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Cambered nano-walls of SnO2/rGO composites with controllable thickness were synthesized by 

using a recyclable melamine template. 
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b
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Graphene and graphene/metal oxide composite materials have attracted considerable interest for energy materials due to 

their excellent electrochemical performances. Here we propose using melamine as a template for the synthesis of 

cambered nano-walls of SnO2/rGO materials. Melamine powder can effectively absorb SnO2/GO from the solution to form 

a core-shell structure of melamine@SnO2/GO. After thermal reduction of GO at 200 oC to form the melamine@SnO2/rGO, 

melamine was dissolved in hot water at 80 oC, leaving behind the cambered SnO2/rGO nano-walls. Melamine is recyclable 

since it precipitates when its solution cools to room temperature. The thickness of the SnO2/rGO nano-walls can be easily 

controlled by adjusting the mass ratio of melamine to SnO2/GO. When the mass ratio was set to ten, cambered walls of 

SnO2/rGO with thickness of about 100-200 nm were achieved. The resulting SnO2/rGO delivered an initial reversible 

capacity of at 998 mAh/g at a current density of 100 mA/g and a capacity of 855 mAh/g after 100 discharge-charge cycles 

in a potential range between 0.02 and 3.0 V vs. Li/Li+. It also showed good rate performance with a reversible capacity of 

460 mAh/g at 1A/g. These high capacities can be linked to the special cambered nano-walls which ensure fast solid 

diffusion in addition to providing an effective liquid-channel and buffer-volume in the electrode. The proposed synthesis 

method is easily scalable and should be applicable to many other graphene based energy materials.

1.  Introduction 

Li-ion batteries (LIBs) have attracted considerable attention for 

their high energy density and high average voltage. LIBs have a 

wide range of applications in electric/hybrid vehicles, portable 

electronic devices, and satellite equipments. 
1-3

 Great efforts 

have been made in exploring novel anode materials with 

superior cycling capacity and stability.
4-7

 In recent years, 

nanocomposite materials composed of graphene and metal 

oxides, such as SnO2, have become popular candidates of 

anode materials for LIBs.
8-10

 Tin dioxide has high theoretical 

capacity (782mAh/g),
11,12

 is low cost, and is nontoxic.
13,14

 But 

pure SnO2 is unsuitable for electrode applications since a 

volume change between Sn and Li4.4Sn during the 

lithiation/delithiation process can reach 359%. The volume 

changes often cause SnO2 electrodes to crack and exhibit rapid 

capacity fading.
15,16

 Graphene could be an ideal buffer material 

for SnO2 in LIBs. It exhibits a number of intriguing properties 

including a perfect two-dimensional nanostructure, excellent 

electronic conductivity, high surface area (theoretical value 

2600 m
2
g

-1
), and wide electrochemical window.

17-20
 It was 

recently reported that SnO2/graphene nanostructures may not 

only provide an effective volume buffer but also prevent the 

Sn nanoparticle from aggregation.
21-24

 

However, the synthesis of high performance anode 

materials of nanostructured SnO2/graphene remains 

challenging. The SnO2/grapheme ( often denoted as SnO2/rGO 

in which the rGO represents graphene reduced from graphene 

oxide GO) has been typically derived from SnO2/GO in an 

aqueous solution.
25-29

 The drawbacks of this kind of synthesis 

include the use of expensive and hazardous reductants (such 

as hydrazine) and the aggregation of the nano-SnO2/rGO.
30,31

 

Vacuum freeze drying and vacuum assisted thermal treatment 

are traditionally used to produce powders of SnO2/rGO with an 

increased surface area and higher electroactivity, but these 

processes are time consuming and energy intensive.
32,33

 

In this work, we demonstrate a simple method to prepare 

nano-walls of SnO2/rGO composite with controllable thickness 

using melamine as a template. In this process, the dispersion 

of SnO2/GO in aqueous solution is first precipitated by 

adsorbing onto the surface of the melamine powder to form a 

coating structure of melamine@SnO2/GO. Next a thermal 

treatment of the melamine@SnO2/GO is carried out at 200 
o
C 

for the reduction of GO to rGO. Finally, the melamine powder 

is dissolved by hot water, leaving behind the nano-walls of 

SnO2/rGO as the product. Most of the melamine can be 

recovered by precipitation due to its lower solubility in water 

at room temperature. The initial reversible charge/discharge 

capacity of the resulting nano-walls of the SnO2/rGO 

composite at a current density of 100 mAh/g can be as high as 

995 mAh/g in the potential range between 0.02 and 3.00 V, 
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and approximately 850 mAh/g remained after 100 cycles, 

indicating high capacity and high cycling stability. 

