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$te ZhE o] EA &= o] Foxl 5 &u);

A3 FERMo|EA &, oAHZA &v], T o]E9 2HFOF o]Fo] Bz &, Y

sl el HIHALE EFety,
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NaCl0,, NaPFs, NaBF,, NaFSI, NaTFSI, NaSOsCF;, NaBOB, NaFOB, @ o]5¢] Z3&S E3HelE= oA Aelg A

2 e oAk AxE dad.

Ll

A7) F vl 2 A7) B Sl FEojb|=,
95:5 WA 5:95¢1 7l

2 e oAk dAE dad.

ot

4 JFH ) ]E(Ethylene carbonate, EC), TEZ# 7}HY|o]E (Propylene carbonate, PC), & o]&¢]

A7 9
A1&el oA,
A7) AE FrRolEA S,

g FtH o] E(Dimethyl carbonate, DMC), o€ wWE ZtHUYo]E(Ethyl methyl carbonate, EMC), T]ol¥
FtH |9l E(Diethyl carbonate, DEC), & ©o]52] E&ES ¥ 3ol ol Agw A<,

2F WE olak A8 dalld.

A3 10
Ao oA,
A7) el 2A §vie,

t)u| E Ao gH(Dimethoxyethane, DME), 1, 3- T}o]|=4H(1,3-dioxolane), HIEZdd#d Z8F tdHd oHE
(tetraethylene glycol dimethyl ether, TEGDME), Tlell€#l =& tiw|E o€ E(Diethylene glycol dimethyl
ether, DEGDME), & o]E9] E3ES Foal= oA Add A<l
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A7) &=F&, 2% WE(Sodium metal)E o] Fo} 7 Zo]ar,
A7) Al dE, AF A FY FFRUOIEA SuR o]Fox F &l
A8 FFRUIC|EA &, dEHZA &u, e o5 xFoR o|Foz Hx & @ I FIAF HALE

deEd, Ze|z2gdd, FAF A=A (Glass fiber filter paper), ¥ o]&9] %3 E&=Z o]Fojxl

2F vlg o)z A& A A.

A7 &= d54de 425 JAg (Na metal), A4 F3I2 (petroleum cokes), 7HE B2 (carbon black), 3t=
7} (hard carbon), & ¥ (red phosphorous), 541 (Tin, Sn), ¢FE]EY (antimony, Sb), Az (Silicon,
=

4
Si), EE o]5e) 2§ BAZ o|Fe7 A3,

28 WE olxk dA.

~H g~ ~E(Stainless Steel, SS), T2 &Y =& wA] (Cu foil or mesh), &FuHF T & A
(Al foil or mesh), NaCr0O,, MaMnO,, NaFePO,, NasVo(PO,)s, FeF; T o]&2] g2l A,
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A7) 2F ge, A7) AaE 1L F 0.1 WA 2 mol EFHE AL & QL

71 &2F @2, NaClOs, NaPFs, NaBF,, NaFSI, NaTFSI, NaSO;CF;, NaBOB, NaFOB, ¥ ¢]&¢ Z3tE& xFsl=

47) F gl R g7) mzx goie] BalulE, 95:5 WA 5:959 & qlvh.
3}

A7 88 FtH ol EA

= og@ 7tRYo]E(Ethylene carbonate, EC), 23 7}XH Y|o]|E (Propylene
carbonate, PC), % o]5 9]

EHEe THE TAM HE8 AW 5 Aok

A7) A8 FRYelEA &viEe, tdd 7}R o] E(Dimethyl carbonate, DMC), o€ wl&d 7} Yo E(Ethyl
methyl carbonate, EMC), Tleld Z}®ulo]E(Diethyl carbonate, DEC), @ o]E¢ EIFES F3sts oA
AeE Ad 4 .

A7) o EaA &=, teEAd e (Dimethoxyethane, DME), 1, 3- tho]24k(1,3-dioxolane), EIEZtogdd
Z2E fuE o HE(tetraethylene glycol dimethyl ether, TEGDME), Tlol€d 2= tdE ogH=
(Diethylene glycol dimethyl ether, DEGDME), ® o]|59] =& X3ste oA AgsE ALY 5 o).

= 3o ded; S

Eoabgo] e o FddoME, ¥ 5 AV = 2 A7) S5 Atolol YXEE

zZasie, A7) &F8 2F dE (Sodium metal) 2 o] Fojz Al AF W o)z HAE A|F3r).

