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Abstract 

Sodium-ion batteries (SIBs) have recently attracted intensive attentions as a potential 

alternative to LIBs for large-scale energy storage applications. However, one of the 

major challenges to the commercialization of SIBs is the limited choice of anode 

materials that can offer high rate capability. In this regard, we report intertwined 

Cu3V2O7(OH)2·2H2O nanowires/carbon fibers composite, fabricated by a facile 

hydrothermal method, as the anode material for SIBs. It shows s a highly reversible 

Na-ion storage capacity of 287.4 mAh g
-1

 after 50 cycles at a large current density of 

0.5 A g
-1

, and excellent rate performance of delivering 206.5 and 127.7 mAh g
-1

 after 

50 cycles at high current densities of 5 and 10 A g
-1

, respectively. The promising 

performance is ascribed to both the crystal structure of Cu3V2O7(OH)2·2H2O with a 

large interlayer spacing, and unique intertwined network morphology of 

CuVOH-NWs/CFs composite in which CuVOH-NWs and CFs synergistically 

functioned. This work will pave a way to develop more metal vanadates materials as 

anodes for high-performance SIBs. 
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1. Introduction 

Lithium-ion batteries (LIBs) have been widely employed as power sources for 

portable electronic devices. However, there are still great concerns about the safety, 

and lithium’s cost and continued availability.[1-4] Therefore, as a potential alternative 

to LIBs, sodium-ion batteries (SIBs) have recently attracted intensive attentions, since 

sodium is much cheaper, safer, and more environmentally benign than lithium.[5] Due 

to larger radius of Na
+
 than that of Li

+
, it is difficult to find a suitable electrode 

material to allow reversible and rapid Na ions insertion and extraction at high 

rates.[6,7] Improvements have been achieved for SIB cathode materials with this 

regard,[8-11] however, less have been devoted on the side of anode materials.
 
Several 

carbonaceous materials have been proposed, however, due to poor intercalation 

property for large Na ions, limited capacities at high rate are shown.[12-14] Another 

emerging anode of TiO2 also has been widely investigated.[15-17] Although they 

generally show stable Na-ion storage reversibility, their capacities at high rates are not 

satisfactory. For example, Kim et al. reported carbon-coated anatase nanorod TiO2 

that showed a stable capacity of about 190 mAh g
-1

 at the current density of 10 mA g
-1

, 

however, the capacity at 1.65 A g
-1

 was only around 88 mAh g
-1

.[15] Metallic Sb, Sn, 

Pb, Ge, and their alloys based materials have been recently presented to be promising 

anodes due to their large theoretical Na-storage capacities.[18] However, the practical 

applications of alloy-based materials are mainly hindered by the massive volume 

changes (100–400% upon full sodiation) which results in mechanical destruction of 

the electrodes, then decreasing the cycling life and rate capability of electrodes.[18]  
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It is well-known that in order to achieve high rate performance, three important 

elements are indispensable, which are high ion diffusion, fast electron transport, and 

stable electrode structure. In this regard, we propose a rational electrode design: 

intertwined Cu3V2O7(OH)2·2H2O nanowires/carbon fibers (CuVOH-NWs/CFs) 

composite as a SIB anode with promising rate capability. As for this design, there are 

some critical features that should be emphasized. One is why we choose 

Cu3V2O7(OH)2·2H2O nanowires (CuVOH-NWs) as the host material for SIBs. Firstly, 

volborthite, Cu3V2O7(OH)2·2H2O is a rare copper vanadate mineral. Vanadium-based 

mixed metal oxides have been extensively studied for energy storage, since they can 

offer much wider potential window deriving from various oxidation states of both 

metal elements and higher energy density, together with their low cost, and wide 

existence in nature.[19] Secondly, vanadium-based materials reveal layered nature 

and excellent kinetics, which are greatly beneficial for large Na
+
 

insertion/extraction.[20,21] Benefit from this point, some vanadium-based materials 

have been recently reported as cathodes for SIBs, and obtaining good electrochemical 

performance.[22-26] For example, Hartung et al. fabricated a novel SIBs cathode, 

Na2.55V6O16·0.6H2O, that showed the initial capacities of 217 mAh g
-1

 for 20 mA g
-1

, 

and significant capacities even at current densities up to 800 mA g
-1

.[22] Su et al. 

