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Directional synthesis of SnO,@graphene nanocomposites via a one-step, low-cost, and up-

scalable wet-mechanochemical method is achieved using graphene oxide and SnCl, as

precursors. The graphene oxides are reduced to graphene while the SnCl, is oxidized to SnO,

nanoparticles that are in-situ anchored onto the graphene sheets evenly and densely, resulting

in uniform SnO,@graphene nanocomposites. The prepared nano-composites possess excellent

electrochemical performance and outstanding cycling in Li-ion batteries.

Introduction

Lithium-ion batteries (LIBs) are the most encouraging power sources
for the electrical vehicles (EVs) because of their high energy density,
high voltage, light weight and non-memory effect.”? To date, on one
hand, there are abundant high specific capacity electrode materials
(such as SnO, and Si); on the other hand, it still lacks of a low cost,
up-scalable manufacturing process to produce low cost and highly
stable electrode materials for LIBs. As a consequence, even though
graphite has a limited theoretical capacity of 372 mAh g, it is the
most widely used anode materials available in current market.* * In
order to overcome this barrier, facile production process of anode
materials with superior performance, in terms of energy capacity,
current density and cycling stability, is in high demand for the EVs
and energy storage industries.

Tin dioxide (SnO,) has substantial potential to replace graphite
anodes and address this problem due to its significantly higher
theoretical reversible Li-ion storage capacity (782 mAh g').>® The
electrochemical processes of Li-ion storage can be commonly

summarized as a two-step reaction:*!

SnO, +4Li* + 4e” — Sn + 2Li,0 (1)
Sn+xLi" +xe” <> Li,Sn (0 <x < 4.4) 2)

It is well-established that the reaction depicted in Equation (1), is
normally irreversible, but could become reversible when SnO,
particles reach nanoscale'® 2. The theoretical reversible capacity is
hence commonly calculated from Equation (2). However, like other
alloyed compounds, deficiencies in the charge/discharge process,
such as volume expansion and contraction (up to 300%) would lead
to poor cycle performance and would hamper SnO, from practical
application.”” The maintenance of particle size and electrical
conductivity of the SnO, is beneficial to the achievement of high rate
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capacity as well as the cycle stability of SnO,-based LIBs. Different
approaches have been proposed for the preparation of nano-
structured or hierarchical nano-structured SnO, composites to
overcome the obstacles and to allow the production of SnO,-based
LIBs.'*!” Although significant improvements in the electrochemical
performances and stability have been achieved, these designs are
often sophisticated, and hence have the associated problems of low
production yield and high cost.

Anchoring the SnO, nanoparticles onto the graphene sheets could be
an excellent strategy to resolve these problems due to the inherent
advantages of graphene, such as its exceptionally large specific
surface area, excellent conductivity, outstanding mechanical
flexibility and pronounced chemical stability.”**> More importantly,
with the correct synthesis technique, SnO, and hence the resultant Sn
nanoparticles, could be firmly immobilized on graphene sheets. This
brings numerous benefits: the electrons resulting from the alloying
and de-alloying processes could be readily collected by copper
current collectors via the graphene; the aggregation of the SnO,
nanoparticles and the restacking of graphene sheets could be
effectively prevented. Importantly, the SnO, particles will be
anchoring on graphene layers thus the collapse of the electrode
material due to the volume changing during charge/discharge
process could be avoided largely. Therefore, well synthesized
graphene composites could provide a high and stable cycling
performance for LIBs.

Mechanochemical synthesis (i.e., ball-milling or grinding) has a
number of unique advantages. It is a simple, rapid, facile, economic
and quantitative process and has been intensely studied these
years.”**® Wet-mechanochemical (also known as liquid-assisted
grinding method, i.e., wet ball-milling (WB) here), could be
considered as a combination of wet chemistry and
mechanochemistry. Wet reaction media provide a homogenous
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liquid reaction environment and therefore bestow better molecular
mobility and mass transport than that in solid-solid reaction
conditions.”” When redox reactions are mechanically induced in the
process by the high impact velocity of the balls in the mill, the
morphology of the particles is manipulated by directional
mechanical force, simultaneously creating chemical reaction points
through the conversion of mechanical energy. Consequently, the
products of redox reactions are “wet-welded” together. High
frequency collisions in liquid media would be practical to direct the
chemical reaction venues and particle anchoring spots, leading to the
achievement of the uniform resultant materials. Thus it is
particularly useful for mass production and for high performance
LIBs.

