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Abstracts 

Nanostructured SnO2/onion-like carbons (OLC) composites were fabricated via 

a facile and rapid microwave-assisted synthesis technique. The influence of SnO2 

nanorods anchored on OLC was investigated as an anode material for the first time in 

lithium-ion battery applications. The OLC successfully served as a barrier layer 

between SnO2 nanorods and electrolyte to avoid the rupturing of the unstable SEI layer 

in order to provide improved coulombic efficiency, ionic resistance and electronic 

conductivity. The SnO2 nanorod-OLC nanocomposite exhibits much stable and better 

electrochemical performance than pure SnO2 nanorods. The SnO2-OLC composite 

exhibited a remarkably high specific capacity of 884 mAh g-1 after 100 cycles with long 

term cycling stability and excellent capacity retention of 93.5% (at current density of 

100 mA g-1) with only 0.23% fading per cycle. The outstanding performance could be 

attributed to the high surface area of OLC which can enhance electron transportation 

and high lithium-ion diffusion during cycling.  
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1. Introduction  

Lithium-ion batteries (LIBs) are the most important power sources for a wide 

range of applications including portable electronic devices and electric vehicles. 

Carbon based materials have been used commercially as anode for LIBs owing to their 

special features of low voltage plateau, acceptable capacity (372 mAh g-1) and stable 

cycling stability[1-3]. However, carbon anode materials when cycled at high current 

rates, two detrimental challenging effects have been observed: that are high charge-

discharge potential and electroplating/formation of highly reactive lithium dendrites as 

reported by Liu et al. in 2010 [4]. Consequently, it is necessary to exploit new electrode 

materials with high energy density to meet the high demand for long lasting energy 

storage devices. The challenge to meet the high demand for long lasting energy storage 

devices offers research opportunities to investigate high energy density new electrode 

materials. During the past decades, numerous nanostructured materials such as metals 

and metalloids (Sn, Si, Sb, etc.) that can alloy with lithium [5] and various forms of Sn 

oxides [6-12] have been extensively studied as anode materials for LIBs. Among them 

SnO2 has been emerged as a promising anode material due to its low cost, safety, high 

theoretical capacity (782 mAh g-1) and energy density. However, it experiences large 

volume changes (~250% or larger) during charge and discharge cycles that caused rapid 

capacity fade and poor cyclability, which limits its practical use as an anode material. 

In a challenge to solve this, many researchers as one option have been focusing on 

utilising the benefit of various effective nanostructures such as nanorods [13], 

nanowires [14], nanofibers [15-18] and nanotubes [1]. Particularly, one-dimensional 

SnO2 nanorods (NRs) benefit from their favourable geometry which enables them to 



have direct channels for efficient electron transport while receiving similar advantages 

like other nanostructures. Unfortunately, the direct exposure of SnO2 nanorods to the 

electrolyte still causes capacity fading due to the rupturing and unstable nature of the 

SEI layer that results in reduced coulombic efficiency, high ionic resistance and low 

electronic conductivity [19]. Hence, another approach proposed to solve this issue 

which is to create barrier layer between an electrolyte and the electrode structure. One 

of the most recommended electrolyte barrier layer technique is wrapping of graphene 

sheets over the SnO2 nanorods [20,21]. 

In the present work, for the first time, we reported the electrochemical 

performance of SnO2 nanorods anchored on onion like carbon (OLC) structure (OLC-

derived from the nano-diamonds which consists of several concentric carbon shells with 

diameter of 5-10 nm) were synthesised via microwave irradiation technique. The effect 

of SnO2-OLC composites before and after annealed was studied and proved that our 

SnO2 integrated OLC exhibits an excellent stable capacity cycling behaviour compared 

to various other carbon composites reported to date. 

2. Materials and methods 

2.1 Preparation of SnO2 nanorod and SnO2 nanorod-OLC nanocomposites  

Tin (II) chloride dihydrate (5.65 gm, SnCl2·2H2O, Sigma Aldrich, purity 99%) 

and 0.99 gm of NaOH (Sigma Aldrich, purity 99%) were dissolved in 25 ml of 

deionized water under constant magnetic stirring for 1 hr. Subsequently, the solution 

was transferred into the vessels of a microwave reaction system (model-Anton Paar 

Multiwave 3000). The microwave was sealed and heated at constant temperature of 200 

C with 400 W for 20 minutes while stirring, and then cooled to room temperature. The 

resultant reactant was centrifuged and repeatedly washed with deionized water and 

finally dried at 80 °C for overnight. For SnO2-OLC, the appropriate amounts of OLC 



(0.1 g) was dispersed in deionized water by using sonication and add the above raw 

materials into the solution and the rest of the process is same as above. The dried 

samples were then annealed at 350 °C at the heating rate of 2/min, for 3 h under Argon. 