2.  Experimental  

2.1materials synthesis 

Graphene oxide (GO) was synthesized from natural graphite 

powders via the Hummer’s method.
34

 After washing, 

centrifuging and drying, the GO was dispersed in deionized 

water under ultrasonication to form a GO solution with a 

concentration of 1mg/mL. Tin oxide (SnO2) nanoparticles were 

obtained by hydrolysis of SnCl4. For a typical synthesis of 

SnO2/rGO nano-walls, 150mL GO solution (1mg/mL) was mixed 

with 50mL aqueous solution of SnCl4•5H2O (350mg) under 

stirring for 1.5 h to produce nanometer SnO2/GO. Second, 1 to 

5 g (corresponding to 3 to 17 in mass ratios of the melamine to 

SnO2/GO) of melamine powder was added into the solution 

with stirring for another 1h at room temperature. After 

sedimentation and filtration, the brown precipitate of 

melamine@SnO2/GO was collected and dried at 80 
o
C. Third, 

the melamine@SnO2/GO was annealed at 200 
o
C for 2h to 

prepare the melamine@SnO2/rGO. Finally, the melamine core 

was removed by rinsing three times with hot deionized water 

(80
o
C and 100mL per rinse).The resulting SnO2/GO nano-walls 

were collected and dried for further tests. The final product 

was notated as M(x)-SnO2/rGO, where the M indicates the 

melamine template has been used during the material 

synthesis, and the x changes from 1 to 5 corresponding to the 

mass of melamine added. As a reference, x = 3 means the mass 

ratio of the melamine to SnO2/GO is 10. For comparison, a 

SnO2/rGO sample was synthesized in the same way without 

the addition of melamine. The nanometer SnO2 was 

synthesized by hydrolysis of SnCl4.
 

2.2 Characterization  

The powder X-ray diffraction (XRD, Shimadzu XRD-6000 Cu Kα 

radiation) was used for the structural characterization. The 

data were collected between scattering angles (2θ) of 10-80°at 

a scanning rate of 4°/min. The scanning electron microscopy 

(SEM, Quanta 200, FEI) and transmission electron microscopy 

(TEM, JEOL JEM-2010FEF) were conducted for the morphology 

observation. X-ray photoelectron spectroscopy (XPS) analysis 

was carried out with a Thermo Fisher ESCALAB 250xi Ultra 

spectrometer with an Al Kα excitation source. The weight 

percentage of SnO2 in nanocomposite was determined by 

thermogravimetric analysis (TGA Q500, TA Instrument) 

scanning from 100 to 800 
o
C at an average rate of 10 

o
C/min in 

air. Fourier-transform IR (FTIR) spectra of the samples were 

recorded using a Nicolet-MEXUS 670 Spectrophotometer. 

Raman analysis was performed with a Jobin Yvon HR800 

Raman spectrometer. The Brunauer, Emmett and Teller (BET) 

surface area was analyzed by Micromeritics ASAP 2020 

Analyzer (Norcross, GA) with nitrogen adsorption. 

2.3 Electrochemical tests 

The electrochemical properties of the active materials (the 

M(x)-SnO2/rGO) and the reference material were studied in 

2016-type coin cells with lithium metal foil as a counter 

electrode. The electrolyte is 1M LiPF6/EC+DMC+DEC (v/v/v, 

1:1:1). The separator of cell was Celguard 2400. The test 

electrodes were nickel foam supported rolled membranes (0.1 

mm thick and ca. 3 mg/cm
2
) comprising 70 wt% active material 

and 20 wt% acetylene black plus 10 wt% polytetrafluoro-

ethylene (PTFE), which have a diameter of 10 mm. The cells 

were assembled in a glove box filled with argon gas (VAC 

OMNI-lab). Charge–discharge cycling of the coin cell was 

galvanostatically performed at room temperature with cut-off 

voltages of 0.02 V and 3.00 V, controlled by the BTS-55 Neware 

Battery Testing System (Shenzhen, China). In this study, the 

charging and discharging processes represent Li-dealloying and 

Li-alloying processes, respectively. The cyclic voltammograms 

(CVs) were carried out using a CHI660a potentiostat. The 

electrochemical impedance spectra was recorded at 2.0 V by 

applying an AC signal of 10 mV in the frequency range from 

100 kHz to 0.01 Hz. 

