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Since the  demonstration of reversible
eledrochemical lithium insertion-extradion for LiFePO,
in 1997 [1], lithium transition metal phosphates with
ordered-olivine structure, LiMPO, (M=Co, Ni, Mn, Fe,
Cu), have attraded much attention as promising new
cahode materials for rechargeable lithium batten% [2-8].
The presence of large tetrahedral polyanion (PO,)*, and a
use of M*/M?" redox couple ae distinctive natures of
Olivine dass cahodes from the ordered rock-salt system
as LiCoO,, LiNiO,, and LiMNn,O,. The Pig-O-M linkage
in the structure mduces the superexchange interadion that
tunes the M3*/M?* redox energy to useful Ie'vels (3 4V
4.1V, and 48V for Fe*/Fe’*, Mn*/Mn*, and Co*/Co™
respedlvely) which is call ed “inductive effedt” [1].

Among the olivine-type LIMPO, family, the solid-
solution, Li(MnyFe,.,)PO,, looks promising becaise of the
voltage compatibili ty with the present lithium-ion kettery
system [1]. The optimization was performed in our
laboratory based on the caeful investigations of charge-
discharge readion, and the very promising cahode
performances as in Fig. 1 were adieved a room
temperature [5-7]. The stable nature of the olivine-type
structure having a (PO,)* polyanion with a strong P-O
covalent bond provides not only excdlent cycle-life but
also a safe system when the battery is fully charged; the
readivity is low for the cmbustion readion with the
organic dedrolyte (Fig. 2) [5]. The stability under the
high-temperature storage (ca 80°C) at any depth of
discharge is also excdlent. The energy density is equal to
that of presently used materials, based on the darge-
discharge cgadty as high as the theoreticd value, ca
170mAh/g [5].

In the optimization process it was clarified that the
inherent low conductivity for both Li-ions and eledrons
should be overcome [5]. Addltlonally, the locd Jahn-
Teller distortion around Mn** (Fig. 3), which is much
more severe than the average lattice distortion, disturbs
the charge-discharge readion [6, 8].

In this paper, the essential strategies for a design of
pradicd olivinetype cdhode will be discussed,
particularly on the importance of (1) the powder
engineaing o the dectrode mmposites, and (2) the
choice of the gpropriate compositions. The discusson
will be based on the systematic presentation of the data
measured by x-ray diffradion, Mdssauer spedroscopy,
eledarochemical technique, x-ray absorption spedroscopy,
and dfferential scanning cdorimetry, with an aid of the
first-principle cdculation.
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Fig. 1 Charge-discharge profil es of the optimized LiFePO, and
Li(Mng gFep 4)PO,4
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Fig. 2 DSC traces of the charged cahodes of LiNiO, and
LiFePO, with eledrolyte
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Fig. 3 Radia distribution function around Mnin
(Mn*,Fe**1,)PO, and Li(Mn**Fe’*1.,)PO,



