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Research Progress on SiO, and its Composite Anode Materials for Lithium Ion Battery

SHEN Ding, CHEN Tiancai, JIA Mengyuan, QIN Shuai, DONG Wei, YANG Shaobin
(College of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China)

Abstract: To meet the growing demand for electrochemical performance of batteries in electronic devices and electric vehicles,
high-performance lithium ion batteries and their electrode materials have attracted recent attention. Silicon oxide (SiO,, 0<x<2) is
considered as a promising anode material for lithium ion battery because of its high theoretical capacity, low voltage platform and
abundant natural resources. However, SiO, has some severe challenges, such as poor cycle performance, low Coulombic efficiency
and low rate properties, seriously hindering its commercial development. In this review, the lithium storage mechanism of SiO, was
introduced from its structural characteristics. The research progress of SiO, and its composite was represented in detail from three
aspects, i.e., the selection of silicon source, the design of binder and electrolyte. Furthermore, the effects of organosilicon sources such
as esters, silanes and biomass and inorganic silicon sources on the structure and electrochemical properties of SiO, and its composites
were summarized. Finally, some challenges in the process of commercialization of SiO, and its composites were analyzed. It is
indicated that the challenges can be solved by comprehensively adopting modification strategies and approaches such as the design of
special structure, element doping, pre-lithiation and the introduction of good conductive carriers, which can effectively promote the
commercialization of SiO, anode materials.

Keywords: lithium ion battery; silicon oxide; anode materials
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Fig. 2 Structure of SiO, composites with different silicon sources
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Table 1 Electrochemical properties of SiO, composites with different silicon sources

First reversible Initial

Capacity retention Current

Year Silicon Material capacity/ coulombic rate (%)/Cycle  density/ Electrolyte Binder References
souree (mA-hg™) efficiency/%  number (Agh

2021 TEOS Si/Si0,/C/Gr 773 65.4 79.5/200 0.3 1 mol/L LiPFs in SA [27]
EC/DEC+5% FEC

2019 TMOS Si0,/C 226 443 80.0/100 0.1 1 mol/L LiPFs in PVDF [29]
EC/DMC/EMC

2020 VTES SiOx/C 759 63.5 70.4/150 0.1 1 mol/L LiPF¢ in SA [31]
EC/DMC/EMC

2021 MPTS SiOx/C@void@C 939 48.8 93.6/100 0.1 1 mol/L LiPF¢ in SBR/CMC [32]
EC/DMC/DEC

2019 Bamboo Ni/SiO,/C 865 69.3 49.5/1 000 5.0 1 mol/L LiPFs in PVDF [33]
EC/DMC/DEC

2021 Bamboo Sio,/C 1258 94.4 102.5/400 0.2 1 mol/L LiPF¢ in SA [34]

shoot hulls EC/DMC

2021 Rice husks SN@C/SiO, 1253 70.4 91.8/200 0.1 1 mol/L LiPFs in PVDF [35]
DC/EMC/EC

2019 CaSi, Si0,/Sn/C 1084 72.5 77.4/100 0.1 1 mol/L LiPF¢ in CMC-Na [36]
EC/DMC/EMC+5% FEC

2020 SiCly V-Si0,@C 1201 92.0 93.0/600 1.0 1.2 mol/L LiPFgin CMC-Na [37]
EC/DMC+3% VC

2018 Diatomite  SiO, 1188 70.0 71.3/2 000 4.0 1 mol/L LiPFs in PAA [38]
FEC/PC/DEC+1% VC
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T MR (PS) %%

