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A synthesis of Li3V,(PO4); being a potential cathode material for lithium ion batteries was attempted via
a glass-ceramic processing. A glass with the composition of 37.5Li, 0-25V,05-37.5P,05 (mol%) was pre-
pared by a melt-quenching method and precursor glass powders were crystallized with/without 10 wt%
glucose in N, or 7%H, [Ar atmosphere. It was found that heat treatments with glucose at 700°C in 7%H;/Ar
can produce well-crystallized Li3V,(PO4); in the short time of 30 min. The battery performance mea-
surements revealed that the precursor glass shows the discharge capacity of 14mAhg-! at the rate of
1 pAcm~ and the glass-ceramics with LisV,(PO4)3 prepared with glucose at 700 °C in 7%Ha/Ar show the
capacities of 117-126 mAh g1 (~96% of the theoretical capacity) which are independent of heat treat-
ment time. The present study proposes that the glass-ceramic processing is a fast synthesizing route for

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Lithium ion secondary batteries have been widely used as
energy sources of laptop-type personal computers, mobile phones,
and so on, because of advantages such as portability and high
energy densities. At present, for instance, LiCoO, has been usu-
ally used as cathode materials in commercially available lithium
ion secondary batteries. But its poor safety and high cost pro-
hibit its use in large-scale devices such as electronic vehicles.
From the view point of natural resources of transition metal
oxides and of safety use of batteries, therefore other cath-
ode materials not including cobalt element have received much
attention.

Recently, lithium transition metal phosphates such as LiFePO4
[1-4], LIMnPO, [5,6], Li3V2(PO4); [7-16], and LiVOPO, [17-19]
have been proposed as potential cathode materials for lithium ion
batteries. Monoclinic Li3V,(POg4); crystals exhibit excellent elec-
trochemical performances such as the highest theoretical capacity
(197 mAh g~1)in phosphate cathodes reported and high-potentials
of 3.60, 3.65, 4.10V (for V4*/V3*) and 4.55 V (for V°*/V4*). In addi-
tion, the diffusion coefficient (Dj;;) of Li* ions in Li3V,(POg4)3
crystals is the order of Dy, =10"2-10"1cm?2s~! [20], which is
much higher than that (Dy;,=10"14-10"1>cm?2s~!) in LiFePO,
crystals [21]. These features ensure that Li3V,(POy4)3 can replace
LiCoO, as practical battery cathode. On the other hand, phos-
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phate materials have poor electronic conductivities, which limit
charge-discharge rates for lithium ion batteries. This problem has
been solved by controlling the morphology of cathode particles
such as carbon coating [4,7,12-16,19,22], particle size reduction,
controlling interface [23] and so on. To synthesize lithium vana-
dium phosphates with controlled morphology, various preparation
methods have been proposed, which usually, however, require long
preparation time, high cost reagents, and complicated preparation
processes.

Very recently, the glass-ceramic processing route has been
applied to synthesize phosphate-based lithium conductive materi-
als such as LiFePO4 [4,24-27], LiVOPOy4 [17,22], and LizFe;(POy4)3
[28]. The glass-ceramic technique has some advantages such
as simple fabrication process, high-speed synthesis, no require-
ment of high cost reagent and so on. These advantages are
preferable to practical applications in lithium ion secondary
batteries. In previous study [17], the fabrication and crystal-
lization behavior of Li;0-V,05-P,05 glasses were examined
to synthesize LiVOPO, crystals. During the crystallization of
Li;O-V,05-P,05 glasses, LiVOPO4 and Li;VPOg crystals were
formed whereas Li3V,(PO4)3 was not formed, suggesting that
V3* jons does not exist in the glasses and in the glass-ceramics.
That is, a reduction of vanadium ion by reducing agent is nec-
essary to obtain V3*-containing compounds in the glass-ceramic
processing.

In this paper, we focus our attention on a synthesis of
carbon-coated Li3V,(PO4)3 crystals by using a glass-ceramic
processing. We prepared a glass with the composition of
37.5Li,0-25V,05-37.5P,05 corresponding to the stoichiometric
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composition of Li3V,(PO4)3 crystalline phase by a conventional
melt-quenching method. The glass-ceramic powders coated with
carbon was successfully obtained by means of a calcination of
glucose in an electric furnace. We have optimized the synthesis
condition concerning reduction heat treatments in the glass-
ceramic processing and found that Li3V,(POg4); prepared with
glucose at 700°C in 7%H,/Ar atmosphere shows the capacity of
117-126 mAh g1 (~96% of the theoretical capacity).

