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1. Introduction

In the search for high energy cathode materials
for Li-ion batteries, iron-substituted lithiated qephate
materials with the general formula Lii, PO, (with
0<x<1 and M= Mn, Co, Ni or a mixture of them) and so-
called lithium rich lamellar oxides raise high irgst. The
phosphate compounds present the same olivine steuct
as the well-known LiFePfand can deliver a theoretical
capacity around 170mAhlg The partial or global
substitution of iron leads to higher potential tHaA5V
vs. Li*/Li, up to 4.1V for a full substitution of iron by
manganese, for instance. The choice of the substis)
and the atomic ratio is opening a wide panel ohaad¢
materials with different electrochemical performasic
Although the lithium-rich compounds present verghhi
practical capacity compared to the conventionaedeg
oxides, they suffer from several practical limibais, such
as the voltage decay upon charge/discharge cydieg,
poor performances at high current rates, and thsual
high first cycle irreversibility.

To reach the sufficient level of performances for
a practical application, there is clearly a needa fo
developing and improving these two families of
compounds with two different approaches: i) optingz
the elemental composition of the active materialb{ce
and ratio of the different transition metal elensefr
instance), ii) optimizing the multi-parametric siyesis
conditions.

2. Description of work
In this work, we will present 2 examples of the &fén
that design of experimentd QE) methodology may
provide to Li-lon battery material development siash i)
reducing significantly the number of experimenty, i
taking into account interactions between input peaters.

2.1 Mixture Design applied to Mixed Phosphate
compounds

As the total substitution of manganese for iron is
damaging the electronic conductivity of the phoseli],
the optimization of the ratio of the different tsition
metal elements is of high importance to maintain
sufficient electrochemical performances.
Recently, we investigated the preparation of mixed
phosphates (Fe, Mn, Co and a “dopant”, including a
maximum of 1/3 of iron) by an all-solid state rqute
benefiting from our past experience on LiFgP@nd
using DOE to minimize the number of compositions.
Thanks to the adaptation of synthesis parameteng p
compounds were successfully obtained. A mixturegtes
has been defined and run with 21 compositions & th
selected domain. The impact of all the screened
compositions with different degrees of substitutidah be
evaluated on the capacity and relative energy dérisds.

These results will be discussed, and will highlighe
benefits of the DOE methodology. These data will be
linked to cyclic voltammetry and electronic impedan
spectroscopy (EIS) measurements with determinadfon
electrochemical parameters.

2.2 Surface Response Design applied to Synthesis
Conditions of Li-Rich Lamellar Oxides

The second example of the use of DOE concerns the
optimization of the coprecipitation synthesis caiodis to
prepare LNMO lithium-rich lamellar oxide (Ni and Mn
based, without Co). In that case, a surface regpdesign
has been defined with 6 input parameters correspgnd
to the main synthesis parameters.
The DOE has been analyzed through more than 20
outputs, both electrochemical and physical onesh 5
discharge capacity at various rates, irreversibalgacity,
tap density, and so on. This work allowed us deit@ng
the main influence of the input parameters on each
studied output. We finally used a multiparameter
optimization to obtain the best compromise for the
material performances (discharge capacity, tap iens
and others). In figure 1, one can see the increfthe
discharge capacity from less than 210mAh/g forititel
synthesis conditions to more than 240mAh/g for
optimized conditions, stable for 40 cycles. Furtierk is
ongoing to increase once again this capacity atel i
be presented at the meeting.

Optimized Synthesis Conditions by DOE
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Fig. 1. Li-rich Lamellar Oxide LNMO discharge capacity at
C/10 rate as a function of cycle number. Red Points: non
optimized synthesis. Blue points: optimized synthesis by DOE.

3. Conclusion

The benefits of the methodology of the Design
Of Experiments for the development of lithium-icctiae
materials has been highlighted in this work. Wersgty
believe that it is a powerful tool to save timepenments
and resources but also to obtain “real” optimum of
material compositions or synthesis conditions, aod
only local ones obtained when only varying each
parameter independently.
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