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A9l oA,
A7) 35 AEE 52 ojidEEE 2 olidpiAE T AQ, Dol AZA TEA nAAHNZ.
A7 1
A1l QoA

A7) mAAHAY ol AZTE 1.0x10° WA 1.0510° S/emeld, =HE o]& 244(Li transference
number )2 0.5 WA 1.0 21 A2, Gol& AxA nEA mAAsHfZ.
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g =333 ¥3 3¢ Azss 24

o 27| =daE @ DA

il

A7 16
Al 158l oA,

A7) A27EE 248 B E oA, Foled 9FA 2 Adfde 2Ese, Dol d=4 nEA 14
A2 A=,

A7 17
Al 145 2o A,
A7) A= FERAE AIHE AQ, dol AR nEA nAASNZAY Az,

wye 47

3
ol &

N
)
o Fu
s}

L

AAHZ 2 ol9 AzLRe B Aolt}.

3]



[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

[0011]
[0012]

[0013]

[0014]

=HE0 10-2022-0146302

N E o) &

FgoleaAs HTd e dUALED +E=4L 23 Yo} TRE 2 =22 =4 A= 23 FAD
B 271455 2 8% oA ARRA(ESS: Energy Storage System)o] AlgHE Zdig AXAA] AdAn
o A7 $2 2olm o},

A%t FEol2dAE 71449 #7] AAAFHZL AMEsn Ao FAFAoY YRAS So= g d ZF
24 Al A3 AFAe ZEbSe] oy A e ol=A Hed o3 EAE A s A
-|T7]Z45H21 e nAANEA=E AT AnA BE5FE£AA(All-solid-state Lithium-metal battery)d] st A7

13}
47 AnA SEFE5AAC FAL4"E AdZELe FU1E nAANZ 2 niA 1A AdAe] AgdT. 47
718 ZAANEZLE =& Fole 7% AF 2 o|2AREE AT oy, 4 Az 2 ‘T‘F& AFGAA 1L
o] e7HE, A53H & AHAT. HE 5 2579 E<UAAE 59 EAAEC] Jd. 53], FUIE T
Z3(Grain boundary defect)2.= A= H F7H(Void)L Zd] dl=o|E7 A3

P2 R

BE A AT

o] dhE A7l nEA nAlddde 794, AFE, A, ARlE SHAA RU1E nAAddNAED 53
FAo] Q. g, €¥tdo=z nER nAAHNZL FJF FolLd I ds oo BF #FEFHQ olFol&
R4E*ﬂ(dual ion conductor)E T &sl7] dlEd Adigdoz= =Eo]L %4 (Li-ion transference number)’}
. olgt e d@AL, A7 8F Yolle] mER mE”y A RolA 47] A (Lewis basic site)dt Z2EH
2= %O]%E‘_ﬁ} 8ol AslEo delds FiJolt}h. o]d] we}, o]FolLAZA Y FEolL FHFE L4t
Ho= 0.5 o3 e HAT
E3, A7 nEA nA ASZdA gEeled I dls 2ol @A A A= ddigifoz SFolm, Sold
=5 Z20=2 AL AFEL M2 F Yo FZ=TFH| A ESo] dojur, o] 4ol A&HTA ;ﬂ;{] 3
o] €37} Jeid 5 A
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E 2y e 2443 EAAS #2587 96 okEd Ae=A, E dEe EFHL o|2HERE 2 FEo|25457)
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E3, B 4959 & 242 A=379 22 AUAF 2 JESESLSFY E<kAAL dAstm, AL A
A g 3oz And fHEFSAAE Az 5+ = AzwEe AFsEs Aot).
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g A9 + A
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E 299 o Fhe] B2, 47 dBeH 9A= Ede dahsd oj22 gEe ETRH= A L + 9
o}

E 0ge o Fuel ge, 47 dole AEY ned mAANLEe A7) BEBH 2AE 100 26 o9
A 2Au=QR 10 B4 300 232, A8 50 A 300 2RRE TIH= AL + Ao

2 239 9 Fhe] BE, 27 Foled BU=QAE 2& A5E 202 TEY AL TRFE A Y &

At

E 2o 4 o b, 47 25 AEE F2 olildEeElE € oiElgsAE TEsE AY £ I

2 2o 4 Fee) BE, A7) nAAHRY o] AT 1,010 WBA 1.0510° S/emold, E ol& 4
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B adge o adeld] @2, 47 Dol ARA nEA nAdsde xie= A, BE F£ AANE AF 2
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T 62 AAd 19 mAHAE Hol~EE 4F=E A (Thermogravimetric analysis, TGA)T T ZTolc}.

g S YA e FAFH &
olgt FRHA THASL Y TAd EE AAdE 2§ E 29L oL s 2980, g9 &7 TAd
EE AAde B 29ge JAs 43E7] 9F shde F2Y # E 2ol old IAAFHE AL olid, oH
Fe= 782 £ 95
23 2 AY=EA ¢= 3, BE 71£3 20 £ 83 gol: E uygo] SolE 3gaA F sl & ¢
BlE oz oldHE oujs} LG oujg ZEd, B gy A Al2HE fojE dx EF FAGE
FHo=2 7]&Esty] flgoln B 2L AFss A= 9xHA] gEd

E3 FAA4 2 ARHA EFFTEYAA ALHE 945 FEE B
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old] £ das nAANAY o]LAEET $451 22 HECIZFEFE JHAES &7 A3, nEA
AR Ee] B3 nEA, Fru=dad 1 AfZ2E £, 47 32 2 EAE Fol27E R
AE 2EFo=H, A7 EAZE A2

A7) B nE A= Dol (Single-ion) 22 ol 277 T m 9o, FE Fol2 FEAHL FHAFIEA

I 45 2olee nFHAZD 5 A}, old g, F7] del2 A=A nEA nAAFHEL

+8 71 & .