3.  Results and discussion

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  Fig. 1  Schematic illustration of the synthesis of nano-walls of nano-SnO2/rGO. 
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The process of synthesizing nano-walls of nano-SnO2/rGO is 

illustrated in Fig. 1. Graphene oxide has plenty of epoxy, 

hydroxyl and carboxylic acid groups, and it can be well 

dispersed in water (Fig. 1A). 
35-37

 It was previously reported 

that the hydrolysis of Sn
4+

 ions in the presence of GO yields 

a uniform coating of nano-SnO2 particles on the graphene 

oxide layers.The Sn
4+

 ions can be attracted and anchored by 

the oxygenic groups of GO and the generated SnO2 

nanoparticles can bond with the oxygenic groups through 

hydrogen bonding interaction.
38

 Here, a well dispersed 

suspension solution of SnO2/GO (Fig. 1B) was generated. 

The addition of melamine powders into the suspension 

solution resulted in a pale brown precipitate which could be 

easily collected through filtration. The upper layer solution 

became clear (Fig. 1C), indicating all the SnO2/GO particles 

might have been absorbed by the melamine powders, 

probably though the hydrogen bonding between the –NH2 

groups of melamine and the oxygenic groups of GO and 

forming a coating structure of melamine@SnO2/GO. To 

confirm this, the SEM images of the melamine powder 

before and after the codeposition were observed. The 

original melamine consisted of particles with smooth 

surfaces and diameters between 10-50 μm (Fig. 2a). The 

morphology of the melamine powders was almost 

unchanged after soaking in pure water at room 

temperature (Fig. S1). However the surfaces of the 

melamine@SnO2/GO particles were rough, suggesting the 

coating of SnO2/GO on the melamine particles. Additionally, 

the average particle size of the melamine@SnO2/GO was 

also larger than that of the melamine particles. Some of the 

melamine@SnO2/GO particles were much larger, likely due 

to aggregation after the coating of SnO2/GO on the 

melamine particles. 

Since GO could be reduced to rGO by decomposition at 

temperatures higher than 180 
o
C,

39,40
 the melamine@nano-

SnO2/GO powder was heated at 200 
o
C for 2h. After 

thermal treatment, the brown color of the melamine 

@nano-SnO2/GO changed to a grey black (Fig. 1D), 

suggesting the reduction of GO to rGO. The melamine in 

the materials was then removed by washing with hot water 

(~80 
o
C), leaving behind the black fluffy powder of nano-

walls of nano-SnO2/GO (Fig. 1E). It was found that 

melamine precipitated from the solution after the filtrate 

cooled in air, obviously due to the much lower solubility of  

 
 

Fig. 2 SEM images of the melamine powders before (a) and 

after (b) soaking in the SnO2/GO suspension solution. 

the melamine in cold water. After filtration, about 67% of 

melamine was recovered for the synthesis of the M(3)-

SnO2/rGO. Considering the solubility of melamine in water 

at ambient temperature (~ 15
o
C) is about 0.25 wt%,

41
 it is 

believed the other 33% of melamine (about 1g) remained in 

the total 500 ml filtrate and was the result of the synthesis 

and washing. However, the filtrate could be used for the 

next synthesis of M(x)-SnO2/rGO.  

 
 

 

  

     
Fig. 3 (a) X-ray diffraction (XRD) patterns of M(3)-SnO2/rGO, 

SnO2/rGO and pure nanometer SnO2. (b) Thermogravi-

metric Analysis (TGA) of M(3)-SnO2/rGO and SnO2/rGO. (c) 
Raman spectra of the M(3)-SnO2/rGO, SnO2/rGO and 

SnO2/GO composites. 
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Fig.4 Wide XPS spectra of (a) SnO2/GO, (b) SnO2/rGO and (c) M(3)-SnO2/rGO and the respective high resolution C1s spectra of (d) 
SnO2/GO, (e) SnO2/rGO and (f) M(3)-SnO2/rGO. 
 