Choi 2P7HFST T FEC Xf SEI i 45 4 il v AL 2
PERERIFZ, 45 SRR B FEC 45 B T4 i LiF F1-Si-F
AL EY), WGE T SEI M EE AR e,
BRAR T 2 8 T FELAAL T 1Y A R TR R RT U0 it 1 s o e A
ff FLB B YK Coulomb 20K M 87.8%3 =1 2] 88.7%, &
i 80 AEH G B R IRFFRE H 67.9%2 3 88.5%.
Nguyen Z5P8HEFE TN TMVS X SiO, B
SEI JEZE A AL 2P ERE I R, 45 SRR B TMVS
A BT B R T ok S e X 48 S, AT e 4
T SiO, %2 %] HF B MAER, & 1 B gt
SE VERTHAL 2 PERE s S0, o HIARZR T 200 IRTEFR S (1)
BERARFFR Y 84%, FIHIZAE N 1206~1 017 mA-h/g.
Yoon ZEPUHEE T ¥R VC. ES A PS % SiO, Bk
[l SEI &kt FI b 22 RE s, £5 &8 PS
A DAE B2 AR K VR, AT 001 26 i A A
g T aiiae s B PS JE R SEI A
A3 £t/ NI A B Haruta 256V e & W4 n Ve A7 Bh T
A2 s FLI5 50 SEL R, AR FEAA R 43 e IR I A
FIF Li 7R8I EER e IGAERE O
I VC J&, SiO) s Zit 500 RAEIF G 25 2 AR EFR
24.7%34/MF] 92.5%. Huang 5B ERE, WK
R THBR Y 2.B5(DFEC) A B T sk 45 Hy T fa e
(F)E & LiF 1) SET A B, AT 389 5 F Bl 110 25 #e A 1
BT FHEE, SiO@C HRRIH BRI 4
B MR E 1K Coulomb 20K, 23 200 RKAGHE 1)
BEEFEN 70.3%, “FH Coulomb Rk 99.8%.

2) THLRANA

T A RT3t SEI AR, 1B H R
RRFRIE PO T8 . Qi SR FE T LINOs Xt Si0y/
F S AL SEI A5 M A sk 2=t R i e, &5
RFBILEARIN N LINO; B TE ) SEI B4 )8, BHAS
THETFMRT . FEMEEEMRK: %N LiINO;
J& s AEE YRR AR T 73 AR U LiNLO, AT LisN 25
H 7B TS, E SO BEAMEHE 1.2 A/g
HLL S T ] R =52 2] 150 mAh/g.

3 SiO K EZ bR T I # Pk &,

% SiO, H S AR TR, SiO, 7E RIS R
VA B I R I T BRAR : B IR R
BRI E IR Coulomb RN FPERE, 1%L ] 51 7™
HIAMG T SiO, Futkdr BRI AL RS, B AT i
F B AR B B S e AT TR
BT, TEIFAERE. Coulomb BRI Ik RESS

T EE REAR IR B2 4
3.1 fEIMERERUH

SiO, 5l N O JuHFE — R EL D T i it 72
WO AR R K R e, EAR R K R AR 4
150%~200%". T HR-E SiO, 45k fase MG
INPERE, SR FH 32 B o S A ) £ B 78 ) 3R T (T
HD ) 425 KA RO T30 B R K 2 (] 1 22 FLEE ), DA ffil] 6 —
HEYER . M BIDIR B SR SRR S5

1) B BRI (T 1) 4514

1E Si0, R MY 678 |2 8 S, HHT
2% 1 Si0, 7 it B it A% Fh AR R K WA 400 B 7= 26 1 Y
Ny, B Al R RS MR IE A 1 BE I /E H - Liao
IS B A IR ALTE SO, 5 Fey04 B T =41
7t Si0,@Fe;04@FLG & &1k, g5 i i 4a Fios,
Hr Sio, AR A HERIIZC, 3R T Fes04 4H
KIFURLES BN A7 S8R SR ISR, XM R A
BRTE 0.5 A/g IR FE N 40t 500 YRG5 i Al 06 2%
AR A 833 mA-h/g, [FIF B X Coulomb X% 1A
84.9%. Liu 25 TDURERNTRIR, VA IR An
B O J5UAR 45 B 10 U7 VR ) A9 B A XS T 45 i
SiO,/C Ak, gt 4b Fion; TEBRIAGE i
A Si 78 SiO, RN, MAFFET SiOn A
A Si FBH 2 [8] RO TH] 45 K4 RE A R0 2% b FE Al A
BHAABRFREZNK , Z AR EHE 0.1 A/g FIRE B R &
i 300 RPN JE AT AR RN 755 mA-h/g, HER
RIS 91%.

