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Abstract

LiNiVO,4 was prepared from Li,CO3, Ni(CH;C0O0),-4H,0 and NH,4VO; using tartaric acid as a complexing agent with 1:1-1:4 mole ratios of
metals:tartaric acid and subsequent calcination at 350-700 °C for 6-12 h. Inverse spinel LiNiVO, was detected using XRD. FTIR and Raman
analyses revealed the presence of stretching band of VO, tetrahedrons. Only Ni, Vand O were detected by EDX. The 1:4 mole ratio for the product
with 450 °C calcination for 6 h analyzed by SEM, TEM and electron diffraction (ED) composes of LiNiVO,4 nano-powder with 10-30 nm in

diameter.
© 2006 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

Keywords: Inverse spinel oxide; LiNiVO, nano-powder; Tartaric acid

1. Introduction

There are several kinds of transition metal oxides that can
be used as cathode materials for lithium-ion batteries. They
are LiCoO,, LiNiO; and LiMn,0, [1,2]. LiCoO, and LiNiO,
are layered structure [2,3] but LiMn,O4 is normal spinel
structure [3,4]. Following the discovery of these oxides,
LiNiVO, has been found to be very attractive due to its inverse
spinel structure [1,5,6]. It can offer a voltage as high as 4.8 V
[7,8]. It is believed that preparation processes can play a role
in the properties of electrode materials. Solid state reaction is a
mechanochemical process but the product contains irregular
morphology, larger crystallite size, non-stoichiometric phase,
impurities and others [1,3,9]. Chemical solution processes
have been found to be able to solve such the problems. Among
them are starch-assisted combustion [1], citric complex
method [10] and glycerol-assisted gel combustion route [9].
Only the product prepared by the last method was claimed to
be nano-crystallite size. For the present research, LiNiVO,
nano-powder was prepared by using polymerized complex
method with tartaric acid as a complexing agent. The powder
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was purified by controlling mole ratio of total metals (M) to
tartaric acid (TA) and by calcination at a variety of
temperatures and times.

2. Experiment

By using tartaric acid as a complexing agent, Li,COs,
Ni(CH3;C0OO),-4H,0O and NH4VO; solutions were mixed and
stirred to form carboxylate precursors (blue xerogel) which
were subsequently calcined to form powder. The preparation is
schematically shown in Fig. 1. The precursors and powder were
intensively analyzed using XRD operated at 20 kV, 15 mA and
a Cu Ka source, FTIR with KBr as a diluting agent and
operated in the range 4004000 cm™', Raman spectrometer
using 30 mW He-Ne Laser with A = 632.8 nm, SEM equipped
with EDX operated at 15 kV and TEM as well as electron
diffraction (ED) operated at 200 kV.

3. Results and discussion
3.1. XRD

Carboxylate precursors (M:TA =1:1) with and without
calcination at high temperature were analyzed using XRD and
JCPDS standard [11]. The spectra are shown in Fig. 2. XRD
spectrum of carboxylate precursors (A1) is broad showing that
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Fig. 1. Schematic diagram used for preparation of LiNiVO,.

they are amorphous. At 350 °C calcination for 6 h (B),
LiNiVO, with NiO, LisVO, and LiVO; impurities were
detected showing that LiNiVO, started to form but its
concentration is rather low. The degree of crystallinity is
improved when the calcination temperature is further
increased. This leads to the increase of XRD intensity. During
increasing of the calcination temperature, the purity was also
increased. For the calcination at 400 °C for 6 h (C), 450 °C for
6 h (D1) and 450 °C for 6 h with further calcination at 500 °C
for 12 h (E1), LiNiVO, containing NiO impurity was detected.
But for the calcination at 450 °C for 6 h and further calcination
at 550-700 °C for 12 h (E2, E3, E4 and E5), a single phase of
LiNiVO, was detected. XRD spectra show that the strongest
peak is at 260 =36.3° and diffracts from (3 1 1) plane. Two
peaks at 20 =30.8 and 18.6° diffract from (22 0) and (1 1 1)
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Fig. 2. XRD spectra of carboxylate precursors (M:TA = 1:1) with and without
calcination at a variety of temperatures and times.
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Fig. 3. XRD spectra of LiNiVO, (450 °C calcination for 6 h) for M:TA = 1:1,
1:2, 1:3 and 1:4.

