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Abstract: C@SnS; core-shell 0D/2D nanocomposite was successfully prepared by a
one-step hydrothermal method. The SnS> nanosheets were heterogeneously nucleated
and grown on the surface of carbon spheres. As an anode for lithium-ion batteries, the
electrochemical performance of the C@SnS> composite outperforms that of SnS>
nanoflowers. After 100 cycles, the reversible discharge specific capacity reaches an
impressive value of 802 mAh g at a current density of 100 mA g!. Even after 600
cycles, the discharge specific capacity remains a value of 442 mAh g!, under a high
current density of 1 A g'!. This remarkable lithium-ion storage performance can be
attributed to the unique core-shell nanostructure and the synergy between SnS:
nanosheets and carbon spheres. This study advances our understanding of the vital
role of carbon in fabricating nano-heterojunction or composite electrodes and
provides a feasible route to significantly improve the electrochemical properties of
SnS; and other metal sulfides.
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1. Introduction

SnS; is an attractive candidate for lithium-ion battery anodes due to its high
theoretical specific capacity (645 mAh g'), low cost, low toxicity, easy production,
unique conversion reaction and alloying lithium storage mechanism [1-3]. However, it
suffers from poor conductivity and volume expansion during charge and discharge
processes, leading to limitations in rate performance and cycle stability [4-7]. To
overcome these challenges, two key strategies have been proposed.

The first approach involves the synthesis of nanostructured SnS, materials with
varying microstructures and morphologies [8,9], such as OD nanoparticles, 1D
nanotubes, 2D nanosheets [10-12], and 3D nanoflowers [13]. Compared to bulk SnS,,
nanostructured SnS; materials offer several advantages in terms of improving lithium
storage performance. They effectively alleviate volume expansion, provide a larger
specific surface area for enhanced Li storage, facilitate electrolyte infiltration, and
promote lithium ion diffusion, thereby enhancing kinetic performance during
electrochemical reactions.

The second approach focuses on combining SnS; with a support material that
exhibits excellent conductivity, stable crystal structure, and minimal volume
expansion during lithium intercalation [14-19]. For instance, the combination of
nanostructured SnS; with carbon-based materials, including graphene, carbon
nanotubes, and mesoporous carbon, has shown significant improvements in lithium
storage performance [15-19]. Liu et al. [16] fabricated flower-like SnS, nanosheets

uniformly anchored in the pores of a carbon membrane using a hydrothermal method



and annealing treatment, achieving a reversible capacity of 808.9 mAh g! for LIBs at
50 mA g'. Likewise, Cheng et al. [17] synthesized SnS2/CNTs composites via a
hydrothermal method and in-situ vulcanization technique, obtaining a reversible
capacity of 660 mAh g' after 100 cycles at a current density of 0.1 A g'. The
introduction of carbon materials helps alleviate volume changes caused by
deintercalation/intercalation of Li" ions, accelerates lithium ion and electron kinetics,
and improves overall conductivity of the composites.

However, the complexity and high cost associated with the preparation of these
samples hinder their large-scale applications. Therefore, developing a scalable and
straightforward synthesis method for SnS> matrix composites, particularly SnS; and
carbon composites, is crucial. In this study, we successfully prepared a C@SnS;
core-shell 0D/2D nanocomposite using a one-step hydrothermal method. We
employed C45 as nucleating agents to achieve heterogeneous nucleation and growth
of SnS,, inhibiting the agglomeration of SnS; nanomaterials. Furthermore, carbon
spheres improved the conductivity of the nanocomposite and alleviate volume
expansion caused by deintercalation/intercalation of Li* ions.

