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Development and choice of catalysts for positive
electrode of lithium—air batteries
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As the need for energy storage increases, a new
technology bringing higher energy density must be
developed. The lithium-air battery is a good caatéd
among the new battery technologies to meet the
challeng&? having a specific energy of 1300Wh/kg with
an alkaline electrolyte. The lithium-air battery thvi
alkaline electrolyte is composed by metallic lithiua
physical protection of the lithium to avoid its ¢act with
water, aqueous electrolyte and a reversible atrelde.

The development and the optimization of the
catalysts used in the air electrdfegoes through the
determination of the intrinsic catalytic activityf ehe
latter™®,

Here we used an electrochemical technique, namely
the cyclic voltammetry (CV) using a rotating ringskl
electrode (RRDE), in order to discriminate the iz
activity of different supported catalysts for tleaction of
oxygen reduction (ORR). We studied carbons usually
utilized as Ketjenblack EC-300J, EC-600JD and Timca
Super C65 in a lithium hydroxide solution at 1 nol-
!saturated in oxygen. Two catalysta-NInO, and f-
MnO,) were prepared by hydrothermal synthesis,
characterized by SEM and studied as well in theesam
conditions. Thex-MnO, catalyst is a nanowire with ca. 60
nm width and 3 pum length. ThB-MnO, exhibits a
spherical morphology with many nanowires on its
surface.

Figure 1 shows the polarization curve for the ORR
of the carbons and the catalysts above-cited deggbsi
glassy carbon tested in a solution of LIOH 1 #ndl
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Figurel: (a) CV of carbones Ketjenblack EC-600JD,
EC-300J and Super C65 and (b) a-MnO, and -MnO, on
RRDE at 2 mV/s, 400 trs/min between 420 mVgyy €t -820

MVeny in a solution of LiOH 1M saturated in O..

Carbons reduce oxygen with a two-steps reactionnwhe
they are used in an alkaline medium with LiOH sffim
HO, and then OHnamely :
02+ H20+26' —>OH_ + HO_Z
HO; + 26+ H,O0 — 30H

Figure 2 shows the production of Hi@s a function
of disk potential of the rotating electrode for the
Ketjenblack EC-600JD and tfg2MnO,. The production
of HO, by the catalysts is as low as 3% pMnO, and
less than 0,15% fax-MnO,. The reaction of reduction of
O, can be considered like “direct”.

The production rate of HOis obtained with the
equation here below:

% H0.2: 200 X ]anneau

NXUdisque+ ]anquleaU)
With N the collection coefficient that is proportil

to the generated species at the disk and transptmrtthe
ring to be collected.
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Figure 2 : Production of HO, as a function of the disk
potential of the rotating electrode for the carbon KB EC-
600JD and the catalyst f-MnO..

CV with RRDE is an easy technique that can beasil
used to evaluate the relative performance of differ
possible catalysts for the air electrodes in litinair
batteries. The catalysts currently undergo testbéing
validated in a complete cell.

(1) Armand, M.; Tarascon, J. Mature 2008 451, 652.
(2) Abraham, K. M.; Jiang, Zournal of the
Electrochemical Society 1996 143, 1.

(3) Read, Journal of the Electrochemical Society
2002 149, A1190.

(4) Débart, A.; Paterson, A. J.; Bao, J.; BrigeG.
Angewandte Chemie - International Edition 2008 47,
4521.

(5) Thapa, A. K.; Saimen, K.; Ishihara, T.
Electrochemical and Solid Sate Letters 201Q 13, A165.
(6) Lee, J.-S.; Park, G. S.; Lee, H. I.; Kim,TS.Cao,
R.; Liu, M.; Cho, JNano Letters2011, 11, 5362.

(7) Lu,Y.C.; Gasteiger, H. A.; Crumlin, E.; Matge,
R.; Shao-Horn, YJournal of the Electrochemical Society
201Q 157, A1016.

(8) Lu, Y.-C.; Gasteiger, H. A.; Shao-Horn, Journal
of the American Chemical Society 2011, 133, 19048.

(9) Lu, Y.-C.; Gasteiger, H. A.; Shao-Horn, Y.
Electrochemical and Solid-Sate Letters 2011, 14, A70.