planes, respectively. The first is much stronger than the second.
This character is the specification of inverse spinel structure
[4,8,12]. Oxidation states of cations in LiNiVO, are Li'*, Ni**
and V>*. Octahedral interstices are equally and randomly
occupied by Li'* and Ni** but tetrahedral interstices are
occupied by v+ [4]. The I, 5 o)/13 1 1) intensity ratios are very
close to 0.5 showing that the degree of crystallinity of LiNiVO,
is very high [12].
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Fig. 4. FTIR spectra of carboxylate precursors (M:TA = 1:1) with and without
calcination at a variety of temperatures and times.
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Alternatively, LiNiVO, can be purified by using the excess
acid. XRD spectra of the powder for a variety of M:TA mole
ratios with 450 °C calcination for 6 h are shown in Fig. 3. For
M:TA = 1:1 (D1), there was the detection of LiNiVO, with NiO
impurity. The purity of LiNiVOy is increased with an increasing
the amount of acid. For M:TA = 1:2 (D2), 1:3 (D3) and 1:4
(D4), single phase of LiNiVO, was detected. The excess acid is
likely to assist in completing the complex formation.

3.2. FTIR

FTIR spectra of carboxylate precursors (M:TA = 1:1) with
and without calcination at high temperature are shown in Fig. 4.
The spectrum of carboxylate precursors (Al) shows that O-H
stretching band of residual water and acid was detected at
2900-3700 cm ' [13]. There were asymmetric and symmetric
COO stretching bands of carboxylate group at 1604 and
1397 cm™ "', respectively [13]. When the precursors were
calcined at high temperature (D1, E1, E2, E3, E4 and E5), all
the residual water evaporated and O-H stretching band no
longer exists. At 450 °C calcination for 6 h (D1), very small
band of carboxylate groups was detected. When the tempera-
ture was further increased (E1, E2, E3, E4 and ES5), the bands
disappear showing that the carboxylate precursors were
completely decomposed. The D1, El, E2, E3, E4 and E5
spectra show that three splitting bands were detected at 634,
727 and 806 cm™ ' specified as the stretching bands of VO,
tetrahedrons [14]. They are the character of inverse spinel
structure [14]. The splitting is likely to be from bonding of Li
and Ni with O in VO, tetrahedrons [14,15]. In addition, two
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Fig. 5. FTIR spectra of LiNiVOy (450 °C calcination for 6 h) for M:TA = 1:1,
1:2, 1:3 and 1:4.
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Fig. 6. Raman spectra of purified LiNiVO, for D4 and E2.

asymmetric stretching bands of NiOg octahedrons and of Li-O
in LiOg environment were detected at 1126 [14,15] and
420 cm ™! [14,16], respectively.

FTIR spectra of carboxylate precursors prepared by using a
variety of M:TA mole ratios and subsequent calcination at
450 °C for 6 h are shown in Fig. 5. With the exception of
M:TA = 1:4 (D4), asymmetric stretching band of NiOg
octahedrons was detected at 1126 cm ™! [14,15]. The excess
acid seems to play a role in the disappearance of NiOg
octahedral band. In some cases, asymmetric stretching band of
NiOg octahedrons was not detected [9,10].