2. Experimental part
2.1 Preparation of C@SnS: composite and SnS:

C@SnSy core-shell 0D/2D nanocomposite was synthesized using a one-step
hydrothermal method. The procedure involved several steps: (1) Mixing 0.4 g of tin
tetrachloride pentahydrate (SnCly * SH2O) and 0.3 g of thioacetamide (TAA) in

anhydrous ethanol to form a transparent solution. (2) Adding 0.1 g of acetylene



carbon black (C45) to the solution and sonicating it for 30 minutes at room
temperature. (3) Transferring the suspension to a 100 mL hydrothermal reaction
vessel and performing solvothermal processing at 180 °C for 12 hours. (4) Collecting
the resulting black C@SnS, nanocomposite through centrifugation, followed by
thorough washing with water and alcohol, each for three times. Finally, the
nanocomposite was dried in vacuum at 60 °C for 12 hours.

The preparation process for SnSz nanoflowers was similar to that of the C@SnS:
nanocomposite, except that C45 was not included in the raw materials.
2.2 Materials Characterization

The crystal structures of the samples were analyzed using X-ray diffraction (D2
PHASER Gen2) with Cu Ko radiation in the 20 range of 15-80°. Raman scattering
spectra of SnS>; and C@SnS; samples were obtained using a Renishaw
spectrophotometer with a 532 nm Horiba HR evolution laser. X-ray photoelectron
spectroscopy (XPS) spectra were collected using an imaging photoelectron
spectrometer (Thermo ESCALAB 250XI). The microstructures and morphologies of
SnS; and C@SnS: materials were examined by using transmission electron
microscopy (TEM, JEM-2010) and scanning electron microscopy (HR-SEM, Hitachi,
S-4800). Energy-dispersive spectroscopy (EDS) was employed to investigate the
element distribution.
2.3 Electrochemical Measurements

Coin cells (2032) were assembled in a glovebox with O and H>O concentrations

below 0.1 ppm to measure the electrochemical performance of the working electrode.



The slurry was prepared by mixing C@SnS: (70 wt.%), acetylene black (20 wt.%),
and Carboxymethyl cellulose (CMC, 10 wt.%) with water. The resulting slurry was
coated onto a copper foil using an automatic coating machine and then dried in a
vacuum oven at 80 °C for 12 hours. The mass loading amount of active material was
about 0.3 mg cm 2. Finally, the coated electrode was transferred to a vacuum
glovebox under an Ar atmosphere. The lithium foil served as the counter electrode,
and a Celgard 2500 membrane was used as the separator. The electrolyte consisted of
a 1 M LiPF¢ dissolved in a mixture of ethylene carbonate (EC)/dimethyl carbonate
(DMC)/ethyl methyl carbonate (EMC) (1:1:1 vol%). The assembled CR2032
button-cell battery was subjected to constant current charge and discharge tests using
a Xinwei tester ct-4008 produced by Newell Electronics. The voltage range for the
charge/discharge test was set at 0.01-3 V. Cyclic voltammetry (CV) measurements
were performed using a CHI660E electrochemical workstation within a voltage range
of 0.01-3 V. Electrochemical impedance spectroscopy (EIS) was conducted using the
same instrument, with a frequency range from 0.01 Hz to 10 kHz and a perturbation
voltage of 0.005 V.
3. Results and discussion

Figure 1a shows the XRD diffraction patterns of SnS; nanoflowers and C@SnS>
nanocomposites. The diffraction peaks of both samples are consistent with the
hexagonal SnS; (JCPDS NO. 23-0677). No additional diffraction peaks were
observed, indicating the high qualities of the samples. Notably, no diffraction peaks

from C45 were observed. This is probably because the carbon content in the samples



is very low, making it difficult for XRD to detect.

Raman spectra of SnS> and C@SnS> composites are shown in Figure 1b. In the
Raman spectrum of pure SnS», a distinct peak appears at 320 cm’!, corresponding to
the Az mode of SnS> vibrating in the sulfur-tin-sulfur plane [20]. In the case of
C@SnS: composites, in addition to the SnS> peak at 320 cm™!, two additional Raman
peaks appear at 1344 cm™ and 1585 cm!. These two peaks can be attributed to the
D-band and G-band of carbon materials [21-23], providing evidence for the presence

of C45 in the composites.
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Fig. 1 XRD patterns (a) and Raman spectra (b) of the samples.