Milling Balls

Fig 1. Schematic representation of the formation mechanism of the
SnO,@graphene nanocomposites in the WB process.

In this work, the WB method is applied to synthesize the
SnO,@graphene nanocomposites using SnCl, and graphene oxide
(GO) at room temperature in a one pot strategy. In the WB reaction,
stannous chloride (SnCl,) is firstly hydrolysed to Sn(OH)CI as
shown in reaction (3), and subsequently Sn(OH)CI reduces GO to
graphene under continues mechanical forces®*>2:

SnCl, + H,0 < Sn(OH)CI +HCl 3)
WB
Sn(OH)Cl + GO — SnO,@graphene +HC1 “)

In liquid media, Sn(OH)CI can be dispersed homogeneously.
As shown in Fig 1, when the balls collide, the kinetic energy of
the collision is utilized to overcome the activation energy
barriers of the chemical reactions. Reduction of the GO is most
likely to occur at the ball collision points which possess the
highest energy converted from the powerful mechanical
collision. Under this mechanism, the functional groups (such as
hydroxyl, carbonyl, carboxylic and bridge oxygen) of the GO
sheets are reduced by the Sn(OH)CI, producing graphene and
SnO, nanoparticles at those collision points. In fact, under
constant collisions the produced SnO, nanoparticles are
immediately directed onto the “welding spots” of the two
dimensional graphene sheets densely, leading to the formation
of SnO,@graphene nanocomposites (denoted as SG-WB). This
is a very significant advantage in comparison with traditional
thermal-induced reaction where the reaction could take place
randomly without the directional guidance for the SnO,
nanoparticles to bond with the reaction sites.

Experimental
Materials Preparation:

The SnO,@graphene samples were prepared by dissolving stannous
chloride (SnCl,*2H,0, Merck Pty. Ltd.) and graphene oxides (GO,
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Tianjin Plannano Technology Co. Ltd.) in 10 mL high-purity
deionized water (Millipore Corp., 18.2 MQ cm). Samples prepared
with different weight ratios of SnCl,»2H,O and GO: (a) 45:10
(0.45g: 0.10g), (b) 15:10 (0.15g: 0.10g) and (c) 75:10 (0.75g: 0.10g),
are denoted as SG-WB, SG-WB-15 and SG-WB-75, respectively.
The mixture was added into a planetary zirconia ball miller (50 mL;
QM-3SP04, Nanjing Nanda Instrument Plant; ball to powder weight
ratio is 40:1, approximately) in air at the room temperature (ca.
23.0°C) at a speed of 500 rpm for 3 h. The resultant solutions were
centrifuged and washed with deionized water for three times and
with ethanol for one time. The remaining solids were dried in a
vacuum oven at 60 °C for 12 h.

In order to compare the effect of the proposed wet ball-milling with
dry ball-milling and simple wet chemistry on the structure and
performance of resultant products, several types of controlled
samples are synthesized. In particular, SnO,-WB: 0.45g of
SnCl,2H,0 was ball-milled under the identical experimental
conditions of SG-WB sample in the absence of GO. SG-DB: 0.45g
of SnCl,*2H,0 and 0.10g GO were dry ball-milled under the same
conditions; SG-W: 0.45g of SnCl,*2H,O and 0.10g GO were
dissolved in 10mL water and stirred for 3 h (without ball-milling).

Commercial tin oxide powder (SnO,, Nanostructured & Amorphous
Materials Inc.) is used without further purification.

Materials Characterizations:

The microstructure and morphology of materials were examined by
scanning electron microscope (SEM, JSM-7001F) and transmission
electron microscopy (TEM) (FEI Model Tecnai G20). Energy-
dispersive X-ray spectroscopy (EDS) analysis and element mapping
were obtained from JEOL JSM-6610. X-ray diffraction (XRD) was
characterized (Model LabX-6000, Shimadzu, Japan) using CuKa
radiation at 40 kV and 40 mA over the 26 range of 10—80 °. For X-
ray photoelectron spectroscopy (XPS, Kratos Axis ULTRA
incorporating a 165 mm hemispherical electron energy analyzer)
test, all binding energies were referenced to the C/s peak (284.8 eV).
Raman spectra were examined at room temperature by a Renishaw
100 system (Raman spectrometer using 514 nm Agraphenen green
laser as light source). The thermogravimetric analysis (TGA) was
performed on a TA instruments (series Q500) in air flow and at a
heating rate of 5 °C min".

