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Li-ion batteries have conquered the market as power
sources for portable electronic equipment. Butehare
additional challenges for advanced rechargeablerii-
batteries as power sources for electrical propuol§iV).
They must demonstrate high energy density, proldnge
cycle life, very good low/high temperature perfonoa
and excellent safety feature. The limiting factortérms

of energy density for Li batteries is the positalectrode.
The positive materials determine both the capauity the
voltage of Li-ion batteries. While the energy densf
Li-ion batteries is determined by the positive tiede,
the performance in terms of cycle life and stapitieems

to be determined by the negative electrode. Gragtas
been widely used in current commercial Li-ion baéte
Si-based (such as Si alloy or Si-C composite) camge
have also drawn many attentions as alternativetivega
electrode for advanced Li-ion batteries. Howeventhb
graphite and Si-based electrodes are thermodynbynica
unstable in ALL relevant Li salt solutions that daeused

in Li-ion batteries. Both types of negative eled&s can
function in Li-ion batteries only due to highly
complicated passivation phenomena, based on surface
film formation due to reduction of solution specadow
potentials. Neither Li-carbon compounds nor Li-Boys

are stable in any relevant polar-aprotic solutibat tcan

be used in Li-ion batteries. Li insertion into teesosts
are accompanied by structural changes (volume
expansion), strains, stresses, exfoliation, créaksation
and possible continuous reduction of solution sgreci
despite the above mentioned passivation phenoniena.
should be noted that if it will be possible to dersinated
really suitable air and sulfur cathodes for recbalde Li
batteries, the Li metal anodes will have to beaegt by
carbonaceous or Si anodes. For advanced Li-ioerest

it is highly important to develop new electrolytigions
with high anodic stability and unique surface chetryiat
low potentials that will promote development ofestive
passivation of graphite and Si-based electrodes.awvée
others found recently that electrolyte solutionsiolth
include fluorinated alkyl carbonates as co-solvantsy

be excellent for full cells comprising Li-Si anodasd the
above mentioned advanced high potential or higlaciap
cathode$ For Li-S or Li-Q system§? alkyl carbonate
solvents are not suitable due to their reactiviiyhwii-
sulfides and Li-oxides formed therein. Ether based
solutions may be suitable for both Li-S and Li-oggg
system$®. In this work we examined a several types of
carbon and Si electrodes as anodes for advanced
rechargeable Li-ion batteries. These included sdver
graphite materials, soft and hard disordered carbdfe
examined several solutions with an emphasis on wide
temperature performance (from -3Dto 60°C).

Alkyl carbonates and fluoro-alkyl carbonates based

solutions with LiPk electrolyte were investigated. This Li
salt was chosen because in its solutions, the i @sed
as current collectors for the cathodes reach thest
passivation. We also examined an ethereal solltased
on glyme solvents. The main components included
dimethyl carbonate (DMC) with these four -cyclic
carbonates: ethylene carbonate (EC), fluoroethylene
carbonate (FEC), difluoroethylene carbonate (2FBGY,
vinylene carbonate (VC) and di-glyme. The following
electrolyte solutions were examined:

1. The reference system DMC:EC 1:1 1M LiPf< 30oc

= 0.1 mS/cm).

2. DMC:EC 1:1 1M LiPEk with addition of 2% VC,« .
300c = 4.8 mS/cm).

3. DMC:FEC 4:1 1M LiPE; (x -300c = 2.1 mS/cm).

4. DMC:2FEC 4:1 1M LiPE (k 30oc = 3.2 mS/cm).

5. Diglyme CHO-(CH,CH,O),CH/LiTFSI, (k -300c = 4.7
mS/cm).

Solutions 2-4 may be highly suitable for high ewerg
density Li-ion batteries comprising high voltagesppoes
and both carbon or silicon anodes, while solutiomay
be relevant for Li-oxygen batteries. The dependeufce
the specific conductivity of the above alkyl carbtm
solutions on the temperature obeysklra + bT* + cT?
(a-c are constants).

The stability limits of the above systems (solusipn
electrodes’ materials) were studied. The surfaearisiry
developed on electrodes (negative and positive) was
investigated as well. We intend to exhibit a systéem
study leading to optimization of electrodes/solngidor
advanced Li batteries. The safety features of sedec
combination were studies by thermal analysis (AR@ a
DSC measurements).
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