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SnO2/C microspheres and double layered core-shell SnO2 microspheres have been synthesized by a facile 

hydrothermal method with a post heat-treatment. The soluble starch used as carbon source and the mass 

ratio of starch to SnCl4•5H2O play key roles in the formation of SnO2/C microspheres, and the 

hydrothermal synthesis mechanism of SnO2/C microspheres has been proposed. SnO2/C-1.0 microspheres 

(the mass ratio of soluble starch to SnCl4•5H2O is 1:1) with good spherical shape and 34.91 wt% of SnO2 

exhibit superior rate capability and cyclic stability, while double layered core-shell SnO2 microspheres 

show improved electrochemical performances than SnO2 particles. The electrode based on SnO2/C-1.0 

microspheres delivers a reversible discharge capacity of 568 mAh/g at a constant current density of 100 

mA/g in the second cycle, and 379 mAh/g (67% retention) is retained after the 50th cycle, suggesting 

SnO2/C microspheres a promising candidate for energy storage. 

 

1 Introduction 

Li-ion batteries (LIBs) have attracted significant attention due 

to their high work voltage, high energy density, high energy 

efficiency, long cycle life and environmentally friendly 

nature.1-3 Such outstanding advantages make them good 

candidates for applications in hybrid electric vehicles, portable 

electronics, large industrial equipments, and other renewable 

energy storages. 1, 3, 4 The electrochemical properties of LIBs 

largely depend on their electrode materials, currently used 

commercial graphite anodes have a limited theoretical capacity 

of 372 mAh/g, so alternative materials are highly desired.3, 5, 6 

 SnO2 as LIBs anode has attracted much attention on the 

basis of its higher theoretical specific capacity (790 mAh/g) 

than that of graphite.7, 8 However, a large volume change (about 

300%) occurs in SnO2 anode during lithium insertion/extraction 

processes, which causes pulverization of anode particles and 

loss of contact with current collector, resulting in poor 

electrochemical performance.5, 7-9 In order to improve the 

electrochemical properties of SnO2-based anodes, lots of 

effective ways to regulate the composition or structure of the 

electrode material have been reported. SnO2/carbon 

composites,10, 11 hollow or core-shell SnO2/carbon composites,7, 

12, 13 SnO2/graphene composites,14-18 and hollow or yolk-shell 

SnO2 spheres8, 9, 19-22 have been prepared and used as anode 

materials for LIBs in recent years. Although all of above 

mentioned SnO2-based materials have improved 

electrochemical properties, the complex technologies or tedious 

multi-step methods used in their preparation process hinder 

their widely industrial applications. 

 In this work, a facile hydrothermal method of synthesizing 

SnO2/C microspheres and double layered core-shell SnO2 

microspheres with a post heat-treatment was proposed. The 

mechanism of the hydrothermal formation of SnO2/C 

microspheres was discussed, and the electrochemical 

performances of SnO2/C microspheres and core-shell-structured 

SnO2 microspheres in LIBs were investigated. 

2 Experimental 

2.1 Sample preparation 

The overall synthetic procedure is described in Fig. 1. 

SnCl4·5H2O (AR, Sinopharm Chemical Reagent Co., Ltd.) and 

soluble starch (AR, Sinopharm Chemical Reagent Co., Ltd.) 

were selected as the precursors of SnO2 and carbon material, 

respectively. Soluble starch and SnCl4·5H2O were fully 

dispersed in deionized water with the mass ratio of soluble 

starch, SnCl4·5H2O and water at 1:1:3.37. 80 mL of the 

resulting mixture was transferred into a 100 mL Teflon-lined 

stainless steel autoclave, and then heated at 190 °C for 12 h. 