Battery Assembling:

Prepared active materials were mixed with 10 wt % carbon black
and 10 wt% polyvinylidene difluoride (PVDF, MW=534 000,
Aldrich) in N-methyl-2-pyrrolidone (NMP, 99.5%, Aldrich) solvent
to form a homogeneous slurry, respectively. The resultant slurries
were uniformly coated onto Cu foils with an area of 1 cm® The
weight of the electrode material is c.a. 1~2 mg. All the pasted Cu
foils, i.e., the anodes, were dried in a vacuum oven at 60 °C for 12 h
and then pressed by a double-roll compressor.CR2032 coin-type
cells were assembled in an argon-filled M-Braun glove box. A
porous polypropylene film was used as the separator, a lithium sheet
as the counter electrode, and 1 M LiPF¢ in a 1:1 (w/w) mixture of
ethylene carbonate (EC) and dimethyl carbonate (DMC) as the
electrolyte. To measure the electrochemical capacity and cycle life
of the working electrodes, the cells were galvanostatically charged
and discharged using LANDCT2001A battery tester (Wuhan, PRC)
in a voltage range from 0.01 to 2.5 V vs Li/Li".

This journal is © The Royal Society of Chemistry 2012
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Cyclic voltammograms (CVs) were performed using a CHI
660D electrochemical workstation (CH Instrument, Shanghai,
PRC). CVs were recorded between 2.5 V and 0.01 V at a scan
rate of 0.1 mV s, using the composite as the working electrode
and a lithium sheet as both counter electrode and reference
electrode. Electrochemical impedance spectroscopy (EIS) was
carried out with amplitude of 5 mV over the frequency range
from 100 kHz to 0.01 Hz.

%
gl

" graphene 5.nm

Fig 2. SEM images of GO (a), SG-WB (b); TEM images with
different magnifications (c), (d), (¢) and HRTEM image (f) of the
SG-WB composite.

Results and discussion

The morphologies of the products produced by this WB process have
been investigated by SEM. Fig 2a illustrates that GO has a typical
extremely thin and semi-transparent graphene sheets structure.
Without the addition of GO in the wet ball-milling process (sample
SnO,-WB), tin oxides particles with an average size distributed
around 1 pm were obtained, as shown in Fig S2a and b; some
aggregation of these particles occurs under the constant ball milling
process. For the SG-W sample, which was prepared from the wet-
chemistry without ball-milling, an uneven structure was obtained
(Fig S2c). The sample is a physical mixture of SnO, particles,
graphene sheets, GO sheets, and SG-WB nanocomposites. Tin
compounds rods (less than 10 um) can be observed in the mixture
(Fig S2d, the back-scattered electron analysis image). The formation
of the mixture can be ascribed to the lack of the direction synthesis
function of the mechanochemical process for the chemical reaction
(4) and the particle anchoring process. Consequently, an abundance
of tin oxides rods can be detected residing in the SG-W sample

This journal is © The Royal Society of Chemistry 2012
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without anchoring to the graphene sheets. For the SG-DB sample,
large bulky micron sized particles can be readily observed (in Fig
S2e) due to the lack of disperse effect of the water. This is the
typical morphology for dry ball-milling product.

In contrast, the SG-WB sample has uniform wrinkled-looking
sheets, which are significantly thicker than the original GO sheets
(Fig 2b and Fig S2f) due to the formation of a dense layer SnO,
nanoparticles evenly attached on the surface of graphene sheets. The
sheets are in the same size with GO, suggesting that there are no
structural damage to GO during the WB process. Moreover, no large
rods or blocks (tin compounds aggregates and graphene aggregates)
are observed, indicating that both the as-aforementioned aggregation
of the SnO, particles and restacking of graphene sheets are
effectively prevented in the WB process.

\

keV

Fig 3. SEM image of the SG-WB (a) and the EDS elemental
mappings spectra of C (b), Sn (c) and the EDS spectrum (d) of the
SG-WB sample.

Fig 2c and 2d illustrate the morphology of SG-WB sheets by TEM.
The size of a single composites sheet is about several micrometres,
in line with SEM observation. The SnO, crystallites attached
uniformly on graphene sheets can be further corroborated from high
resolution TEM images (Fig 2e and 2f). SnO, nanoparticles are
bonded to graphene sheets densely and homogeneously according to
the high directional vector forces during WB process. The average
size of SnO, nanoparticles is c.a. 3 nm, which is a fascinating result
for forming materials in this size level by the mechanochemical
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method. Moreover, the adjacent lattice fringe d-spacing of 0.34 nm
can be ascribed to (110) planes of rutile SnO,.