designed a single-crystalline bilayered V2O5 nanobelts with a large interlayer spacing 

(11.53 Å), which exhibited a stable capacity of 180 mAh g
-1

 after 100 cycles at a 

current density of 80 mA g
-1

 and excellent rate capability.[25] However, 

vanadium-based materials as SIBs anodes have not been reported. Therefore, in this 
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work, we fabricated Cu3V2O7(OH)2·2H2O as a promising anode for SIBs. Just like 

other vanadium-based materials, Cu3V2O7(OH)2·2H2O also has a layered crystal 

structure. As clearly seen in Scheme 1c (the crystal structure of Cu3V2O7(OH)2·2H2O), 

the CuO4(OH)2 octahedral units are edge-shared with each other to form Cu3O6(OH)2 

layers in the ab plane, separated by V2O7 pillars and unligated water molecules in the 

c direction, resulting in a layered structure which is a potential advantage to allow 

facile Na ions insertion and extraction.[25-27] It is widely recognized that the larger 

Na
+
 with higher ionization potential than that of Li

+
, thus a more open framework of 

SIBs material is required, in which Na
 
ions can move reversibly with acceptable 

mobility.[13,28] Cu3V2O7(OH)2·2H2O exactly possesses a large interlayer spacing 

(d(001)=7.187 Å), which can accommodate the large Na ions insertion and extraction. 

Thirdly, the construction of one dimensional (1D) nanowires is largely beneficial for 

shortened Na ion diffusion length. On the other hand, it is why we build the 

intertwined hybrid structure. Fast and effective electron transport is the precondition 

of high rate capability. Highly conductive carbon fibers (CFs) can provide sufficient 

electrons for Cu3V2O7(OH)2·2H2O nanowires, thus improving the electrical 

conductivity of the composite. Meanwhile, numerous interconnected pore channels 

created by intertwined network facilitate the access of electrolyte and electrode, then 

improving Na ion accessibility at high rates.[29-31] 

Herein, we fabricated intertwined Cu3V2O7(OH)2·2H2O nanowires/carbon fibers 

composite by using a facile hydrothermal method, as shown in Scheme 1a. Within 

expectation, when used as anode for SIBs for the first time, CuVOH-NWs/CFs 
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composite revealed highly reversible Na-ion storage capability, and excellent rate 

cycle performance of delivering high capacities of 206.5 and 127.7 mAh g
-1

 after 50 

cycles at high current densities of 5 and 10 A g
-1

, respectively. 

2. Experimental 

2.1 Materials Synthesis 

Cu3V2O7(OH)2·2H2O/carbon fibers composite was synthesized by one-pot 

hydrothermal method using aqueous CuCl2·2H2O and NH4VO3 precursors in the 

presence of pre-treated hydrophilic carbon fibers. Firstly, carbon fibers were 

functionalized by HNO3 and H2SO4 at 120 ℃ for 2 h and then washed with distilled 

water and ethanol. Secondly, one-pot hydrothermal method similar to one reported by 

Zhang et al.[32] was used to synthesize Cu3V2O7(OH)2·2H2O/carbon fibers composite. 

Briefly, 0.2046 g CuCl2·2H2O was dissolved in 15 mL distilled water containing 

0.062 g functionalized carbon fibers (33% of theoretical amount of 

Cu3V2O7(OH)2·2H2O fabricated from 0.2046 g CuCl2·2H2O by weight) and then was 

vigorously stirred. At the same time, 0.047 g NH4VO3 was dissolved in another 15 mL 

distilled water at 80 ℃. After that, the NH4VO3 solution was added slowly to the 

CuCl2·2H2O suspension with stirring. After stirring for 30 min, the resulting precursor 

suspension was transferred to a 50 mL autoclave and kept in an oven at 180 ℃ for 24 

h. Finally, the product was filtered and rinsed with distilled water and ethanol several 

times and dried at 60 ℃ for 12 h. For comparison, pure Cu3V2O7(OH)2·2H2O 

nanowires were also prepared by a similar procedure to that described above in the 
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absence of functionalized carbon fibers . 

