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A facile method has been used to synthesize NaV
3
O

8
 powders with oxalic acid as the complexing agent. This soft-

synthesis technique can effectively reduce the calcination temperature for synthesizing NaV
3
O

8
 powders to 300

 
°C, 

which is much lower than that in the solid-state synthesis. The thus-synthesized NaV
3
O

8
 powders are characterized by 

XRD, SEM and galvanostatic charge-discharge test. Among the as-prepared powders, the NaV
3
O

8
 powder obtained at 

350
 
°C exhibits morphology of porous particles. The electrochemical analysis reveals that this powder demonstrates high 

discharge capacity and good cycleability. 
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1. INTRODUCTION

∗

 

Over the past decades, sodium vanadium oxides, such 

as Na
1+x

V
3
O

8
, β-Na

x
V

2
O

5
 and (Na

2
O)

0.23
V

2
O

5
·xH

2
O have 

been proposed as cathode materials for lithium secondary 

batteries due to their attractive electrochemical perform-

ances such as high discharge capacity and good cycleabil-

ity [1
 
–

 
7]. Of these compounds, sodium trivanadate 

Na
1+x

V
3
O

8
 with the isostructure to Li

1+x
V

3
O

8
 is considered 

as a very prospective candidate as cathode material for 

lithium secondary batteries [1
 
–

 
5]. Na

1+x
V

3
O

8
 as lithium 

intercalation host have following merits: (i) larger 

interlayer distance than Li
1+x

V
3
O

8
; (ii) higher chemical 

diffusion coefficient of lithium than Li
1+x

V
3
O

8
; and (iii) 

more reduced interaction between the interlayer cations. 

However, like Li
1+x

V
3
O

8
, the electrochemical 

performances of Na
1+x

V
3
O

8
 highly depend on the adopted 

synthesis and processing method. In general, the 

Na
1+x

V
3
O

8 
powder prepared by the high-temperature solid-

state synthesis method only delivers a low capacity of 

about 80 mAh·g
–1

. To overcome this drawback, in this 

work, a wet chemistry synthesis method has been applied 

in the synthesis of NaV
3
O

8 
(x = 0). The structure, 

morphology and electrochemical properties of the as-

synthesized NaV
3
O

8
 powders have been investigated. 

2. EXPERIMENTAL  

NaV
3
O

8 
powders were prepared by the oxalic acid-

assisted liquid phase evaporation method. Fig. 1 illustrates 

the low-temperature preparation procedure to form target 

powders. First, Na
2
CO

3
, NH

4
VO

3
 and C

2
H

2
O

4
·2H

2
O were 

dissolved in distilled water, in the molar ratio of 1
 
:
 
6

 
:
 
4. 

Oxalic acid was chosen as the complexing agent. Then the 

three solutions were added into a beaker at 90
 
°C to 

evaporate water, leaving the homogeneous slurry. 

Afterwards, the obtained slurry body was dried at 110
 
°C 
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to form the precursor powders. At last, the as-dried 

precursor powders were calcined at 250
 
°C ~ 350

 
°C for 

10 h in air and then cooled to room temperature naturally 

to get the final NaV
3
O

8 
powders. The chemical reaction 

process for the synthesis of NaV
3
O

8
 can be simply 

expressed as 

Na
2
CO

3
 + 6 NH

4
VO

3 
+ 4 C

2
H

2
O

4 
+ 2 O

2  
→  

→  2 NaV
3
O

8
 + 6 NH

3
 + 9 CO

2
 + 7H

2
O            

For comparison, a solid-state NaV
3
O

8 
powder was made by 

heating mixed powders of Na
2
CO

3 
and V

2
O

5 
in 

stoichiometric amount at 620
 
°C for 10 h in air.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Schematic representation of synthesis of NaV
3
O

8
 powders 

The crystal structure of the synthesized powders was 

determined via X-ray diffraction (XRD) analysis on an 

XRD-Pert Pro diffractometer (XPERT PRO MPD, 

Netherlands) with Co Kα radiation source (λ = 1.78901 Å). 

To analyze the morphological feature of the synthesized 

powders, SEM photographs were taken by JSM6380LA 

(JEOL, Japan) scanning electron microscope. The electro-

chemical performance of the synthesized powders was 

evaluated by assembling CR2016 coin cells. The cathode 

composite composed of 80 wt% active materials, 10 wt% 

acetylene black and 10 wt% PTFE (microemulsion). 