Fig. 2 The morphologies, microstructures and chemical compositions of the samples. SEM image
of the SnS; nanoflowers (a); TEM image of the SnS; nanoflowers (b); TEM image of C45 (c);
TEM image of the C@SnS; composites (d); SEM image (e), and corresponding elemental
mapping of C (f), S (g), and Sn (h) of the C@SnS; composites; HRTEM images of the SnS;



nanoflowers (i); and C@SnS, composites (j).

The morphologies, microstructures and chemical compositions of the C@SnS
core-shell nanocomposite and SnS; nanoflowers were examined by using SEM,TEM
and EDS, as shown in Figure 2. Figure 2a reveals the hierarchical structure of
self-assembled SnS; nanoflowers composed of nanosheets, with an overall size of
approximately 3 pm. Figure 2b demonstrates that the nanosheets have a thickness of
tens of nanometers. In Figure 2¢, uniform carbon spheres with a diameter of around
70 nm can be observed, and their surfaces appear smooth. These carbon spheres come
together to form a conductive skeleton. Figure 2d depicts the C@SnS> core-shell
nanocomposite consisting of cored carbon nanospheres and shelled SnS; nanosheets.
The original carbon sphere skeleton is preserved, and the SnS; nanosheets are
distributed on its surface. This suggests that when carbon spheres are used as
nucleating agents, SnS; nanosheets no longer self-assemble into nanoflowers but
instead undergo heterogeneous nucleation and grow on the surface of the carbon
spheres. Figure 2e also shows that carbon nanoparticles are evenly distributed among
the nanosheets. These are consistent with the results of the TEM (Figure 2d). Figures
2f-h show the elemental mapping of C@SnS; nanocomposites (corresponding to
Figure 2e), which suggests a uniform distribution of C, Sn, and S. This further
confirms the formation of a uniform C/SnS, nanocomposites with core-shell structure.
Figure 2i indicates that the well-resolved interplanar spacing of lattice fringe is about
0.316 nm, which corresponds to the (100) plane of SnS;. In Figure 2j, the lattice
fringe with a lattice spacing of about 0.589 nm can be assigned to the (001) plane of

SnSs.
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Fig. 3 XPS spectra of C@SnS; (a); high resolution C 1s (b), S 2p (c) and Sn 3d (d) peaks.

XPS was employed to examine the surface characteristics and chemical
composition of the C@SnS; core-shell nanocomposite, as shown in figure 3. Figure
3a presents the XPS spectrum, which exhibits distinct peaks corresponding to Sn, S,
and C, confirming the high purity of the synthesized samples. The presence of oxygen
(O) may be attributed to the adsorption of oxygen on the sample surface.
High-resolution spectra of the C 1s, S 2p, and Sn 2p regions are illustrated in figures
3b-d, respectively. In figure 3b, Gaussian fits of the C 1s peak within the energy
range of 281-288 eV are depicted. The peaks at 283.9 and 284.5 eV can be assigned to
C-C and C-O bonds, respectively, indicating the existence of carbon [24]. Figure 3c
displays the S 2p spectrum of C@SnS;, showing two distinct peaks after
deconvolution at binding energies of 161.2 and 162.6 eV. These peaks correspond to S

2p32 and S 2pis, respectively, confirming the presence of S?° in the composite [25].
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Furthermore, figure 3d provides the detailed spectra of Sn 3d, revealing two
symmetric peaks observed at binding energies of 486.3 and 494.7 eV. These peaks

correspond to Sn 3ds2 and Sn 3d32, respectively [26], confirming the presence of Sn**

in the SnS; component of the composite.
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Fig. 4 CV curves of SnS; nanoflower (a) and C@SnS, nanocomposite (b); discharge-charge
profiles at 100 mA g! of SnS; nanoflower (c) and C@SnS; nanocomposite (d).