2.2 Materials characterization 

X-ray diffraction (XRD) patterns were conducted on a MAXima-X XRD-7000 with 

Cu-Ka radiation. SEM and TEM images were taken on a Hitachi S4800 instrument 

with voltages of 5 kV and 30 kV, respectively. HRTEM images were tested by using 

Tecnai 20 S-Twin from Philips. X-ray photoelectron spectroscopy (XPS) 

measurements were carried out using the ESCALAB 250Xi instrument equipped with 

an Al-Ka X-ray source at pass energy of 150.0 eV.  

2.3 Electrochemical measurements 

Electrochemical measurements were performed using two electrode coin cells with 

sodium metal as the counter and reference electrode. The working electrode was 

composed of 70% active materials, 20% acetylene black, and 10% sodium 

carboxymethyl cellulose (CMC) binder by weight. The above mixture was pressed 

onto a copper foil which served as a current collector. The electrode was dried at 

120 ℃ in vacuum for 12 h. The mass loading of the active material in each coin cell 

was around 1.2 mg cm
-2

. The coin batteries were assembled in a nitrogen-filled glove 

box with a glass fiber separator (Whatman, GFB/55) and the electrolyte of 1 M 

NaClO4 in EC: PC (1:1 by volume). Cyclic voltammetry (CV) was tested at a scan 

rate of 0.1 mV s
-1

 with the voltage range of 0.01-3.0 V (vs. Na
+
/Na) on a BioLogic 

VSP potentiostat. Galvanostatic discharge–charge measurements were tested at a 

potential range of 0.01-3.0 V using a LAND-CT2001A test system (Wuhan, China) at 
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room temperature. The cell coin was firstly discharged to 0.01 V at a constant current, 

and then charged to 3.0 V at a constant current. After constant current charge, a short 

constant voltage charge process (3.0 V) was taken. 

3. Result and Discussion 

The crystal phase of the products was analyzed by X-ray diffraction (XRD). Fig. 1a 

displays the XRD patterns of bare CFs, pure CuVOH-NWs, and CuVOH-NWs/CFs 

composite. All diffraction peaks of pure CuVOH-NWs can be readily indexed to the 

pure phase of Cu3V2O7(OH)2·2H2O with the monoclinic structure (JCPDS No. 

80-1170). For CuVOH-NWs/CFs composite, the analysis of its spectrum is consistent 

with that of CuVOH-NWs except for an additional peak appearing at 2 θ of 26.4°. 

Such peak originates from the (002) plane of (CFs). No peaks from other phases have 

been detected, suggesting the high purity of the composite. 

To determine the chemical composition and valence state of CuVOH-NWs/CFs 

composite, X-ray photoelectron spectroscopy (XPS) analyses were conducted. No 

peaks of other elements except Cu, V, O, and C were observed in the survey spectrum 

(Fig. 1b), again indicating the high purity of this composite. The Cu 2p XPS spectrum 

of the composite shows the peaks at 934.87 and 954.89 eV, corresponding to the Cu 

2p3/2 and Cu 2p1/2 characteristic peaks of CuVOH-NWs (Fig. 1c). As for the peak at 

942.94 eV, it can be assigned to a typical character of Cu
2+

. In Fig. 1d, two separate 

peaks observed at 517.34 and 524.76 eV are ascribed to V
5+

 2p3/2 and 2p1/2, 

respectively. 
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The morphology and structure of the CuVOH-NWs/CFs composite were 

investigated by scanning electron microscopy (SEM) and transmission electron 

microscopy (TEM). Fig. 2a shows the overall SEM image of CuVOH-NWs/CFs 

composite, consisting of CuVOH-NWs and CFs to form an intertwined network, in 

which they are homogeneously dispersed over a wide area. The obvious difference 

between them is that CFs are round, whereas CuVOH-NWs are flat. A close 

observation of the composite is demonstrated in Fig. 2b, where CuVOH-NWs 

interconnected with each other, forming a porous network architecture in morphology, 