E dgol o ged] g, A7) Folre 45 GEEVIE TEEE AL &+

A, B4 neAd T2UAS BHAE 4T PEEIE nEd 40 TEY 5

A} R. 2 R M2 EFFHo=2 4 EE (-l €20, FAHC=Z R 2 RE HZE EFFo= (-G
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e

37 48 YEEVIE 45 ¢EFE AREERRH /99 28718 Edes A
=

2 4 gon, 37 P4 nEA
2 28718 zewd 93, 47 A8 soles

3 A7l oz Agsd o4
N2 % At

E gyl o g Wi, A7 B4 nEAE Gol24d dEAd dEsd dFAr 2Ed %%'ﬁ}f‘é Z24E
2 239 AL F Ao}, old wh, A7) Fol277l LA E4kE 44 E—Erxm ATE F A

E ougo o FHd &, 47 2434 =4S AA B F diE A7) Fol24 dFAY B der "2
10 WA 70 B2 zd2 4 9,1.91:4,. TFAAS=, 30 WA 60 295 T 4 Jdod, ¢ FAHL=, 45 1
A 55 B%E TFL £ 9o}, o] AgHE= AL oy,

A7) Fol2A dFAY B (%) 9 H]£o] *’*71 HoE W= wak A7) dol2 A=A mEA A A
Aol FEo|25EFE 54 s, 494 2 UTAd =3 $5EA 2 F Ao

E 2o 4 o g2, A7) ol dAE 2 ol 4 BEUE TEsE Ad 4 Jdod, FA
Aoz 2 WA 109 F34 ASVE TEL £ doq, FAHo=E 2 WA 69 F3¢4 ASIE TEFE 5+ 9

A7) Fold 2FAE 2 o1 =84 BAs7IE 7R ¢
7l 2244 B57 15 4 d= o}=zg == H2ViyDE F O‘OLJr OM AgHs AL oldth.
S

Eg, 7] Fol2 @FAE 45 ¢REVIE 2

TAHCZ A7) 2 o]de] 44 AS7IE 7HAE ol @FAE sV FFY 12 BAE £ o
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[gheta 1]
N'(Re) (Rs) (R,) (Re)X

(714 Rs WA Re= A= ERFHO=E F4, CCp 22 B G CoZAEeIH, R WA R F dhte dlzA]
Cs_Cso %ﬂ]‘éolﬁ: XL' “‘E@O]'ﬂ- }

TFAHe=z, 47 g4 144 Ry BE R A= EPF 0= (Cp EZolH, R, EBE R 4= EFHFHO=
CCyp ZAE € F Jod,

TAHe=z, 47 Fde4 144 R Be Re A2 Eg3Fo=2 (-C ¢Zo9, R B R A= EFPFHO=
C,C, AL € 5 A}

TAHCZE, R £ R o}=Z2 =& H27] € F AUt}

TAHZ A7) 2 ol FFH FFTV|E JIAE Fol2A dFAE EE3 fddrEoelsl(Diallyldimethyl

ammonium bromide) EE €3 fLIUdE@ Y2 E(Diallyldimethyl ammonium chloride)E T3 & 4 o},
o] =3 A= AL o).

2 239 4 FHd &, 47 ddsd 2FAs E2 dZHEA ol3E IAEL e AL F

47 Zelg dlzfsA o}322 SFEe 2 ogd 2843 AsU)E TR Y05, 74 240:%_. 2 W) 109
234 BE7E TEE 4+ o, TAHNCE 2 YA 69 2BAH B5V1E TET £ oy, ol Agds
Ae oo,

@A & de M= A7) 2 AZHEA o=z FEEY FRA BE7Y F= 7] Fol2d oF
A R4 #5719 FET B2 o #gAZ + 9

E3, A7) 2L daHEA ol=3E FFEL HF EASo] 100 WA 1,000 g/mole F ded, FAFHo=,
100 WA 500 g/mole & lod, FAFo=, 100 WA 300 g/mold 4 o, o]df AFHAE AL o},

FAdZ 7] ZFL dzHEA olzF FFPEL A EAdHolElz EfE@2T=g EgeolI I HolE
(Ethoxvlated trimethylolpropane triacrvlate), fd(Eggee=z=4) HEgolgE g o E
(Di(trimethylolpropane) tetraacrylate), TJol2A2E]E tJolZ 2 H o] E(Diethylene glycol diacrylate), T
dEadZe=E trela2 9ol E (Diethylene glycol dimethacrylate), dZ2HAZEE tHel=Z2 g o] E(Ethylene
glycol dimethacrylate), TZZ2ZHAZEE tJolZ A o]E (Dipropylene glycol diacrylate), TZZZH =g
£ duyelz 24 olE (Dipropylene glveol dimethacrylate), d@#AZEE dH|E " EZ(Ethylene glycol
divinyl ether), T @AZE = el d ¥ = (Diethylene glyeol divinyl ether), E=dEd Z81Z dd s
ZZ o] E(Triethylene glycol dimethacrylate), TlHElE]2e]E  HelelZHH o] E (Dipentaerythritol
Pentaacrylate), EfHE€2=T=% Ef]ol3 D o|E(Trimethylolpropane triacrylate), EfHEaT=% =
gl eI 2 o] E(Trimethylolpropane trimethacrylate), TEZ A olge EdELT =9 EgjoladgolE
(Propoxylated trimethylolpropane triacrylate), EgdEg2=z=% Eglo}l3 =@ o]E (Trimethylolpropane
triacrvlate), Ze]dEdZE = tlol3 2 o]E (Polyethylene glveol diacrvlate) Z ZdEdZE=E o)
BlZ2# o] E (Polyethylene glycol dimethacrylate) FoA HEBHE o 3} = Z o|id EFEL F
gom, FAFHo=, dEAdHelg= EfdE2z=9w EzjolIZAFo]E(Ethoxylated trimethylolpropane
triacrvlate), T(EgdEg=z=4d) gEdola 2 o]E(Di(trimethylolpropane) tetraacrylate), T H el g]

