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Research Progress on Nanostructured Metal Oxides as
Anode Materials for Li-ion Battery
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(School of Materials Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Anode material is an important component for Li-ion battery. The current anode materials are mainly based
on graphite, which possesses low theoretical specific capacity of 372 mAh/g, and thus hinder the further development
of Li-ion battery. Among the newly developed anode materials, metal oxides have recently attracted intense attention
due to their high theoretical specific capacity, low cost and environmental friendliness. However, metal oxides own
poor electrical conductivity and large volume changes during cycling. Nanosizing can overcome these disadvantages
while maintaining the advantages for metal oxide based anode materials, and thus becomes a research hot spot. Herein,
we review the recent research advances of the nanostructured metal oxides as anode materials, mainly focusing on the
microstructure design and performance optimization of representative metal oxides and their composites. In addition,
some suggestions are presented for further explorations in relative fields.
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Fig. 1 (a, b) SEM images of SnO,/C-NTs; (c) Cycling performance at 500 mA/g,
and (d) rate capabilities of SnO,-NTs and SnO,/C-NTs!*
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Fig. 2 (a) Illustration of the synthesis principles of ultrafine SnO, NPs immobilized in the mesopore channels of
mesoporous carbon; (b) Cycle performance at 200 mA/g between 0.005 and 3 V,

and (c) rate performance of electrodes based on different SnO, content
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Fig. 3 (a) SEM image, and (b) cycle performance at 100 mA/g
of CuO NRAs!*

LR IE Cu,0 KiFRIR T IRE T EEEH.
Ko 2R T — b it 1 % CuO/MWCNT ik
SEMERTE, K, BAMRETER CuO Fi1 12
S HEEAE ONT KR 717 . —J5 8, CuO FkLfY
LB R AL RS S i N A, 9 HLRE
BRGARAE A B I AR P AR AR S — T, B
YUK G T YUK E G MR B AR R RS
PEV R A e P, MO AR R R B A S 1 AL 2
PERE, W mMTTARAE 67 mA/g T, HEA
650 mAh/g). Bl A BEIRFFR (100 XIEH G 8%
T 100%) L RCBLF (1 £ 22 PR RE(E 3350 mA/g T,
255N 580 mAh/g). Wu M i /K P /8 A B
K CuO Fl Cu0 GUKRINL, TEREA =42 %
SERY I A W) (Cu,0/CuO/rGO), A1 88475 1 e 5 e
RE 7RI K 1 b 2 T AR e i S it LA Sl I,
#7380 CuO HINEH o Tan 22 AL 22 S VTAR (9
T & T BT N BARRGK T CuO 4K =
D ER(CuO@NCSs), M 4(a)ilizs. N B 2599k
AT 1AL T, AT CAHEAT AT G R, [ A
BA SR UM BE, B 1 AR AR R 1E; Ik,
BRANK 1 e 5 E PR T LS Ak FE AR B AR (1 T S
Ae 7, FRow A MR A, &5, CuO o9l
KERG) T HARME IS, 1 RELE AR R AR I R K A 4,
R Z AR B T 0 25 &l e . ] 4(b)
FraR, 12 Alg BRI B N EEE 1000 [l J5 nl g b
REILRFF 688 mAh/g.

(@)

’ Spin coating ’
>
Cuo/Cu foil

PVP/CuO/Cu foil

850 °C Chemical vapor and
solid deposition

<Separatio
Oxidatio:’_ NCSs

350 C
Hollow CuO@NCSs ,Hollow Cu@NCSs/Cu foil

Hollow CuO Hollow Cu
1600
100
1200 Charge > 80
# Discharge
2A-g"  Hollow CUO@NCSs

'S
(=
S

(o))
(=)
Coulombic efficiency / %

Specific capacity / (mAh-g™")
o0
S
S

(=]

1 1 1 L 1 L 1 0
400 600 800 1000
Cycle number

(=]
[\S]
=3
S

Kl 4 (a)=0 CuO@NCS E&EMEHE S ~ER, (b)TE
100 mA/g RG5O

Fig. 4 (a) Schematic illustration of the synthesis of hollow
CuO@NCS composites; (b) Cycle performance of CuO@NCS
at 100 mA/g!*®!