The as prepared samples were named herein as SnO2, SnO2-OLC and the annealed 

samples are SnO2-350 °C, SnO2-OLC 350 °C, respectively. 

2.2 Characterization techniques  

The structural properties of the samples were investigated by X-ray diffraction 

analysis using a PANalytical X’Pert PRO PW3040/60 X-ray diffractometer with Ni 

filtered Cu-Kα (λ= 0.154 nm) monochromated radiation source. Data were collected in 

the 2θ range of 10 – 90° at a scan rate of 2°/min and the lattice parameters of the 

compounds were derived from the TOPAS-3 software. The morphology of the as-

prepared and annealed samples were obtained using a field-emission scanning electron 

microscope (FE-SEM, JEOL, JSM-7600F), operated at an accelerating voltage of 5 kV. 

Transmission electron microscope (TEM) and high resolution transmission electron 

microscope (HR-TEM) images were obtained from a JEOL-Jem 2100 microscope 

operated at an acceleration voltage of 200 kV.  

 

2.3 Electrochemical measurements  

The electrochemical studies were carried out using 1 M LiPF6, EC: DMC (1:1) 

as the electrolyte and Li foil as the counter/reference electrode. The composite 

electrodes were then fabricated with the mixture of an active material (as-prepared and 

annealed), Super P carbon and binder (PVDF in N-methyl-2-pyrrolidone (NMP)) in the 

weight ratio of 70:15:15. The slurry was coated on Cu foil and dried at 80 C for 

overnight. Then cut into 16 mm diameter disks and cells were assembled in an Argon-

filled glove box (MBraun, Germany) with moisture and oxygen levels maintained at 



less than 1 ppm. The mass loading of the synthesized active materials of the electrodes 

was about ~1.75 mg cm-2. The electrodes were assembled using a CR2032-type coin 

cell and finally well crimped to get the electrochemical cell. The assembled coin cells 

were galvanostatically cycled at 25 °C between 0.005 and 1.5 V in a Maccor 4000 series 

96 channel battery tester. Cyclic voltammetry and electrochemical impedance 

spectroscopy (EIS) were carried out using a Bio-logic VMP3 potentiostat/galvanostat 

controlled by EC-lab v10.40 software. EIS measurements were obtained with the 

Autolab Frequency Response Analyser (FRA) software at a frequency range between 

100 kHz and 10 mHz with a perturbation amplitude (rms value) of the ac signal of 10 

mV. The impedance data were analyzed using Z-view software (version 2.2, Scribner 

Assoc., Inc., USA). 

 

3. Results and discussion  

X-ray diffraction pattern of as-prepared and annealed SnO2 nanorod-OLC 

composites at 350 C are shown in Fig. 1(a). Diffraction peaks of all the samples were 

matched to correspond to those of a recognised SnO2 rutile structure with respect to the 

JCPDS pattern (No. 41-1445 and a = 4.738 Å and c = 3.187 Å), without other impurity 

peaks which was the clear evidence of complete formation of SnO2 pattern and also the 

SnO2 nanorods are fully integrated/anchored in the carbon structure. All the samples 

were fitted by Rietveld refinement (Fig. 1 (c, d)). The refined XRD pattern also shows 

tetragonal structure of the compounds, which are in good agreement with the JCPDS 

pattern and the reported literature [19,20]. The lattice parameter and the crystallite sizes 

were determined using TOPAS-3 software by refining the experimental XRD pattern 

using SnO2 cif file (standard pattern SnO2 cif file is used with the space group of 

P42/mnm, and the lattice parameters are a = 4.738, and b = 3.186 Å) and the software 



generated results are listed in Table 1. While refining the XRD pattern, the background 

and peak shift information were adjusted to obtain the parameters.  

 

Materials Name 
Lattice parameter (Å) Crystallite size 

(nm) a c 

SnO2 4.740 3.188 36 

SnO2 -350 °C 4.741 3.188 45 

SnO2/OLC 4.741 3.193 4 

SnO2/OLC-350 °C 4.738 3.187 17 
 

Table 1. Lattice parameter and the crystallite size of the samples were calculated from 

Rietveld analysis for as-prepared and annealed at 350 °C composites. 

 

 

 

 



Fig. 1 (a-d) X-ray and difference pattern and Rietveld analysis of SnO2 composites, 

(a) XRD pattern for all the samples, (b) Enlarged XRD pattern of all the samples 

between 20° to 40° and Rietveld analysis of (c) SnO2 nanorod and (d) SnO2 nanorod-

OLC 350 °C composite.  