feagsI B3 HAelolZ B H o] E(Dipentaerythritol Pentaacrylate), EggEe=z=% EglolgE o E
(Trimethylolpropane triacrylate), Egyge=z=4 Egdelaag el E( Trimethylolpropane

trimethacrylate), IZ=ZZAFo]E Ezda2z==9 EzgolI2Ho]E(Propoxylate trimethylolpropane
triacrylate), EfdE@2=z =9 EfolIZHo]E(Trimethylolpropane triacrylate), Zg]E2aZEE to}
3 &do]E(Polyethylene glycol diacrylate) Felld ABEHE o]z & T F ol4te EFEY 4 3o,
TAHL=, dEAdolHx= Efygez=g EglolzEH o] E(Ethoxylated trimethylolpropane
triacrylate), EfdE22=Z=7 Ef]del3I2H o] E( Trimethylolpropane trimethacrylate), T2Z A o=
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EgdEgez=9 Eg|ol32d o] E (Propoxylate trimethylolpropane triacrylate), EHEdg&T=% Eglo}
3 &do]E(Trimethylolpropane triacrylate) FolA HABHE o= 3l B F o] EFEYL 4 o},
old] AHE AL o).

E 2o o g mE, 47 Dol A=A 1EA nAAHNZL A7) FHSE ZAE 100 2FE A
A B719=da 10 HA 300 FFE, AsZ2 50 HA 300 FFRE E%ﬂ%~ﬁéﬁ=ﬂ0ﬂ TFAHe=, A
7] BASAE 2AHE 100 FFFE dsid Fr1d=d=F 50 WA 200 F AZ 90 WA 200 2FEE T
= Ad £ 9od, FAHe=E A7 FAHH ZAHE 100 FF Tﬂ ﬂﬂi F71U=gzk 70 WA 150
FF5, AdZ 100 WA 150 FFEE Tdels AL £ o, oo AgEHE AL o).

47) gole AE4 2EA DAARNRC 47 52 BA= TR B, JLASE L PE oleFE4
wom ¥£2 =99 719e 29a7) 2@ A=E A2 + A

ugel o ofefe] WE, 7] nAAHNRY A== 10" WA 100 A=(Viscosity, cP)Q AY 4 god,

e

TAHo=z, 100 WA 100 =YL 5 douk, oo A= AL o

7] g nEAY FFIFTEASL 10,000 A 500,000 g/mold & Yoml, TFARe=E 50,000 U]
400,000 g/mol® 4 od, FAFHo=E 100,000 HA 350,000 g/mol ¥ & o}, old AFHE AL o}
Yt}

2 299 4 dEHd gE, 47 Frivx=das 2F0uHALD), AEFH(Si0,), =EEok(Ti0), A=zYo}
(Zirconium dioxide, Zr0;), 2~t8lo}sd(Zinc oxide, Zn0), AlZelE) 2y, 434S (Cerium oxide, Cel;), Ak3lo]
EEttrium oxide, Y,0;), 32, 2iltZs, Fs4FuE, 24, 25, 22, 3iHE, AL E, gd
Aule, ZzEA TAHZo|E, AlddwrE(Lanthanum oxide, La0:), 4AFEg2E(Tantalum pentoxide,
Ta0.), 24+3l 22d (Tantalum Pentoxide), B E41H}E(Barium titanate, BaTi0;), E}E A ==Y o|E EEH)
o]E (Barium zirconate titanate, BZT), &tZEAg]Ao]E (Hafnon, HfSi0,), TElE 2LEn|do]E (Lanthanum
Aluminate, LaAlQ;), R334 (Silicon nitride, SiN,), Z2EEZE gE|o]E(Strontium titanate, SrTi0s;),

HE ~EEE e o]E(barium strontium titanate, BST), El@4t Z=ZF4F dA(Lead zirconate titanate,
PZT), Eg2zr&F 8 (Calciun copper titanate, CCTO), Atgs=TE(H{Q,), eolutelolE, F42+3903A

(Ca:p(P0)s(0H),), AAM3ZF£(Cas(P0.);), B}o] 2=} (Ca0-5i0,-P.0; 2 Na,0-Ca0-5i0.), 815 A A2, 8%
EFelE, SEIAHIE E]Er Frxanjo|Ede|= FE Hdzddel=, FF BE2die=, FF LFE0

=iz 2 PF TAZATolE FH ATYE oln s} = T o9 TREQ 4 Ao, oo AR
9= A& oo

] Fhbedde, #2, delol, w2, 4f, YT £ G682 £ A3 ) %71%012}94
270E, 1m B4 900 mQ 4 A 7] 27, LA Fee] B 43, 273, 2ol 2 geg
/‘- 011:1_

A7) Dol ARA nEA nAAHEZLS A7) Fr)uedaAsE o g mEl o)A RAde] 4FAY, <
AdA2S 2 229 o2 24 ¥u AA WA oleAEAL BT & = FFol A

2 239 4 g™ 9E, 7] Frvd=daAEs Feol2d Friu=daAd AL F Ao

7] dole AR TER TAARBE 7] Foled FAU=AAE TRl T, 3] g golet o
2 3l AYE + AT, BB +449 gol B P4 4+ Aok