EDS and elemental mapping (Fig 3) also confirm that the
morphology change between GO and graphene sheets is due to SnO,
particles since Sn and C are distributed uniformly on the surface of
graphene sheets which agrees with the TEM results.

SnCl,e2H,0
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\ .
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Fig 4. XRD patterns of the SnCl,*2H,0, GO, SnO,-WB, SG-W, SG-
DB and SG-WB samples.

XRD patterns confirm the above conclusion. Fig 4 shows that there
is only one peak (26 = 11.49°) of GO pattern, and according to
Bragg’s equation (2dsinf = nl), the distance (d) between GO layers
is 0.77 nm which is much larger than graphite (d (200) = 0.336 nm)
due to carbon-oxygen bond and oxygen-containing functional groups
between GO layers. For SnO,-WB, there are no GO added as the
reactant, thus no typical rutile SnO, indexed peak is observed but
only a mixture of tin-oxides at various tin valence states. Before
reaction, peaks for SnCl,*2H,0 can be clearly observed in the XRD
pattern. After the WB process, the typical XRD peaks of
SnCl,*2H,0 disappeared, instead, a rutile SnO, crystal pattern
(JCPDS No.41-1445, space group P42/mnm, d (110) = 0.335 nm in
agreement with the HRTEM result) and a broad SnO peak (26 =
30.1°, JCPDS No. 07-0195) were observed. This pattern suggests
that the reactions (3) and (4) occurred and produced the SnO,
nanoparticles in the WB process without the need for thermal
treatment in traditional process. The SG-WB sample shows broad
diffraction peaks, which could be contributed by the small size of
SnO, particles. The particle size was calculated by Scherrer formula
(D= KA/ Bcos®) as c.a. 3 nm, which is consistent with the HRTEM
measurements. SG-DB shows weaker SnO, and SnO patterns at the
similar 26. This reveals that without aqueous reaction media, SnO,
still can be formed by mechanochemical reaction, but the resultant
crystallinity is not as good as the wet ball-milled sample. The XRD
peaks of SG-W are broad and cannot be distinguished easily,
because the resultant SnO, products from the wet-chemistry process
are mainly amorphous, which need further thermal treatment before
use.

4| J. Name., 2012, 00, 1-3

XPS is a useful tool for identifying the changes of carbon-oxygen
bonds and oxygen-containing functional groups at surface of
materials. In this case, it could provide evidence of the reduction of
GO and the formation of SnO, during the wet-ball milling process.
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Fig 5. XPS spectra images: XPS survey scan of SG-WB (a); Sn3d
XPS spectra of SG-WB (b); Cls XPS spectra of GO (c); Cls XPS
spectra of SG-WB (d).

The XPS survey spectra of the SG-WB sample (Fig 5a) shows the
presence of O, Sn, C and Cl (trace residue of the reactant SnCl,),
which is consistent with the EDS findings. Fig. 5b shows the Sn3d
spectrum of SG-WB has two peaks at 487.6 eV and 496.1 eV, which
are attributed to Sn3ds, and Sn3ds),, respectively, confirming the
formation of SnO, nanoparticles.***> Peaks of C-C/ C=C (sp’ C),
C*-CO, C-0, C=0 and O=C-OH groups can be divided from C Is
spectrums of GO, which centered at 284.8 eV, 285.8 eV, 287.5 eV,
288.6 eV and 289.6 eV, respectively (Fig 5c). After the WB process,
the intensities of the divided spectroscopic components
corresponding to the oxygen-containing functional groups decline
due to the reduction reaction (Eq. 4). It can be concluded that the GO
is reduced and the SnO, and graphene are formed.

100
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Fig 6. Raman spectra of the GO and SG-WB (a); TGA curve of SG-
WB (b).

Notable changes of the GO occurred during the WB process are
displayed in their Raman spectroscopy spectra as shown in Fig 6a.
The peaks located at 1350 cm ™! and 1601 cm™' are both observed,
representing the D band and the G band, respectively. The G band is
related to the presence of isolated double bonds while the D band is
linked with the disruption of the symmetrical hexagonal graphitic
lattice. Therefore, the relative intensities ratio of the D to G bands
(Ip/lg) can be considered as a result of the reduction in the sp’
domain size. An increased Ip/I; (1.70) ratio of SG-WB is obtained
after the WB reaction in comparison with GO (1.23), which indicates

This journal is © The Royal Society of Chemistry 2012

Page 4 of 8



Page 5 of 8

a decrease in the average size of the sp? domains upon the reduction
of GO,***® and the successful attachment of SnO, nano particles on
graphene sheets.

