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Abstract

LiNil-xZnxV04 was synthesized at x = 0.0, 0.2, 0.4 and 0.8. by a polymer hybrid sol gel
method. In this work acetates of lithium (C2H302Li), nickel (C2H3

0
2
Ni) and zinc (C

2
H

3
0
2
Zn)

.with ammonium metavanadate (NH4V03) were used to synthesize t~e samples. These
materials were dissolved in distilled water, stirred and heated continuously until a clear green
olution was obtained. At this stage, a solution of chitosan in 1% acetic acid was added. The
solution was continuously stirred and heated until it dried. The obtained precursor powder
was sintered at 700°C for 3 hours. The crystallite size, lattice constant and surface
morphology has been studied for zinc substituted LiNiV04. X-ray diffraction (XRD) exhibits
peaks without impurities. Zinc substituted LiNiV04 shows decreasing crystallite size from x ='

0.0 to X = 0.4. Crystallite size increases again from x = 0.4 to x = 0.8. Cyclic voltammetric
(CV) studies were performed.

K ords: substitution, cathode materials, sol-gel method

1. INTRODUCTION

Lithium ion batteries are given much
attention due to its excellent properties such
as high voltage, high energy density and
good cycling charge characteristics [ll
LiNiV04 is known as potential cathode
material for its use in the lithium ion
batteries. It exhibits 4.8 V versus Li+/Li in
lithium ion cell. LiNiV04 is the first cathode
material with an inverse spinel structure that
has been used in Li-ion batteries [2]. The
presence of nickel atoms in the spinel
structure has found to be an important factor
in the voltage behaviour of this material [3].
Substitution is one of the methods to
improve the capacity of the batteries [4-6].

Doped cathode materials have shown
improvements on the electrochemical
performance of the battery. Examples
include doped LiNi02 [5], LiCo02 [7],
LiMn204 [8-11]. Structural and vibrational
studies on Co substituted LiNiV04 has been
carried out by Julien et al. [12]. This work
focused mainly on the structural analysis. In

the present work, zinc substituted LiNiV04
was prepared by chitosan modified sol-gel
method. The structure analyses were carried
using XRD and TEM. Cyclic voltammetric
studies were performed on zinc substituted
LiNiV04.

2. EXPERIMENTAL

2.1 The Preparation and Characterization of
LiNi'_xZnxV04

Chitosan modified sol-gel method was used
to synthesize LiNil_xZnxV04 at x = 0.0, 0.2,
0.4 and 0.8. Lithium acetate (C2H302Li),
nickel acetate (C2H302Ni) and zinc acetate
(C2H302Zn) with ammonium metavanadate
(NH4V03) were used as starting materials to
prepare LiNil_xZnxV04. The given starting
materials were weighed for different
compound ratios as x varies in LiNh_
xZnxV04. These materials were dissolved in
distilled water, stirred and heated
continuously until a clear green solution was
obtained. At this stage, a solution of
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chitosan in 1 % acetic acid was added. The
solution was continuously stirred and heated
until it dried. The obtained solid was
sintered at 700°C for 3 hours to eliminate
impurities.

The diffraction intensity at different
glancing angles for LiNiV04 and zinc
substituted LiNiV04 were measured by
using X-ray diffractometer (Bruker AXS)
with operating voltage and current of 40 kV
and 40 rnA respectively. The X-ray
wavelength is 1.5406 A and the glancing
angles were in the range 5° :s 28 :s 80° with
a step size of 0.04°. The samples were
characterized using Leo Libra 120
~ransmission electron microscope (TEM)
Instrument. Electrochemical tests were
performed at Autolab. Cathode was prepared
by 20 mg active material with 8 mg TAB
(Teflonized Acetyle Black). Lithium metal
Was used as anode. The electrolyte used was
1M LiPF6 ECIDEC (1:2).