The CV curves of SnS, nanoflowers and C@SnS, nanocomposite nanoflowers
were obtained with a scanning rate of 0.1 mV/s, as depicted in figures 4a and 4b,
respectively.

For SnS; nanoflowers, three reduction peaks were observed during the first
cathodic scanning cycle (Figure 4a). The peak at approximately 1.82 V corresponds
mainly to the formation of LixSnS> (equation 1). However, this peak disappears in

subsequent scanning cycles, indicating its irreversibility. The peak at around 1.08 V
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can be attributed to the decomposition of LixSnS;, the formation of Sn and LixS
(equation 2) and the formation of solid electrolyte interphase (SEI) [5, 27, 28]. The
weak and broad reduction peak at about 0.57 V can be assigned to the insertion of Li*
into tin metal and the formation of LixSn alloy [28] (equation 3). During the first
anodic scan, two oxidation peaks are observed during the first anodic scanning cycle.
The peak at approximately 0.53 V is attributed to the delithiation reaction of LixSn,
forming metallic Sn. The peak at around 1.75 V may be related to the conversion of
metallic Sn to SnS; [29]. As the cycling progresses, the enclosed area of the CV curve
gradually decreases, and the specific capacity of SnS, continuously decreases,
indicating poor reversibility. This phenomenon is due to the significant volume
change of the material during charge and discharge, resulting in a continuous decline
in the anode capacity.

In the case of the C@SnS> composite (figure 4b), the reaction mechanism for the
three reduction peaks at approximately 1.82 V, 1.08 V, and 0.65 V is similar to that of
SnS> during the initial discharge cycle. During the first anodic scan, an additional
anodic peak at 2.34 V, which is not yet observed during the subsequent cycles, is
attributed to the lithium deintercalation of the SnS, layers without causing phase
decomposition (equation 1) [2,20,28]. The anodic peak located at 1.9 V is also
associated with the continuous extrusion of lithium ions from SnS, without phase
decomposition [28-31]. The oxidation peaks at around 0.54 V and 1.65 V correspond
to the dealloying reaction of LixSn and the conversion of metallic Sn to SnS, during

the first charging cycle, respectively. Compared to SnS; nanoflowers, the oxidation
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peak at approximately 1.9 V in subsequent cycles for the C@SnS, composite exhibits
higher sharpness and coincidence, indicating improved reversibility of the conversion
reaction to some extent. Moreover, although the CV curve of the C@SnS> composite
shows a similar shape to that of pure SnS, the high coincidence degree indicates
better reversibility and electrochemical stability for the C@SnS; composite.

SnS, + xLi* + xe — Li.SnS» (D)

Li,SnS; + (4-x)Li* + (4-x)e” — Sn + 2LixS 2)

Sn + xLi" + xe — LixSn 3)

Comparing the CV curves of SnS; nanoflower and C@SnS, nanocomposite, it
can be found that the positions of their oxidation and reduction peaks are almost the
same, indicating that their lithium storage mechanisms are also the same. The only
difference is the anodic peak at 2.34 V of C@SnS: nanocomposite, which is a typical
feature of interlayer delithiation of layered SnS> without causing a change in crystal
structure.

The discharge/charge curves of the samples are shown in figures 4c and 4d. In
the first cycle of these curves, three distinct discharging voltage platforms
(approximately 1.9 V, 1.34 V, and 0.5 V) and two charging voltage platforms (around
0.5 V and 1.75 V) can be observed. These platforms correspond to the three reduction
peaks and two oxidation peaks found in the CV curve analysis. Specifically, the three
discharging voltage platforms are associated with the following processes: lithium
intercalation reaction (1.9 V), conversion reaction as well as the formation of SEI

(1.34 V), and the alloying reaction of Sn (0.5 V). The two charging voltage platforms

12



correspond to the dealloying of LixSn (0.5 V) and the conversion of Sn to SnS; (1.75
V). These observations align consistently with the results obtained from the

corresponding CV curve analysis.
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Fig. 5 Cycling performance at 100 mA g! (a), rate capability (b), long-term cycling
performance at 1A g'!(c), and EIS spectra (d) of the samples.

