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£ Apoe F olx 1A 7kdAe] =2 A el uiA] me AAE flskd oA
A M o2 HAFEoAM e AsS HEsATh o] 24 AAIQL 1-ethyl-1-methyl piperidinium
bis(trifluoromethanesulfonyl)imide(PP12 TFSI)E H=7©] 85°CO|EE F-2o|A] ILA| o]t}
PP12 TFSIZ ©50 = Asdol AT & glovz T|F o] Mx|§ gvle} EF3I A8
gt} PP12 TFSIE 50 wt.% o] AM8-3lH ddido] olF £& Wie] Hmrt =obA e
o] o]Fu} o] 24 AL BHIES 44 wt%(01 A WA B =1:1.25 wt%)E W53, &£
& gulli= EC/DEC(1/1 vol.%)°1™, LiPFs2 F=7F 1.5 Mo] H== AaS F8]ste] A3}
Ak IS M AL A7rAsiAlE 2529 E4e dAEE TR o, o R WS
NME 3 1 AH5S BT A48 AL LiNigsMn; sO4(LNMO), LiFePO,(LFP),
LisTisO12(LTO), artificial graphitec]™, 53] =92 AM-H artificial graphite®l <] 2] H3j
B3E WA 8 A7 AsE st oJxls] 5oz e FAVE tha 2
o] e o) AL NAE F A HHskE &3 ol A Maldo] sEchH o]

g AAle] vl 54 Ug B840 wobd Aol

H
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Abstract : In the study, a room temperature ionic liquids as a co-solvent was used to evaluate
the feasibility with various electrodes in Li-ion batteries. 1-Ethyl-1-methyl piperidinium bis(tri-
fluoromethanesulfonyl)imide(PP12 TFSI) is an ionic liquid that melts at 85°C. Pure PP12 TFSI
is not able to be used as an electrolyte because it is a solid salt at room temperature. PP12
TFSI is mixed with EC/DEC(1/1 vol.%) to prepare mixed solvents. The electrolyte 1.5 M LiPFs
in a mixed solvent having 44 wt.% PP12 TFSI is prepared to evaluated the various electrodes.
The electrolytes provides good cycles life of cells with LiNipsMn; sO4(LNMO), LiFePO4(LFP),
LiyTisO»(LTO) and artificial graphite. Further improvement of the cell performances can be
accomplished by enhancing wettability of electrolytes to electrodes.

Keywords : Lithium ion battery, Room temperature ionic liquids, Wettability

*E-mail: Ketack.kim@smu.ac.kr

-103 -



104 J. Korean Electrochem. Soc., Vol. 17, No. 2, 2014

.M £

ZE ol AAE vE A A% AA el vis)
Fg ouA] dert ok RER J=E 5 o
2% 2okl B 7R AFe] g AREA vk 2
23 H2olle A71AFEReE i ol|A] AFgA =
T AgshE L skt Y Aol At kA o
el Al st obde wEslel o 54
o] AAEH FEe| St BAHOE F/F 7
o} 2

2 ArelMes 7idAdo] =2 AA el
T NS flete o
Aol e] Aol sl 2zt
=HE THe Aads e ol A Hafe
(Room temperature ionic liquids, RTILs)°]Z} 3k
.3 o]l&A WA= quaternary ammonium,
alkylpyridinium, alkylpyrrolidinium, alkylpyrazolium,
alkylimidazolium 5¢] BF,~, PFs, TFSI'®} A3 = o]
e AR FES 0% ML I 9
0]1:]—.4,5)

