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393} 1-buthyl-2,3-dimethylimidazolium(BDMI)A| o] &4 aix|e] AW wkg-8 o|aslr] ¢t
lithium bis(fluorosulfonyl)imide(LiTFSI)7} €-31%¥ BDMI-TFSI £ ZolA A 7]s}st =7k
& 1) 7 (electrochemical atomic force microscopy, ECAFM)S ©]-&3te] <=3 AtAFH AFo|
Jojxle] g EEsl S<A(highly oriented pyrolytic graphite, HOPG)®] EHS in-situ®
AZ3ATE. HOPG A=ollA 9] 73 A3 E2uke-2 87| 29kem, BDMI®
Fol22] AFdell <3k blistere] ¥4 B bl Fo] sFute] FAFHITE HA, BDMI™ Fol2]
A W& FE7F 4.90 mol/kg?] LiTFSI-propylene carbonate(PC)E 15 wt% 3l U=
BDMI-TFSIAIOIX = dofubA] ggken, o] ZAfolle 7H3l 2] Ay gelvkgol X
F k. ECAFM A3 ZE%E2] PCA €9 o] solid electrolyte interface(SENE FA o=
Q13 BDMIT el Agg e vlg- a4 A7HY S YeEpd Ath

Abstract : In situ electrochemical atomic force microscopy (ECAFM) observations of the surface
of highly oriented pyrolytic graphite (HOPG) was performed before and after cyclic voltammetry
in lithium bis(fluorosulfonyl)imide (LiTFSI) dissolved in 1-buthyl-2,3-dimethylimidazolium (BDMI)-
TFSI to understand the interfacial reactions between graphite and BDMI-based ionic liquids.
The formation of blisters and the exfoliation of graphene layers by the intercalation of BDMI*
cations within HOPG were observed instead of reversible lithium intercalation and de-intercalation.
On the other hand, lithium ions are reversibly intercalated into the HOPG and de-intercalatied
from the HOPG without intercalation of the BDMI" cations in the presence of 15 wt% of
4.90 mol/kg™" LiTFSI dissolved in propylene carbonate (PC). ECAFM results revealed that the
concentrated PC-based solution is a very effective additive for preventing BDMI" intercalation
through the formation of solid electrolyte interface (SEI).

Keywords : Ionic liquid, BDMI cation, Lithium secondary battery, Graphite negative electrode,
Surface film, SEI, ECAFM
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Fig. 1. Cyclic voltammograms of the HOPG basal plane
surface in 0.86 mol/kg ! LiTFSI dissolved in BDMI-TFSI.
Sweep rate: SmVs .
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Fig. 2. In-situ ECAFM images (5 x 5 um?) of the HOPG basal plane surface obtained at 2.9 V in 0.86 mol kg ' LiTFSI
dissolved in BDMI-TFSI (a) before and (b, c) after the first cycle of CV, and (d) after the second cycle of CV.
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Fig. 3. Cyclic voltammograms of the HOPG basal plane surface in various concentration of LiTFSI dissolved in PC.

Sweep rate: 0.5mVs ',



190 J. Korean Electrochem. Soc., Vol. 13, No. 3, 2010

Suje =7} #AEA) gov, ol§ i) 59 AT %
ol SV} B ke 2L < 5 9Irk. ojok T

©2 200, 327, 490 molkg & FolA= HOPG U+
2 FFo| AYEE v A%EHE 0V £ s
Fo FFY gEol A%HE 06V H29) 2sdR7)
ZEEINTT 71 7194 0] Frt ARl wet Folx|aL
o], arEre] MAUFE SEl B4 Yol £
g1 4= Atk cvel AFE ECAFM 3739] 7%,
S5mv/se] A9 FA 2 W8-S Z1FAR Aol thal,
Fig. 3014= 0.5mV/ise] =2 ANE FAIGIT 1
olf= PCAl 89 FollA mE =2 98 FARH
259 A 9ke3 SEI ¥4 Qo= gnjste 2159
k] ukgo] Zg)sle], SEI &4 A &3t sS
AGA sb7] wiitoltk® wabA Fig. 3ellMe A9 FAF
£5g =24 sl o7 FFe POl AsiE Follx] 21
== SEI BA wkgol #A3t YRS AT T3 2
Aol AHEE ECAFM A& Fig. 30149} 7+&
0.5mV/ise] A9 FAF EE2E CV7 S K] &
ths A AlFe] A7 Qded, Fig. 13} Fig 3, L8]
ool AHsl= Fig. 404 TR A9 FAF £27} o]
SEAAT, Bt ZEl siMS SeiMe IS S
FAF oA 2T "avt o Azt

2 A= SEL 84 5ol 7P 978t 490 molkg
9] LIN(SO,CF3)7} €3 ® PC €98 A7H=Z AR
33t o] F== PCOll &31E + = LIN(SO.CF;)
o] FHujXof] 77k FolH, o] SAe HIH=Z AME-SH
99| CV AHE Fig 4o JeRAT). 2E2] A v
I g2 Wkl 7|Qlslke ATt At/ bt
0 Vel 0.6V F-ZollA FA=UCE T3 1Aje1E9] 05V
F2ollA = E v7idE FAHRIE 241012 =
FER] ek, o)A o] ZFr} SEI Aol A
A& omgit), 2 BDMI-TFSIE= SEI 84 588 71X
A ¢EAWF SEI SAAIZ H7KE asse] pC £9o|

(@)

3
500 1000 4800 000 F00 3000 300 4000 9500 nm

0 90 20 3 4 0 80 TO 80 90 w0

00 1000 4500 J000 A0 3000 300 4000 4800 nm

0 20 W W S0 60 O B0 G0 WOA

10 T T T T T T
0 i

:é 10 o

=199 2nd T
g
=
=
Q

20 - J

-30 T T T T T T

0.0 0.5 1.0 1.5 2.0 25 3.0

Potential / V vs. Li/Li"

Fig. 4. Cyclic voltammograms of the HOPG basal plane
surface in BDMI-TFSI containing 15 wt% additive.
Additive: 4.90 mol/kg ' LiTFSI dissolved in PC. Sweep
rate: SmV s,
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