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SnSbCux (x=0, 0.1, 0.2, 0.3, 0.4) composite alloys were synthesized using reductive coprecipitation 

method and employed as anode materials for lithium ion battery. Their microstructures and 

electrochemical properties were investigated by X-ray diffraction (XRD), scanning electron 

microscopy (SEM), constant current charge/discharge tests, cyclic voltammetry (CV) and 

electrochemical impedance spectroscopy (EIS). The results indicated that introduction of Cu increased 

electrical conductivity, alleviated volume expansion and inhibited cracking powder formation of SnSb 

alloy, therefore improved the electrochemical performance. It was demonstrated that the SnSbCu0.3 

exhibited the best performance that the initial discharge capacity is 1169.2 mAh/g with a coulombic 

efficiency of 91.0% and the reversible capacity maintains at 821.5 mAh/g after 100 cycles while the 

capacity retention is about 77.2%.  
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1. INTRODUCTION 

Sn-based anode material is considered as one of the most potential candidates for next 

generation lithium ion batteries (LIBs) because of its high specific capacity (974 mAh/g), wide 

availability and environment friendliness. However, it triggers a huge volume expansion ~300% which 

leads to powering and shedding of active material, resulting in poor cycling performance limits its 

practical applications. Therefore, it is important to improve the cycle stability of tin-based anode 

materials as well as achieve high energy density. 

One effective way is to synthesize Sn alloy, such as binary Sn-M (M=Co, Fe, Sb, Cu, Mn) 

systems [1-5]. Among them, the SnSb alloy, in which both Sn and Sb exhibit lithium storage property, 

has been extensively studied because it has a higher theoretical specific capacity than other binary 

systems [6-9]. However, the SnSb alloy still suffers from the huge volume expansion during the 

lithium insertion. Another approach is to reduce the particle size to nanoscale to improve 
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electrochemical performance by shortening the diffusion distance lithium ions and electrons upon 

discharge/charge processes. But due to the large grain size and uneven distribution of the synthesized 

anode materials, serious reunion phenomenon occurred during the discharge/charge processes, leading 

to the decrease of cycle life. 

It was found that the swelling effect could be efficiently reduced by introducing other elements 

to the alloy anode materials. For example, Nithyadharseni et al. [10] prepared nano-sized SnSb:Fe, 

SnSb:Co, SnSb:Ni composite anode materials and it was found that the SnSb:Co exhibited the highest 

discharge capacity of 580 mAh/g after 50 cycles. Wang et al. [11] synthesized SnSbAgx composite 

anode material through coprecipitation process, in which Ag was applied as a buffer matrix. And the 

discharge capacity achieved 639 mAh/g after 50 cycles. There are few reports about Sn-Sb-Cu alloy 

anode materials, Yang et al. [12] and Wang et al. [13] prepared nanosized Sn-Sb-Cu alloys by co-

reducing method but it was found that the discharge capacities of the materials showed significant 

fading during cycling. Arpacık et al. [14] synthesized Sn-Sb-Cu thin films anode materials by 

electrodeposition method and the materials exhibited a charge capacity of 652 mAh/g with 76% 

capacity retention over 50 cycles.  

Herein, we have implemented coprecipitation method which is simple, low cost, and efficient 

to prepare the SnSbCux composite anode materials. It was demonstrated that the inactive component, 

Cu, can act as a buffer matrix to restrain the pulverization of electrode during the charge/discharge 

process to improve the cycle performance of the SnSb-based alloy electrodes [15, 16]. More 

importantly, the atomic ratios of different elements were controlled and the influence of the addition of 

Cu were investigated [17]. The as-prepared alloy anode materials exhibited high electrochemical 

performance which are suitable for LIBs with high power density and long lifetime. 

 

2. EXPERIMENTAL 

2.1 Synthesis of SnSbCux composite materials  

Nano-sized SnSbCux composite materials were prepared by a chemical coprecipitation method. 

Typically, 0.1 M of SbCl3, SnCl2, CuCl2 and sodium citrate (C6H5Na3O7) with the molar ratio of 1:1:x 

(x=0, 0.1 , 0.2, 0.3, 0.4):3.5 as well as 0.2 M of NaBH4 aqueous solution (pH>12) were prepared. 