2 999 9 ool BE, 47 Fole4 Fr=AE A7 FAt=gA B9 24 A3E Fo= =X
4 Ae 292 4+ 9

2259 9 Fuel B, 7] 2% A%Ee VT, AdusE, Ve, Agelzg, Agnaus,
492, A9AzaE, 49128, 4374, Adazy, A99LE T4 ATt o= s B F of
39 E32Y 4 9o, TAHem Adia, AEsE, Adue, AN, 4od, AdH==y
2 1974 o4 485 o= s} B= E 039 EEEY 4 Yo, FAdo=s, Vdwa, Adud
5, AFEE, A9IHE 24 A8EE o= s} Ex T oid EREY 4 9o, oo A@H: A
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[=]
—
2 239 o e @g, A7) 25 AsE 32 olilaEEE 3 odgdniaE 2T AL F U

Bl e, A7) TAUmgRe Ed

n)

> 94
E 2ee 9 Fje] mE, 47 Fole AR 1EA nAAHZY ol AEEEZ 1.0x10 hA 1.0X10°
Qom, TAFo=Z 1.0x10° WA 1.0510° S/em @ 4 Yoo, FAHO=Z, 1.0x10° WA 1.0X10°
o}, e AgHE AL ol

=3, A7) %ol AT nEA nAA#HAY fF ol 444 (Li transference number)= 0.5 Wz 1.0
F deon, 7AHe=, 0.7 A 1.0 € 5 oH, TAFL=E 0.9 YA 1.0 21 AL F e, ol A

e
e,
o
(=3
o
o
8
2,
g
I
1)_«‘
N
o
o,
fo
5,
5
ok
=]
™
b
1_.
20,
o
i
ol
o,
i

, 9F F% dAAE Azg + 4

Jpr

A7) FF FE€ AAE A7) Dol A4 1A nAANAL 23T 1, 5L o]2AEE 2 FHF oL
AGeM = FEo] Jhssit.

A7) A% J1sE Age Be=t 4V o]AY 4 Qod FAHeZ 5V o]AY 4 Qod FAHe=Z 6V
o249 4 o} ols] AR AL ofug).

oA, 27] Dol A=A TEA nARARY AzEel dal AFeT.
£ 25 @ Fuo] B, A7) golg AR nEA 2ARARE FBSA 9BA, Fole4 wBA 2 3
fBe TPSs ARY 248 FG=UAE TR 94 2 ) TR 248 AR 24
ze Fdat wAiE Tgad A2 & AT

7] GEsd BRA. Foled BRA, A2 L BAAA AB 249 2¥e 24 JAsge=s 325
= dde Agan

37 ARBe dvHoz Aede ARBolRA AR o, FAHeE JELe] §H4Y LAY

dom, 47 HEES AEIMNERLEXAF|E(LIPF), HEHESFEFLZHH|E(LIBF,), ﬂvﬂ&%g
2 EGE R o] E(LiSbF;), EFEIHAEF2LE A E(LissFs), FUEF 2o 2T E(LiCFS0;),
242k E(LiC10,), SELR0HelE(LiAl0,), SEHEJSZ2LEn|Yo]E(LiAlCL), F3gE(LiCl), 82
=3 E(Lil), FF HA22HoE B E(LiB(C0.),) 2 FEEIZZL=2FE T IO =(LITFSDE o]

FojAE To=RE dEde s e = 01*1-01 AL ETF 5 3loH, TAHLE HEHENEFL2E
#o|E(LiBF.), #E24ElE(LiC10,) 2 HEEERL2ARL2T 200 =(LITFSDZAA 485 s sy ==

= ol AL TFZ 5 Jout, ofd AgHE AL olrh.

E3 A7) AEd 2AEC ZANAE 13 z3g F A9 A7 FAANAE, F 2AF Al FZe] TAHY F
73 Bheg TAATE AeE, 48 . 371 BAANAE C&Eﬂﬂi(%nthraqumone AdEHFAE=-2-£E4
UEE4 E’_L:?S]-O]EH]O]E(&nthraqumone —sulfonic acid, sodium salt monohydrate), (H#H) Egslzrd
I=2F [(Benzene) tricarbonylchromium], #1Z (Benzil), #1Z<l o2 oH=(Benzoin ethyl ether), #H=Z9

o]A~X®E o = (Benzoin isobutyl ether), ®Z9 =2 oH=(Benzoin methyl ether), #HZI=
(Benzophenone) , 4-9l 2L H] 52 (4-benzoylbiphenyl), 4,4'-8] A (o goln| )Wl zH=[4,4'-
bis(diethylamino)benzophenone], 4,4'-E]ZA(tdEelo)#llZH=[4,4'- bis(dimethylamino)benzophenone],
oz d= (Dibenzosuberenone), 2,2-TH|Z2A|-2-HdolHENH=(2,2-d imethoxv—2—phenvlacetophenone)
3,4-0O 2l 25 (3, 4~dimethylbenzophenone), 3'-3|==Alo}lHEH = (3'-hydroxvacetophenone), 2-3|=
Al-2-H8 =T =9 Q ¥k (2-hydroxy-2-methy] propiophenone), 2-8|EZAl-4'-(2-3|EEA]J2A])-2-0E8 =Z=
7 @ ¥ = [2-hydroxy-4'—(2-hydroxyethoxy)-2-methyl  propiophenone], 1-3|EEAIAZZIAIFHLE AZ(1-
hvdroxveyvelohexyphenyl ketone), HEHZY T =ro]E (Methylbenzovl

formate), dad(2,4,6-Edmg2d=zYd)-T29 2 i}o]l= [Diphenyl(2,4,6-trimethylbenzoyl)-

_‘IO_
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[0088]

[0089]

[0090]

[0091]