Lithium foil was utilized as the anode, and the electrolyte 

solution was composed of 1 mol·dm
–3 

LiClO
4
 dissolved in 

ethylene carbonate (EC) and dimethyl carbonate (DMC) 
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solution (v/v, 1
 
:
 
1). The cells were galvanostatically cycled 

at a current density of 30 mA·g
–1

 within a potential range 

of 1.7 V to 4.0 V. 

3. RESULTS AND DISCUSSION 

Fig. 2 shows the XRD patterns of NaV
3
O

8
 powders 

synthesized by the oxalic acid-assisted liquid phase 

evaporation method at different temperatures.  

 

 

 

 

 

 

 

Fig. 2. XRD patterns of NaV
3
O

8
 powders obtained at different 

temperatures 

It is found that some characteristic peaks of mono-

clinic NaV
3
O

8
 come to appear at the calcined temperature 

of 250
 
°C, indicating that monoclinic NaV

3
O

8
 begin to 

form at 250
 
°C (Fig. 2, a). With the heating temperature 

increasing, the relative intensities of the X-ray diffraction 

patterns of the NaV
3
O

8
 powders are becoming much 

stronger. In addition, it should be noted that the powder 

obtained at 350
 
°C displays the strongest diffraction line at 

about 2θ – 22° compared with other powders, indicating a 

preferred orientation of the obtained crystals. XRD result 

confirms that this method could result in pure NaV
3
O

8
 

phase at lower temperature. 

The morphology of NaV
3
O

8
 powders sintered at 

different temperatures is presented in Fig. 3. As seen from 

Fig. 3, a, the particles of the powder synthesized at 250
 
°C 

display irregular aggregation shape. It may be explained by 

the powder containing higher crystal water content at 

250
 
°C. From the XRD patterns, this calcined temperature 

of 250
 
°C is not high enough to synthesize the pure phase 

NaV
3
O

8
 powders. After heating at 300

 
°C, particles 

become somewhat looser due to the dehydration. When the 

temperature reaches 350
 
°C, particles become more porous. 

This fact may be caused by the existence of oxalic acid. 

CO
2
 and H

2
O gas generated by metal-oxalic acid 

complexes can escapes from the matrix complexes when 

the NaV
3
O

8 
precursor is heated, which gives rise to the 

powder with porous honeycomb-like particles. In 

comparison with NaV
3
O

8
 powder prepared via the high-

temperature solid-state process which completely 

eliminates water, the powder synthesized via this route 

exhibits much more disorder particle and broad size 

distribution. 

Fig. 4 illustrates the first discharge curves of NaV
3
O

8
 

powders synthesized at different temperatures. 

 

 

a 

 

b 

 

 

c 

 

 

d 

Fig. 3. SEM images of NaV
3
O

8
 powders obtained at different 

temperatures: a – 250
 
°C, b – 300

 
°C, c – 350

 
°C, d – 

620
 
°C (solid state synthesis) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. The first discharge curves of NaV
3
O

8 
powders obtained at 

different temperatures 
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According to Fig. 4, the powders heated at 250
 
°C, 

300
 
°C and 350

 
°C have the first discharge capacity of 

150.7, 183.1 and 281.5 mAh·g
–1

, respectively, which are 

much higher than that (83.6 mAh·g
–1

) of the high-

temperature solid-state synthesis powder. Among these 

powders, the powder obtained at 350
 
°C displays the 

highest discharge capacity and plateau. The phenomenon 

may be associated with the morphology features of the 

powder obtained at 350
 
°C. It is well known that the 

intercalation process of Li
+

 ion between the cathode 

materials is a diffusion process, so this porous character 

may facilitate electrolyte soaking into particles and thus 

improve the diffusion kinetics of Li
+

 into/out of the layered 

materials [8, 9]. As the high-temperature solid-state 

product is concerned, a reduction of some vanadium atoms 

from V
5+

 to V
4+

 at the temperature higher than 450
 
°C 

should be responsible for its lowest discharge capacity 

apart from broad particle size distribution [3]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Selected charge-discharge curves of NaV
3
O

8
 powder 

obtained at 350
 
°C 

The selected discharge/charge curves of the powder 

synthesized at 350
 
°C is presented in Fig. 5. As seen in 

Fig. 5, the discharge/charge capacity shows a small drop 

and increase during the first few cycles and the fifth 

discharge capacity is 292.5 mAh·g
–1

. This phenomenon is 

also reported by SPAHR et al. [3]. However, there is no a 

detailed explanation for it. Meanwhile, the electrochemical 

behavior of the NaV
3
O

8 
powder prepared at 350

 
°C has a 

certain similarity to that of Li
1.2

V
3
O

8
 synthesized by the 

sol-gel route [10, 11]. Because Li
1+x

V
3
O

8
 is isostructural to 

Na
1+x

V
3
O

8
, Li

1+x
V

3
O

8
 synthesized in wet chemical reaction 

system also displays the similar electrochemical behavior. 

