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Abstract

The mix doped LiNi;«MnyVOs ( 0 « x « 1) have been synthesized by using soft chemis
and polymer precursor method. XRD, TGA/DTGA and SEM analysis have been carried ¢
to study the structural and physical properties of the samples as cathode material for lithi¥
ion batteries. Citric acid was added during the sample preparation as the chelating agent. SE*
images showed that the grain size of the composite sample increased as the temperature W
on increased. The prepared samples have been characterized thermally by TGA/DTGA results:
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1. INTRODUCTION of polymeric source results in the reduc! i
of particle size of the prepared sample®
The inverse spinel lithium transition metal the nanocrystalline powder [2]. General
compound such as LiNiVO,, LiCoVO4 and the inverse spinel cathode material such
LiMnVO; have been studies due to their LiNiVO;4 exhibits low capacity compaf
high cell voltage for lithium ion batteries. to the theoretical value of 148 mAh &
The conventional solid state reaction Subramania et al. [3] in 2006 h
method has the disadvantages of high demonstrated the cathode capacity of I
temperature requirement for preparation, mAh g"' by combustion technique. Th
bigger crystallite size and time consuming. result was comparable to Kalyani et al. [
Soft chemistry which is also known as that obtained 90 mAh g" of their inith
solution precipitation technique (sol gel) charge discharge studies in 2002.

and polymer precursor method is an

alternative method which can improve the 5
structure and the electrochemical - EXPERIMENTAL TECHNIQUE

performance of the prepared cathode. The Cathode materials of LiNi, MnVV

mixed-doped composite does not change (0=x<1) were prepared using the sol- &
the structure of the inverse spinel structure and polymer precursor method. Lithi
but may increase the material Kinetics in acetate  dihydrate, LiCH;COO.2H
terms of cycle life and the capacity (Fluka), nickel acetate tetrahydrate

performance [1]. The polymerization that (CH3C00),.4H,0 (Ajax Chemicals),

occurs during the addition of citric acid (CH3C00),.4H,0 (Aldrich) and amme
and polymer may distribute metal ions onium metavanadate NH,VO; (A%
through the polymeric chain [2]. Addition Finechem) were dissolved in distill®
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water to prepare the LiNij, Mn,VO,
(O=x<I). To prepare the LiNi;.Mn,VOs
(0=x<l), required amounts of manganese
acetate tetrahydrate Mn(CH3COO),.4H,0
(Aldrich)  were mixed with the
II:JII(;I‘\{;COO.ZHzo : Ni (CH3;C00),.4H,0 :
ol Os (1:1:1) dissolved in distilled

LiOAc

NiOAc¢ MnOAc

NH.VO,

Homogeneous
solution

CA+NH,OH

Sol-gel
intermediates

LiNi;.,Mn, VO,
powder

‘Ii}t]ﬁse two solutiqns were further stirred

constant_ heating until homogeneous.
hygl"]ox'tc};e citric acid _and ammonium
i th; g, NH,OH solut.lons were added
g omogeneous mixture until a gas
e n was observed. The citric acid

as the complex agent and helps the

im s : )
Provement in electronic conductivity of

g::iu l_ffePared cathode [5]. After the
d& e‘l’“ce of gas evolution, a dark blue
furthge i ‘l’:’aS formed. The gel obtained was
cAllEA cated to form a loose powder
then as a precursor. The precursor was

Sintered at various temperatures

ranging from 500 °C to 800 °C for 3 hours.
3. RESULTS AND DISCUSSION
3.1 Reaction Steps Equations

The possible reaction steps involved in

th :
(3; Pr:paratlon of LiNi;, Mn,VO; (1), (2),
» (4), (5); LiNij,Mn,VO, + PEG (1),
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(2a), (3), (4a), (5) in this work are as
follows:

V,0s begins to form when NH4VO;
reacted with citric acid C¢HgO7 in the
mixture:

2NH,VO; + 2CsHgO7 - V,0s5 +

2(NH,)CsH707 + H,0 )

A gas will evolve from LiCH3COO.2H,0,
Ni(CH;C0O0); and Mn(CH3;COO); reaction
with CgHsO7. As the result, the CO; gas
and LiNi;.xMnxCsHsO7 were produced:

LiCH;COO + ( 1-X)Ni(CH;CO0), +
XMn(CH;COO)2+ C¢HgO7+ 90, —
LiNi,.xMnxCsHsO7 + 10CO; + 8H;0 (2)

LiCH;COO + (1-X) Ni(CHsC00)2 +
XMn(CH3COO), + HO(C,H4sO)nH +
C¢HgO7 + 90, — LiNi]-anxC6H507 I
(C2H4O)n +1 0CO; + 9H,0

LiNi|.anxC(,H507 3 (C2H40)n + 6CO,
+H,0 — LiNil_anxC5H507 +CO, + H,0

(22)

V,05 may be oxidized by C¢HgO7 because
it is an oxidant in acidic solution. The V(V)
in V,0s can be reduced to V(IV) with the
gas evolution and forms (VO)~ ion.
(NH4)(VO) CgHs07 will be produccd when
the (VO)?" ion was then reacted with (NHs)

C6H7O7 ‘

V,0s + C6H807 - 2(NH4)C6H707 + 40,
—*2(NH4)(VO)C6H507 + 6CO, + 6H0 3)

From the Egs. (1) - (3), the total reaction
equation would be as follows:

+4CgHs07 + LiCH;COO + (1-
CH;COO)+
+ 2(NHg)

4)

2NH4VO;
X) Ni(CH;COO) + XMn(
130, —+LiNi|_anXC6H507
(VO)CsHsO7 + 15H,0 + 16CO;

+4CgHsO7 + LiCHJCOO +(1-
+ XMn(CH;COU), +
130, —  LiNi.

INH,VO;
X) Ni(CH3COO0):
HO(C;H:O)nH  +
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xMnxCsHsO, + 2(NH4)(VO)CsHsO; + 8
H,0 + 7CO;, (4a)

3.2 TGA/DTGA Studies

%
(o) wyuyy

.Tempera}ure (C)
Fig. 1 TGA/DTGA curve of the precursor

The TGA and DTGA curve was analyzed
for the dried precursor in the temperature
range from room temperature to 1000 °C.

Fig. 1 show the TGA and DTGA curve
analyzed for the dried LiNi;, Mn,VO,
precursor. H,O and lithium acetate finished
to evaporate with 3.07% before 100 °C.
Citric acid and ammonium metavanadate
start to decompose in the temperature
ranged from100 °C to 200 °C while
manganese acetate decomposed at above
300 °C. Three main endothermic peaks in
temperature range from 80 °C to 600 °C
located at 80 °C, 371 °C, and 573 °C
respectively. For both results, gasses such
as H>O and CO, were gradually reduced.
In order to obtain the stable vanadate, the
residuals formed will continue to react
after the decomposition process [6].

This reaction will cause the weight loss of
the compound. The TGA spectra have also
been analyzed to elucidate the mechanism
for the synthesis of LiNi,.,Mn,VO, Based
on the proposed total decomposition
equation in air atmosphere, the calculated
value of the total weight loss of the
decomposition process is 65.9%.

4LiNij.xMnxCgHs07.(VO).(NHs) CsHs0l
+370,— 4LiNi;.x MnxVO, +

48CO; + 22H,0 + 4NH;

3.3 XRD Characterization

X- ray diffraction analysis was carried
to determine the phases and the crys
structure of the sintered product.
reaction for LiNi;.Mn,VO, (0<x<1)
also calcined at 500 °C, 600 °C, 700 °C &
800 °C for 3 hours separately and tho*

treatments are as follows:

Table 1 Treatment conditions for preparation’

LiNi;.. Mn, VO, (0<x<1)

Ratio Sample
1 p
i‘,‘;}',‘l’: Ni:Mn  LiNipx
Mny VO, Mny VO, +
PEG
v 1:0 Vs 14
\% 0.25:0.75 \'3 0.25: 0/
V2 0.5:05 V7 0.5 :0
V3 0.75:0.25 % 0.75:
V4 971 V9 ¢
800 °
l 1 il
— 700 °
=
~
-’
£ |
2 b 1 kizd
=
S
= 600 °C
l | 1 l l
500 .‘
l sl Jv . ‘.1, l,

5 10 15 20 25 30 35 40 45 50 55 60 65 70
20 (degree)

Fig 2 XRD Pattern of V calcined at vari

temperatures
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? Ig. 2 shows that the XRD analysis for the
al - product when the powder was
:lr;]ltered at SOQ °C for 3h, small impurities
XR(I);m';‘Sh of NiO was identified by powder
e 30. e o:)served peaks for NiO are near

h. » 43.3° and 62.9° [7]. The single
Phase of V was observed starting from
sample treated at 600 °C to 800 °C.