A7IA, 47 AL, AF & 33 FIRUCEA Sl o]FoR F &wl; AF FtRUC|EA &, oE
27 &v, BE o5 2o o|Foz B &v; %k A H7kALE E3star, A7) fﬁ% 3044

= = =2
A7MAE 471 & Sl £ 7] Bz SR 3 28 Aol =
A, Zzzgd, Fd45 oA (Glass fiber filter paper), T o529 %3l
A2~ (petroleum

A
(red phosphorous), %1 (Tin, Sn), S'E]
A= o]Fozl Ad 4 9t}

Z 2raS zasla, A7 &F FEALS &2F WY (Na metal), A
cokes), 7F B (carbon black), 3= 7} (hard carbon), %
FY (antimony, Sb), A& & (Silicon, Si), =X o]&59 %3l

ot HHU ne)

A7) F5L 2HQlel2 ~"(Stainless Steel, SS), 78 &Y =& WA (Cu foil or cu mesh), &Fv|&
S wA] (Al foil or al mesh), NaCrO,, MaMnO,, NaFePO,, NasV,(PO,);, FeFs; i ©o]52 &<l AA

wigel 2y

ool o td deA AFHE A, 2F e S0 wdsta g nEuhs dAdste], Ay
285 Mg S599 &S adFoz AAsta, 4L [AV|sistd Aw ol & (stripping) ¥ HF
(deposition) ¥Hg-& 7}&38HA 3lo], A2F HIEgolE AL AT 4= ).

2 e o2 d FadolA AFEHE AF WY ox AAE, 7] dide] dedom, H7sety Rk
o] 719 el SuigtE AL, kgl ddE AY Q.

=

1o, Agel 1014 AL WA A3 24e] 2 AaAS Aew AF vig Axe] #@ Aoty TAAeR, 47
Asetd 54 B dvks £ 19 (o JEhia, o wg e =48 s % 19 (bl

= 25, Agd 2914 Bl WX B8 A9 7+ A AS H&3 2F W Ao &, 54 27NA 1st step-
2nd step9] AlES H33 AxE Yepd Aolg,

= 3, Aldel 2614 BL, B3, B5 ® B7 7 Aad A9 Hk B o] AEE 5AE WH7iste, o]& yEhd
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A7) B BEld Ao, AEs vkl o], Sujrt WA F5A4 S04 Y BEEE 2AEA, 4F
o] Rours AT £ e EFRE, TF = dHU FFH Y| E(FEC, fluoroethylene carbonate)©]t}.

\(

Bilel gge, 448 Fe neve 943 5 b Auelw FReln, o

! S
o] 7] dajdel F FF 100 TF%l el 0.1 WA 30 TF%, TAHeE 1 WA 10 T3% 2T = 2
[e]

ShA A miek gol, A7 F &l &9 JtRuClEA SR o]fojxl Aela, BV Bz &= A9 It

wulolEA &ul, olEZA g6, EE o5e] £Fowm oFojl Aot FEEE A Lol A7 nx
ozt 48 FudolEA &v @ olH=A &u % oln shiw AEE FE glen, old AdEE AL
shut.

o Hl&=, 519

A7) 318 R ol EA &uj:, o€l 7lHd]o]E(Ethylene carbonate, EC), 2 & 7}® Ylo]E (Propylene
carbonate, PC), ¥ o]59] EdES X3ste TolA A8d ZAd 5 Qv 7] 338 FIRU9EA e =
2 Fd& (EC : 89.6, PC : 64.4)& zta 91o], &F & slzldl &ol3 5] ).

A7) A8 FlEYelEA &viEe, tdd 7}R o] E(Dimethyl carbonate, DMC), o€ wE 7} uYo]E(Ethyl
methyl carbonate, EMC), Tleld Z}®ulo]E(Diethyl carbonate, DEC), @ o]&¢ EIFES F3stE oA
Adelg A F vk 7] AF ARdClEA §vle ¥ slrdlo]Ed HlE we M= (EC ¢ 1.86, PC :
2.53, DNC : 0.6)& ztiL glof, HMalde] AEE v o2 EL e 7198 4 3l

A7) dHE2A &, tdEA e (Dimethoxyethane, DME), 1, 3- T}o]LAH(1,3-dioxolane), E|Eztogd
=92 fud " Z(tetraethylene glycol dimethyl ether, TEGDME), tloldz 2= gdd o=
(Diethylene glycol dimethyl ether, DEGDME), & o]E5¢] &£3&ES X33t oA A AL 4= gk, A
7] dE2A &= %2 donor numberE Zti o AF A o] folahd, W& HE (DME : 0.46)°0=2 2l
gl Halde HEE W o]RHEE T 7o & 5 vk, vl &Y kAo -,

_/Jv\_:: ol
A7 2F de, A7) AAA IL 9 0.1 WA 2 mol, FAFSZ 0.5 WA 1 mol ¥35HE ALY 4 ).
A7) 28 9&, NaClO,, NaPFs, NaBF,, NaFSI, NaTFSI, NaSO,CF;, NaBOB, NaFOB, ¥ o]|&5¢] Z3&S I 3tsle=

5 AT, 3 Az WHont, FHRE Axde 2

oo b d FdelMe, &5 5 A7 dE B A7 55 Abeldl A ske B 9 dad S
¥, A7 23S 2F W2 (Sodium metal )2 o]Fo|R A AF wE o)z AAE AF3),
AedS, 25 ¢ 8 FHRMCEA &2 o]Fojx] F &ul; HAF FtEo]EA &, ol
= Z3o g o]Fojx Bz &) 2 A Bl HUAE £, A7)
ANMAE 471 F & 2 7] Bx iR 39 Zaf 334 =