2) 2L

1E SiO, HLBRA R o 1 BE IR 2 1), [RIRE o] DA
SR PR A UAT 6 ) 7 A A 2 T (R4 FH - Song 25106
KK IR BRI AR G 1 s G T BA
W EDIRGE I =42 fL SiOo/C B &Mk, St
Kl 4c o, ZAPRIE 0.2 Alg IR R 243 300 K%
&3 5 AT 38 A R AT IA 802 mA-h/g. Park 257 it
T I B AN I — K ASEAR AR 45 A I 7 VR B i T B 7R
IAFL SiO/C FkkATRL, 245Kk 4d, BRI Z
TR I FLZE BT BLZE T SiO, IIARFRREZNK ,
M LR IR T RE, 43T 100 YRI5 25 &R
FFRIE 86.3%.

3) FRpkLE

B EBRAE R T2 A BEE R MR L
i SRR R L5 A4 10 Si0, B A A BHE AT DL st F A
FPERE. Zhang M@ KRR BNEZ A R T
[ o7 % R SI/SIO@CNF  HL b K, 45 4 4
Kl de, AR INEE SMELEA R R MERER,
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163 Alg BRI E N4 1 000 IRIGI G 12 AR FF
Ik 137%. Zhuang S MR RRERE 1l AlgoSiso &4
FNRTH A= K J2 1 7 IR EIR 11 S1/Si0,@C,
HEMEL TESAE 4f Fs, ZARHE | Alg FIRE
[ERE& 500 RAEH G2 850 mA-h/g.

(e) Si/SiO,@CNF

(f) Si/Si0,@C,

Zheng %OV 15t 4 B 475 2 RBRAL AR 45 25 10 7325 4 P B
BHIARGEIN SiO/C HAMEL, it 4g Fios,
W R iZ4E MR T Sio, FIRRUAKIR (L T 40
AMEIARIE], AT S AR PEIAPERE, 76 0.1 A/g FRIR
HENAT 120 YAEH G ] I &k 630 mA-h/g.

Carbon layer

(d) Si0/C

(g) SiO,/C

K4 ARZMETESN Sio, E &Mk

Fig. 4 SiO, composites with different structures or morphologies

3.2 EX Coulomb 3ZEi#

ZRGEANLER G, Si0, A BB A BK Y
T X Coulomb %F . H Je7E SiO, HR AT A o A il )
FIRERR #h 50 Li,O S HAE R R ML RS 1, X Se i 55
THRIERAET N FIRLETE R SEI [ 51 &
RS 2R -, R4 S0 BE R S H
PR G FEMAIL SR, NI FE Sio, MEHY T K
Coulomb ZLREAR" . B 7t E T M T AL AL LRI
R A AR AR R Si0, MEHIE X Coulomb 2%

1) Ptk

N T HEEMEHE X Coulomb 2%, A LL@EL
IR A A B SRR 78 5 IR 8 JBCH T AR R 3 2 () AN BT
B, NI R E L K Coulomb 0%, HAT, X
SiO, AT EHIEAT TR IR P 7 V2 B0 48 TR AL T
IRFNE . EETEA LTS . AL TR .

TRAR A 552 H TS B V2 ) T AL T
%, BARRGR R Li & @Mek Li,Si fy a5 e
AR TR 0 22 A7 B 2ROk} Hh B U A SR L 2R
T PAZ 232 5 5 YK Coulomb R H 1, T
TR A mT AR s B R R A T AR
3RS . Zhao 7N Li &JRMIBHAZE SiO bk
W, Li &)@ R A — 2 e b 4a K 73 F1 8 <
Ry R, G EHERTEHE, Li &Eh S amg

WSRO Li 857, AT S B SR A Ak Ak
P, 25 A AL AL BR (9 SiO MR X Coulomb %X
K 48.5%ETHZE 89.8%.

