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The charge/discharge mechanism of CuV2O6 as anode for Li-

ion batteries is firstly studied, suggesting a phase transition in 

discharging, which involves the initial formation of LiV2O5 

and Cu3V2O8, the subsequent transition from Cu3V2O8 to 

LixV2O5 and CuO, the insertion of lithium ions into LiV2O5, 10 

and the later reduction of CuO into Cu. The phase transition 

of Cu3V2O8 accompanies by an amorphization process, which 

maintains in the subsequent discharging and charging process. 

CuV2O6/natural graphite electrode with sodium alginate 

binder is prepared, which shows superior electrochemical 15 

performance. At a specific current of 110 mA g-1, it delivers 

initial discharge and charge capacity of 725 and 453 mAh g-1, 

respectively, maintaining of 537 and 533 mAh g-1 after 200 

cycles. 

 20 

The development of Li-ion batteries accompanies by the 

discovery and exploration of new electrode materials. For 

example, the successful application of LiCoO2 and LiFePO4 as 

cathode and Li4Ti5O12 as anode has largely promoted the 

development of Li-ion batteries.1-3 By now, significant progress 25 

of Li-ion batteries has been acquired, whereas the explorization 

of new electrode materials is still under way.  

Vanadium is a typical metal element with multiform valence state, 

which can form a series of metal vanadium oxides (MxVyOz, 

M=Fe, Cu, Zn, Ag, Co etc.) via combining with other metal 30 

element and oxygen element,4-8 demonstrating great potential as 

anode and/or cathode for Li-ion batteries. Among them, CuV2O6 

was considered as a cathode material owing to its relative high 

voltage plateaus (>2 V versus Li metal).9-11 For cathode, the 

excessive lithiation of CuV2O6 under lower voltage plateau is not 35 

favorable. On the one hand, it may result in irreversible phase 

transition owing to the structure destruction of CuV2O6. On the 

other hand, the low voltage plateau is not beneficial to improve 

the energy density of Li-ion batteries when matching with an 

anode material. In contrast, the charge/discharge mechanism of 40 

CuV2O6 under lower voltage is of great interesting, which may 

endow it with potential application as anode for Li-ion batteries. 

However, no research on studying the electrochemical 

performance of CuV2O6 as anode for Li-ion batteries was 

reported by now.  45 

Here in this paper, we aim to study the charge/discharge 

mechanism and the electrochemical performance of CuV2O6 as 

anode for Li-ion batteries. During electrode preparation, low cost 

natural graphite (NG) and water soluble sodium alginate were 

adopted as conducting agent and binder, which are beneficial for 50 

large scale preparation. As results, the CuV2O6/NG electrode 

shows superior electrochemical performance, demonstrating great 

potential of CuV2O6 as anode for Li-ion batteries.  

 
Fig. 1 XRD patterns of sample a and b.  55 

XRD patterns of sample a and b are shown in Fig. 1. As seen, 

diffraction peaks located at 20.6o, 26.6o, 27.6o, 29.4o, 31.6o, 33.7o, 

36.7o, 38.6o, 39.6o, 41.5o, 42.2o, and 44.8o can be attributed to the 

(200), (1-10), (110), (201), (1-11), (111), (11-2), (3-1-1), (3-10), 

(310), (20-3) and (003) faces of anorthic CuV2O6 (JCPDS, no. 60 

45-1054). Meanwhile, diffraction peaks at 20.8o, 51.8o, 61.1o, 

62.2o and 63.5o originate from other phase of CuV2O6 ((JCPDS, 

no. 16-0127). The diffraction peaks locate at 15.3o, 21.7o, 26.2o, 

31.0o, 32.4o, 34.3o and 47.3 o correspond to the (200), (101), (110), 

(400), (011), (310) and (600) faces of orthorhombic V2O5 65 

(JCPDS, no. 41-1426). Tuning the mole ratio between precursor 

CuSO4•5H2O and V2O5 is not a guarantee to obtain pure CuV2O6, 

whereas the oriented growth of CuV2O6 can be affected.  

Fig. 2(a) is a low magnification SEM image of sample a, which 

exhibits a large number of micro-particles with mean size about 1 70 

µm. A high magnification SEM image of sample a is shown in 

Fig. 2(b), which suggests these micro-particles are of smooth 

surface with sphere-like and block-like morphologies. The size of 
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these micro-spheres ranges from 500 nm to 1.5 µm, and the mean 

length, width and thickness of these micro-blocks are 1.5 µm, 600 

nm and 400 nm, respectively. For further clarifying the 

morphology and microstructure of the CuV2O6, TEM and 

HRTEM images were provided. As shown in a low magnification 5 

TEM image in Fig. 2(c), the CuV2O6 shows clear sphere-like and 

block-like morphologies, which are in accordance with those in 

SEM images. The inset of Fig. 2(c) is a SAED pattern of a single 

CuV2O6 micro-block, which exhibit regular diffraction spots, 

suggesting the CuV2O6 is well crystallized. Fig. 2(d) is a HRTEM 10 

image of the sample, which shows clear lattice fringes. The 

interplanar spacing is 0.304 nm, which corresponds to the (201) 

face of anorthic CuV2O6.  