[0092]
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phosphineoxide], AW 2Alel= HE H|~(2,4,6-Ez]d9¥ #HZ=Y) [Phosphine oxide phenyl bis(2,4,6-
trimethyl benzoyl)], - E-1-[4-(dEE 2)HE]-2-(4-E=2Egd)-1-Z =20 2-methyl-1-[4-
(methylthio)phenyl]-2-(4-morpholinyl)-1-propanone , 2-#1ZA-2-(tJHEelu]x)-1-[4-(4-R=2Z&d)H2]-1-
BElx  2-benzyl-2- (dimethylamino)-1-[4-(4-morpholinyl)phenyl]-1-butanone , 2-T]d|Eoln]=-2-(4-H|E-
HZd)-1-(4-REZ2HA4-L-52)-1F-1-2 ] [2-dimethylamino-2-(4-methyl-benzyl )-1-(4-morphol in—4-v1-
phenyl)-butan-1-one], H] 2 (5-2 4-AlE2HE0d-1-¢)-8] 2 (2,6 EF 2 =2-3(1h-H 2-14)-d2)) B e
[Bis(.eta.5-2,4-cyclopentadien-1-v1)-bis(2,6-difluoro-3(1h-pyrrol-1-v1)-phenyl)titanium], 2-o]A=Z=%
E]2 A= (2-isopropyl thioxanthone), 2-°2€ <tEZFHAE (2-ethyl anthraquinone), 2,4-T]9E8 E=2AE
(2,4-diehyl thioxanthone), #1& Tlo|E A2 (benzil dimethyl ketal), #lZ 3 =(Benzophenone), 4-Z=2= H|
Z5 = (4-chloro benzophenone), HE-2-#HZY HZdo|E (Methyl-2-benzoylbenzoate), 4-H2 #HZF =(4-
phenyl benzophenone) , 2,2'-H]A(2-22=25d)-4,4'-5,5'-HEZHE-1,2'-8]-o|n|}Z[2,2' -bis(2-
chlorophenyl)-4,4',5,5 -tetraphenyl-1,2"'-bi-imidazole],

2,2 4-EFA(2-22294E)-5-G 4 HuSAHE)4" 5 -1 -1, 1" -Hlolna&[2,2' 4-tris(2-
chlorophenyl)-5-(3,4-dimethoxypenly)-4',5'-diphenyl-1,1'-biimidazole], 4-H=A]-2' 2'-TJZ 2= o}lHEH
=(4-phenoxy-2',2'—dichloro acetophenone), A2 -4-(t ol )l Z | o] E [Ethyl-4-
(dimethylamino)benzoate], ©]&o}l2 4-(TiHEolm| =) dlz o] E[Isoamy]l 4-(dimethylamino)benzoate], 2-°i|
2 A4 (g Eolu])HZofo] E[2-ethyl hexyl-4-(dimethylamino)benzoate], 4,4'-8H]Z=(Tjol|Eo}lr] )
ZH= [4,4-bis(diethylamino)benzophenone], 4-(4'-HI2HEdE2)-H=Z2H= [4-(4'-methylphenylthio)-
benzophenone], 1,7-8]Z(9-<l=ZEldd2)@AY [1,7-bis(9-acridinyl)heptane], n-Z2d a4 (n—phenyl
glycine), 2-3|=EA]-2-t|2Z = 2 ¥ =(2-hydroxy-2-methylpropiophenone) T 2-dlo]==A]-2-tE-1-Hd
T2 H-1-2 (2-hydroxy-2-methyl-1-phenyl propan-l-one:HNPP)ZFolx HBHE &} =& Z o4 AL T
g 4 Jou}, old AFHA et}

271 2 29 A82 F AANAE, 3ESH 2HE 100 FFF distd 1 gA 10 £35S 288 F 2o
w4, oldl AgHE A2 okt

2 239 ¢ gHd &, A7) FrUd=dAs 25 AdE Fo2 EXE A 4 F Ao

A7) FAG=AA] B4 A8 $& EXsts PEE 47189 34 ATAS TVE 2T 89 7 ¥
At=gAs FUstd Az & o, o Avgs

371 F1U=QdAe 289 24 A8 E 39 FAE 1 m WA 50 mE F Yoy, ol AdHE AL ofy

o},

A7) ZAasle dACA A3 e 33 2 2T £ o, 4 d= AYgH, JAFA, dHolA 9,
Habd, AR 22 Algstd Askg 4 9t

A7) BARE= FA ZAFZEo] 10,000mW/cn o8t FAHOZ 1,000 WA 5,000mW/cn, FAHOZ 1,500 WA

4,0000f/cn R 4 Qod, FAS AZS 1 WA 600 2¥ 4 gon, FAFoZ, 10 WA 300 22 4 Yo
o, FAFo= 20 WA 1022 & Yo}, od AR AL ok},

olAl, 271 AnA AEFHFAAY Azl A L£38n.

2 239 4 FEd mE, oa3sd 22A, dol2d oA B A2 2EEe A1EEE 24Ed 77
H=dAdE Este 94 237 FIURdAV BAE B3 24EL HE 255 A ZA™Eso 334
z24E 3T Azste A 27 334 24E Fo Bt Dol AEA nEA nAARZLE Azses
DA A7) Dol AR zEA mAANE A FF 222, =34 2 A3 24EL e 45

F€ Alzsts 24 2 A7 F5 3L Bosts 2AE 2Ese, A1A HEF

Aol o8 32 5+ Jon, FAHo=Z, &rf-Zg =AY

3 THOE
4% 3AL FAT2=2A, 7] H9F =25 F 2 2dsA 22 2 + JeF, A=
]_
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37 delZ A=A nEA Ao Fo 5 £dE 7] 49-Z8 =AY PHo=E 2EX8 5 o

A7) F= edEe ¥5 222, EAA R A2R8E 2AES E¥EA Aeds AL + deH, A7) A2
B34 27384 A3 27 =5 %‘tl?%ﬂ- 73E 5 Ao

37) A27 s 248 BT d oA, Feled oA 2 dade 22E 5 ded, 37 A2EEd =
AEA BAMNAN d 282

A

ol

F At A7) A2ARY 2HRe 47 AL B34 24EH 9@ 22 + 2
9.