The cyclic performance curve of the samples at a current density of 100 mA g!
is presented in figure 5a. The specific discharge capacity of the C@SnS, composite
initially experiences a rapid decrease in the first few cycles, primarily attributed to the
formation of a solid electrolyte interphase (SEI) film and electrolyte side reactions.
Subsequently, the capacity gradually decreases at a slower rate, and eventually
stabilizes after 35 cycles. After 100 cycles, the specific discharge capacity of the
C@SnS; composite reaches 802 mAh g'. In comparison, the SnS; nanoflower
electrode achieves a specific discharge capacity of 565 mAh g after 100 cycles. It is
evident that the specific capacity of the C@SnS, composite is significantly higher

than that of pure SnSo.
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In summary, the C@SnS: composite investigated in this study demonstrates
favorable electrochemical properties compared with other SnS, based materials, as
summarized in Table 1.

Table 1. The comparison of LIB electrochemical performances for different SnS, composites

sample Current density cycle Specific capacity reference
(mA g (mAh g

SnS, 200 100 548 [20]
SnS, 100 100 549 (2]
CPN@ SnS; 60 100 699 (7
SnS,/CP 200 60 2073.8 (1]
SnS»/SnO0,@C/rGO 783 300 689 (1]
SnS, NP/GNs 100 150 600 (321
SnS,-graphene 129 30 570 33]
SnS,-CM 200 200 320 [14]
MC- SnS; NSs 100 50 429 [34]
SnS;@RGO 117 60 564 [35]
SnS2/G 48 100 735 [13]

C@ SnS; 100 100 802 This work

Figure 5b displays the rate performance curves of the samples at various current
densities, namely 0.1, 0.2, 0.5, 1.0, 2.0, 3.0, and 5.0 A g''. The specific discharge
capacities of the C@SnS, composite are 774, 646, 517, 453, 395, 353, and 291 mAh
g’!, respectively. In comparison, the corresponding capacities for SnS, nanoflowers
are 725, 592, 406, 260, 37, 11, and 4 mAh g, respectively. Upon returning to a
current density of 0.1 A g, the specific discharge capacities for the C@SnS;
composite and SnS> nanoflowers are 688 mAh g'!' and 583 mAh g, respectively. The
capacity retention rates are 88.86% for the C@SnS, composite and 80.36% for SnS»

nanoflowers. Importantly, as the current density increases, a wider gap in specific

capacity between SnS; nanoflowers and the C@SnS, composite becomes apparent. At
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2 A g, the maximum gap reaches 358 mAh g, and even at 5 A g!, the gap remains
as high as 287 mAh g'. Clearly, the rate performance of the C@SnS, composite
surpasses that of SnS> nanoflowers, particularly at high current densities.

Figure 5c¢ shows the long cycle life of SnS; nanoflowers and the C@SnS»
composite at 1 A g'!. For the C@SnS: composite, the capacity gradually declines to a
minimum of 313 mAh g! within the first 200 cycles. Subsequently, the capacity
begins to recover and eventually stabilizes. After 600 cycles, the specific discharge
capacity reaches 442 mAh g!. As for SnS; nanoflowers, the specific discharge
capacity gradually decreases during the initial 250 cycles and then stabilizes. After
600 cycles, the capacity is 58 mAh g'!'. The exceptional performance of the C@SnS>
composite is primarily attributed to the synergistic effect between carbon and SnS,,
which enhances the reversibility and electrochemical performance of the conversion
reaction [36]. The C@SnS, composite undergoes an initial period of decreasing
capacity followed by recovery, mainly due to electrode activation throughout the
cycling process [37].

