEA (polydimethyl siloxane), EE|olaPZUo|EH (polyacrylonitrile) 2 EgHld FE}o]
Z(polyvinyl chloride, PVC), PEGDME 52 a¥-A} T3 2 ol& Z3st FTTAE o] Fox ol Ady
£ ol 3y e & oY EFEd  don, 7] A" FHE olAAAE nEA Edolgtd AFdEA &
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AAlel 1 WA 50 " oHae] 1 WA 2004 AlxE A

= 5 55 AT, AHAE xE9eA &2 1.0M
LiPFs/EC:ENC (3:7 F3] v]) & & FEjdoz F48 7AY #F o

0.01-1.5V ALF7rollAd 0.2 WA 2C-rateZ FWH Abo]ZFE 33 F33At. Alo]FL (C(Constant
current )/CV(Constant voltage) &7 % CC + 2, 0.2 WA 2C-rated] CCE 0.017}A] A3 S A
F7F CC =3 Alel 48k C-rated] 0.0580e =23 w7 (V2 FH3tL, S7 A9 C-rate?} 2 AR=Z
CC z=7ellA 1.5V7HA wdatgivk. 0.01-1.5V A47-7kellA 0.2 WA 202 T3 Alel2s F3dte] TH 8%

& S,

)
BN
Y
o

t
o
o
N
g
2
1
[N~}
Ky
=
&
oo
ot
o
B
o
o
r >
i
o
38
o

AAld 4 WA 5 E Al 2014 AFxE AT, 2EF F5 AT, HAE A 22 1.0M LiPFs/EC:EMC
(3:7 53 v]) Al F weuto g #AE 3908 2F oxHAE AFs ).

A4:(0.10)  FWA Ae]lEFS 0.01-1.5V AL FIHA 33 ST, Abo]FL (C(Constant
current)/CV(Constant voltage) &% % CC H , 0.1C-rated CCE 0.01V7}A] &#A3 L AF7}
0.005Co] =93 w7t (V& ZH3sta, CC Z7oA 1.5V7FA WAstth. 0.01-1.5V A FF-7holA 1C2 24
A Alo]ZE 1003] F=3sle] BAEHS FAHIAT. A7) FHA 1C AtolE9] 138]9F 1003]dlA EE oA A
o) EAS A7) 8% (specific gravimetric capacity)S ZA3to] I 4] 7)1 A8 ).

S, 7] A 20 et §FAAES WE SR

i

~

o
2oyt

=

o

ku

o

[AxF4] 3]
S5 FA2E5 %) = (1008 WALZF/13] &%) x 100

ANel 1A 3 2 wlad) 1914 AlxE A%, @F 34 AF, 7S T@SA 2 1.0 M LiPFo/proylene
carbonate(PC):di-(2,2,2 trifluoroethyl)carbonate (DFDEC) (3:7 3 H]) Aaj @ Houto g Ay 9]
g ZF oAAAE AZagit.

0.01-1.5V AtE7rolAl 0.2 WA 2C-ratem WA Ao]|2S 33 Faalqdth. Alo]ZS  (C(Constant
current )/CV(Constant voltage) &4 2 CC Wd o=, 0.2 WA 2C-rate?] CCZ 0.017FA4 543 2 A
F7hCC FA Aol Q@ Crated] 0.05M0] £ WA (Ve Fh8n, F4 A9 Cratest 2L AR
CC =l A 1.5V744 BAakgict. 0.01-1.5V Ak73tell A 0.2 WA 202 83 Ate] 28 F3ste] L&
S =A3Y ).

= 10 M

Y, A7 AR 200 met SFRAES AESSIY

[AA] e 1]
A ZZAES HFEEHAZ AL A HASS FH5sY. 7] &9 A2 Ethyl Methyl Carbonate(EMC)l &
23ke] —20C oA 2447F ToF X8Ek
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[0159]
[0160]

i

w
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[ Al 4]

[0161]

A H=S Ethyl Methyl Carbonate(EMC)ell

ol

[0162]

Fol 20T A] 48

9

7|

o}

i=

& HA=2 Ethanol®l

3Fo] —20TC ol A 484

[2A]e] 5]
[(B]ad] 1]

A

[0163]
[0164]
[0165]

o},

—_
)

jany
N

&%

AAgE 3

[0166]

(B2l 2]

[0167]

.
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o

jany
N
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AAgE 3

[0168]

Lol e ST

}

—_L
=

3l

o
njp
)
=4

2

-
3t

/g)

S (m

BET

2.095

2.677
3.446
4.436
5.064

3 A= (A)

3.367
3.368
3.370
3.370
3.360
3.362
3.363

2] AlZH(hr)

24
48
48
48
48

¥ 1

EMC
EMC
Ethanol
EMC
Ethanol

e

B
ol

B
iolr

—

0

Hlalof 1

AAd 1
Ad 2
A 3

2N 4

AAd 5

=

[0171]

B

2%

Mo
il

7]

N

61.0
75.2
85.3
76.2
88.5
90.9
93.0

87.9
90.9
95.4
94.4
94.9
103.5
104.8

(%)

(0.1C)

o
oo

X
=0

wro
e

(mAh/g)

327
338
355
351
353
385
390

Hlald 1
AA 1
Ald 2
A4 3
Hlald 2
Ao 4
A4 5
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