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Since manganese dissolution from the spinel LiMn,O,4 in
the lithium ion cdl was reported, some mechanisms of the Mn
dissolution and its suppresson methods were studied by Oh's
[1], Tarascon's [2], and Yoshio's groups [3]. In a pradicd cdl,
the soluble manganese species will reath the carbon anode.
Hence, manganese ionic spedes will be reduced on the carbon
readily because the standard paential of Mn/Mn** (ca. 1.8 V vs.
Li/Li*) is much higher than that of the lithium intercdation into
graphite [4]. Amatucd et al. described that the most obvious
would be to have Mn?" reduction (Mn plating) on the cabon
resporsible for the large impedance of the anode surface[5]. To
analyze and clarify this, we recently reported the influence of
the disolved Mn(ll) and Co(ll) additives in an eledrolyte
solution on lithium intercdation into carbon anode [4]. In this
study, furthermore, we investigated graphite anode performance
in the dedrolytes containing various metal perchlorates or
iodides.

Metal ion additives used were soluble perchlorates of
Mg(ll), Mn(Il), Co(ll), Ni(ll), Cu(ll), Zn(Il), Ag(l), and Pb(ll),
and iodides of Li(l), Al(lll), and Sn(ll). Hydrates of some
additives were dried at high temperature in vaauum prior to use.
These were alded in 1 mol dm™ LiClO, EC + DEC (1:1) or EC
+ PC (2:1). Graphite/PVDF was used as working eledrode.
Lithium foils were used for both the reference and courter
eledrodes which were isolated by two glass filters in ancther
compartment [4]. Eledrochemical investigation was undertaken
at 25°C. Charge-discharge test was caried ou between 0.02 ~
1.5V vs. Li/Li* a 0.1 mA cm?,

The influences on the anode performance were quite
different among the kinds of metallic ions. The reversible
lithium intercdation into a graphite anode was degraded by the
40 ~ 150 ppm Mn(ll) addition, that is, discharge caadties of
the cabon were deaeased with increasing the amount of Mn(ll).
From the voltammetry and elementa analysis, we confirmed
that manganese deposition (not intercdation) firstly occurred on
the carbon during the initial charge followed by SEI formation
and lithium intercdation. On the surface of deposited metallic
Mn particles, eledrolyte decompasition would be much eledro-
caayzed, which was confirmed by the voltammetry of a
manganese metal eledrode. It means that remarkable
degradation occurs for apradicd C/LiMn,O, cdl becaise of the
low coulombic dficiency of the anode. When the same amourt
of Mn(ll) was added in the additive freeelectrolyte between 5th
discharge/6th charge, the degree of deaeasing the discharge
cgpadties became small er because of the existence of alternative
SEI.

When iodide ions was added using Lil, the dficiency
and reversible caacity were improved. Further, the influence of
Mn(ll) was suppressed by adding Lil before cycling. It is likely
that iodide ions was suppressed the dedrolyte decomposition by
adsorbing on the Mn surface

In cases of adding Mg(ll), Ni(ll), Cu(ll), and Sn(ll) in
the dedrolyte, reversibility of the graphite was degraded since
the alditives were deposited during the initial charge. The
eledrode was covered with the deposits which hindered lithium
intercdation and/or accéerated decomposition d the electrolyte.
On the other hand, by adding Co(ll), Zn(Il), Ag(l), and Pb(Il),
and Al(lll) before cycling, reversible cgadties of the anode
increased over the theoreticd capadty of graphite, 372 mAh g2,
sincethe aloy of Zn-Li, Ag-Li, Pb-Li and Al-Li was effedively
formed with the deposited metals. For Co(ll) addition, the
increase of capadty might be due to nano-sized deposits of Co
although ro 3d metals form aloyswith Li [7].

References
[1] D. H. Jang and S. M. Oh, J. Electrochem. Soc., 144,
3342 (1996).

[2] A. D. Pasguier, A. Blyr, A. Cresent, C. Lenain, G.
Amatucd, and }M. Tarascon, J. Power Sources, 81-82,
54 (1999).

[3] Y. Xia, Y. Zhou, and M. Yoshio, J. Electrochem. Soc.,
144, 2593 (1997).

[4] N. Kumagai, S. Komaba, Y. Kataoka, and M. Koyanagi,
Chem. Lett, 2000, 1154.

[5] G. Amatucd, A. Du Pasqguier, A. Blyr, T. Zheng, and J.
M. Tarascon, Electrochim. Acta, 45, 255 (1999).

[6] Y. Maada and Ph. Touzan, Electrochim. Acta, 33, 1493
(1988).

[7] P. Poizot, S. Laruelle, S. Grugeon L. Dupont and J-M.
Tarascon, Nature, 407, 496 (2000).

This dudy was suppated by Industrial Techndogy Research
Grant Program from the New Energy and Industrial Techndogy
Development Organization (NEDO) of Japan and Yazi
Memorial Foundation for Science& Techndogy.



