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Surface Film Formation on Graphite Negative Electrode
for Lithium lon Batteries - Analysis by SPM
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Fig.1 A simplified reaction model of lithium ion
batteries.

" RUHRR R AR BE T 7E R
P = 4V F — LY

)T LA RO BRI T T Y0 R
Lt RFEMEPHC STV, ZORELBEEO—
DU, Y7977 A VWA E)F T ADFFANTE
BholzlEThHbEH TR, TFLYH—KRA—F
(EC) ROBMHEMHEHT A LIZE>TTITT 7 A
MIUF Y252 FARBCE L2 L2%bhY, K&%
HErHTIENTEL7T 774 MEME LCTHE
WEHENL L9 12k -7, 2 2Tld, ECRDOER
LTI FYADPTHEATEDL L) o2l T T 7
A M EOBBERIZOWT, EER N ROV
$ (STM) & EERETHEDEMEE (AFM) 0 X9
ZmERR 70— T (SPM) & HWTHRzHEk A
DIFZEIZDONT T LD D,

2 77774 PABOREILE SEI

VF I LA+ EMDT T 7 74 MARIIEE) T
7 AZH LT 90 ~ 200 mV OEMEZIRT LIS, FE
WITHRWETT 2R T, 2O &) REM TIEET
IR ET RTCOAEEY RTINS, £72, |k
LAY TLREITLINLTHS ). DL RIX
ST, EPERROEMLE XRS5 2WIETTH L.
T Mb o, ARERBZHENTL) T oA
F R F U L BE—REMAHFITE S B/ HF
PRl Twb. 2L, BmFEEIZM S 2 OWED
A L TR OETTISN L CORBIREL L, B

© 2003 Japan Storage Battery Co., Ltd. All rights reserved.



GS News Technical Report

FICSUROBRENIER 1L 2 ), FEWE BRI R &
DETCICHTIHRZ 5% o TVENLTHAH. L
L, BREBEICL->TRIFILDTTT 74 MADIF
ABUBHHELT L2, ) F 7 A —REMO BRI
wHnAsA7uLryh—FKA—1 (PC) % EMIC
Hwa e, B2IZRTEHIE 79774 PO
) F I ADOFFADKEZ B EMIITET S L%, 08
VAL CEMDS IR Y, 797 74 F OFEEDLHE
55 Y. UFYARIEAT H7201213 EC & X— 2
ETDEBESVLETH D, ZOFEIL, BHIZL-
TEDORICISWELR Y, PCROEMETIXZED5
2 H L CEMEZ Y F 7 L O ADHETTT 5 %
BECTFLIENTERVWIEERLTVWS, T4
HE, EC L PCUEBPBHTHAIZOEDLT, 7
T 774 NEBIIIBIT A FORITCISROBEIHK
ECE LTS, ECTAVESGAIZERT S, )
FOLDPTHFATEL LTI 774 bOEKHEHEAR
WAL - ZEAL S 2B % SEL (solid electrolyte
interface) EIFATWVS Y. ZOSELIZY F 744+
AN LTEREERSH ), —T, EFEEESH 5T
bk, SEIEZ I 774 MAIZY) F 7 a4 F
YO BEEATE Z 5 201213 UHED S D TH B A
BRI OBIC RIS L > TEBE LTS, 20
FOSICEBMATEBEEINL Z L1246, SHUIARTHE
#ORKE 25,

EREEEZ L TBY, VFILAFACL-TT T
774 MNeEbaEY (GIC) % T 5277774 b

20
- 15}
ff:
g 40l a: PC
2
S
g 05}
5 b: EC-DEC
0.0 1’_ N 1 N 1 N 1 P N
0 100 200 300 400

Capacity / mAh g

M2 77774 bAD)F)LOBTULFHEARRE
a: PC/LiCIO, Ef#i&
b: EC-DEC/LIiCIO, EBf#&

Fig.2 Typical charge and discharge curves of
graphite in (a) PC/LiCIO, and (b) EC-DEC/LICIO,.
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Fig.3 A schematic diagram of in situ ECAFM
for analysis of SEI formation on graphite negative
electrode.
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Fig.4 An STM micrograph of initial stage of SEI
formation on graphite observed at 4 min after
potential step to 1.1 V.
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Table 1 Expansion of layer distance of graphite
caused by solvent co-intercalation.

GIC di(nm)
Li(THF) 14 Co 0.918
Li(THF) 25 C+2 0.909
Li(THF) 34 C1s 0.910
Li(DME) 24 C3 0.397, 0.827
Na(THF)ss Caz 0.389

