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Abstract. Pristine LiMnO,4 and cation-substituted LijdMn; 504 (M = Ni, Al) spinel cathode
materials for lithium ion battery were synthesizeding the solution-combustion of
corresponding metal nitrate-urea solution mixturEse particle size, morphology, structural
and electrochemical properties of the as-synthdspmvders were examined by means of
scanning electron microscopy, X-ray diffraction,esgy dispersive X-ray spectroscopy,
charge/discharge battery testing. The effect ofonadoping on the discharge capacity
retention was studied for different samples. Chialigeharge cycling studies show that both Ni
and Al-substitution improves substantially the aafyaretention of the spinel LiMiO,. It was
found that both LiNjsMn;s0, and LiAlpsMn.sO0, compositions retain 99.8% of their
respective first cycle discharge capacity of 102hdgAand 75 mAh/g, whereas LiMD,
retains only 60% of its first cycle discharge cafyaof 122 mAh/g after 50 cycles.

1. Introduction

Recently, the development of cathode materialslifbium batteries that provide high voltage and
cyclability becomes so significant to meet the dedsafor high-power applications such as hybrid
electric vehicles and power tools. LiMDy spinel as one of the most promising positive (@dé)
materials attracted the interest of researchess talits low cost, environmental friendliness aonod)
safety [1-2]. However, the problem with spinel Lip cathode material is it suffers severe capacity
loss upon repeated charge/discharge cycling aatddwemperature. Some of the causes for capacity
fading might be related with Mn dissolution in dciglectrolytes [3], Jahn-Teller distortion of Mrat
deeply discharge state [4], and oxygen deficield¢ylp order to tackle this problem, several reskar
groups have synthesized cation substituted spiagtnmals LiMMn,,O, such as (M= Ni, Al, Fe, Co)
with an intension of getting high-voltage plateasswell as enhancing the cyclability. Interestingly
the compound LiNisMn; 0, with a cubic spinel structure has been charagéras a high-voltage
around 4.9V cathode material for lithium ion ba#sr[6-7]. Similarly LiAbsMn;=0, spinel cathode
material is reported as material with high voltage cyclability [8].

Homogeneous dispersion of the cation substitutiegnent in crystal lattice is so crucial in the
synthesis of doped LipgMn;s0, (M=Ni, Al) cathode materials. Generally solutiognthesis
techniques are preferable in order to get the requhomogeneously doped composition without
impurity unlike solid state reaction. Several solntsynthesis methods of cation doped Lyan
spinel structure have been reported, such as meh#nmethod [9], sol-gel method [10], pechini



process [11], hydrothermal [12], emulsion-dryingtihoel [13] have been used to establish the
required physical and electrochemical propertiecathode material for rechargeable lithium-ion
batteries. In this paper, we have followed a singpld time efficient solution technique to synthesiz
pristine LiIMn,O, and cation doped spinel structure Li#n; 0, (M=Ni, Al) cathode materials by
combustion method using urea as reducer and fueladdition we have studied the effect of cation
(Ni**, AI*") doping on the structural and the discharge caypatability of the spinel LiMgO, cathode
material.

2. Experiment

The pristine LiMRO4 and cation-substituted oxide spinels Lifin; O, (M= Ni, and Al) were
synthesized by the solution combustion method whestichiometric amounts of the precursors
99.9% pure LI(NQ), Mn(NG;),-4H,0, Ni(NOs),-4H0, AI(NOs3)3-9H,0 and CHN,O were used. The
procedure used to prepare LiMy and LiMysMn;sO, (M=Al, Ni) had the following stages.
Appropriate mole ratios of Li, Mn, Ni and Al niteatsalts and urea were dissolved and mixed in
deionised water with the various correspondingatetiof the substituted cation(s). The precursoamet
nitrates and urea were dissolved into deionise@martd stirred at ambient temperature for about 30
min to obtain homogeneously mixed solution. Afteaitt the precursor solution was introduced into a
furnace preheated at 500°C and then black powders wbtained. To investigate the effect of Ni ion
and Al ion on the structural and electrochemicalperties of LiIMRO, cathode materials, pristine
LiMn 0O, and doped samples with Ni and Al ion concentratib@.5 were prepared under atmospheric
pressure and then annealed at 700°C in air forslire voluminous and foamy combustion ash was
easily milled to obtain the final LiMi®, and LiMysMn; 0, (M=Ni, Al) cathode materials. The
annealed samples were subjected to different méwgloal SEM, elemental EDS, structural XRD,
and electrochemical charge/discharge cycling charaation.