TS AT F R IR T P
i E R RN, Li BT BRAE Sio, ik,
T 3 4 1) B B i FEE RS i) sk T DL S B4 40 1) AR
fH. Choi 2383 183 H M Fh & 70 AR 96 77 A i
71, KSR A RE 3 Li B P
FETX MR, AR HE R R I R R E,
¥ SiO/ASBEEMEIE X Coulomb RIES 2
98.9%, ML 22.0%. fh2ETARILIE B A T 20
(FIRE R, ARt Ay S B Ak (Y T )5 v, H
T TE R 9 T R4k BE 7 14 3 RE R B 0k e AR 4 A
678

HIAb 2 TR A R Sio, MRS 48 Li Fral
LRI, TE AR [ A I IRENE R, JE i
i 4 1) P U RN AR b P R S5 AR AR TE. SiO, 3R T A Bk
SEI Ji§, SelFisifh. Kim ZUY5% F e fb 22 i Ak,
W, TEFEALI 1] 30 min, JFESHLE A 038 V %%
T ARGEERT SEL iE, SiO, TR B IR BCR e T
& 94.9%., Meng 2N HiFH 22 i 2 (RBL)#H A 2
Si0, AR AL § 2 R) SR il 45 A 3o P AL R B
FEEH) RBL H400 T SiO, AR AIER 5 P 3 2 [8] 42
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il %M, [FT RBL (RS R Z LMW ART
HF IR AIE BT, TS Sio, T AL fin
%151, SiO, I E X Coulomb ZEEH 79%E 4
89%. £t AL AT IR R T AR . PR 2 2
PRI RR, T 2K, B0 1 AR A R

A — S A A TP RS B, @i
NTARCE ST L) SET It aT 38 s AR o
X Coulomb % . & & LA ERM SEL B, —J71H
A DA A S - AE SEI A it it e, R
TN H—J7H, B SO SET A AR
5T AT ARG FH AR AN A 4 BT Y R 1) A
B, AT &1 Si0, SR AR 1 UK Coulomb 2% o
Kang 23855 Wi 2 vEAE SiO, BRI % 5 &
LiF (1) SEI Ji, 255 RNINE & LiF [ SEI )5
SiO, T H A BHKI T X Coulomb 2 55.1%42 = £
63.3%, fE 0.5 A/g BEE T 24id 100 RAEHF G AT
WAEM 301 mAhg#EmEl 1 034 mA-hg: JHFHAE
1.5 Alg I E BE 480t 500 YA G 1 ] 1 25 24
FFTE 706 mA-h/g DA I, RILHB LRI AL R

2) TEE & Lt

¥ Sio, 5 kL & B & B AL R E &
gER, BR T REREIR S SiO, §i M T HE R RN OE A 14 BE LA
Ab, I REE IR /D FEAR R T S FLAR VR ) B e A, D
R SR 2 2RV, BB IR Coulomb 2%

NT SRR R EE LS, W R A
W SR AT SRR BT S PR AT B AL ) VA AE Si0, K
T W B 6075 )22 5 Befi? 2.2 24035 1 IR Coulomb 2%
Wu SR R R Si0/C B A RPEHETE YR Coulomb
R AT 48 3%IR 0 E 71.9%. Xu &7 56K
FH BR B FHE 25 -8 A 45 & (1 7 ) % 2 4L Sio, A
kL, B LAE R A IET & Si0/C Z &Mk &
Ji g A [ AR VLR AR B 4% Si0/C@Ni H A& HAk,
T VX Coulomb ZU%ik 85.2%, I HEA RIFHITEI
PEBE. Li ZEPOSR IR 90 K B ATE R FE B AT U2
k.7 SIO@CNTs/C M K X Coulomb 2L Z H
52.1%#2E = 21 60.6%.