To investigate the mass percentage of SnO, of SG-WB composites,
SG-WB was characterized by TGA, which is shown in Fig 6b. The
weight loss before 120°C is attributed to the evaporation of water
(10% of water content) and the weight loss between 120 °C and 450
°C is due to the oxidation of graphene in air, emitting CO,.
Therefore, the weight percentage of SnO, of the composites can be
estimated using 63% from 90% as the whole weight of SG-WB. The
final percentage is c.a. 70%.

The electrochemical performance of SG-WB were tested by CV and
galvanostatic charge/discharge measurements, in a potential window
of 0.01~2.5 V vs Li'/Li. Fig 7a shows the CV curves of SG-WB at a
scan rate of 0.1mV s™', in which two cathodic peaks can be observed
from the first cycle at 0.6V~1.0V and 0.01V which are generally
consistent with the typical SnO,-based anodes.'” * The difference
between the first and subsequent cycles (broad cathodic peak
between 0.6V and 1.0V) is mainly due to the formation of the solid
electrolyte interface (SEI) layer, the partial reversibility of the
reduction of SnO, to Sn, and the formation of Li,0,*° as shown in
reaction (1). The CVs of the second and third cycles are almost
overlapped, indicating that the performance stabilizes rapidly and the
electrochemical process is mostly reversible. There are two
characteristic redox pairs at potentials of (0.01, 0.6 V) and (1.0, 1.3
V), respectively. The first redox pair is corresponding to the
reversible formation of Li,Sn alloys (0 < x < 4.4, as indicated in the
reaction (2), and the second one can be ascribed to the reaction in
Reaction (1) and the SEI film.*'**

Fig 7b shows the first, second, third and the 50™ cycle galvanostatic
charge/discharge voltage profiles for SG-WB at a current density
100 mA g'. Typically for SnO, anodes, there are slopes in two
regions in the first discharge process,”® owing to the combination by
SEI film formation and SnO, reduction to Sn. The curves of the
second and third cycle are also agreeing well with CV curves for the
two characteristic redox pairs. The shape of the 50" cycle curve has
barely changed, which demonstrates a good reversibility of the SG-
WB sample. Compared with the first cycles of SnO,-WB and
commercial SnO, electrodes (Fig S3a and b), a much higher
coulombic efficiency is obtained from the SG-WB electrode;
moreover, higher reversible charge/discharge capacities are gained
from the second cycle as well. This probably can be attributed to the
following factors: the improved conductivity due to the
incorporation of graphene; the achievement of the nano-size of SnO,
particles; the strong bonding between the SnO, nanoparticles.
Graphene sheets and resultant layer structure of the SG-WB sample
are beneficial in tolerating strain, volume variation and prevent the
aggregation of SnO, and Sn during charge and discharge process.*

Fig 7c shows the cycling performance of the SG-WB at a current
density of 100 mA g™ for 100 cycles. The initial discharge capacity
is 1445 mAh g, which is owing to the combination of the reactions
(1) and (2), and the formation of stable SEI. Discharge capacity of
the second cycle is 773.6 mAh g™ and the loss of capacity compared
with the first cycle is due to the partly irreversible reaction (1). The
specific capacity remains at 620 mAh g after 100 cycles, and the
coulombic efficiency of SG-WB stays c.a. 100% in the whole
galvanostatic charge/discharge measurement, indicating high
capacity and excellent stability. In order to investigate the
electrochemical performance further, rate charge/discharge
characterizations for SG-WB at different currents densities are

This journal is © The Royal Society of Chemistry 2012

Journal of Materials Chemistry A

carried out and the charge/discharge capacities are shown in Fig 7d.
Reversible and stable capacity can be clearly observed. It is
remarkable that the capacity remains 220 mAh g' at a current
density of 1500 mA g”'. The specific capacity maintains at 640 mAh
g from the 50th cycle for SG-WB anode when the current density
returns to 100 mA g after the large current charge/discharge
processes.
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Fig 7. CV curves of the first three cycles of the SG-WB electrode
(a), the 1%, 2™ 3™ and 50™ cycle charge—discharge profiles for SG-
WB at a current density of 100 mA g in the voltage range 0.01~2.5
V (b); The charge/discharge capacities and the coulombic efficiency
of SG-WB at 100 mA g (c), the rate charge/discharge capability for
SG-WB (d); and discharge capacities of SnO,-WB, commercial
SnO,, SG-DB, SG-W and SG-WB ce¢lectrodes, at 400 mA g"l,
respectively (e).

