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Nickel based alkaline batteries are, in spite oé th
emergence of the lithium technology, still widelged,
their domain of application being extremely larged a
ranging from portable electronics to electric véscor
space applications. Even if these batteries haemn lin
use for more than a century, our understandinghef t
mechanisms and phases involved in the charge-dgeha
processes of the positive Nickel Oxyhydroxide Himdé
(NOE) is still not complete. Indeed, a phenomesoch

as the so-called “second plateau” is detrimentaltfi@
electrochemical performance of the NOE, but itgiaris

still controversial. The aim of our study was tdidw by

in situ neutron diffraction the charge/dischargecess
for the NOE. Experiments were conducted both on the
D1B and D20 diffractometers at ILL..Cells specifiza
designed for in situ neutron powder diffractioraiikaline
media [1] (Fig. 1) were prepared with electrodeariats
with differentphases/oxidation state and particle size. The
evolution of the phases involved in the redox pssoceas
followed along charge/discharge cycles, with sgecia
attention in the transition to the “second platea@iven

the fact that the crystal structure for some of phases
involved in the NOE is not known, batches of redlice
and oxidized “model phases” were chemically prepaoe
serve as references during the experiment. Théhayes
were done by usual chemical means to yield nickel
hydroxides and oxyhydroxides and also in deuterated
media to yield deuteroxides and oxydeuteroxides, as
neutron diffraction experiments are made in detgera
media to avoid the diffusion resulting from theeirzction

of protons with neutrons. The presence of deuterisi
found to greatly affect the intensity of the lowangle
peaks for thep-Ni(OH), phase but not for the other
studied phases. The experiment was also complidated
the fact that very crystalline phases that areeeafs
observe by neutron diffraction have very poor
electrochemical performances. On the contrary,psasn
with small particle size present higher performance
(kinetics) but result in broader diffraction peak®re
difficult to observe. Nevertheless, we were abléotlow

the phase transformations taking place upon cyctihg
some NOEs, focussing on the discharge process.
Interesting differences were observed dependinghen
nature of the oxidized samples. We were able tdico

our previous results indicating direct reduction \of
NiOOH into B-Ni(OH), (Fig. 2) during the second
discharge plateau. [2,3] Nevertheless, this seqiaitau
was also observed during in situ cycling off-&i(OH),
without being associated to such a phase transfama
as also observed by Léger et al. [4] In summary, ou
observations seem to support a diverse origin s t
plateau, depending on the intrinsic nature of tbéva
material and processing of the electrode.
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Figure 1. Electrochemical cell used for the in sitwtron
diffraction experiments conducted on the NOE etmter
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Figure 2. Neutron diffractograms correspondinghie in
situ reduction ofy-NiOOH into B-Ni(OH), where the
phase transformation can be observed. The peaks
corresponding to both phases are indicated, theroth
being due to diverse components of the electrootemi
cell.
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