7] D aRA, Foled BRA. ARD L FAAA D8 2A AAdedgonz 32 23 A4
e

37 33 B8Ae o eRepld A8PE B39 33 28AL A48T & o, FAde=, ZP=y

oH, ¥

HEE @4ﬂg@wwd 293 ZAY P HEETAFE(LiMn0,), 74 SEEFAIE(LiMn0,), YR
A FEEZAFE(LiNIO), Q4R E(lithiun iron phosphate; LiFeP0,), #E QAFZHLiMPO,), F
Az E (LiCoP0.), 8F =914k (iron pyrophosphate: LiFeP,0;), Y2 BEA gF E32+al2(LiNb0y), A
g E 248 E(LiFe0,), mauElt SE @&ﬂ%um&g:%ﬂﬂ-ﬂ%%@&ﬂ%@wwg,@ﬁﬁ-a%
FAelE(LiZn0y), EE A4 HEEFAFE(LiMo0:), BEEL S EEFAIE(LiTa0), B2 SEE
E(LiN0,), ZeF #47 JA =22 B8 E (xLidh0; (1-x)LiMnl-y-zNiyCoz0,), & YA ZLE
Zojy  BRAAE(LiNiosCooshlonlz), HE UR  ZZEFR  BFIIE(LiNio 5:Co0 sslng 530,
LiNig (Cop Mn, 0;  LiNi, :Cop Mny:0;, LiNipeCop Mny 0;, LiNig-Cop ieding 1205, LiNig sCopiMng 0,), AFsh 237k
YA)(LiNioMni :0.) 5 & & YA, ol AgHE AL ol

rf ot e

e

¥] SAASE ALED, b ¥4, AL ¥, Y ¥, Sdolx 9, 22 ¥ 45 ¥ 3
A22d; 92 24} 32 8% 39 =AH 46 gﬁl- A2, g2y, 14 | 22 59 24 2E; Aol
G DU 2E 59 a8 AAc AT 59 S44 24 dnE. Eddvd §54 59 2949 A4
Sol 484 4 9ot AA B%E HHE f2ad gond 234L A Roldw Bas A Ae

1

T
-

37 228 FS5E2EZ <HEE Boste daA dEESAAE A=

fasd

=5

O

sk
=

s
I

ge d9e 24 A=z g dge A%,
25379 AAA=E B4Ho= AgHE AR oo ARHA: gou, FAHo=

2£2 M52 £ da, 238 FAIEL HET £ U

it A L MnAE wgos & wAE OF DA A9 B9 ] G L Made ¥ e
9% 2Ad dga] AF st ALY B, B 2ol ] AAd 2 ¥ade] da Agd

E

rr
ga
[
o
T
I

[ol2AZE &3]

47] o]l2A === EIS(Electrochemical Impedance Spectroscopy)®EA2L 7jdto=

JPN

AHRAT. 7] ol2A=
== 100 WA 10° Hze] 3= H9, 1mVe AZ 2 -20 YA 100TelA Y9 H~(Impedance)2
E3HAen, 47 ddA g2 5] Ald didsle c|2ARRE EAHAAAD.

[ 1]
_ L
7T RA
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[0115]

[0117]

[0118]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]
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[0131]

[0132]

=HE0 10-2022-0146302

(o0& °|2AEE, L& 239 #7, R2 992 2 Ax A5 HFHoT})

(B8l e 545 23

[a—

g 5ol2 —,—o—r(tLl = AHY B=3 ZdH(potentiostatic polarization)EHE L Al&sle A=A, £=3

AT AZ D=(1,, 1,09 AHAZ(interfacial resistance)(R,, R)E &As o, &l7] 22 & Zs5 tLi+% Al
2}akA o).
[4 2]

L(AV—IR)
L4 TAV—IR)

[(A718e4 34 £F]
A7 E <@ de A7|FdeE BE HAE(electrochemical floating test)E Zd Aoy, =3 =4
& 0.1aVs o £E2 235U

[Fo]l2s Z3sle s a4 A=)
5 mol9 ZBT)HEolwl(Allyldimethylamine, TCL chemicals)E o}HEL]E= (Acetonitrile, Aldrich) 100 ml
o £381A17]13 o]& 0TollA 2F3te EFEAL A=A

7] EFZ2Ae] 428 B=u}lo]l=(allyl bromide, Aldrich) 55 mole2 30EZF H7Mg T, AL2d4 1247 &
St 7 EFEAL wHSAAD.

47) weol 223 3, 5%

=47 (rotary evaporator)E AFEsle] A7) ZE L2 x3H olEUELLE F
22 A DADMA-Br SEEL A=zstHtt.

’37] DADNA-Br ZHHEL <|E olAHCIE 20ml R TE 8 20mlE o] &3t AAsm, HAE DADA-Br&
AF2EA 122412 <t dzA7T

37] A= DADMA-Br ZEE 50 mol2 100ml FFF &&HAA &AL A=A, 7] 58 Fe] LITFSI
50 molg& FUstm 12 AZHEet WukAlA DADMA-LiTFSIE Azt

g2 £8 T, 50 ml9 ﬂ%giuﬂf&(nicmom[ﬂethane) o=z 7] 494 Az" DAMA-LiTFSIE F 23}
FZ2492 Azt A7) FE249L2 43 2oy 2L E6 AAHAD.