 

 15 

 
Fig. 2 SEM, TEM and HRTEM images of sample a. (a) low and (b) high magnification SEM image. (c) TEM and (d) HRTEM image. The inset of 

(c) is a SAED pattern. 

20 

Fig. 3 (a) The inital CV curve of pristine CuV2O6 electrode. (b) XRD patterns of pristine CuV2O6 electrode under different discharge and charge 

states. 
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Fig. 4 Electrochemical performance of CuV2O6/NG electrode (sample a). (a) The galvanostatic charge/discharge voltage profiles for the initial 

three, the 100th and 200th cycles. (b) Capacity retention of the galvanostatic test runs at a specific current of 110 mA g-1. (c) Coulombic efficiency. 

(d) Cyclic voltammograms at a scan rate of 0.2 mV s-1.  5 

 

Fig. 5 SEM images of CuV2O6/NG electrode (sample a) after cycling test with low (a) and high (b) magnification.  

 

XRD patterns of pristine CuV2O6 electrode under different states 

in the initial cycle were studied to understand the electrochemical 10 

behavior of CuV2O6 in voltage region 3~0.02 V. The charge and 

discharge state was selected according to the initial CV curve as 

shown in Fig. 3(a). As seen, when discharging to 2.72 V, new 

diffraction peaks near 18.0o, 19.6o and 36.3o (marked by ●) 

appear, corresponding to the (010), (110) and (020) faces of 15 

δ−LiV2O5 (JCPDS, no 34-1435). Meanwhile, a new diffraction 

peak near 19.2o and 28.3o (marked by ▲) can be attributed to the 

(010) and (-1-11) faces of orthorhombic Cu3V2O8 (JCPDS, no 

74-1401). The electrochemical reaction in this voltage region can 

be described as: 2Li+ + 2e- + 3CuV2O6 → Cu3V2O8 + 2LiV2O5, 20 

which is similar to that of CoV2O6.
8 The diffraction peaks of 

Cu3V2O8 disappear when further discharging to 2.22 V, 

corresponding to the phase transition from Cu3V2O8 into 

amorphous LixV2O5 and CuO, which is similar to that of 

Co3V2O8.
12 Meanwhile, the diffraction peak of LiV2O5 shows 25 

little shift towards low 2θ degree, which suggests increased 

interplanar spacing owing to the insertion of lithium ions into 

LiV2O5. The electrochemical reaction in this voltage region can 

be described as: xLi+ + xe- + Cu3V2O8 → 3CuO + 2LixV2O5 and 

xLi+ + xe- + LiV2O5 → LixV2O5. In the subsequent discharging 30 

process, the diffraction peak of LixV2O5 disappears when further 

discharging to 0.48 V, suggesting the amorphization of LixV2O5 

along with the increasing of x in LixV2O5. Electrochemical 

reactions in voltage region 2.22~0.48 V can be described as: xLi+ 

+ xe- + LiV2O5 → LixV2O5. Meanwhile, new diffraction peak 35 

near 33.6o (marked by ■) appears when discharging to 0.02 V, 

which corresponds to the (111) face of Li2O. The electrochemical 

reaction in voltage region 0.48~0.02 V can be described as: CuO 

+ 2Li+ +2e- → Cu + Li2O. In the subsequent charging process, 

amorphous state of the electrode was preserved, corresponding to 40 
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the extraction of lithium ions from LixV2O5 and the oxidation of 

