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Preparation of SnO,@C/ Reduced Graphene Oxide Nanocomposite as Anode
Materials for Lithium-Ion Battery

QIAN Chenliang, GU Feijiao, JIN Shuangling, WANG Xiaorui, ZHANG Rui, JIN Minglin
(School of Materials Science and Engineering, Shanghai Institute of Technology, Shanghai 201418, China)

Abstract: SnO, is widely investigated as one of anode materials for lithium-ion batteries due to its natural abundance, low discharge
potential (less than 1.5 V) and high theoretical capacity. However, the low electrical conductivity and large volume expansion (300%)
during Li" insertion/extraction results in the poor cyclability and rate capability of SnO,, thus restricting its practical applications. In
this study, SnO,@C/rGO nanocomposites were prepared by an one-step hydrothermal method with SnCl,, L-ascorbic acid and GO as
reactants. The L-ascorbic acid-derived amorphous carbon served as a spacer to inhibit the stacking of rGO sheets and acted as a coupling
agent to strongly anchor SnO, nanoparticles on the rGO sheets. The as-obtained SnO,@C/rGO nanocomposite delivers a specific
capacity of 731 mA-h/g after 180 cycles at a current density of 0.1 C (1 C= 783 mA/g) and a high reversible capacity of 410 mA-h/g at a
large current rate of 5 C. This study provides a promising route for the preparation of high-performance SnO, anode materials.

Keywords: lithium-ion battery; anode materials; reduced graphene oxide; amorphous carbon; tin oxide
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Fig. 3 Nitrogen adsorption—desorption isotherms and DFT pore size distributions of samples
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Table 1 BET specific surface area and pore volumes of samples

Sample Surface area/(m*-g™") Ver nm /(cm® g™ Va-sonm /(cm®-g ") Vs0-200 nm /(e g ")
SnO,@C/rGO 296 0.08 0.04 0.03
SnO,/rGO 178 0.03 0.02 0.02
C/rGO 104 0.01 0.02 0.03
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Fig. 4 First four CV curves and the galvanostatic charge/discharge curves of SnO,@C/rGO, cycle performance of samples at a
current density of 0.1 C and rate performance of SnO,@C/rGO and C/rGO
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Fig. 5 Differential charge capacity curves of SnO,/rGO (a) and SnO,@C/rGO (b) at typical cycles
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5055 5 ®RES 5

SnO,@C/IE JF A AT SR (¥ ) 26 S HAE 9 25 Lt SRR R P - 1221 -

7a N Sn0,AGO F1 SnO,@C/rGO HIZZI T
B, X R AR X AR i, 5 7a
AT RS B IR AP HODTRC . 7EFEER R, R, 3R
INFEARR . FEARA M AR B Ry AT CPEL
o3 ARE SEI FER HEBHATHEZY;  Rs Al CPE2 43 A% v
TR L BHAI L Z FAS s W1 o8 Warburg [H
Plo EARXERITE x fil b PR E T B T H e R
BH Ry SnOy/rGO. SnO,@C/rGO [#) Ry 73514 496,
312 Q, SnO,@CAGO HE/INETHLfT#6 RS I B AT BEJR T
TosE BRI S NS T IPEA R L 3. i A
(DRAGE Li7E LS 0 B R B (D O™

R*T?
Dyi'= 442 2 1)
24n° F'C o
200 R R R W
=@= SnO,@C/rGO C§El CgEZ
=0=Sn0O,/rGO

150 = Fitting

= 100
N
|
Ry and CPE2: the charge transfer resstance and double-layer capacitance
0 N/ IV,: Warburg impedance

0 100 200 300 400 500 600
Z'/Q

(a) Nyquist plots

Hrb: RO T F 3l S 8, 40 . Faraday
WHG A NHEWRTER; 0 REAIE RIS RS 1
T4 o N Warburg BT RS, "THAXQ)THE
HA0, BEAKE T 2w P KRR,

Z'=R +R, +cW " (2)

H: Z OB RN SEL BRI HERH; R A HAAT
RSB w O ON AR . T HE [ Sn0/rGO
SnO,@CAGO [ Dy 739 7.4x107%, 1.6x107 m%s,
Uil Sn0,@C/rGO EAKEN Li'y Huk%, XE
FE TR A i 7 1GO F 2R, M
A B 2 LR AL, O LiT R AR A 7
ESEHEN

600 - /ﬁ:
I SK\OJYGO
550
. L
N 500 -
450 - 6 =10
Sﬂoz@CerO
1 1 Il 1
0.25 0.30 0.35 0.40
w—l/z

(b) Z'-w " lines

K7 SnO,@C/rGO 1 SnO,/rGO F ¥ EIS £k (1 B 5t B (& 5 RO BRI RYN 5 72— "2 B4
Fig. 7 Nyquist plots (inset is corresponding fitted equivalent circuit model), and the corresponding Z'-e " lines of SnO,@C/rGO

and SnO,/rGO samples

3 £

P SnCly. L-PUdR IR AN GO 15 A s Ny, @it
IKPGEE LT SnO,@CHGO Ak E &k, L4k
MERBAATAER T ER)Z, T GO F)Z MM
L PREE 2 LiTYHoEE, HIG9R T SnO, fl rGO
FIZRIRATER, X875 SnO,@C/rGO t SnO,/
GO EAH N F I mibEMRe, fEHRREEN
0.1 C IEA 180 Y5 X LA &y 731 mA-h/g, 1l
7E 5 C [FRHIR T I AT A 5T A 410 mA-h/g.

