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ABSTRACT -

Partial substitution of Mn in lithium manganese oxide spinel materials by Cu and
Ni greatly affects the electrochemistry and the phase behavior of the cathode.
Substitution with either metal or with a combination of both shortens the 4.2 V plateau
and results in higher voltage plateaus. In situ x-ray absorption @AS) studies indicate
that the higher voltage plateaus are related to redox processes on the substituents. In situ
x-ray diffraction @RD) on LiC~3Mn130q shows single phase behavior during the charge
and discharge process. Three phases are observed for LiNii#f.n150q and two phases are
observed in the case of LiNiiXC~XMn1304 The electrolyte stabiity is dependent on
both the operating voltage and the cathode composition Even though Ni substituted
materials have lower voltages, the electrolyte is more stable in cells with the Cu
substituted materials.

iNTRODUCTION

The spinel LiMn20d is attractive as a cathode material because of its low cost
However, it exhibits unacceptably high capacity ftie. Several researchers have stabilized

!
operation on the 4.1 V plateau by substitution of a small fiadion (-2.5Yo) of the
manganese ions with other metal cations such as Mg, and Zn (l). More recently there

! have been reports of larger substitutions (up to 25%) of other metak such as NI and Cu>
(2-3). With these large substitutions there is a decrease in the length of the 4.1 V plateau

> and new voltage plateaus appear at higher voltages. In the case of LiN03MnOgthe 4.1 V

[ plateau is eliminated and a new plateau appears at 4.7 V (2). LK@4n150q has two

I voltage plateaus, one that slopes between 4.1 and 4.4 V and the other at 4.95 V. In these
ii mixed cation oxides it is important to know the effect of the Mn substitution on the phase
J behavior during cycling. Also it is important to determine the nature of the charge

compensation on the various voltage plateaus. This can be done using a combination in
situ x-ray diffraction @lZD) and x-ray absorption spectroscopy (X&3). XRD can provid’e

!
i Mormation on the phase changes that occur in battery materials during thet

!
charge/discharge cycle. XAS gives itiormation on the oxidation state of the probed

i$ element, and it can be used to follow changes on the oxidation state of the various cations
1 during the charge/discharge cycle. This paper reports results on LiCt@$4n,.S04i
: LiNio5W504, and ‘Ni)25c%25m1304.
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EXPERIMENTAL b
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Materials preparation

LiC~5Mn130~, LiN&Jvfnl.~Od,and LiN&C~#nl~Od were prepared by a sol-gel
method by dissolving stoichiometric amounts of the respective metal acetates in
deionized water. The materials were precipitated by adding four times the molar
equivalent of NHqOH. The mixture was stirred with gentle heating for 4 h and then
concentrated to dryness on a rotary evaporator. The dried precursors were fired at 750°C
to yield the spinel.

In situ XRD and XAS

Cathodes were made by made by casting a mixture of the cathode material
(LiCq5Mn,50,, LiNi&lnl.~O, or LiNiiXG@VII+50,), acetylene black conductive
diluent and a binder (PVdF in a figitive solvent) on to an aluminum foil sheet. Disc
electrodes (2.82 cm2) were punched f.iomthe sheet and were incorporated in the cell with
a Celgard separator and a lithium foil anode. The electrolyte was 1 M LiPF6 in solvent
mixture of 1EC:3EMC.

Details of the spectroelectrochemical cell and the in situ XRD and XAS experiments
are given elsewhere (4).

RESULTS ANDDISCUSSION

LiC~JMnH04

In situ XRD results indicated that the charge/discharge processes in
LiCu&ln130& occurred in a single phase. The XAS showed that there was residual Mn
(III) in the initial material. The Mn(III) was oxidized to MID(IV)on the sloping voltage
plateau between 3.8 and 4.4 V. On the upper plateau at 4.95 V there was no further
oxidation of Mn. XAS at the Cu K edge indicated the oxidation of Cu@) to Cu@I) on
the upper plateau

LiN4Jkln1304

In situ XRD on LiNii.~Mnl.~Odshowed the presence of three cubic phases during
charge. XAS studies indicated that there was less residual Mn(UI) in the starting material
than in the case of LiCu&nl.~Od. There was no further oxidation of Mn on the upper
pIateau at 4.7-4.8 V. AU of the charge compensation on this plateau occurred on the Ni.