while CFs penetrate through the network of CuVOH-NWs. Meanwhile, it is clearly 

seen the hierarchical porous channels created by the network, which is greatly 

significant for effective electrolyte transport and improved Na ion accessibility. As a 

reference sample, we also investigated the SEM image of pure CuVOH-NWs, as 

shown in Fig. 2c. The growth mechanism for CuVOH-NWs is an Ostwald ripening 

and splitting process.[32] The unique intertwined network structure of 

CuVOH-NWs/CFs composite is further confirmed by TEM (Fig. 2d) in which 

CuVOH-NWs and CFs are intertwined together, benefiting to the electron transfer and 

then increased electrical conductivity of the composite. The transport mechanism of 

Na ions and electrons in the composite is presented in Scheme 1b. Fig. 2e presents 

CuVOH-NWs with one-dimensional (1D) structure with the diameter of around 120 

nm. The corresponding selected area electron diffraction (SEAD) patterns in Fig. 2e 

inset prove that CuVOH-NWs are single crystalline. High resolution TEM (HRTEM) 

image in Fig. 2f clearly reveals the clear lattice fringe of CuVOH-NWs with a lattice 
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spacing of 0.718 nm, which is in accordance with the (001) crystal planes. The lattice 

fringe of (001) planes, combined with SAED patterns (Fig. 2e inset), we may deduce 

that CuVOH-NWs exhibit a preferred orientation in the [001] direction, which is in a 

good agreement with XRD patterns on this point. Moreover, such clear lattice fringe 

indicates its typical layered structure, and the large interlayer spacing (0.718 nm) of 

Cu3V2O7(OH)2·2H2O will offer an open framework for Na
+ 

moving reversibly with 

acceptable mobility. Therefore, a promising electrochemical performance is highly 

expected.  

To evaluate the electrochemical performance of CuVOH-NWs/CFs composite as 

anodes for SIBs, a series of electrochemical measurements were conducted. Fig. 3 

shows cyclic voltammograms (CVs) of the CuVOH-NWs/CFs composite anode for 

the initial three cycles between 0.01 and 3.00 V (vs. Na
+
/Na) at a scan rate of 0.1 mV 

s
-1

. In the first cathodic scan, there are three reduction peaks located at 1.30, 0.87, and 

0.38 V corresponding to the insertion of Na
+
 into CuVOH-NWs. Two oxidation peaks 

at 1.45 and 2.38 V are attributed to the extraction of Na
+
 from CuVOH-NWs. The 

oxidation peak at 2.85 V in the first cycle and disappearing in the following scan 

derives from CuxOy which forms during the storage of commercial copper foils. Its 

contribution to the total capacity is negligible, and this phenomenon has been 

previously reported.[33,34] Another one pair of peaks at about 0.01/0.08 V (not in the 

CV of pure CuVOH-NWs, Fig. S1) can be assigned to the Na
+
 insertion/extraction 

into/from CFs, in accord with CVs of bare CFs (Fig. S2). After the activation process 

during the first scan, the peak positions and intensities remain stable for the 
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subsequent ones, suggesting the occurrence of stable oxidation/reduction reactions 

and high reversibility of this electrode. 

To further understand the sodium storage mechanism, XPS spectra were conducted 

for CuVOH-NWs/CFs composite at different cell voltages to investigate the change of 

valence states upon sodium insertion/extraction. In the first discharge process (Fig. 4), 

when the electrode was discharged to 1.30 (a) and 0.87 V (b), the peaks for Cu 2p3/2 

and Cu 2p1/2 can be divided into two components. Besides the existence of Cu
2+

, two 

doublet peaks of Cu 2p at the binding energies of 932.6 eV (Cu 2p3/2) and 952.7 eV 

(Cu 2p1/2), are attributed to Cu
+
. Meanwhile, the peaks for V 2p also can be 

deconvoluted into two parts. The binding energies of 516.6 and 523.5 eV confirm the 

formation of V
4+

. Moreover, an increase in the area of the peaks for V
4+

 is observed, 

indicating that most of V
5+

 is reduced to V
4+

 upon discharging. When the electrode 

was deeply discharged to 0.38 V (c), two new peaks located at 932.3 and 951.4 eV for 