 

 

Fig. 2 (a-d) FE-SEM images of the samples (a) SnO2, (b) SnO2-350 °C, (c) SnO2-

OLC, (d) SnO2-OLC 350 °C.  

Field emission-scanning electron microscopic images of as-prepared SnO2 

composites and calcined at 350 °C are shown in Fig. 2 (a-d). Both the as-prepared and 

the annealed SnO2 prepared by microwave process dominantly exhibit one dimensional 

(1D) nanorod-shaped morphology (see the images of Fig. 2a,b). The diameter of the 

SnO2 nanorods is around between 30 – 40 nm, the annealed sample has more nanorods 

structured materials. The OLC - coated SnO2 exhibits slight agglomeration and each 

agglomerated clusters contains nanorod morphology particles.  

(a) (b)

(c) (d)

100 nm 100 nm

100 nm 100 nm



 

Fig. 3 TEM and HR-TEM images of the annealed materials; (a, b) SnO2-350 

C, (c, d) SnO2-OLC 350 C, and inserts SAED patterns. 

 

The TEM and HR-TEM characterisation images of SnO2-350 °C, and SnO2-

OLC 350 °C given in Fig 3(a-d) confirm the presence of nanorods for both SnO2-350 

C, and SnO2-OLC 350 C. The HR-TEM in Fig 3d shows the presence of ring type 

structure which indicates the presence of OLC as a result of successful anchored on 

SnO2. The ring radius for the OLC is of the order of 5 nm in agreement with previously 

reported work [21]. The inserts into the HR-TEM images (Fig3 b, d) represent the 

associated SAED patterns with diffraction rings of both the samples which confirm the 

polycrystalline nature of the samples.  

(a) (b)

(c) (d)

SnO2

OLC
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5 nm



Electrochemical properties of SnO2 and its composite electrodes were examined 

by using cyclic voltammetry (CV) at the optimal scan rate of 0.1 mV s–1 in the potential 

range of 1.5 to 0.005 V as shown in Fig4 (a-d). During the first cathodic scan, all the 

samples have displayed a strong peak at 0.9 V and an additional small peak at 0.5 V. 

The former peak belongs to the reduction of SnO2 to the Li2O phase (SnO2+4Li++4e-

→ 2Li2O+Sn) and the formation of solid electrolyte interface film, which causes from 

the decomposition of electrolyte. The other peak at 0.5 V corresponds to an alloying 

reaction of LiSn formation (Sn+Li+e-  LiSn). Then, the peak at around 0.12 V 

belongs to the multi-step alloying properties of Li and Sn [22-24]. During the 

subsequent cycles these peaks were shifted slightly at lower voltage. Subsequently, the 

first anodic profile exhibits one major (0.5 V) and two minor peaks (0.65 and 1.2 

V), the peaks at 0.5 and 0.65 V attributes to de-alloying formation of LiSn (LiSn  

Sn+Li++e-) [25]. The later plateau at 1.2 V related to the conversion and reversible 

reactions of Sn-O-Sn (SnO and SnO2) bonding (Li2O+Sn  2Li+SnO+2e-) [26].  From 

the following cycles of all the compounds exhibit four cathodic peaks at 0.15, 0.6, 

0.85 and 1.0 V and the corresponding reversible (anodic) peaks at 0.5, 0.65, 0.8 and 

1.25 V, respectively. Compared to as-prepared samples, the calcined peaks were 

overlapping each other, thus could be attributed to the improvement of electrochemical 

performance of the SnO2. However, the following cycles of OLC coated SnO2 at 350 

C exhibits highly overlapped cycles which ascribed to enhanced electrochemical 

performance of the compound, among all others.  



 

Fig. 4 (a-d) cyclic voltammogram of SnO2 and its composites, SnO2 (a), SnO2-350 C 

(b), SnO2-OLC (c) and SnO2-OLC 350 C (d). 

 

The electrochemical properties of as-prepared and calcined at 350 C of SnO2 

composites were tested with a Li foil as the counter and reference electrode, with the 

potential window of 0.005-1.5 V and the current density of 100 mA g-1. The first 

discharge and charge plateaus of SnO2 composites with and without calcined samples 

are shown in Fig. 5(a). In all the plateaus, the main cathodic peak appeared at 1.0 V, 

corresponds to the reduction of SnO2 to Sn to form Li2O and also the formation of solid 

electrolyte interface (SEI) film formation on the electrode/electrolyte surface[27,28]. 