ol HAlE 7HAA &uirh 1L 2 AAI7E S
A 7] dolmz she] itk Holas 540
Utk ol2lgh o] 24 AAE ARESl] flsiAe Al 7t
2 FHE Hslof gtk Al 7] e w2 AR,
e Ak T3 553 w2 vheAgolth ) &
ol A Alell o] 248 AA7F Bol sfE]Eo] A
o] o] F43] TEE=, HVHE olE JhadskaL
Al AR ] dAYE greke AFE st
Aol AR o] 24 A= piperidinium AE] &
Q1 1-ethyl-1-methyl piperidinium bis(trifluoromethan-
esulfonyl)imide(PP12 TFSIo|™ o5 <A Hsfi}
EGE oled A Hajole] AT Agol we AT
£ 3t Piperidinium AlEe] o] A= A
o] 5~6 VE YolA thE o2/ A HTt Shelof| o
g Aol b oM olfd olfE 259 e
g gk Aado]l & AAEA AR FHAAL,
A e] A& ZalE WAIE] sl A IS A
83 EATh PP12 TFSK= HE3o] 85°C0|nz
g2 A aA oItk PPI2 TFSIE ©50 2% 3|
Ho] AR o gloms 2F ol A& gulet &
dste] AA|glste] ARE-SIGATE PP12 TFSIE 2
Al AR EABRE o] AA| A 1-ethyl-1-
propyl piperidinium bis(trifluoromethanesulfonyl)
imide(PP13 TFSI)*? Wt} 2ke ool WS 7[X| %
JojA gelistd W o 2 Axw=gs 7RItk PPI2
TFSLEC/DEC=1:1 wt.% s} 27kasir|Zt 205
nRke] et AE YA Hafjde] & A=

o o8l th¥st W=, 53] graphite AES] &=
2go] E7Fs3le, o|BHth= o)A 9] gu|vt
e B3 daldg dA ko] ARgsidTh A A
A2 ooFst My Fe] Ao E8ste] MY
S 2Me] 7FeAS sk dlell o] 8sidetl, A4
® AFS LiNigsMn, s04(LNMO), LiFePO(LFP),
Li,TisO1,(LTO), artificial graphiteo]1th. 53] =0
2 AE-E artificial graphiteol|A]2] s RS
A8t7] $3t " 7MAIZ A fluoroethylene carbonate
(FEC)S] ALA+1E AN e Al H7HA|
S A AREIAAIRE, SSolAe] HUHAe JES
FHAoRE B AL

2.8

2.1 Aok

1-Ethyl-1-methyl piperidinium bis(trifluoromethan-
esulfonyl)imide(PP12 TFSD2] $Hdoll ARR-3E Alefe
dichloromethane(Daejung chemicals&metals Co. Ltd,
99.5%), 1-methylpiperidine(Tokyo Chemical Industry
Co. Ltd, 99.0%), bromoethane(Junsei chemicals Co.
Ltd, 98.0%), lithium bis(trifluoromethanesul-
fonyl)imide(Tokyo Chemical Industry Co. Ltd,
98.0%)°]A Tk, Al Fn]ol] ARE-SF 2 EHL lithium
hexafluorophosphate(LiPF¢)(Daejung chemicals&metals
Co. LdyS Algol AAAsHA] 4oL Hxste] AR
319121, ethylene carbonate(EC)/diethylene carbonate
(DEC)(1/1 vol.%)(Soulbrain Co. Ltd), fluoroethylene
carbonate(FEC, Soulbrain Co. Ltd)= &JSoulbrain®lA]
Al giel ARE-slSATE.

A= Az Al AHES Z=H2 LiNigsMn; 50y
(Daejung EM Co. Ltd.), LiFePO(Daejung EM Co.
Ltd.), LiyTisOp(Dagjung EM Co. Ltd.)ol™, =44
super P black(Timcal Carbon), B}SIE = polyvin-
ylidene fluoride(PVdF, Sigma-Aldrich), &7& N-
methyl-2-pyrrolidone(NMP, Junsei chemicals Co. Ltd)
o|t}. Artificial graphite A=< ZEZHL artificial
graphite(Nippon carbon Co. Ltd), B} = sodium
carboxymethyl cellulose(CMC)9} styrene butadiene
rubber(SBR)®| T},