2. Experimental

A glass with the composition of 37.5Li;0-25V,05-37.5P,05
(designated here as LVP323) corresponding to the composition of
Li3V,(POy4)3 crystal was prepared by a conventional melt quench-
ing method. Commercial powders of reagent grade LiPO3 and V505
were mixed together as a molar ratio of 3:1. Then, the mixtures
were melted at 1000 °C for 30 min in air using a platinum crucible
in an electric furnace. The melts were poured onto an iron plate and
pressed by another iron plate. The glass transition, Tg, and crystal-
lization peak, Tp, temperatures were determined using differential
thermal analyses (DTA: Rigaku Thermo plus TG8120) at a heating
rate of 10Kmin~!. The plate glasses were pulverized by using a
planetary ball-milling method (Fritsch premium line P-7), where
zirconia pot and 5 mmd zirconia balls are used. X-ray photoelectron
spectroscopy (XPS) measurements for vanadium ions were car-
ried out with a SHIMADZU ESCA-3200 electron spectrometer which
has the Al conical anode for charge controls. Non-monochromatic
240 W Mg Ko X-rays provided the excitation radiation. XPS spectra
of the V2p core level of the glass surface were recorded. The drift of
the electron binding energy (Eg) due to the surface charging effect
was calibrated by utilizing the C1s peak of the contamination of the
pumping oil (Eg =284.6eV).

The glass powders and glucose as a reducing agent were mixed
and dispersed with ethanol. The suspension was dried in a dry
oven at 80°C. The mixtures were heat-treated at various tem-
peratures (500-800°C) under N, and 7%H;/Ar atmospheres. The
crystalline phases present in the crystallized samples were identi-
fied by X-ray diffraction (XRD) analyses (Cu Ko radiation) at room
temperature. The XRD patterns were refined by Rietveld method
by using RIETAN-FP software [29]. The morphology and the parti-
cle size for the precursor glass and the glass-ceramic powders were
observed by using a scanning electron microscope (SEM; JIB-4500).
Amounts of residual carbon formed in crystallization process were
determined by the thermogravimetry (TG) measurements.

Electrical conductivities of the glass were evaluated using
impedance spectroscopy measurements, in which silver paste was
painted onto the surface of the samples as electrodes. The real (Z)
part and imaginary (Z”) part for the samples were measured by an
alternating current (AC) impedance method using an impedance
analyzer (YHP 4192A) with the oscillation level of £1V in the
frequency range of 5Hz-13MHz. The activation energy of the
electrical conductivity was measured in the temperature range of
25-240°C.

The electrochemical tests were performed in testing cell. Cath-
ode composites were prepared by mixing 80 wt% glass—ceramics
(for active material), 15 wt% acetylene black (for electronic conduc-
tor), and 5 wt% polyvinylidene difluoride (PVDF). The mixture was
then pressed into an Al thin sheet, and circular disks were prepared
by cutting the sheet. Stainless test cells were constructed using a
lithium metal as an anode and an electrolyte of 1 M LiPFg consisting
of a 1:1 solution of ethylene carbonate (EC) and diethyl carbonate
(DEC). The lithium ion battery performance at room tempera-
ture was evaluated from charge/discharge measurements (Hokuto
denko Co., HJ-1001). The cell potential was swept in the voltage
range of 3-4.3V, and the charge/discharge rate was 0.01-5C.
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Fig. 1. DTA patterns for bulk and powdered LVP323 glass in air. A heating rate was
10Kmin~!.

3. Results and discussion
3.1. Feature of the precursor glass

In the XRD measurement for the melt-quenched sample, only
a halo pattern without any sharp peak was observed, indicat-
ing that the melt-quenched sample with the composition of
37.5Li,0-25V,05-37.5P, 05 is fully amorphous. Bulk and powder
DTA patterns for the melt-quenched sample in air are shown in
Fig. 1. In the DTA pattern for the bulk sample, an endothermic peak
due to the glass transition was clearly observed, giving the value
of the glass transition temperature, Tg =353 °C. However, no crys-
tallization peak was found in the temperature range of T;—-800°C,
suggesting that the melt-quenched bulk sample, i.e., LVP323 bulk
glass, has a high thermal stability against crystallization. On the
other hand, in the DTA pattern for the glass powder, an endother-
mic peak due to the glass transition and a broad exothermic peak
due to the crystallization were found, giving the values of Tg =353 °C
and Tp=513°C. The DTA patterns shown in Fig. 1, therefore, indi-
cate that the main crystallization mechanism in LVP323 glass is not
bulk crystallization (homogeneous nucleation), but surface crys-
tallization (inhomogeneous nucleation). The broad crystallization
peak observed in the powder sample seems to be a superposition
of several crystallization peaks, suggesting that several different
crystalline phases will appear during heat treatment in air.