Cu 2p can be indexed to Cu
0
 2p3/2 and 2p1/2, implying that the Cu

+
 is further 

reduced to metallic Cu with discharging. Meanwhile, as for V region, two new peaks 

observed at 515.7 and 522.5 eV are showing, which are assigned to V
3+

 2p3/2 and 

2p1/2, accompanied by the decreased area of V
5+

 peaks, indicating almost complete 

reduction V
5+

 to V
4+

 and partial reduction of V
4+

 to V
3+

. At the end of discharge 

process (d), three different Cu valences and V valences still are observed. 

XPS spectra at different voltages in the first charge process were also conducted, as 

shown in Fig. S3. At the end of charge process (g), three sets of peaks indexed to Cu
2+

, 

Cu
+
, Cu

0
 still can be observed in the Cu region. The gradual increased peak areas of 
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Cu
2+

 and Cu
+
 indicate that the oxidation from Cu

0
 to Cu

+
 and Cu

2+
 progressed 

continuously through the whole charge process with consecutive sodium extraction. 

However, it is noticeable that the oxidation was not complete and partial copper is left 

at the end of charge process, which could explain the difference between discharge 

and charge capacities. This phenomenon is similar to some metal vanadates electrodes, 

such as Ag2V4O11[35], β-AgVO3[29], and CuV2O6[36]. With regard to V region, 

gradual oxidation from V
3+

, V
4+

 to V
5+

 continuously proceeded, and was completed at 

the end of charge process, in which no peak belonging to V
3+

 and V
4+

 can be 

observed. 

The cycle performance of CuVOH-NWs/CFs composite anode was investigated at 

a high current density of 0.5 A g
-1

, and pure CuVOH-NWs and bare CFs were also 

conducted at the same condition as reference samples, as shown in Fig. 5a. In the case 

of CuVOH-NWs/CFs composite, the first Coulombic Efficiency (CE) is 71.4%, while 

stabilizing at around 97% during the following cycles, indicating facile and efficient 

ions and electrons transport in this electrode.[37,38] The second discharge capacity of 

the composite is 398.6 mAh g
-1

, and a high capacity of 287.4 mAh g
-1

 after 50 cycles 

still is obtained. For the same current density, the capacity of CuVOH-NWs/CFs 

composite is among the highest values for SIB anodes.[15,28,39-45] In contrast, 

much lower capacities are observed for pure CuVOH-NWs (50th discharge capacity 

of 174.2 mAh g
-1

) and bare CFs (50th discharge capacity of 81.4 mAh g
-1

). In addition, 

CuVOH-NWs show a much more capacity decay than CuVOH-NWs/CFs composite. 

The discharge capacity dramatically decreases from 336.8 mAh g
-1

 to 174.2 mAh g
-1
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after 50 cycles, with the capacity retention of 51.2% (72.1% for CuVOH-NWs/CFs 

composite). These differences prove that intertwined CuVOH-NWs/CFs composite 

could successfully improve electronic/ionic transport within the electrode, resulting in 

enhanced electrochemical performance, which is further supported by the results of 

EIS (Fig. 5b) where the charge-transfer resistance of CuVOH-NWs/CFs composite 

(19.65 Ω) is lower than that of pure CuVOH-NWs (33.14 Ω). Furthermore, it is 

striking to note that the capacity of CuVOH-NWs/CFs composite is much higher than 

the sum of contributions from CuVOH-NWs and CFs constitutes, indicating that the 

strong synergistic effect between CuVOH-NWs and CFs plays a significant role in 

improving the capacity and cycling stability of CuVOH-NWs/CFs composite. 

Galvanostatic charge/discharge curves of CuVOH-NWs/CFs composite anode 

between 0.01 and 3.0 V (vs. Na
+
/Na) at a current density of 0.5 A g

-1
 are shown in Fig. 