22 7|7|& o|E¢&t =4

ek o] 24 HAe] 1L nuclear magnetic
resonance(NMR, Bruker, Avance-250) &S AFg-3}
o Attt &% &vl= chloroform-d(CDCl,,
Cambridge Isotope Laboratories Inc.)E A}-&3}<],
'H-NMRZ 34 25 gIsisich
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dAd =4 YHOZE self-extinguishing
time(SET) AEE o] &3AthS>1) Hsjoo] g7]=
= A7 20mm, ¥°] Lemmel 95T £715 AE
sttt FHgE dafjdls 7)ol go] FAE M &
Asfjbo] slr]o] AstE]7|7ER]o] A7HE: 7]1E313
o} Axx 242 Mettler toledo AL AE®= AH]
(seven Go Pro SG7 FK2)& AM&-3le] ZA3I3Th.
HAE% A (Inlab 738, Mettler Toledo International
Inc.)2 1413 pSem™9 A== FFE N (Mettler
Toledo International Inc.)o-2 WAE &3t AEx
AL ZeHEks YoflA o]FoHr. IAE FAHS
ViscoClock(SI Analytics GmbH), Micro ubbelohde
viscometer(SI Analytics GmbH 537 20, 537 30)=
AREste] SRS A% S92 FejHuks oA
o]Folxitt.

Z71818H4 P4 279121 linear sweep voltammetry
(LSV)= BioLogic science instruments AF2] SP-150
FHE ARES] SAEAT AR 2He FeEurs
oA olFojriom, Zd H Wb HAALS cell test
system(PNE solution Co. Ltd)S AM&-3}51T}.

2.2 Hali F=H|
o]&A] dAel PP12 TFSI® AL Fig. 13} 7+
om, Z}239l dichloromethane, 1-methylpiperidine,
bromoethanes WHSAIAX F7+ A4 E<1 PP12 Bre
AL F lithium bis(trifluoromethanesulfonyl)imide<}
9] Fol wd ¥ Fat HEF APES] PPI12
TFSIE Lt} %5 AFE 57 A4dE20 PPI2 Br
o] A8 EAlTF=AIE gRIH] 93] AgNO; &
< 718ke] "3 AgBr HHe] A7IeA] 21519
31, PP12 TFSI®] NMR 4 ZA3&= Fig 13 Zth
'H-NMR (250 MHz CDCls) : 81.40(3H, t, CHj),
1.76(2H, m, CH,), 1.92 (4H, m, 2-CH,), 3.04 (3H, s,
N-CH;), 3.36 (4H, m, 2N-CH,), 3.47 (2H, q, N-CH,)
AalHe o] A Halgs}t §uigs FAHZ
PP12 TFSI®} EC/DEC(1/1 vol.%)S W# £33 &

\N°. \?\‘/\ BY
5 —
\?\‘/\ By \@N/\ TFSIe

Li TFSI

9

Fig. 1. Synthesis of PP12 TFSI.
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1.5M Aaflg FHlsket]l Zad LiPFE E9sto]
ZHsIA T A7 Z+=  fluoroethylene carbonate
(FEC)(Soulbrain Co. Ltdy& AM&-3}5itt.

2.3 M3 M=

Z 4 7 9] HFE o83l &3 ol dAl9] &
£ 7S AAAT. FFOZE LiNigsMn 04
(LNMO)9} LiFePO4LFPYF ARt o™, 558 H=2
25 LiTisOn(LTO)¢} artificial graphite”} AZF=ATh, %
S 2502 &8&HE AT A HES v Ak
LNMO =2 LiNiysMn; 504: super P black : PVdF
=87:7:6, LFP =2 LiFePO,: super P black : PVdF
=85:8:7, LTO A2 LiyTisO: super P black : PVdF
=85:5:10, ZL2]3L artificial graphite =2 artificial
graphite : sodium carboxymethyl cellulose(CMC) : styrene
butadiene rubber(SBR)=95:2.5:2.5 2] A H|EZ A|
2= ) A3 8 cell> 2032 type coin cell(Hohsen
Co)S A3, Fa]uke Celgard 23202 AMESIITE