The XPS spectrum near the V2p levels for LVP323 glass is shown
in Fig. 2. It is known that different valence states give different V2p-
binding energies, i.e., around 516 eV for V4* and around 517 eV for
V>*. The XPS spectrum for the precursor glass was decomposed
into two components in order to know the fraction of vanadium
ions as described in the former reports [17,30], in which the Voigt
function was used. The result with a good fitting quality is also
shown in Fig. 2, giving the values of 515.9 and 517.1eV, which
are assigned to V4* and V>* ions. The fraction of V4* or V>* was
estimated from the ratio of the decomposed areas, and the frac-
tions of vanadium ions were obtained to be V4* =11% and V°* = 89%.
In the previous study for 33.3Li;0-33.3V,05-33.3P,05 (LVP111)
glass prepared by a melting at 1300°C for 30 min, the fractions
of V4 and of V> were 48% and 52% [17]. Bacewicz et al. [31]
reported that the fraction of V°* increases with increasing V,0s5
content in xLi; O-(100 — 2x)V,05-P, 05 glasses. In this study, how-
ever, the fraction of V>* in LVP323 glass with the V,05 content of
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25 mol% is higher than that in LVP111 glass with the V,05 content
of 33.3 mol%. It should be pointed out that LVP323 glass was pre-
pared in a melting condition of 1000 °C and 30 min. Generally, low
melting temperature gives high valence state compared with high
melting temperature for transition metal ions in a given glass. Even
in Li,0-V,05-P,05 glasses, therefore, it is considered that melting
temperature affects strongly the valence of vanadium ions.

The electrical impedance measurements for the bulk LVP323
glass were carried out, and it was found that the electric
conductivity (o) of LVP323 glass at 20°C is approximately
0=7.7x10"2Scm™! and the activation energy (E,) in the tem-
perature range of 25-240°C for LVP323 glass is E;=0.54eV.
The electrical conductivity of the 33.3Li;0-33.3V,05-33.3P,05
(LVP111) glass was reported to be =5 x10"19Scm~! at room
temperature [17]. Jozwiak and Garbarczyk [32] reported that
35Li,0-30V,05-35P,05 glass shows the value of 6 ~10-8 Scm™!
at 50°C. They also reported that Li;0-V,05-P,05 glasses exhibit
electronic (hopping in V4*-0-V>*), ionic (Li*) or mixed electronic-
ionic conductivities depending on composition. Very recently,
Okada et al. [33] reported that the electrical conductivity
of xLi;0-(70 —x)Nb;05-30P,05 glasses increases monotonously
with increasing Li,O content, e.g., 0=2.35x10"6Scm~! for
60Li;0-10Nb,05-30P,05 glass, and the activation energy for
Li* ion mobility in the temperature range of 25-200°C is
Ea=0.48-0.58 eV. Considering the valence (V>* =89%) of vanadium
ion in LVP323 glass and the activation energy of E; =0.54 eV, the
main carrier of the electrical conductivity in this LVP323 glass
would be Li* ions.

3.2. Crystallization of LVP323 glass with glucose under N, gas
flow

The mixtures of LVP323 glass powders and glucose (amount:
10 wt%) were crystallized by heat treatments at 500-800 °C for 6 h
under N, gas flow, and the XRD patterns for the glass-ceramic pow-
ders obtained are shown in Fig. 3. All diffraction peaks are assigned
to the Li3V,(PO4)3 crystalline phase with a monoclinic structure
(space group: P24/n, JCPDS: 01-072-7074). The intensity of the
peaks increases with increasing heat treatment temperature, indi-
cating that the amount of Li3V,(PO4); crystals formed increases. It
is noted that the formation of only Li3V,(PO4 )3 crystals is confirmed
even in the sample heat-treated at 500 °C, although the amount of
Li3V5(POg4)3 crystals are small.
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Fig. 2. XPS spectrum near the V2p levels at room temperature for LVP323 glass.
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Fig. 3. XRD patterns for the glass-ceramic powders obtained by heat treatments
with glucose (10 wt%) at 500-800°C for 6 h in N, atmosphere.

