Vol. 47 No. 2
Feb. 2019

84T B 52 1
20194 2 45 11—25

Mo TR

Journal of Materials Engineering pp. 11—25

EETHEBEEARSTER M
Wt 5Tt R

Research progress on interface reaction of

silicon-based anode for lithium-ion battery

R AR o <27 o 7 R ve | 1 T

(1 Je st A @ Jm O 58 BB, Jb st 10008852 EHKIR4=3h /)
LB AE 5 B A IR B2 AT\ L b st 100088)

CHANG Zeng-hua'?,WANG Jian-tao'*,LI Wen-jin""?,
WU Zhao-hui* , LU Shi-gang'*

(1 General Research Institute for Nonferrous Metals,
Beijing 100088, China;2 China Automotive Battery
Research Institute Co.,Ltd.,Beijing 100088, China)

FEE : ROy — PSR ) i B e ARl TR B R )Tz 00 . SR T A R S R P AR B BRI
PRARAS AL . S B AR/ HL AR RS T AN E S S BRI R AR R A ) R R R 2 — o IR TR A SRR 9 5 T B ML B L AT B
TV R GO A ST B T R R e SRR B A R . AR SCERIR TR SRR BT B B AL BLRD L B4R Li-Si A Ak
T R A T AR A A B B AN R T S R Y T B O TS T R i e A S P RE RS

KRR : PR T RE U Li-ST B B s AL 5 BlAG IR

doi: 10. 11868/j. issn. 1001-4381. 2018. 000450

FESEE: 0613.7;0646.21;TMI12. 6 X EAARIRAD: A XEHS: 1001-4381(2019)02-0011-15

Abstract: As an attractive candidate for anode materials, silicon has attracted extensive attention. The
instability of electrode/electrolyte interphase due to the inherent volume variation upon (de)lithiation
is one of the major factors that limit the commercialization of Si materials. The in-depth understanding
of the interface reaction of Si is helpful to modify the interface properties of Si, and further improve
the electrochemical performance. This review summarizes the research on the interface reaction mech-
anism of Si during (de) lithiation process, including Li-Si alloying process, the reactions of primary
oxide layer and the formation of passivation film on the Si surface. Moreover, the effect of the three
processes on the Si electrochemical performance are also discussed.
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Fig. 1 Electrochemical alloying curves of Si and Li

at normal temperature and high temperaturet”!
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Fig. 2 Capacity differential curve of Nis,Siz 2]
(a)discharged to 0V at first cycle;

(b)discharged to 50mV at first cycle and discharged to 70mV then
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Fig. 3 Schematic illustration of equilibrium Gibbs {ree-energy

curves for crystalline Si, lithiated phase Li,Si and amorphous phase
AM at infinite sizes (solid lines) and total free-energy curves
for corresponding nuclei of small sizes: Si*, Li,Si” and AM”
(dash lines) (The total free energy of a stable nucleus is higher
(less negative) than the equilibrium Gibbs free energy due to the

additional interface energy) '3
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Fig.4 Total free energy of a spherical nucleus as a function of
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nucleation-energy barrier G* and attain the critical nucleus

size R* to grow continuously!!?’

1.2 s R~F34 Li-Si § £ LRI 00

B0 i G AR A KL B W 58 T LA L LisSi & 4
At B CF B AR Ligs Sty BT B0 58 2R M T i 450
RRE . A B AE T BIOK BE Gk 250 B D R ok
fit (78nm) FP A5 I A4 S84 HL i 2R AT LA L BOKR B AR
0.45V iti i — AR 6. % F G MW E o Lis S,



14 MR

20194 2 A

] a-Li, Si B Ak i WG A DX o 177 99 K ik 10 2 2o A e 3 o —
A AR F e i 2 U B B U a-Li, Si#| a-Si
5 Aot A% TR SR R P T BB IO o Lis Sy A2 .
Li % R FE A7 XRD & B R R S ARE (325
mesh size) 1 Liys Si, FHTEHRELHE A0 60mV B &k
A AR 4, . Zhang S5 AR 5 09 A B 4A 1A N
(R i B Li fi A TC 8 TE Li, Sio AL Li iy vk JBE 38 i )
Lis Siy AL B, 2 fix 21 AH 19 BV RE it fE LR AM Fl AM
Z B (K 3) . TR BRI, JoE I Li, St A AL d
A Lis Sty AEH AL . S AH O 550 WS- B B RE HL TG
TE ARG AH H T R B 5 1 51 B A R N T TE Y
Li, Si 8|54 Lis Sty AR B A ATAT Y. K1,
TSR T T BURLI R R 8% K. DL T 45 il f rp 3k
AT/ T RE B 385 0 5 1A FRURE 1 BEAIAE L 38/ A T
TEAZARAS . AHAE W] DL3E b AR 9 Bl B AT N

ALY o AERX R OLT »— H R AL A o E I
AR T 2 i A ST E R R AR AR T A .
KL RUSE 8 /IN i /N IORE A B L B S5 BE R e B T RE
A R AR RE S (B 4 Bk, 1 T2 ZAE
SR RE R G0 2 DUBORL RO /N T T R 2 UL
JOSF /N T i FAEL A X 26 0K AR A 19 % 2 3 ) 22
ANEEE 19 TR BT [ 76 RSV R N T L g, e
AT » UL PR I BSE B L A /) JUARE PR T 9 S5 I e A
J1 AR ARG K BORL b 0052 21 5 1508} HL s ith £k AT
fiEse Li 5 Si 3 125