Figure 5d presents the EIS spectrum of the samples before cycling. The
equivalent circuit diagram of the electrodes illustrates the components, as shown in
Fig. 5d. Rs represents the internal ohmic resistance of the battery, encompassing the
resistance of both the electrode and electrolyte. Rct indicates the charge transfer
resistance in the electrochemical reaction, while W1 represents the Warburg
impedance resulting from lithium ion diffusion in the solid phase [34, 38]. The EIS

curves consist of a semicircular arc and an oblique line. The semicircular arc at
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medium and high frequencies represents Rct, whereas the oblique line in the
low-frequency region represents W1 of lithium ions diffusing in the solid phase. It is
evident that the charge transfer resistance of the C@SnS, composite is lower than that
of SnS> nanoflowers. This reduced Rct effectively improves electronic conductivity
and electrochemical properties, which aligns with the conclusions regarding rate
performance.

The remarkable high capacity and excellent cycle stability of the C@SnS:
composite can be primarily attributed to the synergistic effect between the SnS>
nanosheets and carbon spheres. This synergy enhances the reversibility and
electrochemical properties of the conversion reaction. Additionally, the unique
core-shell structure prevents agglomeration of the SnS> nanosheets. Furthermore, the
presence of carbon spheres not only mitigates volume changes during lithium
deintercalation/intercalation but also accelerates electron transfer kinetics. These
factors collectively contribute to the improved conductivity and electrode stability

over cycling [5, 30, 31].
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Fig. 6 (a) CV curves of C@SnS; at various scan rates in range of 0.1-0.8 mV/s, (b) linear fitting
relationship of log(i) vs. log(v), (c) the pictorial estimation of pseudocapacitive for C@SnS; at a
scan rate of 0.6 mV/s, (d) contribution of pseudocapacitive and diffusion-controlled effect of

C@SnS; at various scan rates in range of 0.1-0.8mV/s.

To further investigate the electrochemical kinetics and energy storage mechanism,
CV curves of the C@SnS, composites were measured at various scan rates (Fig. 6a).
The enclosed area within the CV curve represents the total capacity, comprising
contributions from both the diffusion and the pseudo capacitance. As the scanning rate
increases, the peak positions of the cathodic and anodic peaks shift towards their
respective directions, indicating enhanced electrode polarization [39]. To assess the
relative proportions of pseudocapacitive and diffusion contributions, logarithmic
current-voltage plots based on equations (4) and (5) were generated (Fig. 6b). The
current value in the CV curve, at a specific scan rate and potential, can be regarded as
the sum of the diffusion current i4ifr and capacitive current icap. The slower diffusion
process is responsible for igifr, while icap arises from the pseudocapacitive behavior

occurring at the surface of the electrode material.
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i= Lgiff + fcap =a* (0.5 < b < 1) 4)
logi=blogv+loga %)
Where v is the scanning rate and i is the response current. a and b are variable

parameters, which can be obtained from the intercept and slope of logarithmic
current-voltage plots. b value represents the dynamic properties of electrode materials.
b = 1 indicates that the current is all attributed to the capacitive behavior, i(v) = icap;
and b = 0.5 indicates that the current is all diffusion process, i(v) =igifr. The value of b
is between 0.5 and 1, this indicates both contributions exist. By linear fitting, the b
values of reduction peaks 1 and 2 are 0.59 and 0.77, while the b values of reduction
peaks 3 and 4 are 0.68 and 0.88, the C@SnS> composite has both capacitive lithium
storage behavior and diffusion lithium storage behavior, and is more inclined to
capacitive lithium storage.