Subsequently, the SbCl3/SnCl2/CuCl2 solutions were added with strong magnetic stirring at room 

temperature to the NaBH4 solution. Excess NaBH4 were applied to ensure a complete reduction of 

metal ions. All reduced powders were aged in water bath at 80 ℃ for 5 h to obtain a better 

microstructure. The products were collected by filter and centrifugation, washing with deionized water 

and ethanol, and vacuum drying for 10 h. Finally, the final products were passed through a 200-mesh 

sieve and stored in a glove box under an Ar atmosphere. 

 

2.2 Physical characterizations 

X-ray diffraction (XRD, D8 Advance) was used to analyze the phases of the composite 

materials and field-emission scanning electron microscopy (FE-SEM, Hitachi Limited S-3400N) was 

used to observe the morphology and microstructures of the particles. 
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2.3 Electrochemical tests  

To prepared the anode electrodes, 70 wt% of active materials were mixed with 10 wt% of 

acetylene black as a conductive agent, 20 wt% of CMC and SBR as a binder to form slurry, which was 

then pasted onto a copper foils and dried at 120 ℃ under vacuum for 10 h. The coin-type cells were 

assembled in a glove box filled with argon. The synthesized alloy was used as working electrode, a 

metallic lithium foil was served as a counter electrode and a Celegard 2400 porous was the separator. 

The electrolyte was 1 M LiPF6 dissolved in a mixture of ethylene carbonate (EC)-dimethyl carbonate 

(DMC) (1:1 v/v). The assembled cells were test for galvanostatic charge/discharge behavior by a 

CT2001A battery tester with a voltage range from 0 to 2.0 V (vs. Li/Li
+
) at a constant current density 

of 0.1 mA/cm
2
. Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) 

measurements were conducted by Solartron 1470E electrochemical testing system at a scan rate of 

0.02 mV/s between 0 to 2.0 V (vs. Li/Li
+
), at a frequency of 10

6
 kHz-0.01

 
Hz and an amplitude of 5 

mV. All electrochemical data were obtained at room temperature. 

 

 

3. RESULTS AND DISCUSSION 

 
 

Figure 1. SEM images of (a) Cu, (b) SnSb, (c) SnSbCu0.1, (d) SnSbCu0.2, (e) SnSbCu0.3 and (f) 

SnSbCu0.4. 

 

Fig. 1 shows the SEM images of pure Cu and SnSbCux (x=0, 0.1, 0.2, 0.3, 0.4), the Cu 

synthesized by chemical reduction coprecipitation method shows a cauliflower-like morphology 

formed by aggregated of small particles. Compared with SnSb, the SnSbCux material exhibits an 
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incompact structure with some gaps and voids after the introduction of Cu. The average particle size is 

increased and the surface of the particle becomes smooth as the incremental of Cu content. 

 

 
 

Figure 2. XRD patterns of the (a) SnSb and (b) SnSbCu0.3 anode materials. 

 

 
 

Figure 3. Cycling performance of SnSbCux (x=0, 0.1, 0.2, 0.3, 0.4) composite materials. 

 

Fig. 2 shows the XRD pattern of the pristine SnSb and SnSbCu0.3 composite material, 

respectively. The XRD results showed that the peaks of the pristine SnSb were mainly attributed SnSb 

inter-metallic and pure Sn. SnSb alloy mainly consists of a structure of the β-SnSb phase [18]. With 
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the introduction of Cu, the peaks from pure Sn and SnSb alloy are gradually weaken, while peaks at 

30.02° and 42.82° appear, corresponding to Cu6Sn5 phase [19]. 

The cycling performance of the SnSbCux composite materials were evaluated by galvanostatic 

charge/discharge between 0 to 2.0 V at a constant current density of 0.1 mA/cm
2
 for 100 cycles. As 

shown in Fig. 3, the discharge capacity of composites is basically higher than that of pure SnSb alloy 

and the SnSbCu0.3 exhibits the best performance [20] that the initial discharge capacity is 1169.2 

mAg/h, the coulombic efficiency of first cycle exceeds 91.0% and the reversible capacity maintains at 

821.5mAh/g after 100 cycles [21]. 

 

 
 

Figure 4. Cycling performance of SnSbCu0.3 over different voltage intervals. 