Tl Gao S5 5 4o 6 C Fi, 3o st e e 24 O P I 45
ANBURLAE B RE 8% 400 ] 07 26 o e b A B A8 14 75 — b i
B B TN RO RERTRNE 0. 05V 78 47 55 Bk R i 2K Fi fit
Y T A PR 8 1 S 0 R A BT DA B A i PR e v AT
oLiys Sty JE S0 FE RO 5 AR 2l 2k W& 5 B

Parasitic reactions «——————— Suppression of c¢-Li .Si,

-4.0
45
50—

—a— Si(130nm)
—=— Sj(60nm)

Static leakage current/(uA-mg ")

L 1 1 L
0.0 0.2 0.4 0.6 0.8
Potential N

vs LilLi+

120

FI? (b)c-Li Si, | ;

3 100 154 < 150

< peak < . .

= L =100 . VAN
> 80 ] s an/ a

g 60 H g 50 s

g £ 0246810
< 40k v Nlcycle

S 20} \ —— Si(130nm)
= I\ —=— Sj(60nm)

0 L 1 1
0.2 03 04 05 06 0.7 0.8 0.9
Potential N

vs Li/Li+

B 5 SiNP/Li 2 s i 28 B o iy £ 12

Fig. 5

Differential capacity (dQ/dV) plots of the SiNP/Li half-cells during cycling under 0. 1C rate with Si electrodes/2*]

(red: 130nm Si in FEC-free electrolyte, blue: 60nm Si in FEC-containing electrolyte)
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Fig. 7 XPS spectra (Si2p, Cls, Ols, and Lils core peaks) obtained at the surface of the Si electrodes (a)pristine electrode;

(b)after a capacity of 360mAh « g~ !;(c)after a capacity of 3800mAh + g~ !;(d)after a complete electrochemical cycle
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Fig. 8 XPS analysis obtained at the surface of Si electrode during the fifth electrochemical cycle
(a)after delithiation at 1. 2V; (b)after lithiation at 0. 005V
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Fig. 9 Representative cyclic voltammograms using 1mol « L' LiPFs in EC/DEC (1 : 1, mass ratio) and (100)

silicon wafer working electrodes

(a)with a native oxide; (b) with a RIE etched surface. Both electrodes were cycled from

OCV (about 3.0V) to 0.01V Li/Li" at 10mV * s~ ! scan rate for 5 cycles
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Fig. 11

electrolyte during cycling of storagel™’

XPS spectra of Si particle surfaces and schematic of compounds formed at the interface of Si particles and

(a)Si2p spectra (in-house PES, 1486. 6eV) ; (b) schematic view of the compounds formed on the

silicon particle surfaces during cycling and/or during storage with the electrolyte (to the right) ; DSi/C/CMC pristine electrode;

@a pristine electrode in contact 96 days with electrolyte; @ after a first discharge until 500mAh/g of Si; @after the 100th

discharge at 0. 12V (with precycling) (to the left)
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Fig. 12 Capacity wvs. cycle number for galvanostatic cycling of

HF-etched SiINWs and pristine SINWs (un-etched) at the 0. 2C rate
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RAETES — W B AL B 7 EC fl PC HLfif i SET
11 f5e KPR 43 29 24 17nm Ml 10nm, Huang 45
RIE T — B AL AL 2 SR T O B (EC-AFMD Jr 12
B i R R T T S5 S I 9 BT IOK 2 (micron-Si)
YK K (nano-Si) i BB 19 47 RS . 45 3 R i
DK T HEL R AE it B A AR v B R AR B AR fb 5 80 SET 3R
TR AN R 2 A K R T 4K Y SET 8. 1 40 K R H i
F U RENS Y N H AR E 1Y SET M. A IR i & B
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IR LiF Fa] B A Bl T £ v B B 49 B FR £h 25
. HULRTA TTHLS S AT e B T HoA R I
PR A SET 5 LA ZZ b A B Ak A9 E . Yohannes %57 3R
FE AL DRIFT S 3% 42 AR X b 20 #1 1 7E 1mol « 17!
LiPF,/EC : EMC(1 : 2) = VC(2%) f 1lmol « L'
LiPF;/EC : EMC(1 : 2) : VC(2%)+FEC(10%)
ik LA 2% 1T SET (% T Bl FH v fb o B . 45 R R BE
AEI FEC /Y|, SET R 2 2 iy poly (V) , %
i TR Tt P B R AR 4 B . TV I 10 6 FEC 1Y v g W
TE I poly (VC/FEC) | 5 IR i - ik IR B2 L b L Ak &5
Yyrn e HwE IR B, HWS fin FEC 1 % 3 poly (VC/
FEC) & g hn. 3% ik 43 28 4k . 145 % FEC BH
15 7 RO FR 3 R s R RN R B B A R .
F A b Sk AT JE A R AE B R 7E SET AT 5
BN FH S TR AT RE S 245 SET T 18 A ot 25 1) 7 3%
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