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ABSTRACT

TheLiMn,0, nanosized particleswere synthesized using sol-gel, solid state
reaction followed by hydrothermal method and traditional solid state method.
The obtained nanosized particleswere characterized by XRD and SEM. The
sampleswere found to possess pure spinel phase with different particle size
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and shape. The electrochemical characterization of the nanosized particles
was analyzed using charge-discharge cycling. The discharge capacity val-
ueswere120 mAhg?, 110mAh gt and 90 mAhg? for nanorods, nanoparticles
and micron sized particles respectively. Cathode made with nanorods exhib-
its better cycling performance than the cathodes made with nanoparticle

and micro particles.

INTRODUCTION

LiMn,O, compounds aremost capablemateria in
lithiuminsertion eectrodefor rechargegbl elithium bat-
teries. These el ectrodes are cost-effectiveand feasible
when comparedto LiNiO, and LiCoO,. LiMn,O, cath-
odeshowshigh cell voltage, long cyclelife, non-toxic-
ity and environmentaly safeé¥l. Thetraditiona synthesis
method of LiMn,O, isthe solid-state reaction method.
Inthismethod, lithium and manganese saltsof oxides
or carbonatesare ground well followed by calcining at
hightemperature. Generdly LiMn,O, producedinthis
method arechemicd in-homogeneity, broad particlesize
distribution and long reaction timeor unwanted phases.

Nowadays, sol-gdl technique, Pechini method and
combustion method have been devel oped to overcome
the above-mentioned disadvantages caused by solid-
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datereaction. However, most of thosemethodsinvolve
complicated stepsduring the preparation and henceun-
suitable for large scale production? ¥, Physical and
chemicd propertiesof thenanocrystdlinemateridshav-
ing 1— 100 nm range exhibits greater ductility, larger
thermal expansion, high diffusivity and reactivity rela
tivetothe corresponding bulk materialsso researchers
focused onthisfield™. Spinel LiMn,O, cathode mate-
rial have been prepared by different methods such as
laser deposition’®, dectrogpraying™ 8, radio frequency
magnetron spuittering®.

In this paper, the LiMn,O, powders synthesized
by the sol-gel method and solid state reaction followed
by hydrothermal method in comparison to the conven-
tional solid-state reaction have been investigated. Be-
sides, theeectrochemical propertiesof theLi/LiIMNn,O,
cells, which prepared by the three different methods,
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areadso examined. Theresultsreved that theLiMn,O,
powders obtained from the sol-gel method and hydro-
therma method havealarger initial capacity and show
better reversibility than oneformed in the solid-state
reaction, dueto itsbetter crystallinity and morphol ogy.

EXPERIMENTAL

LiMn,O, cathode material was prepared by three
different methods. In sol—gel method, 0.5 mol lithium
acetate and 0.25 mol manganous acetateand 0.75 mol
citricacid weredissolved in distilled water. Each 10
mL of the solution wastaken in abeaker. Tothissolu-
tion, 0.2 g of CTAB was added as a surfactant. The
solution was heated at 80°C upto getting white colour
gel. Thisgd wastransferred to acrucibleand heated at
350°C for 4 hours. It wasthen heated at different tem-
peratures ranging from 600 to 800 °C for 12 hours to
getLiMn,O,.

In solid state method, stoichiometric mixture of
lithium acetate and manganese acetate weremixed by
grinding thereactants. Thismixturewashested at 350°
Cfor 4 hoursand then heated at 800 °C for 12 hours
toget LiMn,O,.

Analytical grade Mn(CH,CO0),-4H,0, Na,S,0,
(99.99%Aldrich), and distilled water wereusedto pre-
pare B-MnQO, nanorods by hydrothermal reaction as
reported elsewhere™. Mn(CH,COOQ),-4H,0 and
Na,S,0, were dissolved at room temperature witha
molar ratioof 1:1in 80 mL of distilled water by mag-
netic gtirringtoform ahomogeneouscear solution. The
mixed solutionwastransferred into 2100 mL Teflon-
lined stainless steel autoclaveand heated at 120 °C for
24 hoursin a preheated electric oven for the hydro-
thermal reaction. After thereaction, thefinal precipi-
tated productswerewashed sequentialy with distilled
water. Theobtained powder was subsequently dried at
100 °C for 12 hours in air. Preparation of LiMn,O,
nanorods by solid state reaction as reported else-
where¥, In this method 1:2 molar concentration of
LiOH-H,O and synthesized -MnO, nanorods were
ground to form afine mixturefor severa hours. The
powder wasthen cacined at 800 °C in air for 8 hours.

