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Fabrication and Lithium—Storage Performances of
Graphene-Wrapped Cu,+,0/Cu Composites

Tian, Leilei*” Wei, Xianyong**“ Zhuang, Quanchao*” Zong, Zhimin“ Sun, Shigang*
(“ School of Chemical Engineering and Technology, China University of Mining & Technology, Xuzhou 221116)
(¢ School of Materials Science and Engineering, China University of Mining & Technology, Xuzhou 221116)
(“ State Key Laboratory of Physical Chemistry of Solid Surfaces, Department of Chemistry, College of Chemistry and
Chemical Engineering, Xiamen University, Xiamen 361005)

Abstract Materials with hybrid metal-semiconductor nanostructures, such as graphene-metal oxides and carbon nano-
tube-metal oxides, have been intensively exploited as electrode material for lithium ion batteries in recent years. It was found
that the structures and properties of the metal-semiconductor herterojunction and the energy level structures of the semicon-
ductor are essential for the conductance of the metal-semiconductor composite. It is thence believed that the conductance, and
thus the lithium-storage performance, of the metal-semiconductor composite can be improved by tuning the structures of the
metal-semiconductor herterojunction and the energy level structures of the semiconductor. Metal excess defects can occured
in metal oxide crystals due to the anions are absent from their lattice sites or the presence of extra cations at interstitial sites.
In the metal excess type metal oxide, the electric transport is mainly by “excess” electrons which are present for maintaining
the electrical neutrality, and thus possesses a higher conductance. In this work, graphene-wrapped Cu,+;0/Cu composites
were successfully fabricated by using a hydrothermal reaction followed by an in sifu thermal reduction. The structures, sur-
face morphologies and the lithium-storage performances of the obtained materials were characterized and investigated by
scanning electron microscopy, X-ray diffraction and galvanostatic discharge-charge techniques. In the obtained hybrid mate-
rial, highly-crystallized Cu,+,0 (Cu,O with metal excess defects) successfully formed during the heat treatment processes,
Cu,+0 and Cu particles were homogeneously wrapped by flexible graphene sheets with a well defined core-shell structure.
Constant current charge-discharge results showed that graphene-wrapped Cu,+;0/Cu composite had a higher reversible ca-
pacity and excellent cycling stability, delivered a higher initial charge-discharge capacity of 773 and 438 mA«heg™' at 50
mA+g ™! and superb cycling performance of 368 mA<heg ™" after 60 cycles, as well as a favorable rate capabilities and high
rate cycling performances, indicating the high conductance and the optimized herterojunctions were achieved by the simulta-
neously introduction of metal excess defects, metallic copper and graphene in graphene-wrapped Cu,+;0/Cu composites.
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Figure 1 Representative SEM images of graphene-wrapped Cu,+;0/Cu
composites
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Figure 2 SEM-EDX elemental mapping images of graphene-wrapped

Cu,+10/Cu composites
(a) SEM image; (b) C-K; (¢) Cu-KA; and (d) O-K

1272 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

N
graphene 8,

(11)
(111)

P
ittt My

22

(200)
(200)

(a

(b)‘_§ : ‘
30 40 50 60 70 80
201()

10 20

B3 st CuO/Cu HAFEHY XRD i

Figure 3 XRD patterns of graphene-wrapped Cu,+;0/Cu composites

(a) Composite materials; (b) Cu,+,0, JCPDS No. 05-0667; (c) Cu, JCPDS No.
04-0836

3.0 (@ 2nd

1st

0 T T T T N ~ .l' T T T
0 100 200 300 400 500 600 700 800
Speccific capacity/(mA-h-g”)

e

125V discharge

00 05 10 15 20 25 30
Potential/(V vs. LilLi")

B4 fBGEHE CupnO/Cu HEMEHHINA 50 mA-g ' HUREE N
51,2 160 J (1 78 10 2 () FIAR R [R50 23 7% e I 2R (b)

Figure 4 Charge/discharge profiles (a) for the 1st, 2nd and 60th cycle
for graphene-wrapped Cu,+;O/Cu electrode at a current density of 50
mAeg ' over the voltage range 0.01~3.0 V vs. Li/Li" and the

corresponding differential capacity versus voltage plots (b)
The specific capacities are based on the mass of Cu,+;0 and graphene in the
graphene-wrapped Cu,+;0/Cu composites
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Figure 6 Rate capabilities and high rate cycling performances of
graphene-wrapped Cu,+O/Cu electrode at various current densities
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