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output and energy decrease in cold temperature environments, leading to diminished performance 

and shortened range.[7] Many researchers have used analytical and numerical modelling techniques 

to estimate and predict the temperature of LiBs.[8] The potential of tin-based compounds as anode 

materials for LiBs has been explored, given their low cost, lack of toxicity, and high theoretical 

capacity of 994 mAhg-1.[9] Compared with that of binary tin-based materials, the electronic 

conductivity of electrodes can be improved by the induction of Cu in the reaction with Li+ during 

the discharge/charge process.[10] Considering this aspect, chalcogen materials have received 

considerable attention as a dopant to prepare alloy-type materials to boost the conductivity and 

stability of LiBs. Given their many benefits, such as a high theoretical capacity (FeS2 890 mAhg- 

1, CuS 560 mAhg-1), safety, environmental friendliness and low cost,[11, 12] metal sulphides, 

especially FeS2 and CuS, have been extensively researched. Heteroatom doping is the most widely 

used strategy to increase the conductivity of materials. Recently, quaternary compounds have 

attracted significant interest as potential anode materials.[13-19] Due to their exceptional theoretical 

reversible charge storage capacity, alloy-type materials and metal chalcogenides are remarkable 

LiB materials. Notably, although many studies have focused on the charge and discharge 

performance of LiB composites at ambient temperature, research on the performance of LiB 

composite anodes at high or low temperatures is limited.[20-24] Among quaternary chalcogenide 

materials, the application of copper zinc tin sulphide (Cu2ZnSnS4; CZTS) in LiBs has been widely 

explored, due to ability of structural flexibility for volume expansion.[25-28] However, the impact 

of the operating temperature on LiBs using CFTS anodes remains to be clarified. To facilitate the 

material application, the effect of the operating temperature on the electrochemical LIB 

performance of CFTS must be studied. 
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study revealed that the charge storage in the CFTS is due to capacitive type and diffusion- 

controlled contributions. 
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Figure 1. Structural investigations of the Cu2FeSnS4 (CFTS) anode fabricated by hydrothermal 

technique. (a) XRD patterns of the Cu2FeSnS4 structure in comparison with standard powder 

diffraction data of JCPDS 44-1476. (b) Raman spectrum, (c) scanning electron microscopy image, 

and (d) EDX spectrum of CFTS. 
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Figure 2. (a) TEM images of the CFTS anode. (b) High-resolution TEM (HRTEM) images. (c, d) 

Clear lattice fringes can be seen in the HRTEM image, revealing the crystalline nature of the CFTS 

anode. (e) SAED pattern. The clear bright spots are attributable to the highly crystalline nature of 

CFTS (JCPDS 44-1476). (f) HAADF-STEM elemental mapping under TEM mode, depicting the 

uniform distribution of Cu (dark cyan), Fe (yellow), Sn (red), and S (orange) in the sample. 
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Figure 3. XPS spectra of the as-grown CFTS anode electrode. Deconvoluted XPS spectra of (a) 

Cu 2p, (b) Fe 2p, (c) Sn 3d, and (d) S 2p peaks. The experimental data and fitted curves are denoted 

with circles and lines respectively. 
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Figure 5. Long-life-cycling performance of the CFTS anode at different operating temperatures: 
 

(a) discharge capacity retention (b) Coulombic efficiency. (c) Nyquist plots at different operating 

temperatures, revealing changes in the charge transfer resistances and reaction kinetics of the 

CFTS. The inset shows the equivalent-circuit diagram. (d) The room temperature testing of the 

CFTS for 500 cycles at a current 0.1 Ag�1. 
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Figure 6. (a) Cyclic-voltammetry (CV) curves at scan rates of 0.1, 0.2, 0.3, 0.4, and 0.5 mVs�1. 
 

(b) Plot of log (i) vs log (Q), which clarifies the charge storage mechanism of the electrode. (c) CV 

curves show the capacitive and diffusion-controlled currents recorded at a scan rate of 0.1 mVs�1. 

(d) The contributions of the storage mechanism at different scan rates. 
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