It should be pointed out that the formation of other crystalline
phases such as B-LiVOPO,4 with V4* and Li,VPOg with V°* is not
confirmed, as shown in Fig. 3. The results shown in Fig. 3, therefore,
suggest that vanadium ions of V4* and V°* in the precursor LVP323
glass are reduced largely to V3* jons during heat treatments with
glucose under N, gas flow atmosphere. In other words, the added
glucose is effectively working as reducing agent in the synthesis of
Li3V,(POg4)3 crystals in the glass-ceramic processing. It has been
reported that glucose added in Li,O-Fe,03-P,05 glasses trans-
forms into amorphous carbon during heat treatment in inert gas
or reducing atmosphere and is effectively working in the reduction
of Fe3* to FeZ* [4].

3.3. Crystallization of LVP323 glass with glucose under 7%H,/Ar
atmosphere

The LVP323 glass powders with glucose were heat treated at
500-700°C for 6h in 7%H;/Ar atmosphere in order to examine
the effect of reducing atmosphere on the formation of LizV,(PO4)3
crystals. The XRD patterns for the crystallized samples obtained by
heat treatments at 500-700 °C in 7%H,/Ar atmosphere are shown
in Fig. 4. All diffraction peaks are assigned to the Li3V,(POy4)3 crys-
talline phase. In particular, it is found that the sample heat-treated
at 500 °C shows clearly the formation of Li3V,(POg4)3 crystals. Com-
pared with the XRD patterns shown in Fig. 3 (in N, flow condition),
it is, therefore, concluded that the combination of glucose addition
and heat treatment under 7%H,/Ar atmosphere is more effective
for the synthesis of Li3V,(POy4)s crystals, i.e., more effective for the
reduction of V4* or V°* to V3*,

The LVP323 glass powders with (10 wt%) and without glucose
were heat-treated at 700°C for 0.5-12h in 7%H; Ar atmosphere,
and the results are shown in Figs. 5 and 6. In the glass-ceramics
obtained by heat treatments with glucose, only the LizV,(PO4)3
crystalline phase was formed. It is noted that Li3V,(PO4); crystals
are formed clearly even in the short heat treatment time of 0.5 h.
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Fig. 4. XRD patterns for the glass-ceramic powders obtained by heat treatments
with glucose (10 wt%) at 500-700°C for 6 h in 7%H,/Ar atmosphere.

On the other hand, in the condition of without glucose, the forma-
tion of LiVP,05 crystals with V3* is induced in the heat treatments
of 0.5 and 3 h. In the heat-treated sample of 12h, the formation
of LiVP,07 crystals is not confirmed anymore, suggesting that the
LiVP,07 phase might react with the glassy phase and transform

T T T T T T
7%H,/Ar + 10wt% glucose
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Fig. 5. XRD patterns for the glass-ceramic powders obtained by heat treatments
with glucose (10 wt%) at 700 °C for 0.5-12 h in 7%H, /Ar atmosphere.
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Fig. 6. XRD patterns for the glass-ceramic powders obtained by heat treatments at
700°C for 0.5-12 h in 7%H,/Ar atmosphere.

into Li3V,(POy4)3 during the long time heat treatment of 12h. It
has been reported that vanadium ions in LiVP, 07 dissolve into the
electrolyte on the charge-discharge cycle and thus cause capacity
fading[34]. Thus the presence of LiVP, O crystals should be avoided
in an application to lithium ion secondary batteries. These results
indicate that the combination of glucose addition and 7%H,/Ar
atmosphere in the heat treatment process is effective not only for
the reduction of V4* or V3* to V3*, but also for the formation of
LizV,(PO4)3.