¥ &R s B a5 Sio, T At A iE
FHELE VR Coulomb R #1759 . Miyachi 2%
PR Feu Ni flI Ti 3 fh &)@ 5 Sio R E
HEMEL SREY N SEEMESRIT SRR R,
2 A PR YR Coulomb 204 84%. Zhang 251
PL Sn 1 Fe #rlsikl, RAMA &MHIELE SiO,
KM EE SnoFe &4, L UE MBI X Coulomb
RMEIETHH) 78%. Yamamura 2512 Fe,05 Fl SiO

NIERL, EEMAAT 800 C/M 3 h il 4 H
Fe,SiO4 B2 1 Si0, JE B E A A BLE E X Coulomb
MRIE 89.3%. Jeong 2R i et B ioK TiO,
HFETE SiO K, WREEMEIE X Coulomb 2L
#9 72.0%. Kim 255558 154 MoO, 4 5E /£ 2D-SiO,
Fm #) #%5 H 2D-Si0,/0D-MoO, E & M B, Bk
Coulomb X3 i 2D-SiO; [ 28.2%2 T+ % 55.7%.
3.3 fEERMEenuH

1T SiO, FARAA R K H 1~ 5 PR R B8
HAEZE, BoFEHMAT™E, KR
RERMERERIE, MAEFERXASIANEARESHE
P R R B A5 2% 117 SR B SR o3 5 R M B

1) 5RIFFHEBAEE

15 SiO, H 5l Nk Kl sk & @ 5 oA R i §
PERIEA T DL E iR m T R, dEmig s
SiO, HRAM RS R R . TR AR E L |
SiEE M, ZEFRENIZEMR, PR
A rh 78 B R R R 45 . Zhang S50V i 2R &
P AN R SR I Sio /A SR IE R A A KL
G EAS [ R B R A etk B, AR R
BN — € & 1A S5 A R T S v, i
B Sio, futk s bERE, SR IWE Sa, iZAMRIE
0.1 A/g I 1 A/g FRIE BE R A8 25 B3 708 916 Al
330 mA-h/g, HLYEE LR 0.1 A/g N AT E 42
A 1008 mA-h/g, RILH RIFHI5Z%MAE . Huang
SEITH R SR A A A BRI 5N Si@Si0,@p-B,04/Bi B
AME R T ARG EAMEHE 4 Alg
W AT I AR IA 1007 mA-h/g. Ge 25581y
KRR IR B R SR LR 1Y Sio, &ML, X
Pl BT LR 3 2% SiO, A R £ b
A&, ZMEME 1 A/g R E T4 303 IG5
PR AR T 589 mA-h/g, TMHTE2 Alg
LI 2 N R B s R M R

&JE Cu BA RIFMSHMEMERE, B
# Si0, FARM EHE R PERE B 7 —Fh AR R 34k
Ouyang 21 FH Ak 257 0 R A0 PRt 4 A 28 32 1) 4%
Si0,/Cu;Si/Cu EAEMEL, Cu FRLPTFAE SiO, K If
TERC S BN, ZAPRIE 2C HRSEE R T2
#=IAF] 872 mA-h/g, Lk SiO, = 361 mA-h/g, 24
T FEMS 0.1 C B AR I 25 Sl K, eIl
R R, 455 L Sb. Xu SUR A%
DURURI R G 78 J7 i) &4k —on B8 1 Sio/Cu/C &
AREL ARG FE I 6. SI0 B0k 1 23 BT AR 5
LT R T — 4% B U 235 M 0 5 (A 2 1ol
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Fig. 5 Rate properties of different SiO, composite
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Cu deposition
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K 6

8 EREEE NS B TR R AR S, 45
REW] SiO/Cu/C HEEMEHE 2 Alg I HIRE LTI
Al BN 649 mA-h/g, 45 H LA Sc.

2) TRBRK
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Fig. 6 Technological process of preparing SiO/Cu composites by carbon coating
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A LAKE F] 857 mA-h/g. Liu ZPIDLH &= Ak
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BB BA B 45 Si0,@TiO,@NC E &4k}, H
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RUFIIf 2P RE .

4 ZipE5RP

SiO, TAT RN A A R FH iS5 R 2 55 1
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I 24 ) x {8 AT DURAIE SiO, e EL3 v it £ 25 A
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H X Coulomb %% . N T 3% SiO, MG IERE, B
AHEEERMH GRS RIS BENEARIE S
TR, [F R A5 A RS R = B T EE
e, HEmde s A R R
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