[0065]

[0066]

[0067]

[0068]

[0070]

[0071]

[0073]

[0075]

[0076]

[0077]

[0079]

[0080]

[0081]

[0083]

[0084]

[0085]

[0086]

[0088]

ZIHSd 10-2018-0072114

ozt A=, A7 2w WY =

A7 &5 5= FEHES Eseta, A &5 FEHEES 4AF WY (Na metal), AH FAZ2 (petroleum
cokes), 7F B2 (carbon black), 3}= 7} (hard carbon), A% (red phosphorous), 541 (Tin, Sn), <FE]
2Y (antimony, Sb), A& (Silicon, Si), =+ o592 =3l EHZ o]Fofd ALY 4 U},

A7l F=2 ~HQl# A~ ~EH(Stainless Steel, SS), T2 &Y =2 Al (Cu foil or mesh), &FvlH &
Zo WAl (Al foil or mesh), NaCrO,, MaMnO,, NaFePQ,, NasV,(P0,)s;, FeF; T+ o]5¢ %<l AY 4+ Ut}

ofst W Wl whgrAg Adest BaAE APAES AR FAHOR, AF 9 88 Anvel=A )
ROl g U9 Audeled §l S olH2A SR K S o AL YAy PR

Add 1: &F 99 FH we #7554 A HI (&F 9+ F &)

A7) 2F 92, AF W AXo FLHo, &F wgd &30l A (deposition) R 2 (stripping) WH&
Pz

b
e

dE 5o, 7] &F 92, NaClO,, NaPFs, NaBF,, NaFSI, NaTFSI, NaSOs;CF;, NaBOB, NaFOB, % o]&9 =%t
A

By AY 4 9da, A dsld IL % 0.1 WA 2 mol ¥E3E ¢ Uk, FAHOE,
F 0.5 mol(F, 0.5 M) == A2 1L I Imol(F, 1 M) AFESIIT).

o

olwl, A7) &F Qo) Fiol wel, £F oo H/SEA AF L Gl vk Pabo] "ok 5 Qla, o]
AR Ashe gt o

A AZ @ 7)FE A A5 AFe ~gelg]~ 29 (Stainless Steel, SS)& 3}

rlo
—r
e
=
i)
fetl
QL
k

AfdEE, od#dl JlRYlo]E(Ethylene carbonate, EC) ¥ Z =z JlRYo|E (Propylene carbonate, PC)
7} 5:5¢] FIH|E 23d F §E FEHLE AEEa, &AF 99 THE 2ET AS AEEY.

TAH o=, NaCl0, NaPFs, L& NaFSIS 2F @oz Hgste], 747t Aad U N 5571 H5% sk, of
v oAz, el AL UK A3 245 2
Al: 1M NaClO, in EC/PC (5/5, v/v)

A2: 1M NaPFs in EC/PC (5/5, v/v)

A3: 1M NaFSI in EC/PC (5/5, v/v)

471 AL WA A3 240 7} AdejdS &3 2F vl dAd disl, Aol vEa 2 ez Hr)set

_10_
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- 1st step : F& AFo29 &2F o] A=A (-0.1C, 10 hr cut-off, 6.5mAh)
2F ol =g (40.1C, 1 V cut-off)

, A5 Ao 2o 4&F ol AF wkS (Ist step: OV o|3foll A HAst= A ZHE) =3
( 2nd step: OV o]’golA WA= At ZHE)S 53

(2) A & 7‘%?:

7] A1 WA A3 A9 ZF S HE3 &F dE dAXd gk, @riskely 54 #Hrt Ay = 19 (a)
of Yeh L, 1 Wk PS =213 st = 19 (b)ell yERAT.

= 18 3sbd, AL[IM NaClO, in EC/PC (5/5, v/v)19 A%, 22.0%¢ w$- @& %7] €% &% (Initial
Coulombic efficiency, ICE)S 7MAl= A& &1 4= ). oJA{] *& FF 82, &F o9 Az 4 &
g wS F dgss AF degolE dAI vrgEe » =1 El

sk A2[IM NaPFs in EC/PC (5/5, v/v)] 2 A3[IM NaFSI in EC/PC (5/5, v/v)19 7<%, Z}Z} 16.1%(A2) <}
16.6%(A3)¢] 7] TF A&S 7IAe AL AT 4 9o,

3], A3[1M NaFSI in EC/PC (5/5, v/v)1¢ 7% A A EHET o 92 AS g
g 4= dt}. o] NaFSI 7]Hke] Asfdo] 4F o] dz vksoA v dajdo] nls) o & Aado] A=
< 9ugit},

W

(o]
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e
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)
ol

