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Direct Observation of Temperature Effects on Surface
Film Morphology of Graphite Negative Electrode by
In-situ Electrochemical AFM
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Abstract

With the increasing demand for Li-ion batteries for electric vehicles and ESS, extending battery life is one of the
key development challenges. Electrolyte additives and Li salts are important factors that significantly affect the life-
time, but the mechanisms of their function have not been fully understood. In this study, we investigated the effect
of temperature on the negative electrode surface film morphology in LiPFs—based electrolyte with addition of vi-
nylene carbonate (VC) or substitution of LiPFs for lithium bis(fluorosulfonyl)imide (LiFSI), using in-situ electro-
chemical AFM. AFM measurements showed that in the case of LiPFs—based electrolyte, blisters were formed by re-
ductive decomposition of the electrolyte at the step edge of the negative electrode, grew further with increasing
storage temperature up to 45°C, collapsed at 55°C. Furthermore, surface film including blisters partially dissolved
at 65°C. On the other hand, in the case of VC addition or LiFSI substitution, blister collapse and film dissolution did

not occur even when the temperature was increased to 65°C.
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Fig.1 Schematic diagram of In-situ AFM experimen-
tal set-up.
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Fig. 2 Schematic illustration of bearing analysis
method.
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Fig.3 Cyclic voltammograms of the HOPG in various
electrolytes.

(@) 1 M LiPFs / EC + DEC, (b) 1 M LiPFs / EC + DEC +
1% VCand (c) 1 M LiFSI / EC+ DEC
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Fig. 4 AFM images of surface films scanning at each  Fig. 5 AFM images of surface films scanning at each

potential with 1 M LiPFs / EC + DEC. potential with 1 M LiPFs / EC + DEC + 1% VC.
(@28V—=19V,(0)19V—=10V, (0 1.0V=01V,(d) 01V @27V—18V,(b)1.8V—09V,()09V—02V,(d)o0.2
—-10V V=10V

ZENbNB. ThuF, VCBARL Tz poly VC %
oligomer VC1© & LR X N 5. LiFSI REMIKE T,
7Y — FEER 1.7 VAHEDNS 5 nm ~ 10 nm D
JEMFERL LGS, 0.55 VA5 10 ~ 30 nm Ik
45 hbns. blister DIERIEIES, #EIZE
MICKET 5 EMNHEMNICIE> . TN, LiFSI
M LiPFs X 0 & fREEEDN TN &5 12, UF T LN
Ty VED BT BBRICIE O AN B DICL
WS EMFELTWSEEZLNS. Y17 Uy IR
VR AN =D A — REERIC blister A2 pKIC &
% 05 VIBEDE T — 7 WM & & —3d 5.

32 YA U IVHHWEDRIKICEZ 2 RE

Fig. 6 AFM images of surface films scanning at each YA Y IR EY AR —% 351277
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Table 1 Amount of electricity during cathodic scanning, irreversible electricity, coulomb efficiency and total irre-
versible electricity during cyclic voltammogram using various electrolytes.

Amount of electricity during Irreversible electricity

cathodic scanning /1072 C /1072C Coulomb efficiency / % Total irreversible

Electrolyte nid )
y Tst 2nd 3rd Tst 2nd 3rd Tst 2nd 3rd electricity/107C
cycle cycle cycle cycle cycle cycle cycle cycle cycle
1MLiPFs/EC+DEC 74 7.8 5.1 48 4.8 2.7 352 379 46.9 12.3
1 M LiPFs / EC + DEC
+1%VC 6.2 6.9 32 4.8 49 1.7 229 284 46.2 11.4
1MLiFSI/EC+DEC 58 2.7 24 35 12 12 39.1 554 51.2 5.9
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Fig.7 AFMimages of surface films after cycles.
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Fig. 8 Change in film volume during cyclic voltam-
metry.
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Fig.9 AFMimages of surface films after storage at various temperatures.
(@ 1 M LiPFs/ EC + DEC, (b) 1 M LiPFs / EC + DEC + 1 % VCand (c) 1 M LiFSI / EC + DEC
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Fig. 10 AFM images of surface films before and after cycle.
(@) 1 M LiPFs/ EC + DEC (b) T M LiPFs / EC + DEC + 1% VCand (c) 1 M LiFSI / EC + DEC
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