Coin cells of 2016 configuration were assembledhgidithium metal as anode, Celgard 2400 as
separator, 1M solution of LiRFn 50:50 (v/v) mixture of ethylene carbonate (E&®)d diethylene
carbonate (DEC) as the electrolyte. The cathodemade through a slurry coating procedure from a
mix containing active material powder, conductiigck and poly(vinylidene fluoride) binder in N-
methyl-2-pyrrolidone in the proportion 80:10:10spectively. The slurry was coated over aluminium
foil and dried at 120°C for 10h. 18mm diameter shooated aluminium foils electrodes were
punched out and used as cathode. Coin cells wessmdided in an argon filled glove box (MBraun,
Germany) with moisture and oxygen levels maintaiaktess than 1 ppm. The cells were cycled at
0.2C discharge rates in an MTI battery testing.urtie cells were cycled at 0.2C rate with respect t
corresponding theoretical capacities of Li@g, LiNigsMn; 0, and LiAlpsMny 504 spinel and 30°C
between 2.6 V and 4.9 V in a multi-channel battester.

3. Resultsand discussion
Fig. 1(a), (b), and (c) shows scanning electronrasicope (SEM) image of LiMQ,, LiNigsMn; sO,4
and LiAly sMn; 5O, samples, respectively. We can clearly see thesvaidthe morphology of materials
in Fig. 1(c) caused by escaping gases during cotaiousynthesis. It is observed that the presence of
Ni ion and Al ion has significance change on therphology of powders. For a quantitative
investigation on the particle size of the synthedipowders, we have plotted the particle size
distributions of the powders in Fig. 2. Fig. 2aeveal that the particle size of synthesized strestu
LiMn 0, LiNigsM;04, and LiAlbsMn, 0,4 are in the range of 0@m-3um, 1.5-3.um, and 0.45—
0.9um, respectively. The pristine LiMB®, sample has a wider particle size distribution nagdrom
nanosize to microsize particles and do not exi@atissian distribution, whereas doping of Mn ions
by Ni?*ion and Af*ion narrowed the particle size range and shows Sauslistribution.

The particle size range for LijiMn, 0, samples is in microsize but for that of LiAWn, 50O, is
in nanosize. In addition, we have calculated terage particle size of the doped samples using the



Gaussian particle size distributions shown in RigThe average particle size of Lin; 0, and
LiAl g sMn; 5O, samples are approximately 1 and 0.@m, respectively.
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Fig. 2. Particle size distributions
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Fig.1. (a), (b) and (c) are SEM images
of pristine LiMnpO,, LiNigsMn; 5O,
and LiAly:Mn £O,, respectively

Energy dispersive X-ray spectroscopy (EDS) eleme@malysis was carried out in order to confirm
successful doping of cations. Though EDS cannattifyeLi ion because of its small atomic size, it
helped us to evaluate the cation doping in the &8npig.3 displays the EDS elemental spectraef th
samples. The EDS spectrum confirms that the spiidh,O, cathode materials were successfully
doped with Ni and Al ions using solution combustieahniques.
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Fig. 4 shows a typical X-ray diffraction patternag-synthesized samples. The examination of the
diffraction patterns confirms that all recognizaldélection peaks including (111), (311), (22204,
(331), (511) and (440) can be clearly indexed ® $ingle phase of the spinel cubic structure of
LiMn O, (JCPDS File No. 88-1749) with space group Fd3mvaitid out any impurity peaks. All the
peaks are very sharp, indicating a high crystéjlindf the powders. The diffraction peaks
systematically shift to higher angles and the datfparameter decreases with the substitution Bf Ni
or AI** for Mn*. Close investigation reveals that the crystalcstme is shrunken with Ki and AF*
content in the doped LiMQ, phase.
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Fig. 4. X-ray diffraction pattern of synthesized) (a
LiMn204, (b) LiNi0,5Mn1,504 and (C) LiAb.5Mn1.504
spinel cathode materis



It is generally believed that the lattice paramdatethe cubic spinel structure depends on the Mn
valence state. Thus, a small amount of Ni and Atdases the structural stability by the increase of
mean Mn valence but the critical concentrationtef tlopant cation could hinder Li movement by
occupation of the Li site.