=
e,

=
H

v

o o

U
S

o

,
37 9
h

ofo
ol
o

L
L

X

ox
ol

AlEe] 2: 3 B HukA 9 AY StV EA BHE fvo] HIld wE r|stety EA Wit (AF @
+F & + HY FHEVoEA Bz v + 3 734 HIMAD

P Agel 104 Brh ARE AusE, AF Y &F Evd AFFom Agshe sve] FyH7)
A, AF9 nERS YA, 2F WG ol Aol A/HAA A5 ARE PAT £ YL A0R FE
A,

olsh EAel, 47 F ol tal A=A e wx gulE A7bstel, Held AAel ole A=A P E
g 2% 5 92 Aol

& A= Aesa, 49
SRR R SEREEE LY

£12 A8z

TAHCR, Ad A5 R Ve A5 BEF 4w WER i, A H5E 2l 2" (Stainless
Steel, SS)= &fof, Al 13 LA sk3let
Asd2e, odedl o] E(Ethylene carbonate, EC) % Z2d& F}R|o]E (Propylene carbonate, PC)

1

=

7} 5‘ 4 vqt’]i =3d 5 &, 0.5 M 559 NaCl0, 7} &3lld AL FTHo=E AH8staa(Ref.), 3 &
A HAIMA F5, A3 FHRVC|EA Bx g9 HUF 5% 92 I FFHE 2 S AHESgl.
FAFow, Ay Y BIAAH HIMAE AMES A, ZFoRoddl JFFHU|O|E(FEC, fluoroethylene
carbonate) & A& F T F 5 FHW} I=F 3.

walk A7) AE FtRYolEA B fujE AR A, ydE bR J)o]E(Dimethyl carbonate, DMC), o€
wE J}R o] E(Ethyl methyl carbonate, EMC), ¥ Tlol€ J}RuUlo]E(Diethyl carbonate, DEC) & o] s}t

_11_
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o BAL 3 gvlol Y@ AAF Ry vk,

ol ztzt, v-ol Bl WA BS A P},

B1: Ref = 0.5M NaClO, in EC/PC (5/5, v/v)

B2: FEC-added = 0.5M NaCl0, in EC/PC (5/5, v/v) + bwt% FEC

B3: DMC-added = 0.5M NaCl0, in EC/PC/DMC (5/3/2, v/v/v)

B4: DMC+FEC-added = 0.5M NaClO, in EC/PC/DMC (5/3/2, v/v/v) + 5wt% FEC

B5: EMC-added = 0.5M NaCl0, in EC/PC/EMC (5/3/2, v/v/v)

B6: EMC+FEC-added = 0.5M NaC10, in EC/PC/EMC (5/3/2, v/v/v) t 5wt% FEC
B7: DEC-added = 0.5M NaCl0, in EC/PC/DEC (5/3/2, v/v/v)

B8:  DEC+FEC-added = 0.5M NaCl0, in EC/PC/DEC (5/3/2, v/v/v) + 5Swt% FEC

471 Bl WX B8 A9 7} AaldS A8 &F Wy dAAdd g, d2dA o e 2oz #r|slet
A 545 Hrheteit.

- 1st step : F& AFo29 42F o] A (-0.1C, 10 hr cut-off, 6.5mAh)
- 2nd step : AE HAF] AFE &

H o] =g (+40.1C, 1 V cut-off)

- o] % o] FAU3l 1st step-2nd stepd A3 A A2 203] Alo]|F

£22 A & 75—13:

S, 7] Bl WA B8 A9 7 AFfAdS HE&3 AF wE AXd dial, A7) 1st step—2nd stepe] AlES
AYs A7s = 20 JeERNAT}.

TAA o7, FEC7F E£3H A & Aad(Bl, B3, B5, 2 B7)el o
of Yelflal, FECE ¥¢H3 Msia (B2, B4, B6, % Bg)ol| st 2
FeAow BA3 Aits = 29 (o) YEATH.

2% #Fastd, FEC7F 23e A eF2 Aol AH(Bl, B3, B5, & B7), 20% °l3t¢ =&
=

N

IR HEL SR I
(

3
2
e = 20

N

2
¥o,

4 o
K
=2
T
5=
9]
=
[ep]
il
ke
o
S
)
:cg
i)
=
wN)
los}
:lk
(o9]
>
vl
(oe]
N
o,
oM,
o
©
:
&
o,
MU ol

o
o,
f
e
)
(o
i
oz
N
oo
:—‘
(o]
&
oo
a1
S
oo
]
)
2
:01:1'
Y,
BN
oX,
1o
et}
Hl
S
o
fo
2
i
ki
[
oX,
il
o,
N
)
of
o
bats
o
q
o
i
q

B, o5 HbsA &2 A A (Ref.)ol sk,
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[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0145]

[0147]

[0148]

[0150]

[0151]

[0152]

[0153]

ZIHSd 10-2018-0072114

S, 7] Bl WA BS A1 7 AdiES He3 AF dg AXo] e, 7] 1st step-2nd step?] ATS
A& 5, 203 Alo|EFE

TAFo =z, Bl WA Bge] BE A did FF a& HU/F 23 = 49 (a)dd e, FEC/F X3 A &
& A& ZA(B1, B3, B5, @ B7)ol wthdt Alo]F At Hryl AuE= & 49 (b)dd Ve AL, FEC Z33 A
(B2, B4, B6, % Bg)oll thdt Alo]E AL A= = 49 (o)l YeEAT.

