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Layeredspinel 0.7LiMnO3®.3LisMnsO;, composite cathode powders are prepared by spray
pyrolysis. Composite powders pdstr e at ed at temperatures bel ow
porous nanostructures. TB&ET surface areas of the composite powders decrease from 18.8 t6 1.8 m
g'whenthepost r eat ment temperature i sThe compostapwders f r c
postt reat ed at temperatures below 700AC™hedoxe si
reaction of the spinel component when they are initially arp 4.5 V (about 41 mAh'}.
However, the initial charge capacities of the composite powderg post at e d, a6 0 0646, A C6 5
and 70 008@a97d66eand2D5 mAh d*, respectively, when they are charged to 4.9 ke
elimination of LbO from te layered LiMnOs; component is affected by the crystallite size of the
Lio.MnOs phase as well as the grain size in the composite powteesdischarge capacities of the
composite powders pestr e at ed at 600AC i nc f laftes3ecycls.rToem thg 2 0
discharge capacities monotonically decrease to 201 rhiAdftgr 30 cycles.
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1. INTRODUCTION

It is well known that LiMn spinel is one of the most promisitgndidates for the cathode
material of lithium secondary batteries [1,2]-Mn spinel has significant advantages, such as low
cost, abundance, safety, ease of preparation, and nontoxicity. However, since its capacity fades durin
cycling, particularly atelevated temperatures and high voltages, its application has been limited.
However, the upper cutoff voltage limit has been gradually increased in an attempt to increase the
reversible capacity of this cathode material.
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Lithium-rich layeredlayeredcompo#te materialshavehigh charge/discharge capacities when
they are electrochemically activated at approximately 4.6-21[3Johnson et al. prepared layered
spinel composite cathode powders using the sthte reaction method [22]. When these layered
spinel composite cathode powders were cycled between 5 and 2 V, a rechargeable capacity >250 mAl
g ! was achieved [22]The characteristics of the layerkyered composite cathode materials are
strongly affected by the process adopted for preparing the powdeil¥]1Zhe solidstate reaction
method does not produce composite powders with a uniformpasition. Liquid solution methods,
including the coprecipitation, sgel, and sucrose combustion methods, have been applied to prepare
layeredlayered composite cathode powders -PIf. However, layeredspinel composite cathode
materials have scarcelgén studied in the field of advanced ceramic manufacturing processes.

In this study, layeredpinel 0.7LiMNnO:M®.3Li;MnsO;, composite cathode powders were
prepared by spray pyrolysis. SpinelsMinsO;2 has previously been proposed and studied as a
promising positive electrode material for lithium secondary batterie2%23LisMnsO,, cathode
material prepared byoaventional methods had an initial discharge capacity of about 140 hiAdm g
the range of cell voltages from 2.5 to 3.6 V [23]. Spray pyrolysis, gplyase reaction method, is
advantageous for the preparation of multicomponent, nonaggregated cathodasp[2881]. The
morphological and electrochemical properties of the @MhOsA.3Li;Mns01, composite powders
posttreated at various temperatures were investigated.

2. EXPERIMENTAL

The spray pyrolysis equipment consists of three parts: -pasik ultasonic spray generator
operated at 1.7 MHz, a 1000m-long tubular quartz reactor of 50m ID, and a bag filter for
collecting particles.The precursor solution was prepared by dissolving stoichiometric amounts of
lithium nitrate (98%, Junsei) and mangamestrate hexahydrate (97%, Junsei) in distilled water. The
overall concentration of the Li and Mn components in the solution was 0.5 M. The powders were
obtained by spray pyrolysis at 900AC. The flo
min'!. The asprepared powders were pdetated in a box furnace at various temperatures ranging
from 550AC to 850AC for 3 h in air atmosphere.