3. g3 o nE

3.1 oy
ol24 A9l 7P & A Fol she daA
o}, $ABk] A o)A Ao WAAS dolry]

A3I5th SET 542 ojd &4 88 E<l
v o2 BReA AIZRE 585 Aotk vl
AL A3 FE A7bo] EHE= EHo|
wAAdo] =2 Aotk

SET A&& Algst dajde & 4 7ixjoln 7z} A
BEE 53] &3l Bk Fekth ol dA}
fuje] v]&2 FAHZ &3t FHISIELE 1.5M
LiPFs EC/DEC(1/1 vol.%) &de] o] A& &
ol FANE E351, o] w Az F4E &5
el A LiPFE 712 7t 2% 5=
£ 1.5ME EF

oA dAe] EIW LS FUFE Ao F
skl o]2A4 AATE 50wt% HETHA] F71shd
graphite A1E S5<] gxgdo] dslslo] A=e] T4
W-gfo] A3 AUt 2 Aoxs 1A A
o] 7Fest oA FHulgh Yol 2 EF v
1R Fhlsle] AR Aol gsIsiTt. Table 19 7F
oot Fatel E71¥o= 1.5M LiPFg (PPI12
TFSI: EC/DEC =1: 125 wt%)2 AAsle] A= 49
o] A8t A7 J&F= FEs] stk "ot
A9l FECE 4|8k Th

1.5M LiPF¢(PP12 TFSI:EC/DEC=1:1.25 wt.%)
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Table 1. Self-extinguishing time (SET) of the electrolytes

Electrolyte SET(s g™
1.5 M LiPFg in EC/DEC (1:1 vol.%) 81.3
1.5 M LiPF; 482
(PP12 TFSI : EC/DEC =1 : 2 wt.%) ’
1.5 M LiPF; 135
(PP12 TFSI : EC/DEC =1 : 1.5 wt.%)
1.5 M LiPF; 25

(PP12 TFSI : EC/DEC =1 : 1.25 wt.%)

A Ay} &F HE F/H FECE FAN=Z 5%
3l 1.5M LiPF4PP12 TFSI:EC/DEC=1:125 wt.%)
+6wt% FECASY B)S 77} FejBukx Yoo &
gale] HEAS, AFTES 1.5M LiPF((EC:DEC
=1:1 vol.%)@s]Y C)> s A} Be| A} vl
A&t

3.2 ME=E(Conductivity)

A= ds|Y 1.5M LiPFg (PP12 TFSI: EC/DEC
=1:1.25 wt.%) (A3 Y A)9} 1.5M LiPF¢ (PP12
TFSI: EC/DEC = 1:1.25 wt.%) + 6 wt.% FEC(A&|¥ B)
o] AxwE =43 Axl= Table 20 YeRAACE sl
A A9 ke 272mSem’!, HajY B Arre
338mScem™E, o] LT 7EYo] ohd A=
FollA ARgo] 715 ot A7 FECE 18t
Asfe] Armr}t vha A=A

(]

.3 X (Viscosity)

NAE Asfdol Asfjel A, As B, Asjey 2
AEE 2438 A7 Table 39 VFERAQITE Aald A
o] A= 4593 P, AsllY B H:= 3844 P, A
sl Co] F== 7.53 cPolt)h s Co} vlwsie] A
A A9} Be] A=t =2 AL FXE ERIsINY. A
w9} uA 2 A7 FECE Ye Haldle] A=
7t tha A=A

X,
i ox

34 7|88 oMY
Asfole] A7sek e B sl
linear sweep voltammetry(LSV)E 33l FAS

Table 2. Conductivity values of the electrolytes

Electrolyte C((I)Trllglicéllyll ;y
1.5 M LiPF¢
(PP12 TFSI : EC/DEC =1 : 1.25 wt.%) 2.72
(Electrolyte A)
1.5 M LiPF
(PP12 TFSI : EC/DEC =1 : 1.25 wt.%) + 3.38
6 wt.% FEC (Electrolyte B)