5c. In agreement with the above CV results, the charge/discharge processes present 

multiple redox plateaus, reflecting the steps of Na
+
 insertion/extraction into/from 

CuVOH-NWs/CFs composite. The first charge and discharge capacities are 

approximately 335.2 and 469.5 mAh g
-1

, respectively, resulting in an initial CE of 

71.4%. The initial irreversible capacity loss of CuVOH-NWs/CFs composite is due to 

the inevitable formation of SEI films, decomposition of electrolyte, and partial 

irreversibility of copper oxidation. It is worth noting that both charge and discharge 

profiles demonstrate much less change from the second to the 50th cycles than pure 

CuVOH-NWs (Fig. S4), again indicating relatively stable cycling of intertwined 

CuVOH-NWs/CFs composite. With regard to bare CFs (Fig. S5), except the first two 
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cycles, both charge and discharge profiles are perfectly reproducible, due to its great 

electrical conductivity. 

In addition to the high capacity and good cycling stability, CuVOH-NWs/CFs 

composite anode also reveals excellent rate performance (Fig. 5d). The rate cycle 

performance of CuVOH-NWs/CFs anode up to 10 A g
-1

 was studied in the potential 

window of 0.01 to 3 V. It is clearly found that even when the current density is 

increased to 10 from 0.1 A g
-1

 with 100 times, the capacity does not show a sharp drop 

up to the 50th cycle. In detail, the 50th cycle discharge capacities are 312.6, 287.4, 

251.9, 206.5, and 127.7 mAh g
-1

 at current densities of 0.1, 0.5, 1, 5, and 10 A g
-1

, 

respectively. To our best knowledge, such a rate capability shows clear advantages 

over those of some reported organic and inorganic Na-ion anode materials, as shown 

in Table 1. The CuVOH-NWs/CFs composite anode can be charged and discharged at 

such high rates with such high capacities, which are highly desired for practical 

applications. 

The excellent electrochemical performance of CuVOH-NWs/CFs composite is 

attributed to the following factors. (i) As aforementioned, Cu3V2O7(OH)2·2H2O 

possesses a layered structure, in which Cu3O6(OH)2 layers were separated by V2O7 

pillars and unligated water molecules, leading to suitable gaps in this crystal structure. 

The gaps constitute a channel, which is largely favourable for Na
+
 to transport 

through the plane. This point has also been proved in SIBs cathodes.[22,25,26] In 

addition, it is reasonable to expect that the V2O7 pillars between Cu3O6(OH)2 layers 

are in favor of alleviating the possible structural collapse upon cycling.[46]; (ii) the 
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unique intertwined structure fully shows the synergistic effect of CuVOH-NWs and 

CFs. CuVOH-NWs offer high charge storage capacity deriving from shortened Na 

ions diffusion length, while CFs provide fast and sufficient electrons, which will be 

greatly beneficial to cycling stability and rate capability. Moreover, the 3D 

intertwined network creates numerous interconnected pore channels which facilitate 

the access of electrolyte and electrode, thus improving Na ion accessibility at high 

rates. The intertwined network also reduces the stress caused by the cracking of the 

structure during repeated charge/discharge processes, and greatly decreases the 

degradation of the electrode. As shown in Fig. 6, the intertwined network still is 

maintained after 100 cycles at a high current density of 0.5 A g
-1

. All these advantages 

induce highly reversible Na-ion storage capability, and excellent rate cycle 

performance of CuVOH-NWs/CFs anode. 

4. Conclusions 

In summary, intertwined CuVOH-NWs/CFs composite was reasonably designed and 

fabricated as an anode for SIBs, for the sake of improving the battery performance, 

especially the current challenge of rate capability. As expected, the composite is 

proved to be a promising anode with enhanced electrochemical performance, showing 

a highly reversible Na-ion storage capacity of 287.4 mAh g
-1

 after 50 cycles at a large 

current density of 0.5 A g
-1

. The capacity is among the highest values for SIB anodes 

at the same current density. Notably, the composite anode revealed a superior rate 

capability with reversible capacities of 206.5 and 127.7 mAh g
-1

 after 50 cycles at 

high current densities of 5 and 10 A g
-1

, respectively, which is better than those of 
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majority of SIB anodes. The excellent electrochemical properties described herein can 

be ascribed to both the crystal structure of Cu3V2O7(OH)2·2H2O with a large 

interlayer spacing, and unique intertwined network morphology of CuVOH-NWs/CFs 

composite in which CuVOH-NWs and CFs synergistically functioned. We believe this 

work will open up an opportunity to develop more metal vanadates materials as 

anodes for high-performance SIBs. 
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Table 1 Electrochemical performance comparison of the as-prepared 

CuVOH-NWs/CFs composite with some previously reported SIBs anodes. 