Dark precipitates were collected and washed with distilled 

water and ethanol, and finally dried in an oven at 100 °C for 12 

h, thus, primary SnO2/C microspheres were obtained. The 

primary SnO2/C microspheres were then carbonized at 500 °C 

for 3 h under nitrogen atmosphere to prepare SnO2/C 

microspheres (named SnO2/C-1.0). For the preparation of core-

shell-structured SnO2 microspheres, the primary SnO2/C 

microspheres were calcined in air at 600 °C for 3 h. 
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2.2 Characterization of samples 

The surface morphology and microstructure of obtained 

samples were investigated by field emission scanning electron 

microscopy (FE-SEM, S4800, Japan) and transmission electron 

microscopy (TEM, JEM-2100UHR, Japan). The phase 

composition and crystalline properties of as-prepared products 

were characterized by X-ray diffraction (XRD, X’Pert PRO 

MPD, Netherlands). 

Fig. 1 Schematic formation processes of SnO2/C microspheres and double 

layered core-shell SnO2 microspheres 

2.3 Preparation of electrodes and electrochemical 

measurements 

The obtained sample was mixed with carbon black and 

polyvinylidenefluoride (PVDF) binder to form slurry at the 

weight ratio of 8:1:1. N-methyl-2-pyrrolidone was used as the 

solvent. The electrode was prepared by casting the slurry onto 

copper foil and drying in a vacuum oven at 120 °C for 12 h. 

CR2032 coin cells were assembled in an Ar-filled glove-box 

with lithium foil as the counter electrode, and polypropylene 

film (Celgard 2400) as the separator. The electrolyte was 1 M 

LiPF6 dissolved in 1:1 volume ratio with ethylene 

carbonate/dimethyl carbonate (EC/DMC). The electrochemical 

properties of the electrodes were studied by cyclic voltammetry 

and galvanostatic charge-discharge on Arbin battery test system 

(BT2000, Arbin Instruments, USA). Cyclic voltammetry was 

performed in the potential range from 0.01 to 3 V (vs. Li+/Li) at 

a scan rate of 0.2 mV/s. Galvanostatic charge-discharge 

measurements were carried out between 0.01 and 3 V (vs. 

Li+/Li ) at different current densities. 

3 Results and discussion 

Fig. 2 shows the XRD patterns of SnO2/C-1.0 microspheres and 

double layered core-shell SnO2 microspheres. The pattern of 

double layered core-shell SnO2 microspheres can be indexed 

well as SnO2. The four dominant broad peaks (110), (101), 

(211), and (301) in XRD pattern of double layered core-shell 

SnO2 microspheres are attributed to the SnO2 phase (JCPDS No. 

41-1445), indicating the formation of tetragonal SnO2 

nanocrystals. Some weak peaks of metallic Sn are exhibited in 

the XRD pattern of SnO2/C-1.0 microspheres, indicating little 

amount of SnO2 were reduced to metallic Sn by carbon during 

the heat-treated process.10 

Fig. 2 XRD patterns of SnO2/C-1.0 microspheres and double layered core-shell 

SnO2 microspheres 

From SEM images shown in Fig. 3(A) and (B), we can 

see that SnO2/C-1.0 microspheres are mainly in spherical shape 

with particle size ranging from 1 to 5 µm, and the spheres are 

solid. Energy dispersive spectrometer (EDS, S4800, Japan) 

analysis was used to evaluate the composition of the smaller 

particles in Fig. 3(A), Sn, O and C are found in the smaller 

particles (see Fig. S1 in the Supporting Information), implying 

that the smaller particles are the composite of SnO2 and carbon. 

Double layered core-shell SnO2 microspheres in Fig. 3(C) are 

distinctly smaller than SnO2/C-1.0 microspheres in Fig. 3(A) 

and there is an open hole on the surface of most double layered 

core-shell SnO2 microsphere, which was brought by the burning 

of carbon and polymeric molecules in air and inner gases were 

evacuated during calcination process.19, 21 Through the hole 

(Fig. 3(D)), we can clearly see that the microsphere is 

composed of a thin outer shell and an inside smaller sphere, 

indicating the core-shell structure of double layered core-shell 

SnO2 microsphere. 