 

Fig. 4 depicts cycling performance of SnSbCu0.3 at different voltage intervals. The discharge 

capacity was increased for first cycle, cyclic stability was improved and coulombic efficiency was 

elevated along with increased cut-off charge voltage [22]. When the cut-off charge voltage was 1.5 and 

2.0 V respectively, the initial discharge capacity of electrode were 1016.1 and 1082 mAh/g, and 

discharge capacity of 568.1 and 718.7 mAh/g were obtained after 70 cycles, the reversible capacity 

retention ratio were 61.2% and 82.3%, respectively. When the cut-off charge voltage was 1.5 V, the 

utilization ratio of the anode material was lower during first charge process. While the cut-off charge 

voltage was 2.0 V, the utilization ratio increased substantially, resulting from the increased depth of 

lithium insertion and de-insertion. Typically, the volume changes were minimized and the cyclic 

stability should be improved at lower cut-off charge voltage which is in contrast to our case. It is 

believed that the Cu matrix effectively reduced the volume expansion and internal stress at higher cut-

off charge voltage, resulting in better cycling performance with the reversible capacities [23]. 
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Figure 5. Initial charge/discharge profiles of the SnSbCux (x=0, 0.1, 0.2, 0.3, 0.4) alloy anode 

materials. 

 

 
 

Figure 6. CV curves of (a) SnSb and (b) SnSbCu0.3 composite anode materials. 

 

Fig. 5 shows the galvanostatic charge/discharge profiles of the SnSbCux alloy anode materials. 

It can be seen that all of them have several distinct voltage plateaus, corresponding to the formation of 

Li3Sb and a series of LixSn alloy [24], indicating that the Cu contents hardly affect the mechanisms of 

lithium insertion/extraction. Since the SnSbCux alloy anodes are composed of SnSb, Cu6Sn5, SnOx, 

SbOx and each of them has different voltage plateaus, the average voltage plateaus of the 

charge/discharge curves correspond to the multi-step reactions of the electrode [9]. And the existence 

of inactive Cu synthesized by chemical reduction can reduce the particle size resulting in smaller 

volume expansion and shorter Li-ion diffusion length. Meanwhile the Cu in the SnSbCux alloy 

materials can accommodate the volume expansion of active phases Sn and Sb, therefore increasing the 

circulation stability [25]. 
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The CV curves of SnSb and SnSbCu0.3 composite materials were tested at a scan rate of 0.02 

mV/s over a voltage range of 0-2.0 V (vs. Li/Li
+
). As shown in Fig. 6a and 6b, respectively. The 

reproducibility for the 2nd and 3rd cycle is very good, the shape of peaks are almost the same, 

indicating relatively good cyclic reversibility [26]. And the addition of Cu to SnSb alloy showed 

different electrochemical properties. For the cathodic scan, a reduction peak is found in the first cycle 

at 1.0 to 1.5 V. However this peak disappears in further cycles, which is generally attributed to the 

reduction of tin oxides and the solid electrolyte interface (SEI) film formation film on the electrode 

surface by electrolyte decomposition [27]. The significant reduction peak close to 0.8 V and persists 

through following cycles is generally attributed to the Li
+
 alloying with SnSb. The Li

+
 get into reaction 

with Sb in the SnSb alloy to form Li3Sb, while the metallic tin is released at the same time. And a 

series of peaks appear after 0.66 V, contributing to the different LixSn phase which was formed by the 

reaction of Sn with lithium. The broad peak on the subsequent anodic scan curve at 0.875 V 

corresponds to the formation of SnSb alloys and the delithiation of LixSb, respectively. It can be found 

that both anode materials are involved in two lithiation/delithiation reactions [28]:  

Sn+xLi→LixSn  (0<x≤4.4)                        (1) 

SnSb+3Li
+
+3e

−
→Li3Sb+Sn                      (2) 

 

 
 

Figure 7. Specific capacities of the SnSb and SnSbCu0.3 electrodes at different C rates. 