The XRD patterns of M(3)-SnO2/rGO, SnO2/rGO and 

bare SnO2 are compared in Fig. 3a. The XRD pattern of pure 

SnO2 showed a tetragonal phase (JCPDS card no. 41-1445), 

in which, the 110, 101, and 211 peaks were distinct and 

sharp. However, the XRD patterns of M(3)-SnO2/rGO and 

SnO2/rGO were similar, and their diffraction peaks were 

broad and weak, indicating the small particle size of the 

SnO2 in the composite materials.
22

 The Scherrer formula 

was used to calculate the particle size of SnO2; from the 211 

and 301 peaks it was determined the particle size of SnO2 

was 2.4 nm. The broad peak at 24
o
 corresponds to the 

amorphous structure of graphene. The weight percentage 

of SnO2 in M(3)-SnO2/rGO and SnO2/rGO were about         

66 wt.% and 59 wt.% respectively according to the thermo-

gravimetric analysis (TGA, Fig. 3b), noting that the final 

mass after calcination of these composite materials in air 

would be pure SnO2. 

The thermal reduction of GO to rGO during the 

treatment at 200
 o

C was initially confirmed by Raman 

analysis (Fig. S2a). Fig. 3c shows the Raman spectra of 

carbon in different composites, including a G peak at about 

1610 cm
-1

 due to the bond stretching of sp
2
 atoms and a D 

peak at about 1360 cm
-1

 as an indication of defects on the 

graphitic plane. The intensity ratio of the D to G peak (ID/IG) 

of the SnO2/GO sample was about 0.80, which increased to 

0.86 of M(3)-SnO2/rGO and 0.85 of SnO2/rGO, revealing 

increased defects in the carbon structure after the heat 

treatment, in agreement with the fact that a heat de-

composition of GO would increase vacancies within the 

graphene plane and defects at the boundaries.
42

 

The thermal reduction of GO was also manifested by 

XPS analysis. Fig.4a, b and c show wide XPS survey spectra 

of SnO2/GO, SnO2/rGO and M(3)-SnO2/rGO respectively. As 

expected, the peaks of C(1s), O(1s) and Sn(3p, 3d, 4d) 

emerged. The corresponding high resolution C1s peaks are 

shown in Figure 4d, e and f respectively, which were 

deconvoluted to three peaks at 284.2, 285.5 and 287.6 eV. 

These peaks are usually assigned to the unoxidized graphite 

carbon skeleton (C-C, C=C), hydroxyl or epoxide group (C-

OH, C-O-C), and carboxyl group(C=O), respectively.
36,43,44

 It 

can be seen that after the thermal treatment at 200 
o
C for  

2 h, the oxygenic groups in the GO decreased significantly. 

The carbon to oxygen atomic ratio RC/O in the graphitic 

walls of SnO2/GO was calculated to be about 2.3:1, which 

increased to about 7.4:1 in M(3)-SnO2/rGO and 6.0:1 in the 

SnO2/rGO. The XPS results also suggested that the 

reduction of GO in these materials was mainly caused by 

the heat. It is likely that the melamine has only taken a 

small part, if any, in the reduction of GO. There are other 

indications that melamine is inert. For example, the thermal 

treatments led to a similar degree of reduction to both 

melamine@SnO2/GO and SnO2/GO; there is almost no 

signal of N in the XPS spectrum of M(3)-SnO2/rGO (Fig. 4c). 

In addition, the FTIR spectra of the original melamine and 

the recovered melamine from melamine@SnO2/rGO were 

almost identical (Fig. S2b), indicating the oxidation to the      
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–NH2 was negligible. The M(3)-SnO2/rGO had a relatively 

lower oxygen content, probably because the thinner 

thickness of the SnO2/GO layer on melamine should be 

beneficial for reduction during the heat treatment. 