Na(DME), 5 Ca2 0.397, 0.842

WAL FWAL, BHZ 1 nm BEIRRSES
TEHHLENTVE, INHDOT Lns, FiREEEA
e &b EC-DEC O AT L7z F 7 A28
HATHLEZDONPELTHS. 72, Besenhard
S5E7 4T b A =% =% 7780 S EEAT 5
LAOBAEME LTS Y. p, B4 IRT Rk
HEHTAFM THBII S h v oMELH LY. L
L, ZHEREICH W ERROMEN A T4 Th o
T, REZHOWIESTEIL L THB Y, £ OWkE = #ligs
LTWAhHThbeEZLND, BMAHEIZLTA
A VI 2 passivating film 2SR L 72 TH, #
OWEEBRET L EI2L>TC, AFM TRI4 12”5
N5 IR ELZ BT 2HNTE 5.
BUESHIEKL T4 E STM ClEBIETE R R
B, ZIUEARA FOVEIHFRIE DB AL 5 Z
ENEREEZSNL. AFM TBI%ET L&, K51
AT LI, 0.8 VUTClRERMEICzZ T, &
210 ~% -+ nm (ET L EEMEIBE NS, &
LIZEMETITSE, REPFLHMIZR-oTL R L
LI, B LD RTFOMBESR NG, I
5O, S, ECDEC REMRE 72777 74
MDY F 7 2 FEAOYEIEIIE 6 IR T &9
W2, WAL F a0 1 VEEOBMY?SIHA
Lo, 1 nmoEMOEEZFISREIS. 21
WL BEADLDIZT T T 74 MOREZHFIEEL =R
FL b, A LZEENY 57 213 8 5 ZEMAME
% EVEBEPSETTHCTRT 5. TUZL o T, &
HRErE (Fex 17U A& — blister EIFATWS) A
R s, A7y 7ry VTIRHAMSEE SR D, &
TR & B\ X Z I & TR & O BURA A
AT v T Ly YOG TRBHIZERT 5. Zhd ) F
7 LA T AREE O — solid electrolyte interface,




GS News Technical Report

0.65V

5 EC-DEC REMZ TD AFM 1%

Fig.5 AFM images in EC-DEC at different potential
during the first potential scan in 1 M LiCIO, / EC-
DEC.
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Fig.6 Models of initial stage of SEI formation in
EC-DEC and PC systems.
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(a) EC + DEC
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7 1M LiClIO,- # & & (a) EC+DEC,

T CV 1cycle D AFM & (2.9 V TEHR)

(b) EC + DMC
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Fig.7 AFM images at 2.9 V after the first potential scanning to O V at 0.5 mV/s
in systems containing 1mol/I LiClO,- in (a): EC+DEC, (b): EC+DMC, (c): EC.
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Fig.8 An STM image of HOPG surface observed at
3.0 V after maintaining potential at 0S.7 V for 1 min
in 1 M LiClO,/PC containing 0.5 M 12-crown-4.
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Fig.9 A model of lithium insertion into graphite in the presence of 12-crown-4.
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Fig.10 An AFM image of HOPG after polarized at
1.0Vin1 MLiCIO,- TFPC.
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Fig.11 Expanded AFM view of HOPG.
Precipitating layer is formed during preceding
potential scanning and the morphology formed
under precipitating layer is stable.

5 20

2003 4E 6 H 45 62 % 1

6 FMPOIHR

TR O B 5 A8 R JC IS 4 R L T SEL R
passivating film 254225, SNHICHEENS
BMIECTE L7204 %<, F72, HEOES L HW
CENEIEND. ZOL) Bl S, @R SELR
passivating film # BmHEE % 4 7% < L TRMEIZE
KT 5 L) AL Ens. chEc, Eibot
WA ESELRMPIIEZ L Db O R_ES N TV
L., FOHT, EZLrH—Fr—1+ (VC), =FL
YV T AR (ES) T VFUIFL =R R —
N (FEC) #HRTH A Z &b TS M,

INSOFRMIIIE 12 IZRT X HI2, FhEh,
VC: 135V, ES: 1.05 V, FEC: 1.15 V TEILHHO B
DB ENS W, 2nd CV TIE, B OBTTHHD
HENTHBY, HmIMPIZ X > T HOPG %2 SEI A
ERLTWBEZEDIRIEENS . ThbE, ECHD
VIE PC R CHBEOIIFANIMGE 2EBML Y O EARE
N CEICFKIODIGEE 5. S ORICTISIC X 5 ERW A
SEI & %\ & passivating film & LTI &, PC % Al
WCHWTH ) 77 20 ABBEASHEITT 2 L9 10%
5.

R1BIRT LI, VT T L2DOFAIKI 5TH
BHEAE A ICR N3 5 R < blister 1X720 51
v, INS SEOBIMITIE, AT 2 HEOE S
WERLL. VCOROECEHEOWEL 52 5. &
MBS A TIERWA, VCA2EREE/ v—2 L
T &, ZEZEGWERAEEIAERT S 12X
bEEZTNS,

=
o

-20
10}

Current /1A
Current /A

5L -40

-20

o
T

[

=

o
T

Current /A
S

&
1)

0.0 05 1.0 15 20 25 3.0
Potential / V vs. Li*/Li
1M LiCIO,/ PC+VC

0700 05 10 15 20 25 30
Potential / V vs. Li*/Li

1M LiCIO,/ PC+FEC

00 05 1.0 15 20 25 3.0
Potential / V vs. Li'/Li

1M LiCIO,/ PC+ES

12 1M LiCIO,-PC E##RIC3EE % D VC, FEC, ES &ML =R TDH HOPG ® CV
Fig.12 Cyclic voltammograms in 1M LiCIO, - PC with addition of VC, FEC, and ES (3% addition).
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Fig.13 AFM images in 1M LiCIO, - PC with addition of VC, FEC, and ES (3% addition).

Thickness of precipitating layer : VC < FEC < ES
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