 

Scheme 1 (a) Schematic illustration for the synthesis of CuVOH-NWs/CFs composite. 

(b) Transport mechanism of Na ions and electrons in the composite. (c) Crystal 

structure of Cu3V2O7(OH)2·2H2O. 

 

Fig. 1 (a) XRD patterns of CFs, CuVOH-NWs, and CuVOH-NWs/CFs composite. (b) 

XPS survey spectrum of CuVOH-NWs/CFs composite. XPS spectra of (c) Cu 2p and 

(d) V 2p in CuVOH-NWs/CFs composite. 

 

Fig. 2 SEM images of (a, b) of CuVOH-NWs/CFs and (c) pure CuVOH-NWs. TEM 

images of (d) CuVOH-NWs/CFs and (e) a single Cu3V2O7(OH)2·2H2O nanowire 

(inset: SAED pattern). (f) HRTEM image of an individual Cu3V2O7(OH)2·2H2O 

nanowire. 

 

Fig. 3 Cyclic voltammogram of CuVOH-NWs/CFs composite at a scan rate of 0.1 

mV s
-1

 between 0.01 and 3.0 V (vs. Na
+
/Na). 

 

Fig. 4 XPS spectra of Cu 2p and V 2p of CuVOH-NWs/CFs composite at different 

discharged voltages: (a) 1.30 V, (b) 0.87 V, (c) 0.38 V, and (d) 0.01 V. 
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Fig. 5 (a) Cycling performance of CuVOH-NWs/CFs composite, CuVOH-NWs, and 

CFs at a current density of 0.5 A g
-1

. (b) Nyquist plots of CuVOH-NWs/CFs 

composite and CuVOH-NWs at open potential before cycling. (c) Galvanostatic 

charge/discharge curves of CuVOH-NWs/CFs composite anode at a current density of 

0.5 A g
-1

. (d) Rate cycle capability of CuVOH-NWs/CFs composite at various current 

densities from 0.1 to 10 A g
-1

. 

 

Fig. 6 SEM images of CuVOH-NWs/CFs composite after 100 cycles at a high current 

density of 0.5 A g
-1

. 
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Table 1 Electrochemical performance comparison of the as-prepared 

CuVOH-NWs/CFs composite with some previously reported SIBs anodes. 

 

Materials 

Current density 

(A g-1)/upper 

cut-off voltage 

Discharge Capacity 

(mAh g-1) 
Rate capability, mAh g-1 

(current density, A g-1) 
2nd cycle    50th cycle 

Carbon coated nanorod TiO2[15] 0.01/3 V ~200 ~190 ~88 (1.65) 

Nanocrystalline TiO2[39] 0.05/2.5 V ~190 ~160 ~40 (2) 

Hollow carbon nanowires[40] 0.05/1.2 V ~270 ~250 ~149 (0.5) 

N-doped carbon nanofibers[41] 0.05/2.0 V ~170 ~150 ~87 (10) 

SnO2/RGO nanocomposite[42] 0.1/3.0 V ~380 ~320 ~125 (1) 

Disodium terephthalate[43] 0.03/2.0 V ~310 ~280 ~100 (0.3) 

WS2/graphene nanocomposite[28] 0.32/3 V ~300 ~260 ~140 (0.64) 

Microspheric Na2Ti3O7[44] 0.354/2.5 V ~270 ~170 ~100 (3.54) 

sodium 4,4’-stilbene-dicarboxylate[45] 0.05/2.5 V ~305 ~200 ~72 (10) 

CuVOH-NWs/CFs composite 
0.5/3 V ~399 ~288 ~207 (5) 

1 ~356 ~252 ~128 (10) 
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