To investigate the influence of melamine on the 

morphology of the products, scanning electron microscopic 

(SEM) observations were carried out. As can be seen from 

Fig. 5a, without adding melamine, the SnO2/rGO had a high 

degree of aggregation. The M(x)-SnO2/rGO samples with x 

between 2 and 5 all consisted of cambered walls. This kind 

of shape corresponds to the occurrence of a rupture of the 

coating layer during removal of the melamine core from the 

melamine@SnO2/GO, as illustrated in Fig. 1. Fig. 5 also 

indicates that the wall thickness of the M(x)-SnO2/rGO was 

controlled by the usage amount of melamine. The M(2)-

SnO2/rGO exhibited a thickness of about 1 m (Fig. 5b).The 

thickness of the M(3)-SnO2/rGO decreased significantly to 

about 100~200 nm (Fig. 5c). Since the usage of melamine in 

M(3)-SnO2/rGO was only 1.5 times of that in M(2)-

SnO2/rGO, the great difference in wall thicknesses between 

the two samples can be attributed to the slight dissolution 

of melamine as aforementioned. It can be seen that the 

wall thickness of the M(5)-SnO2/rGO decreased further (Fig. 

5d). When more melamine particles were added the 

coating layer of the SnO2/rGO on the particle surface 

should be thinner. The morphology difference between 

SnO2/rGO and M(x)-SnO2/rGO were in line with the results 

of the Brunauer–Emmett–Teller (BET) analysis. For 

example, the BET surface area of SnO2/rGO and M(x)- 

SnO2/rGO were found to be about 40 and 146 m
2
/g 

respectively (Fig. S3), indicating that the melamine 

template method was an effective way to achieve a high 

surface area for hybrid materials. 

 

 

 

 
 

Fig. 5  SEM images of (a)SnO2/rGO, (b) M(2)-SnO2/rGO, (c) 

M(3)-SnO2/rGO (the inset shows a perpendicular wall) and 

(d) M(5)-SnO2/rGO.  

 

The aggregation of SnO2/rGO and cambered thin sheets 

of M(x)-SnO2/rGO have also been observed under 

transmission electron microscope (TEM) (Fig. S4). The high 

resolution TEM (HRTEM) images of SnO2/rGO and M(3)-

SnO2/rGO are shown in Fig. 6, indicating that uniform 

nanocrystals of SnO2 were distributed homogeneously in 

both samples. The particle sizes of SnO2 in SnO2/rGO (Fig. 

6a) and M(3)-SnO2/rGO (Fig. 6b) were also similar. 

However, Fig. 6a shows many overlapping SnO2 particles, 

most likely due to the high degree of aggregation of 

SnO2/GO particles during the drying and thermal reduction 

processes. Conversely, individual SnO2 particles in the 

nano-walls of M(3)-SnO2/rGO can be easily identified 

according to the clearer lattice fringes displayed in Fig. 6b. 

It can be determined that the SnO2 particles in M(3)-

SnO2/rGO were about 2.5~4 nm. The small particle sizes 

were in agreement with the XRD and the selected area 

diffraction (SAED) patterns both showing weak diffraction 

intensity of SnO2.  

Fig.7a compares the charge capacities of M(x)-

SnO2/rGO (x=1, 2, 3, 5), SnO2/rGO and bare SnO2 during 

cycling  in a voltage range of 0.02-3 V ( vs Li/Li
+
) at a current 

density of 100 mA/g over 100 cycles at room temperature. 

The capacities of all materials fade faster in first five cycles 

 

 
 

Fig. 6 HRTEM images of (a)SnO2/rGO and (b)M(3)-

SnO2/rGO. The insets in (b) show the corresponding SAED 

pattern of (b) and the enlarged HRTEM image of the circled 

particle respectively. 

400 nm 

(a) (b) 

(c) (d) 

(a) 

(b) 
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due to the formation of SEI layer and the partially 

reversibility reduction of SnO2 to Sn + Li2O. The bare SnO2 

consisted of nanoparticles with an average size of about 10 

nm, and displayed an aggregate morphology under SEM 

and TEM observations (Fig. S5).
31

 Although the bare SnO2 

delivered an initial charge capacity of 885 mAh/g, it showed 

a poorest cycling stability and a lowest charge capacity (~30 

mAh/g) at the 100th cycle. This is expectable for it is well-

known that anode of pure SnO2 suffers from huge volume 

changes during cycling leading to the pulverization of the 

electrode.  