= 49 (a)& F3shd, FEC7F 23EX] 82 dside] 49-(Bl, B3, B5, # B7) 20% °]ste] W& EF 485
Zrx)uk FECE ¥3H3 A8 2 (B2, B4, B6, 2 B3)2l A% 103] Alo]Z7HX 80% oo &% &84S 7} %

ShA, = 49 (b)E sk, FEC7T 285 A ke Asde] H$-(Bl, B3, B, % B7), TWH Alo]&o] g
ol we} EorA3t [ FAS UMK = AL el 4

ol AF WY 559 HUHoA EAYT AF ol A wbgo] dojut, ESHAS Ido] FAH, AF
deglo]EE A3 Fo] 7|elditt, FAHoR, AF W=golE dA wAYUSH O2 A3 dAsE TA4-
2 = 59 (a)E T3 gl 4 o).

= 59 (a)E Fusbd, FEC7F 35 A] e Asjzel 4$-(Bl, B3, B5, % B7), Asidy} 2F WE & A
olo] ukgo 7 HAHE E+U3 SEIS(Solid electrolyte 1nterphase layer)o] Edd3 AF o9 gg H
Az WSS ofr|EdS & & Uuk. Yolrt, E4YsA d4W SElS, ASHE SUA A EFLd &
F ool Az wge, 4£F dEgolE AL op|ds o 4 9l

olye AF WEFo|Ex:, SFFA Hoyx e, o AJEZF ofd, 7|slstd o g vEAgstE 4w We
o] Fu, SFRN X&ZH o7 AT AF deglolEr EguS #Eso] d7FH dES doy)= Aotk
3k, = 49 (o) Fashd, FECE 233 Aaf|d(B2, B4, B6, % B8 A$, WA Alo]F F9o EorAsk
Aot o] YehbA &S Fgead £ gk, olx, % 59 (b)o] vebA mie} Zo], AF HE &) A
o2 YPYE Fdsta e o] Rauow 83, ~F WEZHOlE FAFE JAEH] Wt

Aldd 3: & F3A H7HA 2 JHEA Bx &rje] Hrbdl wE A7)seE SA Hrk (2F 9+ F &1
qHEA ¥z & + 3 FE3HAH HIHAD

b Agel 225 B Faly A6l 9@ ERE Tz Folsglon, Add slaE wx ule) FF

ofo, 2 FalA FHIHAE dA APl 2004 AREE A T EZFeRA"EWA FhE o] E(FEC,
fluoroethylene carbonate)< AF&3lE, A8 F1HUO|EA HZE &v] Al oHZ2A(FAH oz FdA) B
Z SulE ALgste, 89 BEld HWUMA 2 RE &vle f5d wE a3 xo]E vttt

(1) 89 =7

a0

TFAFez, Hd HF E 7
Steel, SS)E 3k, Al 1

& 25 4F dvEg2 a1, s AF5L &2H#A ~¥ (Stainless
Al sk

Aald 2y, | EA e (Dimethoxyethane, DME), ©Tloldd Z&= tuE o|el=Z((Diethylene glycol
dimethyl ether, DEGDME), Tt HEzZloldd Zg]F tjud oH Z(tetraethylene glycol dimethyl ether,
TEGDME)) B2 §vlol, 1M 559 NaPF, 7} $318 A& TEHOo Agsta, 39 Ry A7A H¥

% golel Ag 4% % O FRE 99F AL A8IAT

H

B

olr

2

TAHeR, A7 A Fad HHHE AREE A

L Z2o=zodd JRYO|E(FEC, fluoroethylene
1 397 S =5 ST}

(@]
o
-
o
@)
=
o
=4
)
ﬂl
L
:%,
i
o
ofy
ot
ofy
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[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0169]

[0170]

[0171]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

SMHE5 10-2018-0072114
ol 77t theel €L vIA 6, % DI WA D6 AT 2o,
Cl: 1M NaPFs in DME
C2: 1M NaPFs in DME + 1wt% FEC
C3: 1M NaPFs in DEGDME
C4: 1M NaPFs in DEGDME + 1wt% FEC
C5: 1M NaPFs in TEGDME
C6: 1M NaPFs in TEGDME + 1wt% FEC
D1: 1M NaPFs in EC/DME (3/7)
D2: IM NaPFs in EC/DME (3/7) + lwt% FEC
D3: IM NaPFs in EC/DEGDME (3/7)
D4: IM NaPFs in EC/DEGDME (3/7) + 1wt% FEC
D5: IM NaPFs in EC/TEGDME (3/7)

D6: IM NaPFs in EC/TEGDME (3/7)+ lwt% FEC

A7) CL WA 6, 2 D1 WA D6 240 7+ AAS Aes ~F ue Ao e, Aeo|H o pe =
Ao 7|sstd B4 Hrtslgltt.

