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Abstract: Atomic force microscope( AFM) is one of the most important advances in surface imaging technology. Tt can
provide local morphology, chemical and physical information of materials on the nanometer scale. In recent years, amplitude
modulation-frequency modulation, Kelvin probe force microscopy, electrochemical strain microscopy, scanning spreading re-
sistance microscopy and other imaging modes have been derived from the original mode of AFM, which can provide more me-
chanical, electrical and electrochemical information. At present, these state-of-the-art AFM methods have been applied to
energy storage systems, specifically lithium-ion batteries. The physical and chemical information of the electrode surface is
provided on the nanometer scale, which provides a reliable experimental basis for further understanding the electrochemical
process, degradation mechanism and dynamic performance of lithium-ion batteries. This paper reviews the working principle
and working mode of AFM, introduces the latest application of AFM in the research of the negative materials of lithium-ion
batteries. Finally, the application of AFM in the field of negative materials of lithium-ion batteries is prospected.
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Fig. 1 AFM topographic height images of the Li electrode surface acquired at various time during the Li deposition (a~c) and corresponding adhe-

sion mapping images ( d~f) (the image acquisition was started at the beginning of the Li deposition process (=0 min) , the scale bars are

100 nm) (2%

4 AFM 7E B G2 AR #4 #HR 55 H HY Rz F

4.1 HERELHMMBFRPHIER
N T SO A R R, R e A R A s A

R 4 8 i, X e H i B R 1 R4 2 H L
BRI A, KA IREEE S 2, 2ies
1k SRR 2 TR AR SR, AR e e B
WA R (A 372 mAh - g7 RIS HE  S T



414

Hh AR

39 %

& Ja FRE UL RL, AR TARE AL 2 S BORHR 43 LIBs HL
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B0 LiF JeHLER . T LiF FA By it i R e o
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UNESPORSE: Nl R R NI IR ;7 N | e
1 mol/L LiClO, ) PC L& T ik AT 70 AG AR, A A
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IXLEHH/NORE 2 7E HE— 2 B R IR T B AR KA R, B
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TEHL AR I AERERE AT LA Mn e S5 58k AT,

Height Sensor

Height Sensor 400.0 nm 400.0 nm

P2 BB RN [ LS AR AFMOESURA 7 (a~d) 7E EC/DMC HU#H, (e~h) 7E FEC/DMC HLfi#3
Fig. 2 AFM images acquired at various time during Li deposition*); (a~d) in EC/DMC electrolyte, (e~h) in FEC/DMC electrolyte
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ZER (0.2 A g Flit 1000 mAh - ¢7') . AFM Ml %
B, ZMORHE SR AT AR L B Ak R S5, 1T
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200% ., TEREG BIHG IR, Bk 48 K A 400 4R T8 25 JF 1R ok
Ap L ES 27T RIEA ), EHAEHN 300 m KT 300 nm
BYREGAKAE 4G =R 24480, i 200 A1 100 nm B REG K AR
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S, S XA R ) S EOR IR T SET B 7R AR K
WAL, XRERGCRSF TR miiE A, 7
TR AR AL AT SRARAFFT I, U WA 6B A 1 2 A X SET
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N T AR RAF ) SEL B, Wi/ il A i e, 3RS
o B AT A RE SO A RL, AR SR ST AR TR 2k
TS, AFM 7E X SR 5Y R AE L B B AE ], Huang
SR FH P A BRI ) 45 T —Fh Ak P-doped Si/graphite
(PSG) B A REMM AR, IFE RN, AFM XX E & iR
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SRR, B —E MBT S5 0k B R I = i1 3
BOR, N TR E R AR, % AR )R
UURL(ALD) W7 YA 7E ML 45 0 () fif H AR R T 1 45 T — )2
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FROCA S0, RRZEA R E M (K 3) . Lahi
SRR SRR B IR TR Sh R Ag UTUBUTE RE R

0.12um

PRI, AFM 4550875, Sh B S M AL RAT APy
PRAFAHIERE . Zhao 55 Gn 1 — b 5 T DL 2R 11 A 5 4
MEEFRRSY ., AFM 507 IR, ZR e
SERETRAT R AT LS 57, HRERHE s AR (Y R
A P A T RS WU R 2850 SE B T i S A AR
TEER, Wil T RA R R R,

(]
0.09um
o = —-0.25um

)y 0.11ym
—-0.11pm

dlum

. 5 ~—=0.19um
T VTpm

B3 473 nm ALD 32 (a) MBATIRIZ (b) BIMBLEERARTE myc: mgye N 3 27 B9 1.2 mol/L LiPF, MU T IRER G B9 AFM JE A 162)

Fig.3 AFM images of a-Si pits cycled in 1.2 mol/L LiPF4 solution which my.: mgyc=3:7 with (a) and without (b) ALD coating of 3 nm thickness'®!
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SRR, LTO RMEES — RS Pl A B PIEI AL AR T S R s B 1 84k, BT LTO 17
T ZE R AR A, FTERDRE BE 3 I B0 T R BRAE Li, Ti,0,, A Li, TigO, P AH 22 18] & A T 336 AH A2 9 2
W/LTO i Ay fif i B L BHL A B I, Verde 257 1 B, GG JRAL c-AFM 5 XPS Bl 4E R, K # LTO it
c-AFM JREAFFE T LTO bl 76 8 Ak R o B e A9 M WA AH S Sl B il e fh P A, TR At & A T
R, WE S PR, AFM B BoR TR REAEAR  HE AR ES R,
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nm
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E(V) vs LiLi*

€4 Sn-foil TURTE mye: mpye=1:2 19 1 mol/L 19 LiPF, ', ZEARRIHAL T AYEAL AFM B RUR 2k, Ak ~2.5 V i,
Sn AR R HH B T W1 B 0 gk g L)
Fig. 4 In-situ AFM images of a Sn-foil anode in myc: myye=1:2, 1 mol/L LiPF, solution, recorded at different potentials and the corre-

sponding voltammogram , some features of SEI can be observed at the Sn electrode at potentials as high as 2.5 VI®]

e
T = =

B5  Li,TisOp, B A R B IRZS T A9 AFM = 4B SRR A U700, (a) JRERZAS, (b)HH 50%, (¢) M E 1.5V, (d)HHELOV,
(e) FLHL 50%, (f)FHL 2.0V
Fig. 5 AFM images of Li,Ti; O, electrode cycled to different states of charge[m . (a) pristine, (b) discharged by 50%, (c) discharged to 1.5V,

(d) discharged to 1.0 V, (e) charged by 50%, and (f) charged to 2.0 V
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B H B A RERE B 0 FAE R R A 5 ORI, A
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