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Abstract: Li;V,(P0O,); cathode material was prepared by low temperature solid-state reaction. V,05-nH,0 hydro-
gel, LiOH -H,0, NH,H,PO, and C were used as starting materials to prepare the precursor, and Li;V,(PO,); was
obtained by sintering the precursor at 550 °C for 12 h. The property of the Li;V,(PO,); sample was investigated by
X-ray diffraction (XRD), scanning electron microscopy (SEM) and electrochemical measurement. XRD studies
show that the Li;V,(PO,); sample obtained has the same monoclinic structure as that synthesized by conventional
solid-state reaction. SEM image exhibits that the particle size is about 0.5 wm with narrow size distribution.
Electrochemical test shows that the initial discharge capacity of Li;V,(PO,); powder is 130 mAh-g™ at the rate of
0.2 C,and the capacity retains 124 mAh-g™ after 30 cycles at room temperature.
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Currently, LiCoO, is the most widely used cath- electric vehicles. Many people are working on a cheap
ode materials for lithium-ion batteries. However it is and effective replacement for LiCoO,!" 7. Since the
relatively expensive, especially for large-scale appli- demonstration of reversible electrochemical lithium
cations such as backup power systems and hybrid insertion-extraction for LiFePO, in 1997 ®, lithium
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transition metal phosphates have attracted much in-
terest as promising new cathode materials for lithium-
ion batteries” ¥, Recently, it has been shown that Li
could be extracted from Li;V,(PO,); with a theoretical
capacity of 197 mAh-g™ ™. Considering the very good
stability of this material and the voltage range of op-
eration, the compound could make commercially use-
ful as a positive electrode material. Usually, Li;V,(PO,);
is synthesized by a conventional solid-state reaction™,
involved with high sintering temperature and long sin-
tering time, and it is difficult to obtain small and ho-
mogenous Li;V,(PO,); particles, which is crucial to its
electrochemical performance, especially the cyclic
stability. In this work, Li;V,(PO,); was synthesized by
low temperature solid-state reaction, and its electro-

chemical performance was evaluated.
1 Experimental

V.05 -nH,O hydro-gel was prepared as follows:
250 mL of 10% (V/V) H,0, solution was slowly added
to 0.06 mol V,0s and was vigorously stirred at room
temperature for 6 h. The dark red homogenous V,Os-
nH,O hydro-gel was obtained after aging for 4 days.
Stoichiometric LiOH - H,0, NH,H,PO, and 25wt% ex-
cess C were added to the above V,05-nH,0 hydro-gel.
The mixture was strongly stirred for 8 h at room tem-
perature, dried under vacuum at 80 C, and finally
ground to obtain the precursor. The precursor was
calcined at 300 °C for 4 h, then heated to 550 °C for
12 h under an inert atmosphere. The subsequent ther-
mal treatment in this work is lower than the conven-
tional solid-state reaction method, which is usually at
800~900 °C for 16~36 h!"*',

The powder X-ray diffraction (XRD, Rint-2000, Ri-
gaku) measurement using Cu Ka radiation (A=0.154 06
nm, 40 kV) was employed to identify the crystalline
phase of the synthesized materials. The lattice param-
eters were calculated by the least square method us-
ing the internal Si reference. The particle size and
morphology of Li;V,(PO,); powders were observed by
(JEOL, JSM-5600LV)
with an accelerating voltage of 20 kV.

scanning electron microscope

Charge/discharge tests were performed using

CR2025 coin-type cell. For positive electrode fabrica-
tion, the prepared powder was mixed with 10wt% of
carbon black and 10wt% of polyvinylidene fluoride in
N-methyl pyrrolidinone until slurry being obtained.
And then, the blended slurry was pasted onto an alu-
minum current collector, and the electrode was dried
at 120 °C for 10 h in vacuum. The test cell was con-
sisted of the positive electrode and lithium foil nega-
tive electrode separated by a porous polypropylene
film, and 1 mol L™ LiPF¢ in EC:EMC:DMC=1:1:1 (in
volume) as the electrolyte. The assembly of the cells
was carried out in a dry Ar-filled glove box. The cells
were charged and discharged over a voltage range of
30 Vto 42 V vs Li/Li* electrode at room tempera-
ture. Cyclic voltammogram was tested at a scanning

rate of 0.1 mV +s™ in the voltage range of 3.0~4.4 V.
2 Results and discussion

Fig.1 shows the XRD pattern collected for the
prepared Li;V,(PO,); powder. It is evident that all fun-
damental peaks can be indexed to the monoclinic
structure (space group P2,/n). The following crystallo-
graphic parameters, ¢=0.853 4 nm, 6=1.202 6 nm, c=
0.857 1 nm, 8=89.518°, and cell volume=0.879 6 nm*

is in good accordance with the literature report!'s.
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Fig.1 XRD pattern of Li;V,(PO,);