Fig. 3 SEM images of SnO2/C-1.0 microspheres (A, B) and double layered core-

shell SnO2 microspheres (C, D) 

 TEM image in Fig. 4(A) shows that SnO2/C-1.0 

microspheres are solid spheres and SnO2 nanoparticles are 
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uniformly dispersed in carbon matrix. Fig. 4(B) reveals the 

double layered core-shell structure of double layered core-shell 

SnO2 microspheres. The high resolution TEM (HR-TEM) 

image of double layered core-shell SnO2 microspheres, as 

shown in Fig. 4(C), exhibits clear lattice fringes separated by 

0.33 nm and 0.26 nm, which are in good agreement with the 

(110) and (101) planes of rutile SnO2, respectively. The 

corresponding ring-like selected-area electron diffraction 

(SAED) pattern shown in Fig. 4(D) indicates that the double 

layered core-shell SnO2 microspheres are polycrystalline, and 

the diffraction rings of the pattern can be completely indexed to 

planes of rutile SnO2, which also can be seen from XRD pattern 

in Fig. 2. 

Fig. 4 TEM images of SnO2/C-1.0 microspheres (A) and double layered core-shell 

SnO2 microspheres (B), HR-TEM image (C) and SAED pattern (D) of double 

layered core-shell SnO2 microsphere 

 The N2 adsorption-desorption isotherms and pore size 

distribution of SnO2/C-1.0 microspheres, double layered core-

shell SnO2 microspheres and SnO2 particles prepared without 

starch are shown in Fig. S2 (see the Supporting Information). 

Fig. S2(A) shows that SnO2/C-1.0 microspheres are 

microporous carbon evidenced by the type I isotherm while the 

pores in double layered core-shell SnO2 microspheres and SnO2 

particles are mainly mesopores seen from the obvious 

hysteresis loops, which also can be clearly confirmed by the 

pore size distribution in Fig. S2(B). The BET surface area of 

SnO2/C-1.0 microspheres, double layered core-shell SnO2 

microspheres and SnO2 particles is 263 m2/g, 46 m2/g and 24 

m2/g, respectively. 

 To evaluate the weight percentage of SnO2 in SnO2/C-1.0, 

the as-synthesized composite was calcined in air at 600 °C for 3 

h, the obtained powders were white, indicating the carbon had 

been completely burned out and the residue was SnO2. Thus the 

content of SnO2 in SnO2/C-1.0 microspheres is calculated to be 

34.91 wt%. For comparison with SnO2/C-1.0 microspheres (the 

mass ratio of soluble starch, SnCl4·5H2O and water was 

1:1:3.37), SnO2/C composites were prepared with the mass 

ratios of soluble starch, SnCl4·5H2O and water at 1:1.5:3.37 and 

1:0.5:3.37, which were termed as SnO2/C-1.5 and SnO2/C-0.5, 

respectively. The contents of SnO2 in SnO2/C-1.5 and SnO2/C-

0.5 are about 34.62 wt% and 39.25 wt%, respectively. It is 

interesting that the content of SnO2 in SnO2/C decreases with 

the increasing amount of added SnCl4·5H2O, more work is 

needed in future to explain this trend. From the SEM images of 

SnO2/C-1.5 and SnO2/C-0.5 (see Fig. S3 in the Supporting 

Information), we can see that both SnO2/C-1.5 and SnO2/C-0.5 

show bad spherical shapes, indicating that there is a limitation 

of the amount of SnCl4·5H2O added and a suitable weight 

percentage of SnO2 to keep the microsphere morphology. 

