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Tntraedmethon

Polymers pluy o mapor role in Ithiom melal and bthivm on cells, They are not only wsed as
"hardware" {or electrode and cell assembly, e, 18 the form of bindery, sepuratoni, electrods
materials, electrolyies, and clecorolyie marnces, but forthermure formation of polymers can
be the resull of wanbed amd unwanled chemivel and elecinxchemical reaclions in ke cell;
reactions maost often involving electrolyie companents.

Unwunied polvemermiion reachions are very ollen witkied by impurities in the electrolvie,
which induec a chain polymenzation reacton of elecomlyie components, as thoy are well
known for Lewis-acid-tvpe decomposition prouucts of eleoirolyie saliy sech i LilbFs LiPFg
and LiAsF; [1].

Polymerzulion rescticns can be, however, also used fo suppress unwanied meociions wnd
processes, which may oocur durmg overcharge or other cell abuse. Typicel examples are
clectrolyie additives. For Inmance, during overcharge cerain electrolyte  additives
{(—monomers) may forn a polymenc film on the cathode surfice vin polymenzation. Ths
film is haghly rexistive to won tranapont und thus blocking the overchurge cument [2]. Diber
clectrofyte addinives can activate the pressure-sensitive cusrent intermillent device (CI0Y) of a
celdl un ithey evolve gns when polymensed under overchurge [3] inally, but also most
impartant, monomene elecrolyie edditives moy imtiate andior creste highly effective solid
electrolyte interphase (SE1) flma (ef. below)

Vinylene monamers as clectralyte additives

For vinvlene comprunds such s vinylene carhonate [4], vinvlene acetate [5], aciyhic acid
uitrile [8, 7], ond 2-cvanofirine (8] aod many clhers with well-knows SEL-fOlming function
at graphiic anndes in lithwm oo cells, we sugpested that the first step of the
electrochemically induced reduction (< cahodically induced eleciro-polymerization) of
virylene compounds is the electon ransfer from the electrode to the douhle bond, which
wtirts 6 chain reaclion via sddilion ul ke [omned reactive apecied 1o the deuble bonds of other
monnmers of ather solvent componesty present mothe electrolyte. Only the first elecoon
transfier wiep i nn electrochemical one, thus a chamge comuming slep. The yubsequent
reactions are spparently only of chemical nature [Y, 10]. It should be taken care that the
Tctional group "X is elestron-withdmwing, which tupparts an enrly additive reduction and
thas fomms en SEL which is fommed befors detrimental sude reactions ocour.

Vinylene compounds may also undergn anodically mduced polymerizatian [11], that they
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The functional group Y™ i -position o the vinylene group is electron-domsting s promote
axidation,

Tsncyanate monomers as electirolyie additives

An electoo-pol ymerization mechunmm [14, 15] can be also expected by nsing (socvanstes as
slectrolyie additives. Both, cathidscally and anodically induced polvmerizstion & possible,
sugpesting the use ol isocynnates & SEI additive and for overchange protecrion:

Prescatation

After a brief overview ahow polymerization reactions, we will present and dizeoss recem
resulis obtaised with vinylene and mocyannle sdditiven is our laborstory. The eoderlving
reaction mechunizm will be highlighted with the help of in sity FTIR. spectnescopy,

Beferences

[1] L A Desiney, ® Ldhium  Bateries, New Maderinls, Developments and
Merspectives {Bd.: G. Mstoial, Elsevier. Amsterdam {19945, p. 137,

[3] 1O Besenhird, K.-C. Médller, O, Fauler, M. Winter U5 Pai. Appl. 2004/0029017 A1
(20041,

[ M Tokolwsbi, Z. Yosuake, K. Abe, A Ueks, T, Harmematn, (Sanyo, The) US Pal,
Mo, 6,632,572 (20031

[4]  Ph, Biensan, B. Simon, 1P Meres, A. e Gudbenn, M. Hrousely, 1M, Bodet, T,
Perion,
1, Pawer Sources R1-E2 (1999 906

[51 M. Yoshio, H Yoshitake, K. Abe, T Umenp, K. Fukuda, Proc 11" Mecting on
Lithim Ton Ratterics, Monterey {2002), Absirail No. 1,

[6] IL ) Suntmer, K-C. Madller. I Ivanco, M. (. Ramsey, F. P. Netzer, 5. Yomapuchi 5,
1, Uy Besenhard, M, Winter, J. Power Sousces | 15-121 (2003) 368,

[ EKE.-C. Miller, 11 J. Santner, W. Kem_ 5. Yumsgueki 1. 0. Besenhasd, M. Winter, J.
Power Sourcens 119121 (2003) 561

[41 €. Korepp, H, J. Santner, T. Fujii, M. Us, J, O. Besenhard, K_-C. Moller, M. Winter,
J. Power Sources, 158 (2006) 578

™ ) W. Breitenbach, . Sma, Purc and Appl, Chem., 4 (1962) 245,

[0 K€ Maller, 5. C, Skrall, M, Winter, 1, O Beseehard, in: Proceedings of the Ind
Eluwaii Batiery Conferenis (Haweil, USA) (2001) 228,

), W, Breitenhach, 0. F. (laj, F. Sammer, Adv. Polym, Sei., 9 (1972) 47,

[12] G 5 Shapoval, Ukr, Ehim. Zhor., 13 (1967) 9446,

[13] U, Akbubst, Makromol. Chem, 180 (1979) 1073,

[14] €. Korepp, K.-C. Maller, D.-T, Shigh, J. O, Descohard, M. H. Yang, M. Winter,
Isvcyarine compounds o6 electrolyle additives for lithium inn hateries, J, Power
Somncey,

il press | 2007)

L)