The morphology of the LiV,(PO,); sample was
examined by SEM , and is shown in Fig.2. Fine parti-
cles are observed, and the particle size is about 0.5
pm with narrow size distribution. The first charge-
discharge curves of Li;V,(PO,); cycled between 3.0 V
and 4.2 V at the rate of 0.2 C are shown in Fig.3.
Three reversible plateaus are clearly seen in the

charge and discharge curves, corresponding to two Li*
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Fig.2 SEM image of Li;V,(PO,);

reversibly extracted and intercalated in LisV, (PO,);.
The first lithium ion is extracted in two steps, i.e. at
3.60 V and 3.68 V plateaus versus Li/Li*, with a
"and 37 mAh-g™, re-

spectively. The second lithium ion, however, is ex-

charge capacity of 30 mAh-g~

tracted in a single step, at 4.08 V plateau versus Li/
Li*, with a charge capacity of 68 mAh-g™. Therefore,
the charge capacity can total up to 135 mAh-g™. A
reversible reaction upon re-insertion of two Li* in
Li;V,(PO,); was observed in the discharge process. The
discharge curve is also composed of three plateaus
with slight potential shift to 4.04, 3.62 and 3.58 V vs
Li/Li *, delivering a total capacity of 130 mAh -¢g™
Namely, the initial charge/discharge cycle of Li;V,(PO,);
sample exhibits a high coulombic efficiency and a

high electrode reaction reversibility.
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Fig.3  First charge-discharge curves of Li;V,(PO,); at
the rate of 0.2 C
The electrochemical cycling performance of the
Li;V,(PO,); compound was evaluated in the Li/Li;Vy(PO,);
cell configuration in the voltage range of 3.0~4.2 V at
room temperature. Fig.4 shows the cyclic charge/dis-

charge profiles for the Li;V,(PO,); cathode materials at

different rate. As seen in Fig.4, after 30 cycles, the
Li;V,(PO,); sample exhibits a discharge capacity about
124 mAh-g™, 118 mAh-g™, 110 mAh-g™ and 103
mAh-¢™ at the rate of 0.2 C, 0.4 C, 0.8 C and 1.6 C
respectively. Namely, the capacity decreases continu-
ously at a rate of 0.15% per cycle at 0.2 C, 0.26%
per cycle at 0.4 C, 0.40% per cycle at 0.8 C, and
0.49% per cycle at 1.6 C. From above results, it can
be concluded that the as-prepared Li;V,(PO,); sample
has better cycling performance than those synthesized
by conventional solid-state reaction reported by the

literature!".
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Figd Electrochemical cycling performance of
Li;V,(PO,); at room temperature
The electrochemical cycling performance of the
Li;V,(PO,); compound was also tested at 55 °C in the
voltage range of 3.0~4.2 V at different rate. As seen
in Fig.5, after 30 cycles, the Li;V,(PO,); sample ex-
hibits a discharge capacity about 126 mAh-g~, 124
mAh-g™, 117 mAh-g™ and 111 mAh-g™ at the rate of
0.2 C, 04 C, 0.8 C and 1.6 C, respectively. Namely,
the capacity decreases continuously at a rate of 0.10%

per cycle at 0.2 C, 0.15% per cycle at 0.4 C, 0.26%
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Fig.5 Electrochemical cycling performance of

Li;V4(PO,); at 55 C
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per cycle at 0.8 C, and 0.34% per cycle at 1.6 C.
Obviously, the electrochemical cycling performance of
Li;V,(PO,); tested at 55 °C is improved. The improved
cycleability may be attributed to the increased diffu-
sion of lithium ions at the elevated temperatures.

The cyclic voltammetry (CV) for the LisV,(PO,);
electrode in the first cycle at a scanning rate of 0.1
mV +s ™" is shown in Fig.6. The cyclic voltammetry
profile indicates the oxidation/reduction potential at
which lithium ion is extracted from or inserted into the
lattice. As shown in Fig.6, the electrode of Li;V,(PO,);
exhibit three reversible redox peaks, which is in well

agreement with the first charge-discharge results.
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Fig.6  CV of Li;V,(PO,); electrode in the first cycle
3 Conclusions

Li;Vy(PO,); powder was prepared by low tempera-
ture solid-state reaction under an inert atmosphere.
XRD patterns show that Li;V,(PO,); has monoclinic
structure; SEM images show that the particle size is
about 0.5 wm with narrow size distribution. An initial
charge and discharge capacity is about 135 mAh-g™
and 130 mAh-¢™, respectively. The discharge capaci-

ty retains 124 mAh -g™ after 30 cycles al room tem-

perature.
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