1300 7 1 A N

A SR SR T F b GO AR
FRFERT LSS IR (D& 2 i, B XS
S BLAE AL, BEIS HE A R (2)H Y A
VESE Y, 5 T S RE A 9K S5 40 . X DL EARRALE,
AT 55 R0 PR e SRS s BETH RS T IO 9K S5 44,
B 1R B GORBURL . 9K 2k 9K L 9Ky, Ik
AALGIRER PUREEES] . IR EREIK F 35 R %
12 HAREH, UK SR GHRER . M
AR LR B AR, FE AR
A R E SO E

4 HREMHIREESY

HEMNYZERBOSBEMMINRE, HTREA
SR F TG ER S RIHEEREAKR, BiZ
A ) B 32 AR AR AR B, (U, 1A
W a R E ALY, HAREE 3 EAREE R N, Bt
ARG EA AR . B P R e ) 3 B
H Fe,05 fll Fes04, RAMUMANL 5 5, H
A EEE, 2dEEAWE IS b
TR, R RN B A A R, Fed TR
Fe™ HEAR B Fe, FREA RN 924 & 1007 mAh/gP",
KEWFRH, GOKRSAENY TR R B 227
Refhr, HMERE S SA Y ORI T 38 A1 RT3 1)
FHIK . I SBAE | 25 & i T &P A R A B2 A,
WG KRCIR L kAR gk Rk, gk
BEIRPYL gk R gikoRoRnRPO%%:, X2
SRAASELRAE, UASSRREEY. &
J& WM RIE G, AR T H R 3 R I A R
FLAL A RS E 1

Fe,05 MIELHILLIE =M AEAE, ALY+
SR E R G A E, Hl&d RS TR, Wal 7
KEMFEER . Kan P58 F— Rl i8] 510 3571

OKPIEAEAT S8 M B Fey O3 9K MK LT,

i 2 5] 43 HAE A SR 0 )= 2 8D, TR T MR
5hrkir5RrMEE80, WE S . BT
FAU) G R S5 2 (B IS AU FH, Fe O3 9K
O THEAT SRR AR B Es, P AR O BE bk e ks
[ 5 . 76 1000 mA/g [P HLIE % B 780, 7§
100 )G A EAKIR WL 662.4 mAh/g. Liu 2505%
T 1 B I IR IR ) 25 15 21 FeaO5 4K IR/
BB S A M RH(Fe,05/CA) . 1% B 48 Ak ik 4
KL T 151 50 b o BSCLE R S P A K 22 AL R 4 1 2
o, AHECAERE ) Fe Os, TEIAVEREIS BIR RIEH . A
BRI EARE ARG, mRmB. RnSs
LR S0 o, TR VR R A I A . Zha 2507

TIPSR L 460 f /
p o N T !v:' aif Yo ( A"‘J
vﬁ{v ¥ o 4 . [ v E 4

5 )Pk 5 A ELL R (Ob~d) 5 EH Fe,05-f BIHE
AFEHE TEM B8 BT
Fig. 5 TEM images of (a) Fe,Os-graphene particle-on-sheet

composite, and (b-d) Fe,05-graphene sheet-on-sheet composite!™”

W R T RG-O/Fe,05 &K iZ#1 R
Fe,05 4K ROk 35 &) #4347 RG-O Jr )= 14 i, Af
3 RG-O/Fe;05 HA M B E S AT 78 25 2 7 5l
N 1693 F1 1227 mAh/g.

{H2&, Fe,0; A% B T H M 1) ) 81 5 B fL AL 2 )
TP REANE, 1T FesO4 RN 774E Fe* I Fe™', W]
DIE— R BT i 58, B ARG TS
HEE . Ik, 55T Fe;04 MIgKE MBI E &
TIF 92t 2 12 AR RO T 7 4 i 22— 1900,

Qin %1 i iof A R 47 24 TR AN KL BRI A AR
T YK Fes04/ 2 FLIK AT 4E (Fe;04@PCFs) A A4 K o
M EL R E R FesO4 MR I BRI LR, £
FLITBR 5 F AN BB R A 2 AR £F 4 9 3] FesOq 4H
KR AR FR AR AL, 1T HL 1% % FLBREF 4 WX 45 45 1 A
5 AR 20 5 B RO L T AR T R AT, AN, B ER
(I 76 e (12 33 1 4 2 T T R R o 1D [ 4 v A0 IR S T
i, AT v L M R PR A e M Zhao S50 E 7K
AL BN R AW % T Fe;04/PPy(CRMLIE) ST
BAURER, Z AR IR SR AR TE SR B
FE P BE SR Fes04 90K MIURL AR FRAR AL, Bl 1k Fe304
WORLAT S, HEE T Fe;O4 A8 KUK S AR R I B4
Pefi. Guo 25PSR K MIES R T Fes0,-CNTs &
GMEL HE R RN 1097 mAh/g, 7EHIR
BN 50 mA/g W, & 50 IRAEI 5 AR 2 A
702 mAh/g, THAFHCK R EER) FesO4 PH3 50 K5
25 8409 171 mAh/g. Mao 55T & —Fh ik
) “BOBERR 7 325, IEF FesO4 KK FRRHILE N
B30 2 AL 98 K Bk b R R A B A R
Fe;04@N-HPCNs, FH B A MURF 19 X0 FLAZ AL
T EZLEER, W 6(a)fTn, FesOg 49K Bk #



%121 AT, 2 9ekE R A I 8 T b SR AR U R 1301
@
*. *- Hydrolysis/Polymerization Carbonization SiOz/etching
'*‘*-*.‘*'.*' TEOS/DAH/EtOH N./800 C NaOH solution
2000 120
© B