iV =k + ky (i=kiv+hkv'?) (6)
kv is the capacitance contribution and k> v'? is the diffusion contribution. Using
formula (6), we analyze the pseudocapacitive distribution at different scanning speeds.
At 0.6 mV/s, the pseudocapacitive contribution reaches 84.8% (Fig. 6c). The
pseudocapacitive contribution at different scanning rates is also quantified (Fig. 6d).
The pseudocapacitive contribution increases with the increase of scanning rate. At a
high scan rate of 0.8 mV/s, the pseudocapacitive contribution of C@SnS; is 91.3%,
which is 1.59 times as that at a low scan rate of 0.1 mV/s. Compared with SnS>
nanoflower, C@SnS; nanocomposite has better lithium storage performance. It can be

concluded that the excellent lithium storage performance of C@SnS> nanocomposite
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comes from the higher pseudo capacitance contribution, which has also been observed

in other SnS>-based nanocomposites [40, 41].

Fig. 7 SEM image (a), and corresponding elemental mapping of Sn (b), S (c¢) of SnS, nanoflowers
electrode after 100 cycles at a current density of 1 A g”!'; TEM image of SnS, nanoflowers (d) after
100 cycles at a current density of 1 A g”!; SEM image (e), and corresponding elemental mapping
of Sn (f), S (g) of C@SnS, composites electrode after 100 cycles at a current density of 1A g7';
TEM images of C@SnS, composites (h) after 100 cycles at a current density of 1 A gL,

In order to further understand the stability of the electrochemical lithium storage
performance of SnS> nanoflowers and C@SnS> nanocomposite, the morphology,
composition, and microstructure characteristics of the materials after 100 cycles are
revealed in Figure 7. Figure 7a shows that the SnS> nanoflowers electrode exhibits
significant surface roughness, collapse, and cracks after cycling. The elemental
mapping of SnS, nanoflowers (corresponding to Figure 7a) in Figures 7b-c confirmed
that the homogeneity of components was also affected to a certain extent. Figure 7d
shows (The electrode material was alternately cleaned with deionized water and
alcohol multiple times) that the microstructure of SnS; nanoflowers has collapsed into
irregular nanosheets. Figure 7e shows that the C@SnS; nanocomposite electrode
exhibits few cracks and smooth surface structure after cycling. The elemental

mapping of SnS; nanoflowers (corresponding to Figure 7¢) in Figures 7f-g confirmed
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that the homogeneity of components has been highly preserved. Figure 7h confirms
the high stability of the microstructure of C@SnS; nanocomposite. In a word,
compared with SnS; nanoflowers, the composition uniformity, microstructure integrity,
and surface smoothness of C@SnS> nanocomposite electrodes are better after cycling.
This may partly explain why the electrochemical lithium storage performance of
C@SnS; nanocomposite is much better than that of SnS; nanoflowers.
4. Conclusion

C@SnS, nanocomposite was successfully prepared by a simple one-step
hydrothermal method. SnS; nanosheets were heterogeneous nucleated and grown on
the surface of carbon spheres. As an anode material of LIBs, the electrochemical
performance of C@SnS; composite is much better than that of SnS, nanoflowers.
This is due to the synergistic effect of carbon nanoparticles and SnS> nanosheets,
which is inherent in the unique 0D/2D core-shell structure. On the one hand, carbon
spheres not only effectively adsorb polysulfides to prevent the shuttle effect, but also
facilitate the charge transfer in the process of discharge/charge and prevent the
aggregation of SnS; nanosheets. In addition, carbon spheres can effectively alleviate
the volume expansion during lithium intercalation. On the other hand, C@SnS:
composite has obvious pseudo capacitance behavior. The excellent performance
makes C@SnS, core-shell 0D/2D nanocomposite a good candidate of LIBs anode
materials, especially in rapid charge/discharge and power energy applications. This
core-shell 0D/2D architectural design and simple synthesis method can be extended to

the synthesis of other metal sulfides, which provides more options for improving
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performance of the anode of metal sulfide LIBs.
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