SEHk:

on SnO, hollow spheres as an anode for Li-ion battery[J]. Carbon,
2018, 129: 324-348.

[3] LIANG B R, WANG JJ, ZHANG S Y, et al. Hybrid of co-doped SnO,
and graphene sheets as anode material with enhanced lithium storage
properties[J]. Appl Surf Sci, 2020, 533(15): 147447.

[4] FANL S, GUO Z K, ZHANG Y, et al. Carbon coated porous SnO,
nanosheet arrays on carbon cloth towards enhanced lithium storage
performance[J]. Mater Today Energy, 2019, 14: 100344.

[5] LIU L H, XIE F, LYU J, et al. Tin-based anode materials with
well-designed architectures for next-generation lithium-ion batteries[J].
J Power Sources, 2016, 321: 11-35.

[6] ZUO SY,LIDR, WU Z G, et al. SnO»/graphene oxide composite
material with high rate performance applied in lithium storage capacity
[J]. Electrochim. Acta, 2018, 264: 61-68.

(7]

ZHU Y G, WANG Y, XIE J, et al. Effects of graphene oxide function

(1

(2]

XU Z X, YUE W B, LIN R, et al. Direct growth of SnO,
nanocrystallites on electrochemically exfoliated graphene for lithium
storage[J]. J Energy Storage, 2019, 21: 647-656.

HYUNGSUB W, SUNGUN W, JAEWON K, et al. Complementary

surface modification by disordered carbon and reduced graphene oxide

groups on SnO,/graphene nanocomposites for lithium storage
application[J]. Electrochim Acta, 2015, 154: 338-344.

[8] ZHANG M, SUN Z H, ZHANG T F, et al. Excellent cycling stability
with high SnO, loading on a three-dimensional graphene network for
lithium ion batteries[J]. Carbon, 2016, 102: 32—-38.



1222 -« CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(5): 1215-1222

2022 4

(9]

[10]

(1]

[12]

[13]

[14]

YUE W B, YANG S, LIU Y L, et al. A facile synthesis of mesoporous
graphene-tin composites as high-performance anodes for lithium-ion
batteries[J]. Mater Res Bull, 2013, 48: 1575-1580.

LIU R P, ZHANG N, WANG X Y, et al. SnO, nanoparticles anchored
on graphene oxide as advanced anode materials for high-performance
lithium-ion batteries[J]. Front Mater Sci, 2019, 13(2): 186—-192.

TANG S, JIN S L, ZHANG R, et al. Effective reduction of graphene
oxide via a hybrid microwave heating method by using mildly reduced
graphene oxide as a susceptor[J]. Appl Surf Sci, 2019, 473: 222-229.
GUF JLJIN S L, TANG S, et al. Comparative study of deoxygenation
behavior for graphene oxide with different oxidation degree and mildly
reduced graphene oxide via solid-state microwave irradiation[J]. Mater
Chem Phys, 2020, 241: 122411.

JIN S L, TANG S, WANG J C, et al. Enhanced deoxygenation
efficiency of graphene oxide under solid-state microwave irradiation
via chemical pre-reduction[J]. Diam Relat Mater, 2019, 97: 107445.
DONG Y F, ZHAO Z B, WANG Z Y, et al. Dually fixed SnO,
nanoparticles on graphene nanosheets by polyaniline coating for

superior lithium storage[J]. ACS Appl Mater Interfaces, 2015, 7:

[15]

[16]

[17]

(18]

[19]

2444-2451.

HAN X Y, LI R, QIU S Q, et al. Sonochemistry-enabled uniform
coupling of SnO; nanocrystals with graphene sheets as anode materials
for lithium-ion batteries[J]. RSC Adv, 2019, 9: 5942-5947.

DANIEL ADJEI A, KYEONGSE S, GI-HYEOK L, et al
Carbon-coated Si nanoparticles anchored between reduced graphene
for high
energy-density Li-ion battery[J]. Adv Energy Mater, 2016, 6(20):
1600904.

MD SELIM ARIF S S, JOOYOUNG L, A REUM P, et al. Ultra-fine

SnO, nanoparticles doubly embedded in amorphous carbon and

oxides as an extremely reversible anode material

reduced graphene oxide (rGO) for superior lithium storage[J].
Electrochim Acta, 2017, 224: 201-210.

WAN Y X, WANG T Y, LU H Y, et al. Design and synthesis of
graphene/SnO,/polyacrylamide nanocomposites as anode material for
lithium-ion batteries[J]. RSC Adv, 2018, 8(21): 11744—11748.

CHENG F Y, ZHOU X Y, YANG J, et al. MnO nanoparticles
sandwiched within 3D graphene-based hierarchical architecture for
efficient lithium storage[J]. Inorg Chem, 2019, 58: 3329-3337.