In the fabrication of Li* ion conductive materials, the low-
ering of fabrication temperature is one of the most important
points. Fu et al. [11] reported that heat treatments (e.g., at
900°C for 12h) at high temperatures above 850°C are needed
for the synthesis of Li3V,(POy4)s3 crystals in a solid-state reaction
technique, because Li3PO,4 crystals are formed at temperatures
below 850°C. It should be emphasized that glass-ceramic pro-
cessing applied in this study requires the heat treatment at
700°C for 0.5h for the fabrication of Li3V,(POg4)3 crystals. The
XRD pattern for the glass-ceramics obtained by the heat treat-
ment at 700°C for 0.5h with glucose was refined by Rietveld
method and the result is shown in Fig. 7. The lattice parame-
ters for Li3V,(POy4)s crystals in the glass-ceramics were calculated
to be a=1.2050 nm, b=0.8608 nm, c=0.8612 nm, $=90.518°, and
V=0.89331nm3. These values are close to those (a=1.2037 nm,
b=0.8592nm, c¢=0.8606 nm, 8=90.61°) reported by Yin et al.
[35].
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Fig. 7. X-ray Rietveld analysis results for the glass ceramics obtained by the heat
treatment with glucose (10wt%) at 700°C for 0.5 h in 7%H, /Ar atmosphere.
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Fig. 8. SEM image for the precursor LVP323 glass powders prepared by a planetary
ball milling.

The SEM image for the precursor glass powders obtained by
using a planetary ball-milling method is shown in Fig. 8. It is seen
that the primary particles with a diameter of 2-3 pum are present
and they are gathered, giving the secondary particles with a diam-
eter of 10-20 wm. The SEM image for the glass-ceramics obtained
by the heat treatment with glucose (10 wt%) at 700°C for 0.5h is
shown in Fig. 9. Besides small particles with a diameter of ~5 wm,
large particles with a diameter of >20 wm were found. Such large
particles might be formed due to the sintering and crystallization of
small precursor glass powders and also due to the coating or taking
of carbon in crystallized particles consisting of Li3V,(POg4 )3 crystals.

3.4. Carbon content in the LVP323 glass-ceramics

The amount of carbon remained in the LVP323 glass-ceramics
obtained by heat treatments at 700 °C for 0.5-12 hin 7%H; /Ar atmo-
sphere was estimated from TG-DTA measurements. The initial
amount of glucose added to the precursor LVP323 glass was 10 wt%.
The decrease in the weight (i.e., carbon content) was started at
350°C, and the broad exothermic peak corresponding to the burn-
ing of glucose (carbon) was observed in the DTA curves. The values
of carbon contents estimated by TG-DTA measurements are shown
in Fig. 10 as a function of heat treatment time. These results do not
include the effect of oxidation in vanadium ions because the oxi-
dation of V3* in Li3V,(PO,)s will take place at above 527 °C (800K)

. 20KV @000y 10um 0000

13 30 SEM_SEf|
i

Fig. 9. SEM image for the glass-ceramic powders obtained by heat treatment with
glucose (10 wt%) at 700 °C for 0.5 h in 7%H, /Ar atmosphere.
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Fig. 10. Residual carbon contents estimated by using TG measurements for the
LVP323 glass ceramics obtained by heat treatments at 700 °C for 0.5-12 hin 7%H, /Ar
atmosphere.

in air [36]. The carbon amounts for LVP323 glass ceramics at var-
ious treatment times were 0.3-1.3 wt%. The carbon content tends
to decrease with increasing heat treatment time, and it might be
suggested that carbon is consumed by some reactions during heat
treatment.

3.5. Battery performances for the LVP glass and the
glass-ceramics with Li3V,(POy)3

The charge-discharge measurements for LVP323 glass pow-
ders at the voltage window of 1.0-4.3V were carried out, and the
results are shown in Fig. 11. The discharge capacity of LVP323 glass
powders at the rate of 1 wAcm~2 was ~14mAhg-1. In discharge
measurements, two plateaus at ~4V and ~2V were observed. In
this glass, vanadium ions act as a redox center. It has been reported
that a-LixV,05 (x =0-1) crystal shows two distinct voltage plateaus
at 3.2V and 3.4V. On the other hand, Nabavi et al. [37] reported
that the open circuit voltage continuously decreases with the
amount of inserted Li*, suggesting that no phase transition occurs
inamorphous LiyV, 05 up to x = 1.8. Although LVP323 glass powders
used in the charge-discharge measurements were amorphous, two
plateaus were observed in the discharge process. However, in the
first charging process, no plateau was found. It might be suggested
that some structure change occurs during the first charging pro-

5.0 T T T T T T T T T T T T T
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Fig. 11. Charge-discharge curves for LVP323 glass powders at the rate of 1 A cm—2
in the range of 1.0-4.3V.



