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Layered Li(MngsNigs)O, is attradive cahode
material for rechargeable lithium batteries in terms of cost
and safety. Furthermore, it does not convert to a spinel
compound during eledrochemicd cycling [1,2] and the
material is expeded to be more environmentaly benign
and more thermally stable than LiNiO, because of its
higher Mn and lower Ni content.

In this work, Li(MngsxNigsyM'x+y)O2 (M'=Al, Ti)
materials with a-NaFeO, structure were synthesized using
amixed hydroxide preaursor, (MngsNigs)(OH),.

Appropriate amounts of LiOH, (MngsNigs)(OH),,
Al(OH)s, and TiO, were mixed and cacined at 1000 °C
for 1524 h. The powder X-ray diffradion patterns of
Ll(M n0.475J\“0_47dV| '0_05)02 (M'zAl, Tl) are shown in Flg 1.

All of the pes could be indexed based on the R3m
structure, which indicates that the synthesized materials
were phase-pure, layered structure.

In Fig. 2 are shown dscharge cgadties of Li/
L|(M n0.475Ni0'475,\/| ’0'05)02 (M,:AI, T|) cdls as a function
of cycle number. Both of the materials exhibit good
cycleaility at 2.8-4.3 and 28-4.6 V.

Cyclic voltammetry curves from Li(Mng47eNig47s
M’005)O, (M'=Al, Ti) are shown in Fig. 3. Both of the
materials show a major pe&k centered at 3.9-4.0 V and a
small, broad pe&k at ca. 44 V upon charging. The
absence of multiphase reactions suggests that severe
structural  degradation is not expeded during
eledrochemical cycling of Li(Mng475Nig478M 00502
(M’=Al,Ti). Furthermore, no redox pe&ks are observed in
the 3 V range where Mn**/Mn** redox readion is reported
to occur in the layer-structured Liys(NiysMny3)Os [3],
which suggests that Mn ions are dedrochemicdly
inadtive and present as Mn*" in Li(Mng.47eNig.478M0.05)O>
(M’=Al, Ti). Preliminary experiments of X-ray
photoeledron spedroscopy and magnetic susceptibili ty
measurements revealed that Mn ions are present as Mn**
and Ni ions as Ni%* in the layered structure.

Differential scanning cdorimetry (DSC) profiles of
Li(Mng475Nig475Al0,05) O, Samples are shown in Fig.4 with
those of Li(NiggCoy)O, for comparison [4].
Li(Mng475Nig47sAl005)O2 has only one sharp exothermic
pek at 270 °C. Hed asociated with the exothermic peak
of Ll(M n0_47§\”0.475A|0_05)02 is 534\]/9, lessthan half that
of the hea generated by the Li(NiggCo,)O,. These data
indicae that the safety charaderistics  of
Li(Mng475Nig47sAl005)O, are superior to those of
Li(NiggC002)O,.

In conclusion, Iayered Ll(M n0_47§\”0.475'\/|,0.05)02
(M’=Al, Ti) are promising candidates for cahode
materials of rechargeable lithium batteriesin terms of cost,
cycling stabili ty, and thermal safety.
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Fig. 1. Powder XRD patterns of Li(Mno.s7eNio7Tio0s) Oz
and Li(Mng 47sNio47Al005)Os.
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Fig. 2. Discharge caadties of Li/ Li(Mng475Nig475M’005)

O, (M’=Al, Ti) cdlsasafunction of cycle number.
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Fig. 3. Cyclic voltammetry profile of Li(Mng 475Nig 475
M’005)O, (M'=Al,Ti) at a sweep rate of 100 pV/s.
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Fig. 4. Differential scanning cdorimetry (DSC) profile
(10 °C/mi n) of Ll(M n0.475J\“0_47ﬁ|0_05)02 Charged to 43 V.
DSC profile of Li(NigggC0g20)O, charged to 4.2 V was
taken from Ref.[4] for comparison.