We tentatively deduce that this phenomenon may be 

related to synthetic condition and processing method. First, 

H
2
O, NH

3
 and CO

2
 inorganic molecules which are 

produced during the synthesis process of NaV
3
O

8
 may be 

intercalated in the puckered V
3
O

8
 layer, which gives rise to 

a pillar effect and stables the layered structure of NaV
3
O

8
. 

From the point of view of the available reversible lithium 

storage sites, the occupation of inorganic molecules at 

V
3
O

8
 layer is disadvantageous to Li-ion insertion at the 

beginning. However, these interlayer molecules are bound 

with NaV
3
O

8
 host via intermolecular interactions which 

are weaker than chemical bonds of inserted Li-ions and 

host material. Next, the inorganic molecules may be 

released gradually from the NaV
3
O

8
 host during the 

discharge-charge cycles. The vacated lithium insertion site 

leads a large amount of Li intercalation and increases 

discharge capacity. In addition, there are four plateaus in 

the voltage profiles for the lithium insertion/extraction of 

NaV
3
O

8 
powder. Moreover, it is found that the shapes of 

these discharge-charge curves are similar to each other, 

which implies that the powder synthesized at 350
 
°C has a 

good electrochemical reversibility.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Differential capacity plots s of NaV
3
O

8
 powder obtained 

at 350
 
°C 

 

Fig. 6 shows the differential capacity curves of the 

NaV
3
O

8 
material obtained at 350

 
°C calculated from the 

1st, 3rd, 5th and 7th discharge/charge curves. It is well 

known that the differential capacity curves indicate the 

reduction/oxidation potential where lithium ion is inserted 
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into the lattice or extracted from the lattice. As seen in 

Fig. 6, there are four pairs of peaks in the differential 

capacity plots corresponding to the plateaus in the 

discharge/charge curves. As the differential capacity 

curves of 1st cycle are concerned, there are four cathodic 

peaks at 3.17, 2.81, 2.37 and 1.84 V due to lithium 

insertion. At the same time, there are four anodic peaks at 

3.37, 2.93, 2.88 and 2.71 V corresponding to the lithium 

extraction. However, for the 3rd, 5th and 7th cycle, the 

differential capacity curves display more positive reduction 

potentials and more negative oxidation potentials 

compared with the 1st cycle. For example, there are four 

pairs of well-defined reduction/ /oxidation peaks centered 

at 3.26/3.32, 2.89/2.97, 2.52/2.76 and 2.11/2.56 V for 7th 

cycle. The results are in good agreement with the 

discharge/charge study as shown in Fig. 5, indicating that 

NaV
3
O

8 
powder has the good capacity retention. The 

discharge capacity dependence of cycle number curves of 

the materials collected at a current rate of 30 mA·g
–1

 

between 1.7 V and 4.0 V is shown in Fig. 7.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Variation of discharge capacity vs. number of cycles using 

the as-synthesized powders as cathodes in the voltage 

range of 1.7 V to 4.0 V at a current density of 30 mA·g
–1

 

As shown in Fig. 7, the NaV
3
O

8 
powders obtained at 

different sintered temperatures all performs a better cycling 

stability. The powder made at 350
 
°C exhibits a discharge 

capacity of about 259.9 mAh·g
–1

 within 10 cycles, 

demonstrating that this wet chemistry synthesis method is 

a promising process for obtaining porous NaV
3
O

8
 powders 

with good electrochemical performance.
 

4. CONCLUSIONS 

In conclusion, a novel method is described for the 

synthesis of the layered NaV
3
O

8
 powders by the oxalic 

acid-assisted liquid phase evaporation procedure at low 

temperature. This wet chemistry synthesis method leads to 

a porous particle and high discharge capacity. It is 

suggested that the powder heated at 350
 
°C for 10 h 

exhibits the optimal electrochemical performances. Hence, 

this liquid phase evaporation method is a promising 

synthesis method and the NaV
3
O

8
 powder obtained by this 

method is an effective cathode material for lithium 

secondary batteries applications. 
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