800 °C

l l A b YA s

700 °C

;_:"““—* l 1 111 g
iy
w)

g 600 °C

i o

B EEy] l =

500 °C

&"‘T‘ ]I rl ]]]ll Rke

0 20 30 40 50 6 70 80
20 (degree)

Fig. 3
‘emperat):rl:,) pattern of V3 calcined at various

:;h;exfls) [{)}atter.n for V shows that a peak
o L6 ‘whlch confirms the formation
el iNiVO, prod'uct that is highly
oy ne at [111] ratio of intensity. The
- w(::n of [220] peak is located at 30.6°.
o tchXPCCt, the [220] peak is more
spinel [3 an the []l!] peak for inverse
o v ]f‘ The resulting products for V3
300 °C) or all temperatures (500 °C -
) Wawere' clearly showed that each of
2 thes a'smgle phase while for V1 and
°°mposit‘mlxed pha.ses appear for both
added th10n§. V4, in which Ni is not
0bsen;ede single phase of the sample was
to appear at 600 °C and 700 °C.

All
datap[za;l,(s observed agree with the JCPDS
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Lattice constant, a (A)

The cubic lattice constant, a of sample
all samples above can be obtained
by using Braggs formula  which

a=d(p? +k? +17)* where d s the
distance between vicinal crystal face and
hil is the Miller index. The change in the
scattering angle with x in LiNij.x Mn,VO4
is because of the difference of the lattice
constants of each compositions although
LiNi; Mn,VO4 (0<x<1) have the LiNiVO4
XRD spectra [10].

——
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Fig. 4 XRD of V8 calcined at various temperatures
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Fig. 5 Lattice constants and volumes of crystal cell
for (al) LiNi;MnVOs, (a2) Qioqg et al. 16], (a3)
LiNi;Mn,VO, + PEG, (V1) LiNi;.Mn, VO, (V2)
Qiong et al. [6] and (V3) LiNi; Mn,VOs+ PEG
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From Fig. 5, the lattice constants and the
crystal cell volume increased with the
increasing amounts of manganese molar
ratio in LiNi;<Mn,VO, because the ionic
radii of Mn®* is larger than that of Ni** in
the tetrahedral sites and this might be
related to the manganese substitution for
nickel [11].

3.4 SEM Characterization

Scanning electron microscopy (SEM)
images are shown in Fig. 6 (Sample V), for
the prepared samples treated at 500 °C —
800 °C. The particle appears sticky for
sample treated at 500 °C and 600 °C. The
growth of grain size of the samples was
observed for the samples calcined at
700 °C - 800 °C.

Fig. 6 SEM images for V (a) 500 °C, (b) 600 °C, (c)
700°C and (d) 800 °C

The grain edges became clearer and
smoother as the increasing temperature
take places. It also revealed that the porous
morphology for the sample treated at 800
°C. For sample V3 and V8 the morphology
of all treated samples are quite the same
for each temperature (Fig. 7 and 8). The
particles are sticky and inhomogeneous at
lower temperature. As the temperature is
increased, the particle started to grow and
appeared to have smoother surface and
visible grain edges.

Fig. 7 SEM images for V3 (a) 500 °C, (b) 600‘
(c) 700 °C and (d) 800 °C ‘

Fig. 8 SEM images for V8 (a) 500 °C, (b) 600
(¢) 700 °C and (d) 800 °C

4. CONCLUSIONS

The LiNi,xMn,VO; powders as l:
cathode materials were succeSSful
prepared by the thermal decomposition
the precursor at 500 °C for 3h (L“_:j
«Mn,VOy) in air with perfect inverse Sp!
structure. The grain size of prcpﬁ
compounds increased as the calcl
temperature is increased. The lam‘;
constant was found to increase as the

ratio increases.
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