Figure 1 shows a charging curve for LiN&C~#n150q. The spikes in the curve
indicate where charging was interrupted to take XAS spectra. There is a small sloping
plateau at about 4.2 V. Most of the charging occurs at a voltage of about 4.8 V.

.-....—---- _ .— —..— .—. —-—.. —----- . ~-



DISCLAIMER

This repoft was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible

in electronic image products. Images are

produced from the best available original

document.



Figure 2 showsXRD patternsobtainedduring the first charge. This and the lattice
parameter plot in Fig. 3, indicate the presence of two cubic phases. At the end of charge
there were still two cubic phases, indicating incomplete charge. Dkparities in the charge
and discharge capacities indicated electrolyte decomposition. Even thou@ the voltage in
the cell with Li@5Mn130~ was higher them was much less electrolyte decomposition.
Apparently, the presence of IWcatalyzes electrolyte decomposition. This is cm&tent
with the lower thermal stability of cells with LiNi02 (5).

Figure 4 shows the Mn K edge XANES during charge. The inset shows the Mn
oxidation state as a fimction of charge. The oxidation state was determined from the edge
position at half the absorption height. A calibrated curve of edge position versus
oxidation state was determined tim XAS spectra on MnO, Mn20~ and MnOz The
results indicate that the residual Mn@I) is oxidized to Mn(IV) during the first 25% of
charge. Similar data are shown in Figs. 5 and 6 for the Ni and Cu K edges. The results
indicate that at the beginning of charge both Ni and Cu exist in the divalent state. At the
beginning of charge neither Ni nor Cu participate in the charge compensation process.
However, after 25-30% of charge both Ni and Cu contribute to the charge compensation
process. Ni(II) is oxidized to Ni(?V) and C@.) is oxicbd to G,@). However, the
oxidation of CU(II) to CU(III)is incomplete due to electrolyte decomposition. The two
electron oxidation of the Nl, versus the one electron oxidation of Cq accounts for the
higher capacity of the 1%substituted materials.

CONCLUSION

Partial substitution of Mn in the lithium manganese oxide spinel materials by Cu
and Ni greatly affects the electrochemistry and the phase behavior of the cathode.
Substitution with either metal or with a combtion of both shortens the 4.2 V pIateau
and results in higher voltage plateaus. The higher voltage plateaus are related to redox
processes on the substituents. The electrolyte stability is dependent on both the operating

1

voltage and the cathode composition. Even though Ni substituted materials have lower
vokages, the electrolyte is more stabIe in cells with the Cu substituted materials. In
searching for higher voltage cathodes it is important to deveIop improved electrolytes and
cathodes that will not catalyze electrolyte decomposition.

The Cu substituted material is particularly stible on cycling. This is due to the
stability of the electrolyte and the fact that the cycling process occurs in a single phase.
The nickel substituted materials result in electrolyte decomposition and the formation of
multiple phases and are less stable on cycling.
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Fig. 1. Charging curve for LiNii=C~~Mn130& The spikes indicate interruption of tie
charge to do XAS measurements at the Iv@Ni and Cu K edges.
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Fig. 2. XRD patterns during charge of LiNiiJ~Ct@V&O~.
charge; top, end of charge.
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Fig. 3. Lattice parameters during charge of LiNiiJ~Cq@fnl.~O@
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Fig. 4. Mn K edge XANES during charge of LiXNio2~C~XMn150d.Inset shows variation
of Mn oxidation state with state of charge.
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Fig. 5. Ni K edge XANES during charge of LQ&C~jjMn150g. Inset shows variation
of Ni oxidation state with state of charge.
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Fig. 6. Cu K edge XANES during charge of LiXNi02~C~,2&in150d.Inset shows variation
of Cu oxidation state with state of charge.
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