- 1st step @ &E MAFo=2 &F o2 A& (-0.1C, 10 hr cut-off, 6.5mAh)
- 2nd step @ FAE AFTo) HAFRE AF o2 &g (+0.1C, 1V cut-off)
(2) 29 Az}

O}ﬂ, )\]—7] C1l LHX] /%],] Z_]' X{_E)_Hél%
z% o Z 13}01)74] HZ B_uﬂu} /\]_3_5]_ 73 Oﬂ

=
ft
rlet
oft
N
f
=
S
Tl
Y
N
oo
=
Ll
>
oo
QL

eFaL, olH = (54

A7 C1 WA 6 =439 2 Aafd
A3E & 50 YERAT.

TAA R, C1 WA 6 oA, FEC7}F Edhw#] e A A (C1, €3, 2 5o tdr A Fr} Ax= &
(a)o] UEMAL, FECE ¥aaF Aal=(C2, C4, 2 C6)o] uldh Alo]Z At A= % 69 (b)o] eI

o
o
N,

285k 2F vg Ao e, A7) 1st step-2nd step®] AlH

69 (a)E Fashd, FEC7F E£3E A o8 A A(Cl, €3, 2 (59 A5, 4F ol A whgo A =7
E7F BorAsiy, el wS(1.0V cut-off) o] #Ao] ¢E =X @3S g & ).
T WA, = 6] (b)E Fashd, FECE e HalE(C2, ¢4, H 6)9 A5, /HAAA 2F ol Az}
2 ehg] whgo] RS o 4 gtk FAF R, C4[IM NaPFs in DEGDME + 1wt% FEC] 2 C6[IM NaPFs in
TEGDME + 1wt% FEC]S] 79 z}7} 75.8%(C4) 2 76.7%(C6)S] F& EHS 7IA+= Holt}.
E3], C4[IM NaPFs in DEGDME + 1wt% FEC]¥ A% 2 24 3 C6[IM NaPF; in TEGDME + 1wt% FEC]ell w]af %
F A vg ZUETE ovell 7S], Aol A AeEle RS & 5 AUt
S, FECE %33 A a2, 4, 2 6) FollA C2[1M NaPFs in DME + 1wt% FEC1®] 2%, 7b% & ICE
(45.3%) 2 7},

g3, 471 DI UiA D6 249 7 dajde, vz &F JtEUCEA F &E ARSI SAldl, ClEE(F
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[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0190]

[0192]

[0194]

[0195]

[0196]

[0197]

[0199]

[0200]

[0201]

[0202]

ZIHSdl 10-2018-0072114

AHoz Feh)A B2 &uE AFE3 Ao B3k Zlojg,

271 DI WA D6 A9 72 Hafjde 83 4~F wg Axo i8], A7] 1st step-2nd stepe] A]¥S Y3t
A3E & 79 YERNSIT.

D1 WA D6 A9 7+ AadS &3 2F g Axo] thal, A7) Ist step-2nd stepd AL &3 A}
£ =79 YERRAT

FAHeZ, DI WA D6 o EE A9l dgh

e AsfA (D1, D3, H D5)oﬂ g8k xle]E A
D4, % D6)oll th3t Alo]F At A= = 79

7¢] (a)oll vpehilT, FEC7F E3 7|
ol LhERiI, FECE EaE AsiA (D2,

o,
S
i)
>
FW

79 ()& %1'5}‘?4_, &9 FHRMClEA 5 &gk @7 oHlEA Bz &viE ARgskal, gk
S A7bebA &2 4501, D3, # D5), F &WiE AR & A5-(C1, €3, & C5)l Hlste]
ZF 1.1%, 8.9%, 18.6%% FFHAAR, oHds] @2 e 7HE AT 5 3T

N2

o

of Wi, &4 JHEU|EA F &gl 9 cElEA Bx §vie Abgstar, @4 EelAd HUHAE R
73%-(D2, D4, B D6), D1, D3, B D5l wlste] =F a&°] v FdaS 49T 4 ol
7

5 79 (¢)& Z:shH, D4 [IM NaPFs in EC/DEGDME (3/7) + lwt% FEC]<]

o
ol

Y AudolEA F gv) % e nE §uie] G Sv) 24 F b e 2EF AES HIS FAT
& 9.

o1 E3, BY AndolEA F &v) % e/ ux Sviel EF SNE AHEY FSE, FECS A7
oo, & % 5ol Edel Qdsn FUT wathl el AohAN AUE WAAT] FUSE
AAlshe &g AT & Atk ofg, AAPHY nsvon FATF &F oL 7 U AF wee 7}
4ol gpgslel, £F oo A U U v pw 2T agol Asshs Aow WAL 4 ok