P
o 1600 | s N 0 SN ppreanmmmmetes 100
g ! 01ag— 0 B
= 12003 0.1 Ag’ Juu&'~ 2
2 02 A-g! S
8 T 0.5 Ag! B 160 aq::)
g 800 S 1A 2

o1
8 e D A g5 e 140 g
g 400 s fo A g
N I R 4120
0 i 1 1 1 1 1 1 0
0 20 40 60 80 100

Cycle number

Kl 6 Fe;0,@N-HPCNS [1)(a) & i FEm B &, (b)TEM B8, LA (o) AR o ik il 4510
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Table 1 Structures and comprehensive electrochemical performances of different metal oxide anode materials
First cyclic . Cycling performance/ Rate perform-
Materials structure capacity/(mAh-g™) Coulgmblc (mAh-g™") (Current density/ ance/(mAh-g™) Ref.
(Current density/(A-g ')y~ ciheiency (A-g "), cycle number)  (Current density/(A-g "))
SnO;, NPs (5~20 nm) 1310 (0.1) 69% 800 (0.1, 100) 850 (1); 800 (2) [22]
SnO,/C-NT (15 nm) 483 (0.5) 51% 596 (0.5, 200) 683 (1); 550 (2) [23]
SnO; nanosheets (7.4 nm) 1338 (0.1) 55% 763 (0.1, 300) 460 (1); 280 (2) [24]
SnO, HS (50 nm) 736 (0.1) 47% 540 (0.1, 50) 550 (1); 422 (2) [26]
SnO,/C (50~100 nm) 998 (0.1) 69% 750 (0.1, 100) 413 (1); 325 (2) [28]
C-SnO,/CNT (7 nm) 1373 (1) 52% 950 (1, 100) 1100 (1); 950 (2) [29]
SnO,@G-SWCNT (7 nm) 1007 (0.1) 53% 785 (0.1, 100) 510 (1); 426 (2) [30]
SnO,@CMK-5 (4~5 nm) 694 (0.2) 71% 1039 (0.1, 100) 770 (1) [31]
SnO,/C (2.8 nm) 899 (1.4) 44% 560 (1.4, 100) 700 (1.4); 538 (2.8) [32]
CuO spheres (400 nm) 590 (0.45) 66% 400 (0.45, 50) [34]
CuO octahedra (5 nm) 506 (0.5) 70% 785 (0.5, 50) 488 (1); 370 (2) [40]
CuO labyrinths (20 nm) 645 (0.1) 66% 330 (1, 100) 340 (1.3); 255 (3.4) [41]
CuO NRAs (2~3 pm) 751 (0.1) 56% 671 (0.1, 150) 367 (1); 300 (2) [42]
CuO spheres (10 nm) 552 (0.67) 55% 750 (0.67, 350) 650 (1.3); 600 (3.4) [43]
CuO/MWCNT (10 nm) 462 (0.07) 69% 650 (0.07, 100) 590 (1.3); 590 (2) [44]
Cu,O/CuO/rGO (500 nm) 375(0.3) 75% 570 (0.3, 100) 350 (1.3); 250 (2.7) [45]
Cu@NCSs (45 nm) 909 (0.5) 62% 602 (0.5, 200) 760 (1); 570 (2) [46]
Graphene/Fe,05 (40 nm) 1074 (0.1) 65% 800 (0.1, 50) - [57]
Fe,05/CA (5~50 nm) 836 (0.1) 55% 635 (0.1, 100) 652 (0.4); 546 (0.8) [58]
RG-0/Fe,03 (60 nm) 1219 (0.1) 72% 1027 (0.1, 50) 970 (0.4); 760 (0.8) [59]
Fe;0,@PCFs (10~60 nm) 1014 (0.2) 72% 920 (0.2, 80) 677 (1); 523 (2) [51]
Fe;0,/PPy (200 nm) 493 (1) 89% 554 (1, 100) 500 (1); 330 (2) [61]
Fe304-CNTs (50~100 nm) 845 (0.05) 77% 702 (0.05, 50) - [62]
Fe;0,@N-HPCNs (6 nm) 521(0.1) 54% 1240 (0.1, 100) 700 (1); 600 (2) [63]
CoMoO, NPs (2~10 nm) 1051 (0.2) 72% 1185 (0.2, 100) 900 (1); 850 (2) [77]
CoSnOs/Au cube (70 nm) 1693 (0.2) 68% 1615 (0.2, 100) 1425 (1); 1289 (2) [65]
NiFe,O4 NPs (20 nm) 1177 (0.1) 79% 1390 (0.1, 20) 823 (1); 725 (3) [70]
Zn,Co3_,04 (10 nm) 967 (0.1) 76% 990 (0.1, 50) 1020 (0.9); 988 (2.7) [79]
Ni,Co3.,04 (40 nm) 1133 (0.1) 70% 1109 (0.1, 100) 864 (1); 728 (2) [80]
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