TE 2mVs'2 A3A, Liz stainless steel
electrode® ARME-3t] A3ttt Agh dsl|o2 A
A A, B, CE & 3714 o|W 2 AFE= Fig 29
2t Al 7] Al 25 vissst 27)8kek g
S THRA ATk v, 2 Foll MY co] EsiA
F7F 7 2 Hela M7l o - 2= wkgoll

&
Aol AR7F o HopAe B AF F Ak
Aaele] QPP LSVE Farstel AN 7
A om AFT 5 At

fle] Aafd 2 15 Vel Rafse A8
Qe Mok ®edFH, olf9 92 SEI 94
el met #esel, 5 ol dAls A5H
Ql Aao sl = "wigkol A e] o] T4

. %
71 QsliA 4712 A2o g A LNMOE
49 V7IA FAske zrdolma dnt Msjoloze At
& 7 SAIE 27 AR, d2A ZHEEhe
e 4] ARl1E7RE 7 AFo] 7isslez A
ok Hells Fert gluka sdsle] 2dsiln”
02 AFe F& AHEEQl LFPoIY 42 VA 34
o] & EdolH, o] HA7L ofd Ut A
71318 eFdAdlE EA7} QlE EFoA|u o]

Table 3. Viscosity value of the electrolytes

Electrolyte
1.5 M LiPF,
(PP12 TFSI : EC/DEC =1 : 1.25 wt.%)
(Electrolyte A)
1.5 M LiPF¢
(PP12 TFSI : EC/DEC =1 : 1.25 wt.%)
+ 6 wt.% FEC (Electrolyte B)
1.5 M LiPF4 (EC:DEC = 1:1 vol.%)
(Electrolyte C)

Viscosity(cP)

45.93

38.44

7.53

= e Electrolyte A
0.01- ®ee Electrolyte B
Electrolyte C

\e

0.004

-0.014

Current / mA cm?

-0.02 4

-0.034

T T T T T T
0 1 2 3 4 5

Potential vs. (Li/Li") / V

Fig. 2. Linear sweep voltammograms of the electrolytes.
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3 QA Hgol ZATE dEAe] ARE HSE F
Ao g o]g3lGitt. LTOx syl 3.0V my¥te
u2 a2 wol E8HEH o] aAjeke] 84
= Al rHAge R, thEd] A=A
graphite AlE AANQ] artificial graphite®] 35<1H,
|- graphite A= AAolA] ofF Ea=™ SEI
o] gol ¢kmd wi7kx] A% st 53] oA
A9

= AR HeE w) S=olxe] W] Aozt 7k

—_

B ofF Azste] oled Azt PF ol

4 Fad B3 20t Ao,
% 9 g A 2L LiNigsMn, 0=

4.9 V~3.5V, LiFePO,& 42 V~2.5V, Li,Tis0=
1.1 V~2.5 VO|}.2, artificial graphite= 0 V~2.0 VoIt}.
Aol ARE3E Hafole Asf A, Hafo B, Haf

A o, S92 artificial graphiteoﬂ ol Al C
& H7A19] FECS 6 wt.% T3k UTh
Fig. 32 AslY A, B® CE LNMO A=¢] 1

2AFEe AT Aot Al Aol WA L
111~125 mAh g'& AYT, FF &S 91~95%°|t}.
x—]sﬁoﬂ B«] Hl—x& &ak_q 113~125 mAhg 1o 0404_7_
3 882 93~98%0ltt. ZE Ao CollA =
SHFL 118~126 mAh g 'S AU, FF &2
96~97%0]T}.