K. Nagamine et al. / Journal of Power Sources 196 (2011) 9618-9624 9623

Voltage / V
w
o

N
&)

g
[=}

" 1 " 1 " 1 "
25 50 75 100 125 150 175
Capacity / mAh g1

1L 1 1.
50

Fig.12. Charge-discharge curves at the first cycle for LVP323 glass ceramic powders
obtained by heat treatments with glucose (10 wt%) at 700°C for 0.5-12 h at the rate
0f0.01C(1.97 mAg™1) in the range of 3.0-4.3 V.

cess. Anyway, the discharge capacity for the LVP323 glass was very
low even in the very slow rate (~8 wA). It would be due to the low
electric conductivity of 0=7.7 x 1072Scm™1.

LizV,(POy)3 crystal has three extractable Li* ions placed on
different crystallographic sites. It is, therefore, shown that four
plateaus corresponding to the x=3-2.5, 2.5-2, 2-1, and 1-0 of
LixV2(PO4)3 have the voltage of 3.6, 3.65, 4.1, and 4.55V, respec-
tively. In the high voltage charge process, an oxidation of electrolyte
and a decrease of the cycle stability of cathode materials are
inevitable. It causes loss in capacity. So, in order to focus only on a
battery performance of the glass ceramics as a cathode, a voltage
window was restricted to the range of 3.0-4.3V in this measure-
ments, where the theoretical capacity of LixV,(PO4)3 (x=3-1) is
132mAhg1.

The charge-discharge curves at the rate of 0.01 C for the LVP323
glass-ceramics obtained by heat treatments with glucose at 700°C
for various times (0.5-12h) in 7%H,/Ar atmosphere are shown
in Fig. 12. Three plateaus were clearly observed at around 3.6,
3.65, and 4.1V corresponding to 2Li*. The discharge capacities for
the LVP323 glass ceramics obtained were 117-126 mAhg~! and
were independent of heat treatment time. These results show that
Li3V,(POy4);3 crystals are sufficiently formed even in the heat treat-
ment of the short time of 0.5h and the glass-ceramics obtained
is working as cathode active materials. The samples obtained
by heat treatments of 3-12h have small plateaus at around 2V
in charge curves. The regions of plateaus at 2V increased with
increasing heat treatment time. It have been reported that V3* in
Li3V,(PO4)3 is reduced into V2* with Li* insertion and the redox
effect occurs at around 2V [36]. Therefore, the small plateau at
2V observed in those samples might be due to the existence of
V2* ions in the glass-ceramics. These results also indicate that the
glass-ceramic processing is a fast, simple and useful method to
fabricate Li3V,(POy4)3 crystals. The discharge curves at the various
charge-discharge rates (0.01-5C) for the LVP323 glass-ceramics
obtained by the heat treatment of 0.5h are shown in Fig. 13.
The discharge capacities at 0.01, 0.1, 1, and 5C were found to be
125, 103, 89, and 71 mAh g1, respectively. It is seen that the dis-
charge capacity for the glass-ceramics decreases with increasing
charge-discharge rate. When the charge and discharge were oper-
ated at above 1C, the effect of overvoltage became larger and the
plateaus became unclear, indicating that the electric conductivity
of the glass-ceramics is insufficient for high rate charge-discharge
conditions.
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Fig. 13. Charge-discharge curves for LVP323 glass ceramic powders obtained by
heat treatments with glucose (10 wt%) at 700°C for 0.5 h at the rate of 0.01-5C in
the range of 3.0-4.3 V.

4. Conclusions

The synthesis of Li3V,(POg4)3 crystals for lithium ion sec-
ondary batteries via the glass-ceramic processing was carried
out. It was revealed from XPS measurements that the valence of
vanadium ions in the precursor LVP323 glass is mainly V°*, i.e.,
90%. It was found that heat treatments with glucose (10 wt%) in
7%H;|Ar atmosphere give effectively the formation of Li3V,(PO4)3
crystals. The discharge capacities for the LVP323 glass ceramics
obtained by heat treatments at 700°C in 7%H,/Ar atmosphere
were 117-126 mAh g1, indicating that the glass-ceramics with
LizV,(POg4)3 is working as cathode active materials. The present
study demonstrates that the glass-ceramic processing is a fast, sim-
ple and useful method for the fabrication of Li3V,(POg4)3 crystals.
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