To understand the role of starch molecule in the 

hydrothermal synthesis process of SnO2/C microspheres, 

primary carbon microspheres and SnO2 particles were obtained 

by the same hydrothermal method. The synthesis procedure of 

primary carbon microspheres or SnO2 particles was as same as 

that of primary SnO2/C microspheres except without addition of 

SnCl4·5H2O or soluble starch. From SEM images of the 

primary carbon microspheres (Fig. 5(A)) and the primary 

SnO2/C microspheres (Fig. 5(B)), we can clearly see that the 

primary carbon microspheres have relatively smooth surface 

while primary SnO2/C microspheres have raspberry-like surface, 

which may be due to the SnO2 nanoparticles bedded in the 

primary SnO2/C microspheres, see TEM image in Fig. 5(C). Fig. 

5(D) shows the primary SnO2 particles synthesized without 

addition of soluble starch, irregular aggregation of 

nanoparticles is observed and no obvious microsphere was 

obtained, implying the starch molecules do play an important 

role in the formation of SnO2/C microspheres. 

Fig. 5 SEM images of the primary carbon microsphere (A), the primary SnO2/C 

microsphere (B) and primary SnO2 particles (D) and TEM image of the primary 

SnO2/C microsphere (C) 

 Hydrothermal synthesis mechanism of carbon microsphere 

from saccharides (starch,23-25 cellulose,26 sucrose,23, 24 

glucose,23, 24, 27  fructose27 ) have been reported in references. 

Based on these references and our experimental results, we 

propose a possible hydrothermal synthesis mechanism of 

SnO2/C microspheres, as show in Fig. 6. In the initial stage, the 

starch hydrolyzes and glucose molecules are produced. At the 

same time, hydrolysis of SnCl4·5H2O results in numerous 

primary SnO2 hydrate nanoparticles in solution, and these SnO2 

hydrate nanoparticles are immediately entrapped by glucose 

molecules due to OH groups on glucose molecules.19, 25, 28 The 
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glucose molecules adsorbed on the surface of SnO2 

nanoparticles prevent the direct contact among SnO2 

nanoparticles, thus aggregation of SnO2 nanoparticles is 

avoided. Driven by the reduction of overall surface energy, 

SnO2 nanoparticles entrapped by glucose molecules aggregate 

to form microspheres.28, 29 In the hydrothermal environment, 

dehydration and polymerization reactions can take place among 

glucose molecules, thus the primary SnO2/C microspheres are 

formed. As for the formation mechanism of double layered 

core-shell SnO2 microspheres, the burning of carbon and 

polymeric molecules in air at 600 oC and the evacuation of 

inner gases during calcination process make the core-shell 

structure of double layered core-shell SnO2 microspheres.20, 21 

Fig. 6 Hydrothermal synthesis mechanism of SnO2/C microspheres 

 Fig. 7 shows the initial 5 cyclic voltammograms of 

electrodes prepared from SnO2/C-1.0 microspheres and double 

layered core-shell SnO2 microspheres at a scan rate of 0.2 mV/s 

between 0.01 and 3 V. Two reduction peaks are observed in the 

first cathodic scan in both Fig. 7(A) and (B). The cathodic 

peaks around 0.6 V can be attributed to the formation of the 

solid electrolyte interface (SEI) layer and the reduction of SnO2 

to form Sn and Li2O, the peak at low potential (< 0.5 V) 

corresponds to the formation of Li-Sn alloy,20, 30-32 the reactions 

as follows: 

Li
+
 + e

-
 + electrolyt → SEI (Li) (1) 

4Li
+
 + SnO2 + 4e

-
 → 2Li2O + Sn (2) 

xLi
+
 + Sn + xe

-
 ↔ LixSn (0 ≤ x ≤ 4.4) (3) 

The oxidation peak at 0.54 V can be assigned to the de-alloying 

of LixSn, while the weak oxidation at 1.25 V is due to the partly 

reversible reaction (2). The obvious difference between the first 

cycle and the second cycle is due to irreversible reactions (1) 

and (2), leading to initially irreversible capacity loss.13, 15 From 

the 2nd cycle to the 5th cycle, the curves of SnO2/C-1.0 

microspheres become similar, suggesting better stability of 

SnO2/C-1.0 microspheres than that of double layered core-shell 

SnO2 microspheres. 