The crystal structures of the prepared cathode powders were investigated wsagg X
diffractometry (XRD; RIGAKU DMAX-33) with Cu Kallradiation (I = 1.5418 j). The
morphological characteristics of the powders were investigated using scanning electron microscopy
(SEM; JEOL, JSM6060) and transmission electron microscopy (TEM, JEOL, -282BDF). The
specific surface aas of the composite cathode powders were measured using the Bitimaoiett
Teller (BET) methodThe capacities and cycle properties of plogvders were determined by using a
2032type coin cell. The cathode electrode was prepared from a mixture cogt&iirmg of
0.7Li,MnO3M.3Li;Mns01, and 12 mg of TAB (TAB is a mixture of 9.6 mg of teflonized acetylene
black and 2.4 mg of a binder). Lithium metal and microporous polypropylene film were used as the
counterelectrode and separator, respectively. The electrolyte was 1 M inP& 1:1 mixture by
volume of ethylene carbonate (EC)/dimethyl carbonate (DNIG8. cell was assembled in a glove box
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in an argon atmosphere. The charge/discharge characteristics of the samples were measured by cyclir
in the potential range ofi2.95 V & 23 mA d*. Cyclic voltammetry (CV) was performed for the
potential interval of 2.104.95 V vs. Li/Li.

3. RESULTS AND DISCUSSION
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Figure 1. SEM and TEM images of the 0.%2Mn0O3-0.3LisMnsO,, precursor powders prepared by
spray pyrolysis.

The morplology of the precursor powders obtained by spray pyrolysis is shown in Fig. 1. The
precursor powders had aggregated structures of primary parsplesrical shapesand submicron
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sizes. The sizes of the primary particles in the TEM image were as faeavesl nanometers because

of the short residence time, 4 s, of the powders inside the hot wall reactor. The precursor powders were
posttreated to improve the physical and electrochemical properties of the cathode powders. The XRD
patterns of the precurspowders and the powders postated at various temperatures are shown in

Fig. 2.
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Figure 2. XRD patterns of the 0.7kMn0O3-0.3Li;Mns0;, composite powders pesieated at various
temperatures.

The XRD pattern of the precumspowders indicated a crystal structure similar to those of the
posttreated powders, even for such a short residence time of the powders inside the hot wall reactor.
However, the precursor powders had highly disordered structures, judging from thenbbpdeks.

The peaks of the XRD patterns sharpened when thetppse at ment t emper atur e
to 750AC-treatécthppwdgrolsd superl attice peak near 212
superlattice structure of the layeredMnOs [3-5]. Therefore, the pogteated powders had a layered

spinel composite structure. The intensity of the layereMh©Os;peak appearing nea
with increasing post r e at ment temper at ur e ,Mn@sz phlase inS&coNpdsi@. T
powders ks previously been reported to be stable atppaste at ment t emper atur es
this study, the decomposition of the layeregMiOsp hase occurred at 850AC,
intensity of the layered kMnO3; phase strictly decreased. Timtensity of the spinel peak appearing
near 45A increas¢dewitmenitntcreenpermgupesup to 7
spinel phase occurred at 80O0AC. Therefore, t he
decreased attetner at ur es above 800AC. Clear separatio
| ayered phases near 454 awarse nab steermpeed aa tu rheisg ha bp
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Figure 3. SEM images of th®.7Li,Mn0O3-0.3Li;MnsO;, composite powders poesieated at various
temperatures.

Fig. 3 shows the morphologies of the pwisated 0.7LiMnOsA.3LisMnsO;, composite
powders. The composite powders post e at ed at temperatures bel ow
particles and aggregated nanostructures. However, grain growth in the composite powders above
800AC destroyed t hprecarsphpewder paaticles.sTheaBEE surfacefareds bféhe
precursor powder and the composite powder-poste at ed at 600AC *wére 2
respectively. The podtr eat ment of the composite powders
surface aredghrough crystal growth. When the two solid phases are mixed, each phase prevents the
crystal growth of the other phase. Therefore, the composite powders had fine grain sizes and high
surface areas even after post e at me nt at 6 00 AC T surface3areds.of théo we
composite powders postr eat ed at 750AC, B800AC, andd.850A

respectively.

299 5313
—]



Int. J. Electrochem.&, Vol. 8, 2013 4857

(b)

Figure 4. TEM images of the 0.7kMnO3-0.3LisMns0;, composite powders peseated at 6.

Abrupt grain growth of the composite powders occurred at atpEinent temperature of
800A CFig. 4 shows low and highresoldion TEM images of the 0.7kMnOs-0.3LisMnsO1»
composite powders pestr e at ed 600AC. The mean size of
TEM image was 17 nm.
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Figure 5. Initial chargedischarge curves of 0.7I\MnOs-0.3LisMns01, composite powders gst
treated at various temperatures.
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Figure 6. dQ/dV versusV curves of the initial cycles for 0.7AMnO3-0.3Li;MnsO;2 composite
powdergosttreated at various temperatures.