Compared with bare SnO2, the SnO2/rGO composite had 

much better performance, due to the good dispersion of 

SnO2  nanoparticles among the rGO, which provided a 

buffer to the volume expansion and the good electrical 

conductivity.
22

 However the SnO2/rGO may suffer from 

aggregation as observed under SEM (Fig. 5). The addition of 

the melamine template to synthesize cambered walls of 

M(x)-SnO2/rGO showed a positive effect to the 

performance, and the more the melamine added, the 

better the performance of the resulting material (Table S1). 

Undeniably the M(3)-SnO2/rGO and M(5)-SnO2/rGO compo-  

 

 

         
Fig. 7 (a) Plots of charge capacities of M(x)-SnO2/rGO (x=1, 

2, 3, 5), SnO2/rGO composite and bare SnO2 during cycling 

at a current density of 100 mA/g between 0.02-3.00V.(b) 

The corresponding coulombic efficiencies of charge and 

discharge of several samples in (a). 

site showed the best cycling stability and the highest 

discharge capacity among the six samples. The charge 

capacity of SnO2/rGO at the 100th cycle was about 536 

mAh/g, a value similar to that reported for directly dried 

SnO2/rGO after filtration from solution.
45

 In comparison, 

the M(3)-SnO2/rGO delivered a capacity of 855 mAh/g at 

the 100th cycle, which was as high as  810 mAh/g even at 

the 150th cycle, much greater than that of SnO2/rGO. 

The corresponding coulombic efficiency of M(3)-

SnO2/rGO, SnO2/rGO, and SnO2 are displayed in Fig. 7b. The 

coulombic efficiency of the M(3)-SnO2/rGO increased from 

the initial 64% to about 94% in the second cycle, and later 

increases to about 100% after about 10 cycles. The M(3)-

SnO2/rGO showed a much higher initial coulombic 

efficiency than those of SnO2/rGO (44.2%) and SnO2 

(47.9%). 

 The M(3)-SnO2/rGO also showed a good cycling 

performance at a higher charge/discharge current of 0.5 

A/g (Fig. S6). It delivered reversible capacities of about 900 

and 670 mAh/g at initial and at the 150th cycle respectively. 

In comparison, the capacity of SnO2/rGO decayed from 530 

mAh/g at initial to about 250 mAh/g at the 150th cycle, 

indicating much poorer capacity and cycling stability. 

The excellent cyclic ability should be ascribed to that in 

the nanostructure of M(3)-SnO2/rGO, rGO should work as a 

good barrier to prevent the Sn nanoparticles from 

aggregation. Indeed, the TEM image (Fig. S7) did show that 

the particle size of Sn or SnO2 in the M(3)-SnO2/rGO sample 

remained less than 5 nm after 100 charge/discharge cycles. 

The EDX elemental mappings as shown in Fig. 8 also 

confirmed that the Sn and O elements were distributed 

uniformly in the graphene matrix, indicating no obvious 

aggregation occurred during the cycling. 

     The M(3)-SnO2/rGO was further investigated by CVs. Fig. 

9a displays the recorded CV curves of M(3)-SnO2/rGO over 

a voltage range of 0.01-3.00V versus Li/Li
+ 

. Oxidation and  

 

 
 

Fig. 8 (a) SEM image of M(3)-SnO2/rGO sample torn off 

from the electrode and EDX elemental mapping spectra of 

C (b), O (c) and Sn (d) after 100 charge/discharge cycles at 

100 mA/g. 
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Fig. 9 (a) Cycle Voltammograms (CVs) of M(3)-SnO2/rGO at a scan rate of 0.1mV/s and (b) compares the 4th cycle CVs of M(3)-

SnO2/rGO and SnO2/rGO at a scan rate of 0.1mV/s. (c) the recorded 1st to 3rd charge and discharge curves of M(3)-SnO2/rGO 

and SnO2/rGO at current density of 100 mA/g between 0.02-3.00V. (d) Rate performances of M(3)-SnO2/rGO and SnO2/rGO 

composites. 

reduction currents in first and second cycles of scanning 

were relatively small probably due to the electrode not 

being saturated with the electrolyte. The CVs became 

almost producible from the third cycle. The highly 

reversible redox peaks c1 at 0.23 V and a1 at 0.63 V can be 

attributed to Li-alloying and Li-dealloying respectively, 

which contributed to most of the capacity of a SnO2 based 

electrode traditionally.
36,46

 The cathodic peak at a potential 

about 0.93 V (c2) was usually attributed to the formation of 

the SEI layer, as well as the reduction of the SnO2 to Sn and 

Li2O (SnO2+ 4Li
+
+4e=2Li2O + Sn ).