 

Fig. 7 Cyclic voltammograms of SnO2/C-1.0 (A) and double layered core-shell 

SnO2 microspheres (B) 

For comparison, above mentioned primary SnO2 particles 

were calcined in air at 600 °C for 3 h, and the obtained SnO2 

particles were used as anode material for LIBs. The cycling 

performances and rate capabilities of SnO2/C-1.0 microspheres, 

double layered core-shell SnO2 microspheres and SnO2 particles 

are shown in Fig. 8(A) and (B), respectively. In Fig. 8(A), 

SnO2/C-1.0 microspheres, double layered core-shell SnO2 

microspheres and SnO2 particles deliver reversible discharge 

capacities of 568 mAh/g, 935 mAh/g, 825 mAh/g at a constant 

current density of 100 mA/g in the 2nd cycle, respectively, 

which are much higher than the theoretical capacity of graphite 

(372 mAh/g). The big initial irreversible capacity loss in the 1st 

cycle is due to the formation of the SEI layer and the reduction 

of SnO2 to form Sn and Li2O.10, 12, 20, 33 The higher capacities of 

double layered core-shell SnO2 microspheres and SnO2 particles 

than 790 mAh/g of the theoretical value can be attributed to the 

reversible polymerization of electrolyte9, 34 and the partly 

reversible reaction (2). The higher capacity of double layered 

core-shell SnO2 microspheres than that of SnO2 particles may 

due to the increased contact area between the electrolyte and 

the electrode of the core-shell structure. Double layered core-

shell SnO2 microspheres and SnO2 particles have high 

capacities in the initial several cycles, but the capacity 

decreases quickly due to pulverization of electrode materials.33, 

35 The discharge capacities of double layered core-shell SnO2 

microspheres and SnO2 particles after 50 cycles are 75 mAh/g 
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with capacity retention of 8% and 35 mAh/g with capacity 

retention of only 4%, respectively. The electrode produced 

from SnO2/C-1.0 microspheres exhibits the best cycling 

performance, and its discharge capacity after 50 cycles is 379 

mAh/g, 67% retention of the discharge capacity of the 2nd 

cycle. Fig. S4 (see the Supporting Information) gives the 

cycling performance of purely carbon microspheres, which 

deliver a reversible discharge capacity of only 116 mAh/g at a 

constant current density of 100 mA/g in the 2nd cycle, and 114 

mAh/g is retained in the 50th cycle. So the high capacity of 

SnO2/C-1.0 microspheres mainly comes from the SnO2 

component rather than the carbon. The coulombic efficiency of 

SnO2/C-1.0 electrode is found to be around 93% for the second 

cycle and reaches above 98% for the 50th cycle. It is believed 

that carbon in SnO2/C composite can buffer the big volume 

change during the charge and discharge processes and thereby 

enhance the structural stability of electrode.5, 10, 33, 36, 37, 38 

Fig. 8 The cycling performances (A) and rate capabilities (B) of the electrodes 

 In order to make sure the difference in the electrochemical 

performance of composites with different SnO2 content, the 

electrochemical performances of SnO2/C-1.5 and SnO2/C-0.5 

are shown in Fig. S5 (see the Supporting Information). SnO2/C-

1.5 and SnO2/C-0.5 deliver reversible discharge capacities of 

156 mAh/g and 419 mAh/g at a constant current density of 100 

mA/g in the second cycle, respectively. After 50 cycles, 

SnO2/C-1.5 and SnO2/C-0.5 show stable discharge capacities of 

154 mAh/g and 367 mAh/g. In comparison to SnO2/C-1.5, the 

higher capacity of SnO2/C-0.5 is due to its higher SnO2 content 

(the theoretical capacity of SnO2 is 790 mAh/g). It is noted that 

the specific capacities of SnO2/C-1.5 and SnO2/C-0.5 are both 

lower than that of SnO2/C-1.0 microspheres, while the SnO2 

content is SnO2/C-0.5 >SnO2/C-1.0 >SnO2/C-1.5. The highest 

capacity of SnO2/C-1.0 microspheres should be attributed to its 

good spherical shapes and suitable SnO2 content. 

