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In the ealy 80's, numerous studies focussed onthe
eledrochemicd reduction o 3d-metal oxides (M = Mn,
Co, Fe, V) in lithium cells. When starting from oxides
with low metal oxidation state (Cu,O, NiO, MnO, FeO,
Co0), metalli c nanograing/clusters are formed as 0n as
the reduction process starts. In contrast, when starting
from higher cationic oxidation states (Cos0, Fe30,,
MnzO4, Fe05), intermediate reduced phases are expeded
in the ealy stage of the reduction process This was well
documented by Thackeray et al. who clealy showed that
rock salt-type lithiated metal oxides are formed through
lithium insertion and concomitant caionic jump. Upon
further reduction, these phases decompose into metallic
clustersand lithia[1-3].

In a recent study, we observed that either CoO or
LiyCo30,4 would form upon reduction of spinel Cos0,4
depending on the gplied current density (i.e. discharge
rate / surface arearatio)[4]. In the present study, we focus
in a similar way on the particles §ze dfed on the
reduction of iron oxides.

In the ase of a-Fe,O; (hematite) it was reported that
a smal amount of inserted lithium (referred to as x.)
initiated a transition of the dose-padked anion array from
hexagonal to cubic stacking [1]. We found that this
criticd concentration adualy corresponds to the
intercdation d lithium in the cmrundum structure (voltage
feaure & ca 1.6 V vs. Li*/Li, fig. 1), and that this X,
value is mainly governed by the size of the readive
particles. In this work, we mmpare the readivity of two
samples of hematite labell ed as follows: M-Fe,O; made of
large particles (~0.5 pm), and nFe,0O; made of nano-
sized particles (200A). While around 0.05 Li per formula
unit can be inserted in M-Fe,Os, up to 1 Li can beinserted
in nFe,O3 without phase transition (fig. 1). Unsuccessful
attempts to increase x. values by applying lower currents
suggest that the particles szeisthe main parameter herein
involved. ThroughOCV and in situ XRD experiments, we
clealy established the biphasic nature of the reduction
readion for M-Fe,Os (fig. 2) and the monophasic process
aong lithium insertion in n-Fe0O; leaing to
~0-Li;Fe,0; (fig. 3). The reduction products were dso
charaderized by EXAFSXANES and Mdsdauer effed
spedroscopy. The better structural reversibility of the
monophasic processwith resped to the biphasic one was
confirmed by eledrochemica cycling tests conducted on
hematite samples with various particles szes.

Through this work, we wish to stressthat a caeful
control of the texture of electrochemicdly adive oxide
particles represents an alternative and a promising route in
view of reversible axd benign intercdation readions in
materials o far totally disregarded for such applications.
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. 1. Composition vs. voltage airve for nano-sized

a-Fe,0; (n-Fe,03) and micron-sized o-Fe,03

(M-Fe0s). Rate: 1 Li in5 hours.
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Fig. 2: In-situ XRD evolution upon reduction of micron-
sized a-Fe,0; vs. Li (0<x<1 per Fe,0s3), c=rock-
salt phase, h=0-Fe,Os. Rate= 1 Liin 5 hours.
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Fig. 3: Bragg pe& shift of nano-sized a-Fe,O; upon

reductionin Li cell (O<x<1 per formula unit) at a
constant rate of 1 Li in 5 hours.