Fig 7e illustrates long cycle life cycling tests at a current density of
400 mA g'. Without the graphene structure skeleton, dramatically
dropped capacities during the first 50 cycles could be observed for
both the SnO,-WB and the commercial SnO, samples, owing to the
collapse of the electrodes materials from the volume variation during
charge/discharge process. Moreover, the conductivities of both
Sn0O,-WB and commercial SnO, are extremely poor due to the lack
of graphene. For SG-DB electrode, according to XRD results, SnO,
has also been formed by the mechanochemical method, thus it shows
a similar capacity as SG-WB for the first 30 cycles. However,
without liquid reaction media, the large bulk morphology of the
product and the lack of homogeneity lead to less tolerance for the
volume changing of Sn during the charge/discharge process.
Therefore, the electrode materials collapse, and the specific capacity
of the SG-DB sample decreases to 343 mAh g after 180 cycles. The
specific capacity of the SG-W is significantly lower than that of the
SG-WB and SG-DB samples. It goes down to 217 mAh g at its
180™ cycle. This fast decay is due to the poor connection between
the amorphous tin oxides and the graphene sheets. For SG-WB
electrode, significantly cycling life performance could be obtained. It
retains over 500 mAh g for the 150" cycle and after 400 cycles, the
capacity is still over 420 mAh g, which is much higher than the
theoretical capacity of commercial graphite electrode.

J. Name., 2012, 00, 1-3 | 5
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To further study the electrochemical property of the as-prepared
nanocomposites, EIS measurements were conducted. The Nyquist
plots obtained after 50 charge/discharge cycles for SG-WB, SG-DB
and SG-W are shown in Fig S4. The shapes of the plots of SG-DB
and SG-W are similar with depressed semicircles in high-middle
frequency region, displaying the charge transfer resistance (R.;). The
two depressed semicircles of high and middle frequency region for
SG-WB are attributed to SEI film and R, indicating a good SEI film
for SG-WB and a smaller R,, than that of SG-DB and SG-W.3° The
differences of the electrodes R, could be owing to the uneven bulk
morphology for SG-DB and the poor combination of the components
for SG-W. After charge/discharge for 50 cycles, the collapse of
electrode materials for SG-DB and SG-W causing by Sn volume
change may also contribute to their larger R,,.
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Fig 8. The rate capabilities of the samples with different ratios of
SnCl,-2H,0 and GO at various discharge rates (a); the specific
capacity of the samples at a constant discharge rate of 400 mA g

(b).

The effects of the ratio of raw materials (SnCl,-2H,O and GO) on
the rate performance are also investigated. The SG-WB, SG-WB-75
and SG-WB-15 samples were prepared with SnCl,-2H,0: GO ratios
of 45:10, 75:10 and 15:10, respectively. Fig 8 illustrates the
discharge capacities of the samples at different discharge current
densities from 100 to 1500 mA g, respectively. At low current
densities (100 ~ 250 mA g"), The SG-WB-75 sample delivers the
highest specific capacity because it contains the highest weight
percentage of SnO, in the electrode while SG-WB-15 has the lowest
capacity due to the lowest SnO, content. In strong contrast, at high
current densities (500 ~ 1500 mA g'), the SG-WB sample
demonstrates the highest capability in Fig 8a as well as the best
cycling stability (see Fig 8b) for 50 cycles at 400 mA g'. This
should be also attributed to the resilient structure of the resultant
composite.

Conclusions

In summary, the one-step WB method was successfully used to
prepare SnO,@graphene nanocomposites using GO and SnCl, as
precursors in this work. Due to the directional effect of the WB
method, introduction of the aqueous reaction media and the constant
powerful collisions between the reactants, GO was thoroughly
reduced to graphene while SnCl, was oxidised in-situ to SnO,
nanoparticles that are strongly “welded” on the graphene sheets at
the ball-colliding points during the reaction, resulting in uniform and
resilient nanocomposites. The composites present a superior
electrochemical performance in terms of rate capacity and cycle life
as anode material for LIBs. This method could be further extended
for large scale production of a series of metal oxides@graphene
composites or other materials for practical applications in energy
storage and conversion fields.
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Colour graphic:

Milling Balls

Text: SnO,@graphene nano-composites with excellent lithium ion battery performance are
successfully prepared by a one-step simple and up-scalable wet-mechanochemical method.