LNMOY] €% 130 mAhglo] AlFHE S=2S
AREBISl e, o] 2] AA7F AREE sl A9 B=
71t SR 5% 2 27) 43S Asid A
el Al &F FAE2 89.1%, M3l B= 90.7%,
A C= 93.8%°lth. &8 FAI&S HRkFo=R ¢
F3HA BBl 53] oA HAE AMEg Ao

fAgo] T itk oled Azt AwvolE AY

o guinch HshhFHe] Y FAT WAL
AowA 2% G0 ASHOR Yol Ao 4
9] o] Fo3h oleH WA B Y= 9l
o Mlad A ghe 57 SHS BT B 4

ol xje] AsjAe FpRYo|E AL Lujs} &3}

HwaE o o 2 A
ogk o] 9] AFo| Wil W Ao
At 7ol ot e Eall=
e o] &4 Ao Eafof 23t
ol A ofsiA WA &7t =EAA EHo &
T 80| 1A He Zo] HAFUTE HI7HAITT AR
H A5l &% A& 5 28] ta JidEHe
A A7 ot HAro Arxe] sfdel o3k A
olty. A= ¥AN T4 &) AHHoZ i
stEE old Hlgsle] WP &3] TS BT
AUTE Al A Hal = A FUF T opds
w1618 ZH o] rashe RS JNAdslolt o] o
Aol LNMO A=og9] #go] 7158 Alo|t}.

Fig. 4= 3 A, B} C2 LFP AFe] 44 &
—5—40 N/\]sl- QJ,}O]E} ZJ—GHOH A—J Hl—xq B_ 2o
132~139 mAh g'& AUY, FF 8L 98-100%0]
q_ xqgﬁou B—/] aw B_EE_Q_ 135~143 mAhg 1o 04
AL, FF F8E 99~100%]th. 3 Asjey Col
A HEA 8-ES 144~146 mAh ¢S AU, FF &
£ 98-~99%0]t}.

LFP2] €3 145 mAh g'o] AlgEe &EAS AL
£33t flo Al 7R dslide] A A cE
ALgk Hafjd A9F BolX BT Z7] &3] 7|tX]
Hot 10% A= 9A AlF=HA &3 AX1&2 3
A AE 1043%, A3 BE 105.5%, A =
100.7%e1th. A C= 271 38 X8, A
Y A%} BollxE Al &7k Frlsle] Z71ET A
9] 5% A% FT7FIALE AlolEe] XYEFE S|
Azk S7bkRe A2 &3 ol/d A Mo A=
el FHglo] SRR 2 AduR ZEsid de
o] AMEFE o] XaEo] Al §FoR H
e AoZ B & Uk o4 A Aol
LNMO HSolMx8 W &5 =2A 3] &2
ey cru} Aoz JHE 5 585 AFst
o el A9t B &% fA1&°] 105% FHI3H

o
o
o
o
N

(e}
-

X Hxrt gaeiglont 71 JhilolE dajesk  E9lth LFP A& LNMO J=oxs} o] 4
A charge capacity :2:: 18 B : E:; ¢

L

3
8
L

A

©
&
1

Capacity / mAh g
Coulombic efficiency / %

discharge capacity (a)
A (b)

~0-(0)

.::I.:l‘,.:l:‘l.-.-l-.---.-

o
°
L

G

~
@«

AA

Ay A
A
adastanA a,

Voltage / V vs LilLi*
3
T

w
by

30cycle 1cycle

90— T

T T T T T T T T
[ 5 10 15 20 25 30 4 5 10
Cycle number

Cycle number

T T T T T T T T T
15 20 25 30 0 25 50 75 100 125 150

Capacity / mAh g

Fig. 3. Cycle life test with LNMO electrodes. (a), (b), and (c) represent electrolytes A, B, and C respectively. Charge and
discharge tests were performed at a 0.2 C rate. Panel C is the result with the electrolyte B.
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charge capacity — @ (a))
A A o) B
—m—(c)

° (a) c
A= (b)
—=—(c)