After that, the other main peak at 0.6 V and there is a wide and small peak at 0.3 

V, corresponds to the alloying formation and lithium storage in to carbonaceous 



matrix [29-31], which is clearly explained by the following equations (1-3). 

Subsequently, there are two peaks appeared at 0.5 and 1.2 V in the first anodic 

plateau. First peak at 0.5 V could be attributed to de-alloying formation of Li and 

the later one at 1.2 V related to the conversion reaction of Sn to SnO2. 

SnO2 + 4Li+ + 4e−⇒ 2Li2O + Sn     (1)  

Sn + xLi+ + xe−⇔ LixSn (0 ≤ x ≤ 4.4)    (2)  

xLi+ + C ⇔ LixC      (3) 

The overall first discharge-charge capacity of all the compounds were 791-273, 1126-

384, 1368-540 and 1881-929 mAh g-1 with the corresponding coulombic efficiencies 

of 34.5, 34, 39.5, 49% for SnO2, SnO2 350 C, SnO2-OLC and SnO2-OLC 350 C 

composites, respectively. The improved columbic efficiency of the OLC anchored 

SnO2 composites pre and annealed could be attributed to the high surface area of OLC 

which is around 200-600 m2 g-1 and served as barrier layer between the SnO2 structure 

and electrolyte as it is intended [24]. However, high initial irreversible capacity loss 

(ICL) could be identified during the first cycle, thus ascribed to the SEI film formation, 

decomposition of electrolyte and related to the conversion reaction of SnO which 

appeared during lithiation process in which metallic Sn bonded with the oxygen 

generated from the decomposition of Li2O[32,33]. The first discharge and charge 

capacity with the corresponding coulombic efficiency and the specific capacity at 100th 

cycles with the capacity retention are listed in Table 2.  



 

Fig.5 (a, b) illustrates first cycle of voltage vs. capacity (a) and cycling performance 

(b) graphs for all samples, cycled at 100 mA g-1, in the potential window 0.005-1.5 V. 

 

The cycling performance of as-prepared and calcined at 350 C SnO2 and SnO2-

OLC composites are shown in Fig. 5 (b). Specific discharge capacity of 796, 628, 931 

and 945 mAh g-1 was observed in the 2nd cycle with respective reversible columbic 

efficiency of < 98% for all the samples. SnO2 and SnO2-OLC compounds were exhibits 

gradual capacity fading during cycling. In contrast, the annealed samples were reveal 

minimized capacity fading from the initial cycles to the end of the 100th cycles. The 

overall specific capacities of the as-prepared and annealed samples are 449, 547, 677 

and 884 mAh g-1. However, the SnO2-OLC 350 C exhibits increased capacity in the 

initial cycles and reached to 965 mAh g-1 at the 17 cycles and afterwards it is found to 

be fading to 876 mAh g-1 at the end of the 78th cycles. Then the capacity was increased 

to 884 mAh g-1 and the capacity was remains same till the 100th cycles. The increased 

capacity during initial cycles could be due to the structural variation of the composite, 

which was associated with FE-SEM and CV analysis. Although, the specific capacity 

of the SnO2-OLC at 350 C composite was not high, but it shows improvement 

compared to some related works [2, 4, 26,34-45].  



Table 2. The first discharge and charge capacity with the corresponding 

coulombic efficiency and the specific capacity at 100th cycles with the capacity 

retention. 

Materials 
Capacity at 1st cycle 

(mAh g-1) 

1st 
coulombic 
efficiency 

(%) 

Capacity 
at 100th 

cycle 
(mAh g-1) 

Capacity 
retention 
(2nd-100th) 
cycles (%) 

Discharge Charge    

SnO2 791 273 34.5 449 56.4 

SnO2-350 °C 1126 384 34 468 74.5 

SnO2-OLC 1368 540 39.5 618 66.4 

SnO2-OLC 350 °C 1881 929 49 884 93.5 

 

Rate performance of the compounds was studied by different current densities 

of 500, 1000, 2000 and 3000 mA g-1 with the potential range of 0.005-1.5 V as shown 

in Fig. 6. SnO2-OLC composite annealed at 350 C showed the specific capacity of 748, 

445, 384 and 307 mAh g-1, corresponding current densities of 500, 1000, 2000 and 3000 

mA g-1. Compared to all other compounds, the SnO2-OLC composite annealed at 350 

C exhibits the lowest specific capacity at 500 mA g-1, however at high current densities 

(1000, 2000 and 3 A g-1) it reveals high capacity. In order to study the stability of the 

electrodes, the cells are swapped back to low current density (500 mA g-1) after deep 

cycling at high current density (3 A g-1), the specific capacity returns to around 361 

mAh g-1 in the initial cycles and the capacity reduced to 238 mAh g-1 at the end of the 

100th cycles.  