Ago] 4: 8 Bl kAl 9 Ay SR oEA BE £ulo] Hruld & Hr|sEH EA 3t (AF @
+F & + A FHEUOEA HZE &v] + 39 34 HIAD

SEA Alddel 1 8 204 Alsbste], gkl 2l H7EHA] gl w

il

3} AJole v,

§12 A8z

TAReR, Ay AF B J)FE AT B 2F g a1, 4% A7 7 59 (Cu foil, 1.77 en) =

A2, ogdl JlE o] E(Ethylene carbonate, EC) ¥ X2 J}HY|o]E (Propylene carbonate, PC)
7 EA Puule EFE F 8ol 1.0 N FEe] NaClo, 7h $alE AS FEAOZ ALEHI(Ref.), )
3 HIHA FFE 2Eld AS ARSI

FAFow, v Y BN HIMAIE A A

8 ZZo 2o Edl IR UYo]E(FEC, fluoroethylene
carbonate) & Add F FTH T 1 5% =2 10 TF

=
) o
il
B
Jfu

EL

e

i)

ol 747t theel Bl WA B3 A3 gt
E1l: ref = 1M NaClO; in EC/PC (5/5, v/v)

E2: lwt% FEC-added = IM NaClO, in EC/PC (5/5, v/v) + 1wt% FEC

E3: 10wt% FEC-added = 0.5M NaCl0, in EC/PC (5/5, v/v) + 10wt% FEC
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[0204]

[0205]
[0206]

[0207]

[0208]
[0209]
[0210]
[0211]
[0212]
[0213]
[0214]
[0215]
[0216]
[0217]
[0218]

[0219]

[0221]

[0222]

[0223]

[0224]

[0226]

ZIHSdl 10-2018-0072114

F oAg Ao giF), Ao ven e 2raoz 4
WA (precycle) & Fd3sta, 2 ATE = 89 YeERNAT.

- 1st step : g AFo 7o AF o] A2 (-0.1C, 10 hr cut-off, 1 mAh)
2

Z
0%
N
=
—
=
>
=
o O
BN
ox
o
N
L
__?L;
i
o
2
oo
2
[

- 2nd step : FF Aol AFAHE AF o] & (+0.1C, 1 V cut-off)

tlo
I
3
dz

2) 34 FWd ¥, Ist step—2nd stepe Faste], 40 Atelg W 545 "bekt (= 9) &, ta9

37F41¢] C rate® H7}sh3ltt.

<0.5C>

1st step : -0.5C, 2hr cut-off, ImAh

2nd step @ +0.5C, 1V cut-off

<0.3C>

1st step : -0.3C, 3hr 20min cut-off, 1mAh
2nd step : +0.3C, 1V cut-off

<0.1C>

1st step @ -0.1C, 10hr cut-off, 1mAh

2nd step @ +0.1C, 1V cut-off

B7FHATHCE 10)

o

3) w3, 3 WA F, st step-2nd steps WHE st 100 Abo]S 1 54
1st step : -0.5C, 2hr cut-off, ImAh

2nd step : +0.5C, 1V cut-off

(2) A3 4>

85 %J—l?—)‘}'%, FEC @7}‘%}:01] mE AF ﬁi—]" 2 %‘E]Q] 7]—03/\‘13 Hrrer 4 01];]_ FECZ Eé—}_f—s}_;q or= 7
73 FA A 5F FEC7F 1wt% A7 ¥l 29 84%C = F o

sl AF WgT AFA H7lAA ol BureS o4 5}
10wt% FEC7} 7he 4-$-(E3), 90.1%¢] = S

N
N

LR
AF g EA Y nEUE
7251917

= oﬂ

T 92 Hashd, FEC7F 1wt% d7ME A9(E2), C rate’} WS4 2 ;§°;Fm1ﬁﬂ%%-%"1w Bl
¥ 108 Fustd, JEFY ko] ZaE YA vk 10wt% FEC7F H7tE A9-(E3), C rate’} WA tgts &
o

©la A3k, FECY A7 Fol 4252 WHE C rate M BASE 2F WslolE B4 oAVt ofHuhe
KN [}

om g}, }Auk, FECY &3S F7H1Z A$, WE C rated M= 2F d=gdolE A JA7} 758t

woage 7] Axdel #4EE Aol o A% thE tad Few Az

3 2 k3l & I Qlon B o] &e
7okl A Bl A AS b A B o] vleH Aoy "4 ERS WASH Zur o2 A
2l ] A 7l&8k AAldE BE HollA