47,48
 This reduction reaction 

was as partially reversible.
16,47

 In our case, the cor-

responding anodic peak a2 at 1.31 V with a tail leveled off 

until about 2.2 V suggesting a slow reverse reaction of 

c2.
36,46

 However, the a2 is still remarkable, suggesting good 

reversibility of the c2/a2 couple of the M(3)-SnO2/rGO 

material.  

However, there were many differences in CVs between 

M(3)-SnO2/rGO and SnO2/rGO, which suggested the 

advantages of the M(3)-SnO2/rGO (Fig. 9b). First, both the 

redox peaks of c1/a1 and c2/a2 couples of the M(3)-

SnO2/rGO were well shaped compared to those of 

SnO2/rGO. Second, the c1/a1 and c2/a2 currents of M(3)-

SnO2/rGO peaked at 0.23 V/0.63 V and 0.93 V/1.31 V 

respectively, while those of SnO2/rGO peaked at 0.18 

V/0.62 V and 0.85V/1.33V respectively. These suggest both 

c1/a1 and c2/a2 couples of M(3)-SnO2/rGO were more 

reversible than those of SnO2/rGO. Particularly, The 

potential difference between a2 and c2 (0. 38 V) of M(3)-

SnO2/rGO was much smaller than that (0.48 V) of 

SnO2/rGO, indicating the cambered nano-wall structure can 

help to increase the reversibility of the conversion reaction 

between SnO2 and Sn+Li2O, resulting in the much greater 

cycling capacity than that of SnO2/rGO.  

The enhanced reversibility of the conversion reaction 

could be the reason for the higher capacity of M(3)-

SnO2/rGO than that of both rGO and traditional SnO2. The 

experimental cycling capacity of rGO was reported to be 

300~500 mAh/g.
36

 When taking only the Li-alloying of Sn 

into account, the theoretical reversible capacity of SnO2 is 

782 mAh/g. Consequently, considering the 66% weight 

percentage of SnO2 in M(3)-SnO2/rGO and assuming a 

capacity of 400 mAh/g of rGO, the capacity of M(3)-

SnO2/rGO could be estimated to be about 650 mAh/g. 

However, this capacity could reach at 1120 mAh/g if both 

the conversion reaction between SnO2 and Sn+Li2O and the 
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Li-alloying reaction of Sn in M(3)-SnO2/rGO could be fully 

reversible (in such case, the theoretical capacity of SnO2 

alone becomes to be 1494 mAh/g). As shown in Fig. 7a, 

M(3)-SnO2/rGO delivered a capacity 1000 mAh/g at initial 

and 855 mAh/g at the 100th cycle, which lay between 650 

and 1120 mAh/g, suggesting that a significant part of the 

capacity arising from the conversion reaction should be 

reversible. This may be true according to the CVs in Fig 9a, 

showing distinct c2/a2 redox peaks of the conversion 

reaction with considerable peak areas compared to that of 

the alloying reaction (c1/a1). 

The galvanostatic discharge-charge curves of M(3)-

SnO2/rGO and SnO2/rGO were compared in Fig. 9c. The 

potential plateau about 0.75V (vs.Li/Li
+
) in the first cathodic 

process of M(3)-SnO2/rGO should corresponds to mainly 

the irreversible reduction of SnO2 to Sn + Li2O, together 

with the formation of SEI membranes.
47,48

 From the second 

cycle, in line with the CVs in Fig. 9a, the cathodic branch 

shows two main stages, which centered at 0.9 V and 0.25 V 

respectively. The first stage may correspond to the 

reduction of SnO2, and the second one may include mainly 

Li-alloying reactions of both SnO2 and graphene.
36

 The 

anodic branches show two corresponding charging 

plateaus, at about 1.4 V and 0.5 V respectively. In 

comparison, the SnO2/rGO showed no or less charging and 

discharging plateau at potentials above 0.7 V, suggesting 

the con-version reaction between SnO2 and Sn + Li2O had 

insignificant contribution to the cycling capacity of 

SnO2/rGO. In addition, the SnO2/rGO showed higher 

charging potential but lower discharging potential 

compared to those of M(3)-SnO2/rGO, indicating greater 

polarizations in the SnO2/rGO electrode. 