Electrochemicd performanceof thed ectrodeswas
tested by assembling coin-type (CR2032) cdlswitha
battery test system (Maccor series 4000). The cath-

odewas normally composed of 75wt% composites,
20wt% acetylene black and 5wt% polyvinylidene
difluoride (PV DF) asabinder in N-methylpyrroidinone
(NMP), themixed slurry was spread on athin alumi-
num foil and dried in oven at 80°C for 3h and then
pressed and dried in vacuum for 24 hours. A metal
lithium foil was used as a counter-el ectrode and the
electrolytewas 1M LiPF,_ dissolvedinal:1v/v mix-
tureof ethylene carbonate (EC) and dimethyl carbon-
ate (DMC). The cell was assembled in aglove box
under argon atmosphere and cycled galvanostaticdly
onamultichannel battery test mode.

RESULTSAND DISCUSSIONS

Figure 1 showsthe X-ray diffraction patterns of
spinel LiMn,O, prepared using theccitric acid assisted
sol—gel method. The LiMn,O, calcainated at 800°Ciis
well crystallized and all the diffraction peaks matches
with standard JCPDS value (JCPDS 35-0782), but
the powders cal cinated lower than 800°C containsim-
purity of Mn,O, phaseand also they arenot well crys-
talineinnature. By increasi ng the cal cination tempera:
ture, the manganese oxide phase disappearsgradudlly.
Ascould beseenfrom Figure 1 the powdersca cinated
at 800°C werewsdl| crystallized into the cubic spinel
structurewithout impurities.
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Figurel: XRD pattern of LiMn,O, at different temperature
prepar ed by Sol-gel method
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Figure2: XRD pattern of B- MnO, pr epar ed by hydr other mal
method
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Figure3: XRD pattern of LiMn,O, prepared by solid state
method using - MnO,

Figure 2 shows XRD of 3-MnQO, prepared by hy-
drothermal method. All the diffraction peaks matches
with standard JCPDSfile (JCPDS 24-0735) having
tetragonal symmetry. Figure 3 showsthe XRD pattern
of LiMn,O, prepared by solid state reaction followed
by hydrothermal method. The XRD diffratogram of
LiMn,O, showsfeaturesof thespinel structurewithno
peaks of the f-MnQO, phase detected (Figure 2). The
reaction between f-MnO, and LiOH at 800 °C pro-
duced the pure LiMn,O, phase.

Figure4 shows SEM imageof LiMn,O, prepared
by Sol-gel method. It isfound that the spinel crystals
can be observed in the particle morphol ogy with uni-
form structurewith narrow sizedistribution. Thesecan
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Figure4: SEM of LiMn,O, prepared by Sol-gel method

be attributed to the chelating action of citric acid and
that formscomplex network, wherethe metal ionsare
uniformly distributed in thematrix, and thegel precur-
sorsareof atomic scaeand homogeneoudy mixed with
each other. Thus, during thermal decompositionit pre-
vents phase separation and |eads to the formation of
homogeneoussized particles. Thismechanismwasaso
controlled by surfactant. So it helpsto give more uni-
form andwel| crystallinecompound.

SEM imageof theLiMn,O, prepared by solid state
reactionwasshowninFigureb. Itisaround 1 micronin
szeanditisdsowdl crystalinein nature.

SEM Image of B — MnO, is shown in Figure 6.
SEM images showed that the particles consisted of
nanorods with an average diameter of 30 nm and an
averagelength of 2 um. Figure 7 showsthe SEM im-
age of LiMn,O, prepared by using  — MnO, The
LiMn,O, particles also consisted mainly of nanorods
which appear to havealarger averagediameter and a
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Figure5: SEM of LiMn,O prepared by SO|Id statemethod
shorter average length than f-MnO, nanorods. These
LiMn,O, nanorodsarewel| crystallineand homogenous
innature.