A7) AAD FE2 498 JFEo= AFso Fo|2e TEst= A EFAQ DADMA-LITFSI o|24 =
o E FSa9t

(3354 2498 A=]

2}7] DADMA-LiTFSI o]274 Riv 1005ZHd] EAgelge EyEdLTa=d Egjo}l3Ed o= (Ethoxylated
trimethylolpropane triacrylate, ETPTA) 66.7 =FEE Edsle ETEL Az,

A7) ZRE 100 =HA] 2-slo|2EA-2-HE-1-HE T=HB-1-2 (2-hydroxy-2-methyl-1-pheny! propan-1-
one:HWPP)) 7 3% 2 AslZ 2AE 135.3 TFFE &l 333 2HEL A=A

471 AsAd z=4E2 4 LiFSIY E38do|d, 7] THELNA2  propylene carbonate:fluoroethylene
carbonateZ} 93:7 Eyu|2 EgH 2do|t}.
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[0136]

[0138]

[0139]

[0140]

[0141]

[0143]

[0144]

[0145]

[0146]

[0148]

[0149]

[0150]
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[0153]

[0154]

[0155]

[0156]
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[¥= £98 A=]
= =7 (NCM811, LiNig sCop Mng ;0,) 100 =FFe] diallA, =&dA (carbon black, supur P) 7.36 =5,
470 AzE 373G RAE 39.7 TFEE &I 45 £ E ARsED.

A7) 4= 28EE W= A3dAA 3= AEL Azxsln, o2 P2 243 23 ZygEAFo] 309,262
g/molo= =A=HAC}.

[Ti-Si0,041,0; A =]

ool H o] E(Ethylacetate, EA) 2. 100 ==H HEZ & 2 A28 A o] E (Tetraethyl
orthosilicate(TEQS)) 30 =28 2 ey ol2ZT=ZAlo]=(Titanium(IV) isopropoxide, TTIP) 30 =R E
Zsle Efrgde Az

A7) TEEA 100 FF5 P37 4227171 500 mel A LEnE dAb(Aldrich) 100 FFEE 30 £ 5<
wuksle]  Ti-Si00A1.0; Y =dAE AZsAE . Ti-Si0041:0; Y=g AE 4244 AzA 7.

27 2zE Ti-Si00A10, Y=daAE F4e= 13 AR £, 7 dw2=E 23 FASHT. 247 23 FA
H Ti-Si0,A1,0. J=dAE 60T AF3A=x slgd.

[Si0,@41,0, A=]

dgolA e o) = (Ethylacetate, EA) &% 100 FFFe HESALY  22deA o= (Tetraethyl
orthosilicate(TE0S)) 30 FFFE sl THEAL A=zsit.

A7) ZPLd 100 2FH HF AdA37)7F 500 mel Ase-E2n)E Az} (Aldrich) 100 2FHRE 30 259+ o
Bkaled  Si0,0A1.0; =LA E Azsgt}. $i0,0A1,0. Y=YAes AL A AzAAD.

37) A28 Si0eA10, d=9AE 4oz 13 FAD £, 23 2= 23 FAstath. 3] 23 AALD
Si0,@A1,0; Y =gAE 60TAA AFA=z stat.

[Ti0@A10; A Z]

o|2olA H o] E(Ethylacetate, EA) 298 100 =59 EHEgE o] Za}o]=(Titanium(IV) isopropoxide,
TTIP) 30 335 E T¥oted TPsAL Azsigc.

47 EFEA 100 FFFA B 4437171 500 mel AL ReE AAH(Aldrich) 100 FFFE 30 £5<¢ T
Blabe]  Ti0@A10: =P AE AzstEth. Ti0eAl0: J=gAE AL2ox A=zA70.

47) A2Y TI0RAL0, H=U4E BUo= 13 FAY T, 23 Pe= 2% FARAD. ] 24 AA4
Ti0@A1,0, H=UAE 60T ZAFA= st

7 Alzd B33 24E 100 FFF dEiA, 47 Az=" Ti-Si0A1:0; 100 FFFE £33t A =
4 Hol~EE AzsHT}.

27 Azd nAAHA Ho|~EE gF F% 5YL(Li metal foil, Honjo Chemicals)’}oll S| Egols FHO
= Fdstn gA =xam, A9HL 2,000ni/cn 02 3027 2ASE nAAHD A2 Azsgct

37 aAANE B35S 2ol Az 7] F5 £oiEE ZEEHCE FEeE FLEA EXR F, AV F
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[0159]

[0161]

[0162]

[0164]

[0165]

[0167]

[0168]

[0170]

[0171]

[0173]

[0174]

[0176]

[0177]

[0178]

[0179]

[0180]
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2% 2h0= A94L 2Ase AuA HEILAAE Azsd.

[AA]d 2]
A e 16914 Ti-Si00A1.0, thalel Ti0eAl0,2 AHed AL Addstn: FdaA AN

[2A]1 3]

AAld 1914 Ti-Si0,6A1,0; T4l Si0eAl0: 2 AH8 AL Alstns FEsA AAls3itt.

[2A)d) 4]
AN 164 BAEE 24E 100 FFF dAsiA, Ti-Si00eAl10, 325 FFEE TEF AL Adstas 5L
Al AT

AAd 1904 BAZY 2AHE 100 2FEA dsiA, Ti-Si0,041,0; 900 =FEE &3 AL Adsln:= =9

atA 2AET

[A A 6]
AAd 1994 Ti-Si0,€A1.0; HAldl] Al0-E 4188 AL Adetns LA 2Ast4ant.

Ao el A %ﬁi}f’é Z4E AZ A DADMA-LiTFSI tfalef] o243 Efld2@2==¢ Eo}lIHH|EE F
A AL Adstn= ELsA 2AsET.