X
e 5 E!
= . lIE(JDDJU:IEL/DEDDDgnjruuDuLDLj S'100 ‘; ‘ . 62‘ Aughoa A A 5
< od AnAnA ° l n 1Y% ' o7 8'2 o ux..| "
£ AAAAAL ARAAA AAN] AANRD ‘S L] ..l Vamgy | > 3.
S 140+ ...o..,\f‘." 5 R >
£ n 8 b 00nt2° o °
S AAA}AI’U' 8 £ g
4 8840 E g5 g
8 o o
130 3 i
o
discharge capacity —O— (a)|
A (b) 1eycle 30cycle
—0— (o)
120 T T T T T T T 90 T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 25 50 75 100 125 150 175
Cycle number Cycle number Capacity / mAh g

Fig. 4. Cycle life test with LFP electrodes. (a), (b), and (c) represent electrolytes A, B, and C respectively. Charge and
discharge tests were performed at a 0.2 C rate. Panel C is the result with the electrolyte B.

charge capacity ~— (a) o (@
A A-(b) B . :b; c
-n-() e 254
“.ou 22208008044 8444 =
o0 eattessntleBaabelil, unentydls | 2 )
. ; o ) > =]
2 S 1004 =P
< 5 et N
£ e -..__._...-.------...- o 2
2" o L AAAA‘A A‘A.‘l: AA“A“A‘ <
= o 4 odee °
o =1 . o [}
g £ cogece® oo sodets %y o
8 S % 3 \
140 3 > h
o A
discharge capacity ~O- (2) 1.04 30cycle teycle
> (b)
130 o o

T T T T T T T T T
0 5 10 15 20 25 30 0 5 10
Cycle number

Cycle number

T T T T T T T T T T T
15 20 25 30 0 25 50 75 100 125 150 175 200
Capacity / mAh g

Fig. 5. Cycle life test with LTO electrodes. (a), (b), and (c) represent electrolytes A, B, and C respectively. Charge and
discharge tests were performed at a 0.1 C rate. Panel C is the result with the electrolyte B.

=
A==

239l BeFA) gk Vwd ke 2%
& 0 8F FA89 F3e o2y oAel Aol

7Fed £F 7 548 BT Qith
Fig. 55 Al A, BS‘L} CZ LTO A=< 44 4
ds AANG Aotk dafd Ae] Wd &7

154~155 mAh g 'S AU, 5 TEL 95-96%]T}.
ey B w3 156~159mAhg 'S AU
FF T8 96~98%°|t). 12]3 s Coll 1 ‘%P
LS [522~1529mAh g 'S A9, FE 1
98~99%0]T}.

LTOS] &% &2 M3ld A=
= 99.1%, Al C= 100.2%°]th. Al 71 Hajd
RF v 7t 8 glo] B F - 588 HoF
At AtolFo] = Bt MsqelA] LTOS &
g5l Ao 9 LFPS LTOS 5ol E
e o] Fal7t ujmjste] o] Ao Ea&liv; d
A 9 EAE gdd 2009 galsk A7 o
Ak Al A 2F FE G890 95~99% HLEo|H
Z7] %S 719 100% 413159t LTO AZollM=
Al A9} B7F Aajd CRU o] 2o &3¢S AF
3FAtE. LNMO$}t LFPIAE 02 CE & - ¥7o)
oM s 212 AR LTO A=l &9 ©
A oy As|Ho] ¥ BE LS AFst=
< O ASAA A7 vwAFe] desitiar

K

Mo 2

[e]
E

100.7%, 3]

N
© ¥ ol

<
(U

Hr} ol2A dAE 4%?:} o, 5 -3 280
95~99% At &% F2 FAES Hole Alle B
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Fig. 6. Cycle life test with artificial graphite electrodes. (a), (b), and (c) represent electrolytes A, B, and C containing 6
wt.% FEC respectively. Charge and discharge tests were performed at a 0.1 C rate. Panel C is the result with the

electrolyte B.
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