Electrochemical propertiesof theobtained LiMn,O,
arepreiminarily evaluated using 2025 coin-type cell.
Representative charge-discharge curves of the obtained
LiMn,O,areshownin Figure8. Charge-discharge tests
inapotential rangefrom 3.3t04.5V inthefirst cycle
were carried out to measure the el ectrochemical per-
formance of the prepared samplesshowninFigure. In
order toavoidthetransformationfromcubicLi[Mn,]O,
totetragond Li,[Mn,]O,, under limit vauewasfixed a
3.3V, |t can be easily observed that two distinct po-
tential plateausin both charge and discharge curves.
Theinsartionand extraction of lithiumionsoccur intwo
stagesisindicated by two voltage plateaus™. Thefirst
voltage plateau isattributed to theremoval of lithium
ionsfrom half of thetetrahedra sitesinwhich Li—Li
interactions occur. The second voltage plateau isdue
totheremova of lithiumionsfromtheother tetrahedra

L

Figure6: SEM of f-MnO, preparedby Hydr othermal method

sitesinwhich lithiumionsdo not have Li—Li interac-
tiong4 19,

Thedischarge capacity valuesof LiMn,O, depends
onthemethod of preparation and conditionsof charge-
dischargecycling. Ahnet a synthesized LiMn,O, by
solid-gtate reaction and they reported discharge capacity
vauesbetween 90 and 100 mAh g, Lanz et a syn-
thesized LiMn,O, by ceramic process and their dis-
charge capacity of about 115mAh g* at C/5 discharge
ratel*l. Park et al. reported about 115 mAh g'at C,
ratefor acommercial sample8.

Theinitia dischargecapacity of spine LiMn,O, for
ananorods, nanoparticleand micron sized particlesis
92,109 and 118.1mAh g?, respectively. Theresult in-
dicatesthat thedischarge capacity of first cycdeincreases
with decreasinginsizeof the particle. Thecycling abil-
ity of LiMn,O, spindl of different ssmpleswasevalu-
ated and cyclic performance of LiMn,O, isshownin
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Figure7: SEM of LiMn,O, prepared by solid state method
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Figure8: Charge- Dischargecurvesof LiMn,O,
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Figure 9. The capacity retention isbetter in nanorods
than nanoparticlesand micro particles. Theresults of
electrochemical cyclic performance of samplespre-
pared by different methodswereinferred that long-term
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Figure9: Variation of capacity of LiMn,O, asafunction of
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cyclic performance of sample prepared by hydrother-
mal method was better than that of sampleprepared by
sol-gel method and it was better than sample prepared
by solid statereaction method at the same current den-
sity. Theincrease of capacity in sample prepared by
hydrotherma method may beattributed tothe Li*—Li*
Coulombrepulsonthat islower a thesurfaceof sample
enhancing local Li capacity because there is no
neighbouring Li* outsdethe particle.

Therefore, the results obtained above confirm that
smaler particlesizein diameter delivershigher capac-
ity. Theimprovement of thedischarge capability of the
sampleprepared by hydrotherma method ismainly at-
tributed to shorter and easier diffusion pathof Li*ina
materiad withsmal grainSzeasmentioned above. There-
fore, theLiMn,O, synthesized by hydrotherma method
hasthebest €l ectrochemical performanceamong three
samples, whichisclosay reated toitsstructura char-
acteridics, suchas smdler unit cell volume, higher crys-
talinity, andsmaller particlesize.

CONCLUSIONS

Nanostructured LiMn,O, spinel phasewassynthe-
sized by hydrothermal method, sol-gel method and
micro sized particlewas prepared by traditiona solid
state method. Nanorodswere prepared by hydrother-
mal method and nanoparticleswere prepared by sol-
gel method. The spinel LiMn,O, prepared by hydro-
therma method showsagood discharge capacity. Elec-
trochemicd datademonstrated that € ectrochemica re-
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action activity and diffusion property of theelectrode
materia with nanostructure synthesized by hydrother-
mal routearedramaticaly improved, whichisrelated
to thestrong interaction of sample. Theresults showed
that the LiMn,O, powders prepared by the hydrother-
mal method possess good € ectrochemical properties
than thesampl e prepared by sol-gel method and sample
prepared by traditional solid state method.
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