3. RESULTS AND DISCUSSION

Fig. 1 shows the XRD patterns for zinc
sUbstituted LiNiV04 samples. All the
sUbstituted samples were sintered at 700°C
t~ ~liminate the impurities. The peaks are
sImIlar to LiNiV04. All the peaks
correspond to Fd3m space group with face
centered cubic structure. The substitution
with zinc did not change the structure of the
m~terial. There are no peaks that correspond
to Impurities such as NiO (at 28 = 43.5°) and
Li3V04 (at 28 = 16.2°, 21.5°, 22.8° and
24.3°) which was found in some works on
~iNiV04 [l3-14]. This confirms that
~Intering at 700°C enables elimination of
Impurities that could defect the structure of
the product and result in poor performance
ofLiNiV04.

Crystallite size (d) of the samples was
calculated using Scherrer's equation [15-
16]:

d = 0.9A.
f3cose

(1)

. FWHM at the most intense
where f3 IS . di e .. . k (311) plane In ra tans, IS
diffractIOn pea K X- radiation. The
wavelength of Cu a
results are presented in the Table 1.

LiNio.sZno2V04

8060
o 20 40

29 (Degree)

. . Z vo sintered at
Fig. 3 X-ray diffraction of LlNl,.x n, 4

700°C
of the Zn substituted

Table 1 Crystallite size
LiNiV04

Crystallite size (run) :
97.2

0.0
0.2
0.4
0.8

86.1
49.1
65.8

.. that the changes ?f
Table 1 I?dlcat.es th zinc substitution m
crystallite Size with l~.t size of the zinc
LiNiV04. Th~ ~ry~a ~:creased markedly
substituted LINtV= ~ 4, and it is increasing
from x = 0.0 to x x·= 0.8. The values of
from x = 0.4 an~ ize for every samples
calculated crystalhte. sl are in the size of
proved that the partl~t;~ite size of cathode
nanometers. The cry f tor that plays an
materials is anot~er ahc electrochemical

le m telimport~nt ro stallites with ar~er
properties. Smaller b~ryto reduce diffusIOn
surface area .+ar~ a ~hiS results in better
length of LI ton. I. which leads to

. .nterca atron [17
lithium ton I h mical performance -
improved electroc e
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18]. TEM images as shown in Fig. 2 agree
well with the calculated crystallite size. All
the les exhibit nanosized les.

..
(b)

()

(d)

Fig. 2 TEM micrographs of (a) LiNiV04,
(b) LiNio.8ZnO.2V04, (c) LiNio.6ZIloAV04 and
(d) LiNio 2ZnO8V04

The sizes of particles are in the range of 50
nm to 90 nm for LiNiV04• The particles of
LiNio.sZno2 V04 and LiNio.6Zno.4V04 are in
the range of 40 run to 70 nm and 30 nm to
50 nm respectively. The particles of
LiNio2Zno.8V04 are also nearly in the same
range which is 30 nm to 60 nm.

Lattice constant showed a slight increase
with substitution of zinc due to the different
ionic radius of zinc and nickel [19]. When
Zn2+ ion with larger ionic radius (0.88 A)
replaces Ni2+ ion with smaller ionic radius
(0.83 A), the lattice constant increased as
tabulated in Table 2. Decrease of lattice
constant at LiNio.sZno 2V04 may be due to a
different structure formed at higher zinc
substitution [20].

Table 2 Lattice constant of zinc substituted LiNiV04

0.0
0.2
0.4
0.8

8.2140
8.2095

yclic voltamm gram of th ampl at
can rat 0.1 mV/ in th p t ntial r n of
t 4. V i h v n in ig .
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Table 3 gives the values of oxidation and
reduction peaks for substituted samples.

Table 3 Oxidation and reduction peaks of zinc

substituted LiNiV04
xin Oxidation Reduction

LiNi,.xZnxV04 2eaks !V) 2eaks !V~

0.0 4.71 4.05

0.2 4.59 4.14

0.4 4.56 4.15

0.8 4.54 4.17

The oxidation voltage decreases with
increase in zinc substitution. The reduction
peak increases with substitution of zinc .
This shows improved cycling stability and

reversibility [21].

4.CONCLUSIONS
LiNi

l
_

x
ZnxV04 was synthesized at x == 0.0,

0.2, 0.4 and 0.8 by chitosan modified sol gel
method. The crystallite sizes of zinc
substituted samples are smaller compared to
LiNiV04. Cyclic voltammogram shows
better cycling stability and reversibility .
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