[l 2]

AAd 194 FFEd 2P E AZ Al DADMA-LITFSI didle] o243} Eclgd2T==4 E&jol3JHo|EE ¥
48 AL At BLaA AAsAT.

(=] 3]

AAd 194 AnA S ESEAAE Az A, 2HEHEZ ZAFsE P il 2897 (staking) FES A}

¥ 1
F75d =45 Frld=da [FrdedA ol LAEE(Sem | HE ol 4
F(ZFE -2) (ts)
AAd 1 |DADMA-LiTFSI/ETPTA Ti-Si0,0A1,0 100 4 04X10™ 0.91
AAd 2 |DADMA-LiTFSI/ETPTA Ti0,@A1,0; 100 3 45%10™ 0.82
AAd 3 |DADMA-LiTFSI/ETPTA Si0,041.05 100 3 13x10° 0.79
AAd 4 |DADMA-LiTFSI/ETPTA Ti-Si0A1.05 325 9 41X10° 0.93
AAd 5 |DADMA-LiTFSI/ETPTA Ti-Si0,0A1,0 900 4 67X10° 0.95

_‘|5_
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[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]
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AAd 6 |DADMA-LiTFSI/ETPTA ALLOs 100 3 00X10™ 0.74
9@ 1 ETPTA ALLOs 100 L 61x10° 0.41
9@ 2 ETPTA Ti-Si0,041,0; 100 5 29%10™ 0.62
5o 3 |DADMA-LiTFSI/ETPTA Ti-Si0,041,0 100 4 04X10™ 0.91

= 25 AAd 1, dAld 4, A4 59 nAASHZE HolLE = A JZoltt. dAd 12 F=E Fol
10° cP olstold] AAld 49 AZ Fe 10° P ooz ZAHAT. AAld 59 Feol= A=AAE 23T 5
gt

37] AAld 19 nAARZE FHolAEE W FAEZE sl FEEHCI=ER EXE7|7F golagiony, AAld
4= FLsA EXs77) ojegen, AAld b= EXAAV HA 4AT

=%, = 39 ()= AAd 19 Ti-Si0,eA1,0. €2tk Al 69 A1,0; A9 At Aezgke AT Aolth. 4
7] Al 19 Ti-Si00A1:0; A7F AAlel 69 AlO; A< Aeh AAFED & A= FAHAG. =,
= 39 (b)d FI-IR @Mz AAd 18 Ti-Si00Al0. LAelq Folx 2 H3Q 1656 cm [ 37}
ASHAT. WA, 37] A AAg FI-IRe E42 B8, 2219 19 Ti-Si00A1.0; YAHe] ERo] Folx
oz o Agd AL ¢ 4 Ut

E 4 AAd 1 2 Had 19 nAAfZY dAgd & ARZEE SAT T Zoth. Y] aHEAA A
Al 12 5VellA Blmd 120 4hald 9 go] 22 AL 21T 5 3lar, ofd mt HAd 1o LHFANME
A7188d Aol Hold AL & F+ AT

= 5= AAd 13 vlmd 49 EIS AHEH JH=E 23 o5
e vehllz o], Arld 1o] E¥lmd 48T} g
o

=)

W2 e " ng g =old.

= befldE AAld 19] A Blmd 4Bt 22 A do
EE559d nAAdHZAY AW EEo] 2HT A2 2

=olth. 7] 2H=elq EAE ¥} 2o 150C
AHE Aol 227k A gE A2 L 5+ Yod, ol Het 37 DAARD HAol2=9 APl S5

o P
AL ¢ F Ao

o]z Zo] B ToAt ERE AT dAE AAld 2 ERC o 2gHAo ol B €39 En
Akl ol F7] AsA AlTd AL B, € 382 2719 AAdd @35 AL olvH, B 250 £
st Eoblld 49 A4L 71z ASE olgd VIAZREYE a9d 54 R 2F0] JheEin

gebd, £ 299 e 231 AAde] a9} AAAAL ollkE, FTeete EHFTAAR ol o
=5 37EAS FEHAY 28 d90] = ZE Ase B 93 A3 974 2993 2 Aol

EH]

- " Conducive Coordinated - ., Cabong
@L' e °Ahm O“'Wm"o’ .NCPJ-EH .lodm-m slectrolyte < copalymer

UV imedation

NCMB11 « - A ey, iy
cathoce . 3
? o) e
Proted SICSE ) " U metal anode
L metal snode Y —

_16_



EH2
10! . -
Monomer mixture/Ti-SIO,@Al,0, (Www)
10® — WAIOf 1
—— A0 4
— 7
a." LT
&
- - ]
g 10
Q 104
> 10° \
10? T ———
101 i L i
0 2 4 6 8 10
Shear Rate (s)
EH3
a b
-A1LO,
< = —T-s10,41,0,
R =
> 2
2 v E
= g [P e
. F | Lewisacid site
no 25 50 L] 1700 1600 1500 1400
Zeta Potential (mV) Wavenumbers cm,
Er4

&~ 02

g —— H| =01
E — Ao
< o1}

E

2

n 00k

c

[

(m]

€ 01

4

|

3 02

o 2 4 6

Voltage (V vs. Li*/Li)

_‘I?_

=HE0 10-2022-0146302



150

120

-Z" (ohm cm?)

30

B —=— HRo 2

O e —e— W01
L ﬂA’_{—‘J’_l_

1
c

Rsp=433Qcm?

Reg = 859 Qem?

s—1"—n

oL

| -

1 -

| .,
A

“l
80 9% 120

0 30 150
Z' (ohm cm?)
EH6
100
- 80 -
ae
T 60t
2
2 “f
20 -
. — WA
30 60 920 120 150
Temperature (°C)

_‘|8_

=HE0 10-2022-0146302