3.3. Raman spectra

Raman spectra of purified LiNiVO, for D4 (M:TA = 1:4,
450 °C calcination for 6 h) and E2 (M:TA = 1:1, calcination at
450 °C for 6 h and further calcination at 550 °C for 12 h) are
shown in Fig. 6. For cubic spinel structure, it is in possession of
Fd3m(0]) symmetry [4,14,16]. Five modes being symmetrical
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Fig. 7. EDX spectra of purified LiNiVO, for D4 and E2.
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Fig. 8. SEM images of LiNiVO, (450 °C calcination for 6 h) at a variety of M:TA mole ratios: (a) 1:1, (b) 1:2, (c) 1:3 and (d) 1:4.
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Fig. 9. (a) TEM image and (b) ED pattern of purified LiNiVO, for D4 (M:TA = 1:4, 450 °C calcination for 6 h).
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with the inversion center (A, + E, + 3F,,) are Raman active
[4,14,16]. A strong band was detected at 700-850 cm ™! which
are the VO, tetrahedral stretching frequencies [4,14]. They are
the vibrational modes of bonding between O and V3 [14]. The
820.3 and 3349cm ' are the stretching mode of VO,
tetrahedrons with A, symmetry and the bending mode of
VO, tetrahedrons with E, symmetry, respectively [4,14,16].
The highest frequency band is broad due to asymmetric
bonding of VO, tetrahedrons [4,14,16]. The 791.6 cm™!
vibration is very close to the stretching frequency of ideal
VO, tetrahedrons [4]. In addition, two stretching bands of Li-O
and Li—O-Ni were, respectively, detected at 419.7 and
479.7 cm ™! [4,16]. Comparing between Raman and FTIR
spectra of E2, the asymmetric vibrational mode of NiOg
octahedrons was detected only in the FTIR spectrum. The non-
detection of asymmetric vibrational mode in Raman spectrum
is due to the small change of polarization caused by Ni-O
stretching vibration [15].

3.4. EDX

EDX spectra of purified LiNiVO, for D4 and E2 are shown
in Fig. 7. At both calcination conditions, Ni, V and O were
detected. Ni:V atomic ratios for both products are 1:1 which are
in accord with the chemical formulae of LiNiVO,. Li is the
lightest metallic element and cannot be detected. To improve
conductivity during the EDX analysis, Au was sputtered on top
of the samples and was detected.

3.5. SEM

SEM images of LiNiVO, prepared by a variety of M:TA
mole ratios and subsequent calcination at 450 °C for 6 h are
shown in Fig. 8. Particle diameters are decreased with the
increase of acidic concentration. At 1:1 (D1) and 1:2 (D2) mole
ratios, the products compose of particles with different sizes
and shapes which collect into agglomerations. But for higher
acidic concentration at 1:3 (D3) and 1:4 (D4) mole ratios, the
particles become rounder and are over the range of 10-30 nm in
diameter. The agglomerations become smaller showing that
round particles promote the segregation process.

3.6. TEM and ED

TEM image and ED pattern of purified LiNiVO, for D4 are
shown in Fig. 9. It shows fluffy morphology due to the
aggregation of small round particles. They are 10-30 nm in
diameter which is in accord with the particle diameter analyzed
by SEM. The ED pattern shows several concentric rings of
bright spots with different intensities. The values of d-spacing
corresponding to the diffraction planes of the nano-crystalline
product were calculated [17] and compared with those of the
JCPDS standard [11]. It was found that the diffraction rings
correspond to (1 11),(220), 311),(400), (422),(511)
and (4 4 0) planes of the product and that the diffraction pattern
corresponds to LiNiVO,. Intensity of (3 1 1) plane is at the
highest.

4. Conclusions

LiNiVO, was successfully prepared by polymerized
complex method using tartaric acid as a complexing agent.
It can be purified either by high temperature calcination (E2,
E3, E4 and E5) or by increasing the amount of acid at low
temperature (D2, D3 and D4). Inverse spinel LiNiVO, was
specified using XRD, FTIR, Raman, ED and EDX analyses.
The 1:4 mole ratio for purified LiNiVO, with 450 °C
calcination for 6 h (D4) analyzed by SEM and TEM composes
of round particles with 10-30 nm in diameter.
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