 

Fig. 6 shows rate performance of SnO2 and SnO2-OLC and calcined at 350 C with 

the potential window of 0.005-1.5 V. 

 

Fig. 7 Nyquist plots SnO2, SnO2 350 C (a), SnO2-OLC, SnO2-OLC 350 C (b) and 

Equivalent circuit for all the compounds shown in inset (a) for before and after 100 

cycling. 

 

 

 

 

 



Table 3. Fitted impedance parameters for all the compounds before and after 

cycling.  

Materials 
Rs (Ω) Rf (Ω) Rct (Ω) Cdl (µF) 

Before After Before After Before After Before After 

SnO2 4 7 82 102 467 226 23 25 

SnO2-350 °C 7 9 57 64 506 210 27 25 

SnO2-OLC 7 11 49 33 262 117 22 21 

SnO2-OLC 350 °C 13 15 42 21 169 35 22 23 

 

Further, to study the kinetic properties of the as-prepared and annealed at 350 

C SnO2 composites, electrochemical impedance spectroscopy was carried out. The 

impedance spectra were measured for fresh (open circuit voltage (OCV)) and after 

aging cells (100 cycles). Those spectra were fitted by using an equivalent circuit, which 

is shown in insert of Fig. 7 (a) and the fitted data were plotted as a Nyquist plot (Real 

vs. Imaginary). In the equivalent circuit, the resistance Rs, R(sf), and Rct contributes to 

the electrolyte, surface film (sf), and charge transfer (ct) resistance. The C (sf) and C (dI) 

are related to the constant phase element arises from the sf and double layer (dI) 

capacitance, which was used instead of pure capacitor attributes to the properties of 

composite electrodes. Wc represents the Warburg resistance of the composite electrodes 

[46-48]. The fitted elements and its values of the spectra are given in Table 3. 

Nyquist plots of as-prepared and annealed at 350 C of SnO2 and SnO2-OLC 

composites are displayed in Fig. 7 (a, b). In all the spectra, dotted and straight line were 

represents the measured and calculated data, respectively. The spectra were observed 

for the fresh cells of all composites and after cycling spectra of as-prepared and 

annealed SnO2 exhibit single semicircle in the high-mid frequency region corresponds 



to surface film and charge transfer resistance. And followed by an inclined slope line 

in the low frequency region relates to lithium–ion diffusion resistance (Warburg 

resistance). Nevertheless, after cycling spectra of as-prepared and annealed SnO2-OLC 

composites showed two semicircles, which belong to the electrolyte resistance (solid 

electrolyte interface film formation, Rf) and charge transfer resistance (Rct) of the 

composites. The electrolyte resistance of the compounds lies between 4 to 15 Ω for 

before and after cycling. The resistance (Rct) values of before cycling spectra of as-

prepared and calcined compounds exhibits higher than that of after cycling, which 

attributes the enhanced electrochemical performance of the compounds. The charge 

transfer impedance Rct of SnO2-OLC 350 °C is the smallest 169 Ω (fresh) and 35 Ω 

after 100 cycles as compared to other synthesized samples which has the indication the 

sample has better electronic and ionic transportations. The value of charge transfer 

resistance (Rct) is closely linked to the lithium-ion diffusion in the electrode materials 

[49, 50]. The reduced value of Rct means that the electrode SnO2-OLC 350 °C has very 

favourable electrochemical performance and fastest lithium ion diffusion kinetics 

among all other prepared samples. 

 

4. Conclusion 

 One step facile and rapid microwave process was implemented to synthesize 

SnO2 nanorods anchored on OLC composites as an anode material for lithium-ion 

battery applications. XRD reveals that, all composites as-prepared and annealed at 350 

C, all the composites exhibited tetragonal structure of SnO2 without any sign of other 

impurities. The OLC coated SnO2 annealed at 350 C exhibits highest specific capacity 

of 884 mAh g-1 at the end of the 100th cycles with the capacity retention of  94%, and 

improved coulombic efficiency as the OLC serves as barrier layer between the SnO2 

structure and electrolyte to stabilize the SEI. Also it exhibits excellent specific capacity 



at high current rates with good cycling stability, which attributed to the high surface 

area of OLC and could enhance the electron transportation and high lithium ion 

diffusion during cycling. EIS studies also evidenced that the OLC-SnO2 composite after 

cycling showed low resistance and the electron transportation are associated with grain 

and grain boundary of the materials. 
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