A + 92 Ao}, ElBE o] A
]
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=3
EH]
Solvent : EC/PC(5/5)
(a) 1o (b)
—— 1M Naclo,
0.8 — 1MNaPF, Na deposition Na stripping from
onaSs Na deposits on a S5
> 06 —— 1M NaFsI :
% 0.4 Na: -;
3 0.2 Na stripping from B
©° Na deposits on SS
> 0.0 : = =
-0.2 r_ Na deposition on 55
04 - - - . . .
0 1 2 3 4 5 6
Capacity / mAh
EH2
a) 1.0 b) 1.0
( ) =— = et ( ) —— FEC-added
0.8 —— DMC-added 0.8 - —— DMC+FEC-added
—_— d —— EMC+FEC-added
2 0.6 — S'é‘é?ﬁd:ﬁ > 067 — DEC+FEC-added
o 04 o 04 -
o o
S o2 S 02
[=] o]
> 00 - —] > 0.0 =
-0.2 r -0.2 (
-0.4 v T T T v -04 T T T T : :
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Capacity / mAh Capacity / mAh
(C) _“ DMC-added EMC-added DEC-added
ICE (%) 1.2 14.6 16.4

Addition of 5wt% FEC ',

ICE (%) 89.6 85.6 89.0 90.3
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k1
N2
W

Viscosity (cP)

CE/%

() 14

05

Voltage / V

0.0 4
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g
5.0 8.0 o
4.5 - T8 9
-
4.0 - 70 =
= S
3.5 1 & 6.3 <&
=
3.0 - b =
25 - L 55 3
w
2.0 5.0 g
Ref DMC EMC DEC =
-added -added -added =
—e— rer Adding 5wt% of FEC
—&— DMC-added . N
—&— EMC-added
—4— DEC-added
Cycle number
(© 1o
> 05
>
Z 0.0
Ref L o5 | — FECadded
~——— DMC-added ' —— DMC+FEC-added
—— EMC-added —— EMC+FEC-added
{1 —— DEC-added -1.0 { —— DEC+FEC-added
0 50 100 150 200 0 50 100 150
Time / hr Time / hr

200
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k1

ne)
&

(a)

Dendritic Na
Na*

Na*
Na*

SEl layer Na*

SEl layer
Fi

rst First
dissolutio deposition

0
.
g

Na electrode

a b Second ||
T et dissolutio

=

SEI layer

— {lon permeable layer}

Dead

; Na* "
QSodium Na* Na* i i [ ‘Bregoiyie o
i = h Na‘.‘.‘idiffusiun
deposition N Na‘s ;-‘.i",&“a
ri;;.;:!iffusion
Capacity Loss through ion conductive
Low safety campatiils
(b) Sodium metal Protective layer on Na metal
Native layer Electrolyte
Electrolyte
Intreduction of additive
__________________ >
Uniform dissolution
of Na-ion
ED6
(a) 1 (b) 1.0
0 | [ T
T o
S 2 > 0.0
£ 3 2
o (=]
—— TEGDME o —— TEGDME + 1wt% FEC
-5 —— DEGDME —— DEGDME + 1wt% FEC
—— DME —— DME + 1wt% FEC
-6 4 - + - + ~ -1.0 - - - - - -
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Capacity / mAh Capacity / mAh
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3IHSd 10-2018-0072114

EH7
1.0 1.0
@ 5] () ;5]
0.6 - 0.6 -
> 044 > 04|
€ 02 g 02
S 0.0 8 00~
S 02— : & -o.z-
0.4 F— ECITEGDME(3/7) -0.4 - — ECITEGDME(3/7) + 1wt% FEC
-0.6 —— ECI/DEGDME(3IT) -0.6 1 —— EC/IDEGDME(3/7) + 1wt% FEC
—— ECIDME(3/7) —— ECIDME(3/7) + 1wt% FEC
0.8 . . v 5 § - -0.8 - v . = - ;
o 1 2 3 4 5 6 o 1 2 3 4 5 &
Capacity / mAh Capacity / mAh
) [ e e | o
ICE (%) 14 8.9
Addition of S5wt% FEC ‘.
ICE (%) 586 90.6 822 45.3 75.8 76.7
ZH8
2.5
— —— 1M NaCIlO ECIPC (5/5)
© 2.0 { — 1M NaCIO,ECIPC (5/5) + 1wt% FEC
E 151 — 0.5M NaClO, ECIPC (5/5) + 10wt% FEC
w
= 40+
-3
2 05
(1]
—
© 0.0 — m—
>
-0.5

0.0 0.2 0.4 0.6 0.8 1.0
Capacity (mAh)
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k1
N2
©

Coulombic Efficiency (%)

Coulombic Efficiency (%)

100

80 -

60 -

40 -

20 -

o

—a— 1M NaClO, EC/PC (55)+1wt3: FEC (0.5C)
—a— 1M NaClO, EC/PC (5/5)+1wt3% FEC (0.3C)
—y— 1M NaClO, EC/PC (55)+1wt3: FEC (0.1C)
—a— 1M NaClO, EC/PC (5/5) (0.1C)

10 20 30 40
Cycle number

—e— 1M NaCIO ,EC/PC (5/5) + 1wt% FEC
—a— 0.5M NaClO, EC/PC (5/5) + 10wt% FEC

20 40 60 80
Cycle number
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