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conductivity than those organized carbon lattice, thereby leading
to poor rate performance. To overcome these issues, substantial
efforts have been made to modify the surface structure of HC
anodes, such as vacuum and oxidation treating [6,20], pyrocarbon
coating [21] and constructing hybrid anodes [5,22]. Though these
surface modification methods can improve the Coulombic
efficiency of HC to some extent, the rate performance and
cyclability, two of the most significant properties as electrode
material, are far from satisfactory. Therefore, to keep large
reversible capacity combined with high Coulombic efficiency,
achieving long cycling life and good rate capability of hard carbon
electrode material still remains a great challenge.

Recently, a novel two-dimensional graphitic carbon, graphene,
has drawn special attention due to its outstanding electrical
conductivity, superior mechanical flexibility, large specific surface
area, and high thermal/chemical stability [23-26]. Hence, plenty of
graphene based composite materials as lithium anode have been
developed, such as Sn/Graphene hybrids [27,28], SnO,/Graphene
hybrids [29,30], Metal Oxide/Graphene hybrids (Co304 [31,32],
CoMoOy4 [33], ZnCo,04 [34]) and Si/Graphene hybrids [35,36]. It
has been demonstrated that graphene based anode materials have
large initial discharge capacity (600~2042 mAh g ') and reversible
capacity (540~1264mAhg~1), although they suffer from large
irreversible capacity, low initial Coulombic efficiency, and fast
capacity fading [11,12,37]. More importantly, the ultrathin flexible
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graphene layers can provide a highly conductive matrix for
enabling good contact between particles. Core-shell graphene@a-
morphous carbon composites were also prepared by Hui Wu et al.
for application in polymer electrolyte membrane fuel cells [38].
Therefore, it is believed that the composite of flexible and
electrically conductive graphene wrapped around surface of hard
carbon particles can efficiently utilize the combinative merits of
hard carbon and graphene and obtain LIBs with superior
performance.

Herein, we report a facile strategy to synthesize such composite
of hard carbon wrapped in conducting graphene networks as an
advanced anode material for high performance LIBs. This HC/
graphene composite displays superior LIB performance with large
reversible capacity, high Coulombic efficiency, improved cyclic
performance, and good rate capability, highlighting the impor-
tance of the hard carbon enveloped by graphene sheets for
maximum utilization of electrochemically active hard carbon and
graphene for energy storage applications in high-performance
LIBs.

2. Experimental Part
2.1. Synthesis of Hard Carbon (HC)

Epoxy novolac resin (Hunan Jiashengde Materials Technology
CO.) and Maleic anhydride (Sinopharm, China) as the hardener
were thoroughly mixed at 80°C and then cured overnight in air
at 180°C. The cured precursor was heated at 500°C for 1h and
then ground to powders less than 37 wm in diameter after
cooling down under Argon atmosphere. Finally, the powders
were heated at 1000 °C under Argon flow for 1h with ra
of 10°Cmin~.
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2.3. Characterization

The carbon weight percentages of the samples were deter-
mined on CS-600. The hydrogen and oxygen weight percentages of
the samples were determined on an ONH analyser. The XRD
profiles of carbons were measured with CuKo using D/Max2550VB
+ diffractometer. Raman spectra were recorded on an Invia Raman
spectrometer, with an excitation laser wavelength of 514.5 nm. The
morphology and microstructure of the samples were characterized
by field emission scanning electron microscopy (FESEM, Hitachi
S-4800) and TEM (JEOL-2100F) respectively.

Table 1

Elemental analysis and structural parameters of HC and HC/G samples
Sample Elemental analysis (wt. %) R Ip/lg

C H o

HC 97.81 0.37 1.05 22 2.86
HC/G-10 96.35 0.35 177 2.3 2.70
HC/G-20 96.05 0.28 193 2.5 2.46
HC/G-30 95.78 0.20 212 3.1 1.84

2.4. Electrochemical measurement

The electrochemical measurements gf the samples were carried
out with 2016 coin cells using li metal as the counter
ared as follows: the
ylidene difluoride
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al analysis data of all the samples are summarized in
able 1. The C content and H content of samples decrease as the
jght ratio of GO to HC increases, whereas the O content
reases slightly. On one hand, these are ascribed to the existence
of abundant O atoms in GO. On the other hand, it is proved that
oxygen cannot absolutely be removed or the GO completely be
reduced just by thermal treatment in Ar atmosphere at 1000°C,
which is in accordance with other reported results [23,40]. In
addition, no extra more H content are introduced into composites
with increasing weight percentages of GO.

The X-ray diffraction patterns of the pure hard carbon and
varied HC/G composites are shown in Fig. 1. These characteristic
features are typical of poorly organized carbons [41]. The XRD
diffractogram for the as-prepared samples contains well-pro-
nounced diffraction peaks at 23~26° and 43~45° 260 angle which

800

(002) —HC

600

400

Intensity (a.u.)

200 ~

2 Theta (degree)

Fig. 1. XRD patterns of hard carbon (HC) and HC/G composites. The data has been
offset sequentially by 100 counts for clarity.
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