 

Fig. 7 shows the specific capacities of the SnSb and SnSbCu0.3 at different C rates (1 C =800 

mAh/g). The results indicated that the SnSbCu0.3 alloy material exhibited improved electrochemical 

performance at different C rates compared with SnSb alloy. The anodes were discharged at increasing 

current density for 10 cycles [29]. The average specific capacities at 0.05, 0.1, 0.25, 0.5, 1
 
and 2.5 

mAh/cm
2
 gradually declined, and the initial discharge capacities for SnSb and SnSbCu0.3 are 1330.2 

and 1105.3 mAh/g, the first coulombic efficiency are 68.0% and 87.4%, respectively. The discharge 
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capacities of two electrodes after 60 cycles are 125.6 and 242 mAh/g, respectively and when the 

current density decreased from 2.5 to 0.05 mAh/cm
2
, the discharge specific capacities accumulated 

that the discharge capacities for SnSb and SnSbCu0.3 are 657.4 and 778.4 mAh/g with response rates of 

72.7% and 80.6%. 

 

 
 

Figure 8. EIS of SnSbCux (x=0, 0.1, 0.2, 0.3, 0.4) at the open circuit voltage. 

 

Fig. 8 shows the impedance spectra of SnSbCux composite anodes at open-circuit voltage, 

which displayed a depressed semicircle linked with a sloping line. All the spectra of the composite 

anodes are very similar and the formation of the SEI layer is increased with the Cu content increased 

due to the uncompact feature that the organic electrolyte can evenly dispersed into the particles in the 

composite electrodes. In the equivalent circuits, Qg represents the resistance of Li
+
 diffusion, Rs is the 

organic electrolyte impedance, Qcf and Rcf are the contact resistances (inset of Fig. 8) were fitted with 

the experimental data, and the results are shown in Table 1.  

 

Table 1. Fitting results of the SnSbCux material before cycling at the open-circuit voltage. 

 

SnSbCux 0 0.1 0.2 0.3 0.4 

Rs (Ω) 2.75 6.30 5.43 8.26 9.32 

Rct (Ω) 88.07 170.23 202.12 213.56 320.11 
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Figure 9. EIS of SnSbCu0.3 electrode after different cycles   

 

As shown in Fig. 9, the impedance of SnSbCu0.3 electrode after different cycles increased 

compared to the results obtained before discharging. The reason is that volume expansion has taken 

place in the composite anodes during electrochemical reactions, resulting in a breakdown of the alloy 

anodes [30]. And with coverage by the shredded powders on surface, the Li
+
 ions were blocked and 

caused an increased internal resistance. Therefore the interfacial impedance increased with the cycling. 

 

 
 

Figure 10. SEM images of the SnSbCu0.3 anode after (a) 0, (b) 10, (c) 70 and (d) 100 cycles. 
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Fig. 10 shows the apparent morphology of SnSbCu0.3 alloy electrode before and after different 

cycles. The SnSbCu0.3 composite anode materials were fully penetrated on the current collector due to 

the presence of larger, irregular Cu particles, which prevents aggregation of nanoparticles before 

discharge (Fig. 10a). A dense SEI layer was formed on the surface of the electrode after 10 cycles, and 

volume expansion occurred that the aggregation of alloy particles expanded, as shown in Fig. 10b. And 

there are visible cracks on the surface which is probably caused by the shredding of active material, 

therefore, increasing diffusion distance of Li
+
 ions between the particles. 

 

 

4. CONCLUSIONS  

In summary, the SnSbCux (x=0, 0.1, 0.2, 0.3, 0.4) alloy materials were synthesized by chemical 

reduction, and this method is beneficial for reducing the particle’s size to produce nano-sized 

composite material. SEM results showed an incompact structure with uniform distribution of the 

particles. XRD results indicated the presence of pristine SnSb and Cu6Sn5 phase [30]. The introduction 

of Cu into the binary SnSb alloy system increased electrical conductivity, minimized the volume 

change of particles during charge/discharge process and inhibited of the phenomenon of powder 

cracking, resulting in increase of cyclic stability [31]. The SnSbCu0.3 composite alloy anode material 

showed the best cycling performance, with an initial discharge capacity of 1280.1 mAg/h and the 

coulombic efficiency of over 91.0%. The reversible capacity maintained at 814.1 mAh/g and the 

capacity retention exceeds 77.2% after 100 cycles, so the composite has a fairly high reversible 

capacity and a quite stable cycle ability. SnSbCux ternary composite materials are potential candidates 

as anode materials for high performance lithium-ion batteries. 
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