In order to investigate the potential application for high 

power lithium-ion batteries, the rate performances of M(3)-

SnO2/rGO and SnO2/rGO were tested at current densities 

ranging from 100 to 5000 mA/g (Fig.8d). The M(3)-

SnO2/rGO displayed an excellent rate capability. It delivered 

charging capacities of about 900, 800, 700, 460, 270, and 

150 mAh/g at 100, 200, 500, 1000, 2000, and 5000 mA/g, 

respectively. When the current was set back to 100 mA/g, a 

capacity of 900 mAh/g could be restored and kept stable in 

the subsequent cycles. This rate capability was much better 

than that of SnO2/rGO which delivered charge capacities of 

about 530, 290, 130, 55, and 40 mAh/g at 200, 500, 1000, 

2000 and 5000 mA/g respectively.  

AC impedance analysis was also carried out to 

understand the benefits of the M(3)-SnO2/rGO composite 

over SnO2/rGO. The AC impedance spectra in Fig. S8 were 

obtainedunder similar conditions, indicating that the charge 

transfer resistance (7 ) of the M(3)-SnO2/rGO electrode 

was much smaller than the 18  of the SnO2/rGO 

electrodes, likely due to that the former had a larger 

electrolyte/active material contact area. The solid diffusion 

coefficient of Li
+
 ions in the M(3)-SnO2/rGO electrode can 

be derived from the Warburg impedances in the low 

frequency range, which was calculated to be 2.0  10
-9

 

cm
2
s

-1
, much greater than that (0.8  10

-9
cm

2
s

-1
) in the 

SnO2/rGO electrode. The excellent performances of M(3)-

SnO2/rGO can then be attributed to its two structure 

advantages: (1) the thin walls of SnO2/rGO would be 

preferable for the solid ion diffusion during 

lithiation/delithiation processes, and (2) their cambered 

structure may prevent the walls from a close packing, 

hence provide many liquid ionic channels, large electro-

chemical surface area and effective buffer volume.
49,50

 

These structure advantages have led to performances of 

the composites comparable to the best of the SnO2/rGO 

reported in most recent literatures.
25,43,51-57

 It is hopeful to 

further improve the performance by combining the 

cambered Nano-walls structure with other chemical 

modifications, such as nitrogen doping of SnO2/rGO 

composites.
21, 58-60 

4.   Conclusion  

We demonstrated using melamine as a recyclable template 

for the synthesis of cambered nano-walls of SnO2/rGO 

composites (M(x)-SnO2/rGO). The synthesis route included 

four steps: preparation of SnO2/GO solution by hydrolysis 

of SnCl4 in GO solution; adsorption of the SnO2/GO on the 

surface of melamine to form a core-shell structure of 

melamine@SnO2/GO; thermal reduction of GO at 200 
o
C to 

form the melamine@SnO2/rGO; finally removal of the 

melamine core by dissolving in hot water at about 80
o
C 

with SnO2/rGO coating layer cracking to cambered walls. It 

was found that the melamine is a good adsorbent for M(x)-

SnO2/rGO. Melamine dissolves in hot water and 

precipitates when the solution cools; this makes it a perfect 

recyclable template. The wall thickness of the M(x)-

SnO2/rGO can be easily controlled by adjusting the amount 

of melamine powder added into the SnO2/GO solution, and 

cambered walls of SnO2/rGO with thickness down to under 

100 nm have been achieved. TEM observation indicated 

that SnO2 nanoparticles with sizes of about 2.5-4 nm 

uniformly dispersed among the nano-wall matrix of rGO 

were achieved. When used for lithium ion batteries, the 

M(x)-SnO2/rGO with wall thickness of about 100-200 nm 

performed much better than the SnO2/rGO prepared using 

the similar method without the melamine template. The 

enhanced performances were thought to arise from the 

special cambered nano-wall structure of the materials that 

allows fast solid diffusion and easy liquid mass transfer, and 

provides an effective volume buffer. The proposed 

synthesis method is simple in operation, environmentally 

friendly, inexpensive, and energy saving. It is easily scalable. 

The presented strategy should be applicable to the 

fabrication of cambered nano-walls of many other 

graphene based energy materials. 
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