 Fig. 8(B) shows the capacity retention of electrodes at 

various current densities. Double layered core-shell SnO2 

microspheres have higher capacities than that of SnO2 particles 

at all current densities, which results from the core-shell 

structure increasing contact area between the electrolyte and the 

electrode. The voids between core and shell can serve as a 

buffering space during lithium insertion and extraction 

processes.20, 22, 39 It is noted that the capacities of double layered 

core-shell SnO2 microspheres at higher current densities are 

much lower than those of SnO2/C-1.0 microspheres, indicating 

the worse stability of double layered core-shell SnO2 

microspheres than that of SnO2/C-1.0 microspheres. At the 

current density of 100 mA/g, the capacity of SnO2/C-1.0 

microspheres is 378 mAh/g, and keeps 320 mAh/g, 260 mAh/g 

and 230 mAh/g at the current densities of 200 mA/g, 400 mA/g 

and 600 mA/g, respectively. When the current density switches 

back to 100 mA/g, the capacity directly recovers to 347 mAh/g, 

indicating excellent rate capability of SnO2/C-1.0 microspheres. 

 Morphology changes of electrodes prepared from SnO2/C-

1.0 microspheres and double layered core-shell SnO2 

microspheres after 50 cycles at the current density of 100 mA/g 

are shown in Fig. 9. Most SnO2/C-1.0 microspheres in Fig. 9(A) 

still keep good spherical shape as a whole integration structure, 

demonstrating that the carbon matrix can effectively 

accommodate the volume change and alleviate the strain during 

the charge and discharge processes. However, no spheres 

except many pulverized particles can be observed in the SEM 

image of electrode based on core-shell SnO2 microspheres (see 

Fig. 9(B)), suggesting the obvious pulverization of double 

layered core-shell SnO2 microspheres during the charge and 

discharge processes. The morphology changes shown in Fig. 9 

can explain the better cycling performance of SnO2/C-1.0 

microspheres than that of double layered core-shell SnO2 

microspheres. 

Fig. 9 SEM images of electrodes based on SnO2/C-1.0 microspheres (A) and 

double layered core-shell SnO2 microspheres (B) after 50 cycles at the current 

density of 100 mA/g 

4  Conclusions 

In conclusion, SnO2/C microspheres and double layered core-

shell SnO2 microspheres have been synthesized by a facile 

hydrothermal method with a post heat-treatment. The soluble 
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starch used as the carbon source plays a key role in the 

formation of spherical SnO2/C microspheres, and the 

hydrothermal mechanism of the formation of SnO2/C 

microspheres has been proposed. Due to the barrier and buffer 

roles of carbon matrix, SnO2/C microspheres exhibit superior 

rate capability and cyclic stability. The core-shell structured 

SnO2 microspheres show improved electrochemical 

performances than SnO2 particles, while their rate capability 

and cyclic stability are much worse than those of SnO2/C 

microspheres. Therefore, SnO2 nanoparticles in carbon matrix 

can effectively prevent the aggregation and pulverization of 

SnO2 nanoparticles. It is noted that SnO2/C microspheres in 

large scale can be easily prepared by this hydrothermal method, 

SnO2/C microspheres may have good application future in the 

field of energy. This research work also can guide the 

preparation of metal oxide/carbon composites. 
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SnO2/C microspheres and double layered core-shell SnO2 microspheres can be synthesized in large scale by a 

facile hydrothermal method followed by heat-treatment. The SnO2/C microsphere anode of Li-ion batteries 

exhibits superior rate capability and cyclic stability. 
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