The theoretical capacity,;Cwas calculated employing the well known exprassio

c, =268->
M

wherep andM denote the number of Mn(lll) and the molecular girtiof ion-doped LiMBO,,
respectively. Employing the above equation, theotiical capacity of LiMpO, is found to be
148mAh/g, LiNbsMn; 04 is 146mAh/g and LiAJIsMn1s04 is 80.3mAh/g, respectively.
Charge/discharge capacity performance of the cathaaterials carried out at 0.2C rates with respect
to their corresponding theoretical capacities.
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The representative first cycle discharge capacafelsiMn,O,, LiNigsMn; sO4 and LiAlsMn; sO,
are displayed by the curvés B, andC in Fig. 5, respectively. During the first cycleigtine spinel
LiMn 0O, delivered discharge capacity of around 122 mAlng plateau at 3.8V. As it can be seen in
curveB, LiNigsMny 50,4 gives discharge capacity of 102 mAh/g and exhigititwo plateau at around
4.6V and 3.8V due to the NiNi*" redox and Mi/Mn*" redox couple, respectively [14]. Cur@
depicts that LiAdsMn; 5O, delivers discharge capacity of about 75 mAh/g Wwhie comparable to
experimentally reported values and close to ther#ttzal values. All the cathode samples prepared
are well performing materials. It is noteworthyttittze cell potential increases from 3.8V of LiMn
to 4.6V for LiNipsMn; 504 and 4.0V for LiAbsMn; sO4 and the doped materials can be considered as
high voltage cathode materials.

To compare and examine the battery performancesedyathesized pristine and cation doped
cathode materials, 50 charge/discharge cycleditifiam battery employing LiMpO,, LiNigsMn; sO,4
and LiAly sMn4 504 cathode were performed between 3.0 and 4.9 Vcahatant current of 0.2C rate.
Fig. 6 curve (a) is obtained from the pristine Li@p andit retained only 60% of its first cycle
capacity of 122mAh/g. Fig. 6 curve (b) and curve r@spectively represents cyclic performance of
LiNipsMn; 504 and LiAk sMn; sO4. Both cation substituted samples LifWin; sO4 and LiAly gMn; £0,4



exhibited a very good cyclability, they retained &9 of their respective first cycle after 50 cycles
however the first cycle capacity of LifdMn; 50, is low compared with LiNigMn; 504 The capacity
retention of the Ni and Al-substituted spinels igndicantly enhanced in comparison with that of
LiMn,O,4. The possible reasons for the observed behavimyrfast there may be a considerable
decrease in the effect of Jahn-Teller distortioremwkubstituting a small amount of Ni and Al for Mn
in the spinel. Second, there may be a reductiapiimel dissolution.

4. Conclusion

In summary, we concluded that pristine Li¥) and cation doped LiysMn; 04 (M=Ni, Al) oxide
prepared by the solution combustion method canppéeal for Li-ion batteries cathode material. The
samples were characterized by SEM, EDS, XRD, arttiyacharge/discharge testing. The particle
size distribution affected by the kind of the dapion, Ni ion exhibited big particle size but Alnio
exhibit small particle size. Both cation substiti@mples showed high cyclability of 99.8%. In
addition, we have found that the sample kigNin; sO4 exhibited higher first cycle discharge capacity
and high working voltage than LiéMn, sO, sample. The variation in lattice parameter assalt®f

Ni and Al doping greatly enhanced the cyclabilifydscharge capacity of the LiM®, spinel.
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