Figs. 5 and 6 show the initial chardescharge curves antle differentialcapacity vs. voltage
(dQ/dV) curvesof Li/0.7LioMn0O3-0.3LisMns0;, electrodes podteated at various temperatures. The
initial charge and discharge curves showed the characteristics of the layered and spinel composite
powders irrespective of the pestament temperature. However, the initial charge and discharge
capacities due to the layered and spinel phases of the composite powders were different for differen
posttreatment temperatures. The composite powderstpose at ed a't temperdat ur
similar charge capacities due to the % redox reaction of the spinel component when they were
initially charged to 4.5 V (about 41 mAHR™y The small charge capacities of the composite powders
below 4.5 V for all postreatment temperatures indieathat a small amount of Nhexists in the
composite powders. However, the initial charge capacities of theazite powders decreased from
203t0 105mAh d*whenthepost r eat ment temperature increased
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Table 1.Initial charge and discharge capacities, and first cycle efficiencies of the composite powders
posttreated at various temperatures.

Charge caPacity Discharge capacity First cycle efficiency

(mAh g°) (mAh g% (%)
550°C 203 244 120
600°C 197 228 116
650°C 166 220 132
700°C 105 201 191
750°C 106 176 166
800°C 54 133 246
850°C 64 99 155

The voltage plateau in the initial charge curves near 4.7 V was attributed to the removal of
Li,O from the layered LMnO; component [7,8]The intensity of the oxidain peak near 4.7 V due to
the removal of LiO from the layered LMnO; component of the composite powders decreased with
increasing the podteatment temperature, as showntire dQ/dV curves in Fig. 6. The charge
capacities of the composite powdesstt r eat ed at 550AC, @elivéred®ythe6 5 0 /
layered LpMnOs component were 107, 79, 57, and @Ah d*, respectively. The sharpness of the
XRD peaks of thdayered LpMnO3; componenif the composite powderacreased with increasing
postt r eat ment temperature up to 750AC, as show
LisMns01, component can gradilly decompose to the spinel LiMD, and the layered LiMn®and
LioMnO3z; components at high pestr e at ment t emperatures above 600C
abundance of the layered,MnO3; component in the composite powders will increase with asing
posttreatment temperature. However, the charge capacities of the composite powders delivered by the
layered LiMnO3; component decreased with increasing fiestment temperature. The elimination of
Li,O from the layered LMnO3; component was affeetl by the crystallite size of the ,MnO3; phase
as well as the grain size in the composite powders. The crystal growth in the composite powders at
higher postreatment temperatures inhibited the formation ofMim, component from LIMnO; by
eliminationof Li,O in the first charging process. The composite powgdesstreated at temperatures
of 750AC and 800AC had | ar ger'!) dua fothe Mi" redoar g e
reaction than did the composite powders yioste at ed at temperatures be
initially charged to 4.5 V. The formation of electrochemically active spimen,O, and layered
LiMnO, components increased thatial charge capacities in the lewltage region. On the other
hand, the voltage plateau above 4.5 V, which was attributed to the removaDdirduin the layered
Li,MnO3; component, was not observed in the initial charge curves of the composite ppasters
treated at t e mper Aheadruptgrowdh of tle3NMNOsxnysthls &nd HieAgains of
the composite powders peseated a7 5 0 A C  a nab sh8vinGnAh@ XRD patterns and the SEM
images, reduced the amount of elimination ofCLirom the layered LiMnO3; component. The low
initial charge capacity of the composite powders{fposte at ed at 850AC when th
V is due to the decomposition of the layered and the spireIn-O components. The peak intensities
in the XRD patern abruptly decreased atapbst e at ment temperature of 8
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capacities of the composiowders decreased from 240 99 mAh ¢' when the postreatment

temperature increased from 550 to 850AC.
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Figure 7. Cycling performances of 0.7MnO;-0.3LisMnsO;, composite powders peseated at
various temperatures.

Figure 8. The chargedischarge curverofiles of £, 29 5" 10", 20", and 3#' cycles for 0.7LiMNnOs-
0.3LizMns01, composite powders poeseated at 60T.