Cu into Cu2O,13 being similar to that of CoV2O6.
8 

Galvanostatic charge/discharge cycling of the CuV2O6/NG 

electrode (sample a) was carried out in the potential window of 

3~0.02 V versus Li. Fig. 4(a) is the initial three, the 100th and 5 

200th charge and discharge curves at a specific current of 110 

mA g-1. As seen, the initial discharge curve differs slightly from 

the subsequent ones, showing a potential plateau near 2.3 V and 

three sloping potential regions (1.9~0.74, 0.74~0.3 and 0.3~0.02 

V) for multistep electrochemical reactions for the generation of 10 

LiV2O5 and Cu3V2O8, the subsequent transition from Cu3V2O8 to 

LixV2O5 and CuO, the reduction of CuO into Cu, as well as the 

insertion of lithium ions into NG.8,12,14 The potential plateau 

disappears in the subsequent discharge curves, which exhibit 

three sloping potential regions (1.9~0.7, 0.7~0.2 and 0.2~0.02 V), 15 

suggesting irreversible phase transition in the initial cycle. All the 

charge curves show similar profiles with three sloping potential 

regions (0.08~0.3, 0.3~2.2 and 2.2~3 V), which correspond to the 

extraction of lithium ions from NG and LixV2O5 as well as the 

oxidation of Cu into Cu2O.8,12-14 As shown in Fig. 4(b), the initial 20 

discharge and charge capacity are 725 and 453 mAh g-1, and the 

capacity loss is relevant to the irreversible phase transition. In the 

subsequent cycles, both the discharge and charge capacity 

increase slowly in the first few cycles owing to the activation of 

the electrode and then gradually reach stable values. After 200 25 

cycles, the discharge and charge capacity maintain of 537 and 

533 mAh g-1, respectively. Corresponding coulombic efficiency 

(defined as Ccharge/Cdischarge) of the CuV2O6/NG electrode is 

shown in Fig. 4(c). As seen, it exhibits a low initial columbic 

efficiency of 62.5% owing to irreversible phase transition. In the 30 

subsequent cycles, the coulombic efficiency distinctly improves 

along with cycle number, showing a mean value of 99.3 % over 

200 cycles, which suggests highly reversible lithiation and 

delithiation process. The cyclic voltammetric (CV) curves of the 

CuV2O6/NG electrode was tested in voltage region 0~3.0 V at a 35 

scan rate of 0.2 mV s-1. As shown in Fig. 4(d), the profiles of CV 

curves for the 2nd and 3rd cycle are similar, whereas an obvious 

difference between the first and subsequent two cycles is found. 

In the 1st cathodic scan, a strong reduction peak near 2.28 V and 

two weak reduction peaks near 1.86 and 2.76 V in high voltage 40 

region can ascribe to the phase transition from CuV2O6 to 

LixV2O5 and Cu3V2O8.
8,12 Three reduction peaks near 0.53, 0.23 

and 0.12 V in the low voltage region can be attributed to the 

transition of Cu3V2O8 into LixV2O5 and CuO, the reduction of 

CuO into Cu, as well as the insertion of lithium ions into NG, 45 

respectively.8,12,14 Meanwhile, the reduction peaks near 0.53 and 

0.23 V shift to 0.56 and 0.3 V owing to the activation of the 

electrode. The reduction peak at 0.12 V shows no obvious 

variation, which suggests stable lithiation of NG in cycling. In 

the anodic scan, a strong oxidation peak near 0.24 V can be 50 

attributed to the extraction of lithium ions from NG,14 and a weak 

oxidation peak near 0.86 V can ascribe to the oxidation of Cu 

into Cu2O.13 Meanwhile, a wide oxidation peak in the voltage 

region 2~3 V can ascribe to the extraction of lithium ions from 

LixV2O5.
8,12 The electrochemical reactions during the discharge 55 

and charge process are similar to those of CoV2O6.
8  

 

Fig. 5(a) is a low magnification SEM image of the CuV2O6/NG 

electrode after 100 cycles with charge state, which exhibits an 

integrated film-like morphology that consists of a large number 60 

of micro-flakes and nanoparticles, corresponding to NG and 

cycled CuV2O6, respectively. For further clarifying the surface 

morphology of the cycled electrode, a high magnification SEM 

image of the cycled electrode is shown in Fig. 5(b). As seen, NG 

is well surrounded by a large number of particles with mean size 65 

about 100 nm. These particles don’t tend to aggregate, 

assembling into new porous architecture in combination with NG. 

Meanwhile, smaller particles with mean size about several 

nanometers are observed, which locate on the surface of NG and 

bigger particles. The morphology of the cycled CuV2O6 differs 70 

much from that before cycling, which can be understood as an 

electrochemical reconstruction effect. Firstly, a large number of 

small particles form owing to a phase transition of CuV2O6 in 

discharging process, which can be describes as electrochemical 

activation.15,16 However, the aggregation of these small particles 75 

are prevented owing to the separating effect of flaky NG, 

assembling into porous architecture in combination with NG in 

the subsequent process, which can be described as 

electrochemical reconstruction.17,18 In the reconstructed electrode, 

the porous architecture is beneficial for the contact between 80 

electrode and electrolyte, and the small size of the cycled 

CuV2O6 and the good contact between the cycled CuV2O6 and 

NG can provide high Li-ion storage performance and high 

electronic conductivity, respectively. As results, the CuV2O6/NG 

electrode exhibits superior electrochemical performance.   85 

 
Fig. 6 EIS spectra of CuV2O6/NG electrode (sample a) with different 

states.  

Fig. 6 shows the EIS spectra of the CuV2O6/NG electrode 

(sample a) with different states. For fresh electrode, the intercept 90 

in high-frequency can be attributed to the ohmic resistance 

caused by the electrolyte (Rs), the medium-frequency semicircle 

is due to the charge-transfer resistance on electrode/electrolyte 

interface (Rct), and the inclined line in low-frequency 

corresponds to the lithium ion diffusion process within 95 

electrode.19 For the cycled electrode, the intercept in high-

frequency mainly originates from SEI film resistance (Re), the 

medium-frequency semicircle corresponds to the charge-transfer 

impedance on electrode/electrolyte interface (Rct), and the 

inclined line in low-frequency corresponds to the lithium ion 100 

diffusion process within electrode.20 The fresh and cycled 

electrodes were fitted by R(C(RW)) equivalent circuit, and the 

fitted results are shown in Tab. 1. As seen, Re increases firstly and 

then decreases in cycling, which may be relevant to the gradual  
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Fig. 7 SEM images of sample b with low (a) and high (b) magnification.  

 
Fig. 8 The initial three and the 200th charge and discharge curves (a) and capacity retention (b) of CuV2O6/NG electrode (sample b) at a specific 5 

current of 72 mA g-1.  

 

formation of stable SEI in cycling. Meanwhile, Rct decreases 

along with the increase of cycle number, which is relevant to the 

electrochemical reconstruction that leads to the formation of a 10 

new integrated architecture in cycling, facilitating the electron 

transfer process. The EIS spectra of the CuV2O6/NG electrode are 

in accordance with the SEM images as shown in Fig. 5.  

Tab. 1 Electrode kinetic parameters obtained from equivalent circuit 

fitting of Nyquist plots for CuV2O6 electrodes.  15 

CuV2O6/NG electrode Rs/Re (Ω) Rct (Ω) 

fresh  11.01 51.31 

after 5 cycles 15.72 40.92 

after 10 cycles 7.02 31.44 

According to XRD result, it can be deduced that the oriented 

growth of CuV2O6 was affected by the mol ratio of reaction 

materials. The morphology of sample b was contrastively studied. 

Fig. 7(a) is a low magnification SEM image of sample b, which 

shows a large number of micro-particles with mean size about 2 20 

µm. A high magnification SEM image of sample b is shown in 

Fig. 7(b), from which smaller particles with close combination 

can be observed. These small particles tend to grow into bigger 

ones, which suggests a possible Ostwald ripening growth 

mechanism.21 By comparing the fabrication condition of sample a 25 

and sample b, it can be deduced that excessive amount of V2O5 in 

the reaction material is beneficial for the oriented growth and size 

reduction of CuV2O6.  

The electrochemical performance of sample b was contrastively 

studied. Fig. 8(a) is the initial three and the 200th charge and 30 

discharge curves of CuV2O6/NG electrode (sample b) at a 

specific current of 72 mA g-1. As seen, the profiles of charge and 

discharge curves are similar to those in Fig. 4(a), which suggest 

similar electrochemical reactions in charge/discharge process. Fig. 

8(b) shows the capacity retention of the CuV2O6/NG electrode. 35 

The initial discharge and charge capacity are 765 and 462 mAh g-

1, respectively. The irreversible capacity originates from lithium 

ions consumption owing to the irreversible phase transition.8,9 In 

the subsequent cycles, the charge and discharge capacity decrease 

slowly along with the increasing of cycle number and gradually 40 

reach stable values. After 200 cycles, the discharge and charge 

capacity maintain of 412 and 401 mAh g-1, respectively. As seen, 

CuV2O6/NG electrode obtained from sample a shows higher 

capacity and better cycle stability than the electrode obtained 

from sample b, which may be relevant to the specific morphology 45 

and size of CuV2O6. Further studying the effects of morphology, 

size and impurity on the electrochemical performance of CuV2O6 

are still under way.  

 

In summary, the charge/discharge mechanism of CuV2O6 and the 50 

electrochemical performance of the CuV2O6/NG as anode for Li-

ion batteries were systemically studied. CuV2O6 undergoes 

structure variation in discharging that involves the first formation 

of LiV2O5 and Cu3V2O8, the subsequent transition from Cu3V2O8 

to LixV2O5 and CuO, and the later reduction of CuO into Cu, 55 

which accompanies by an amorphization process. In the 

subsequent charging process, lithium ions are extracted from 

LixV2O5, and Cu is oxidized into Cu2O. The superior 
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electrochemical performance of the CuV2O6/NG electrodes 

demonstrates great potential of CuV2O6 as anode for Li-ion 

batteries. Further more, maybe other vanadium based multiple 

oxides can be used as anode materials for Li-ion batteries.   

 5 
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