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The typicd nonaqueous eledrolyte for
commercia Li-ion cdls is a solution of LiPFg in linea
and cyclic cabonates such as dimethyl carbonate and
ethylene cabonate respedively.” ? During battery
operation, the anion plays a aiticd role in the formation
of the solid eledrolyte interphase (SEI) layer, and the
stability of the Li salt may be aucia. For example,
perchlorate or nitrate salts may be explosive when mixed
with organic solvents.®> Hexafluorophosphate (PFs) salts
can produce PFs gas, * a strong Lewis Acid.®> Similar
reations have been observed for LiAsFs® There is
evidence to suggest that LiPF; solutions in trioxane give
cleavage of ether linkages.” Studies of liquid electrolytes
have addressed the thermal instabili ty of LiPFs solutions,®
but the role of PFs in the readion with carbonate
eledrolytes for Li-ion batteries is as yet unresolved. The
purpose of thisreport isto explore further the readivity of
PFs; and EC/linea cabonates and to understand the
thermal and eledrochemicd decompasition readions of
LiPFg in carbonate solvents. The readivity of other salts
such asLiBF, and LiTFS are dso examined.

Solid LiPFg is in equili brium with solid LiF and
PFs gas

(1) LlPF(; © - LiF(S) + PF5 @

The readion temperature and the pressure of PFs gas
determine the equilibrium position. Removal of PFs gas
consumes LiPFg and produces LiF. For a LiPFg solution,
the analogous equilibrium exists. Becaise LiF is
insoluble, only the ncentration of LiPFs and PFs
determine the equili brium pasition.

(2) LiPFg (sol) = LiF 97T PFs (sol)
In the dedrolyte, the equilibrium can move toward
products as PFs reads with the solvents.

The 1M LiPF¢/carbonate solvent mixtures read
when heaed. After 2 days at 85°C, a brown color, solid
predpitate, and gas production are observable. Gas
chromatographic analysis of the EC:linea carbonate
ratios over time show that the EC concentration deaeases
faster than the linea carbonate solvent concentration.

The same analyses show the formation of
transesterification products but the rate of production of
these products do not ac@unt for the lossof EC. Thisis
observed with EC/DMC, EC/DEC and EC/EM C mixtures
and the gpropriate transesterification products are
observed for eat solution. Similar products are observed
for LiBF, and LiAsks althoughit isnoted that the
readivity of LiPFg isconsiderably greder at temperatures
above 50°C. No readivity is observed with LiTFS or
with no salt present at any temperature up to 85°C.

The discrepancy in material balance may be
explained by the production of palymers. The
polymerization of ethylene cabonate by treament with
Lewisadd initiatorsis well known® and can leal to PEO-
like polymers. The polymerization is endothermic until
180°C and is driven by CO, evolution. Above this
temperature the polymerization becomes exothermic and
leads to aviolent decompasition. The pEO-like paymers
also read with the PFs to yield further products that may

be soluble in the eledrolyte or participate in SEI
formation in red cdls. GPC analysis of the heaed
eledrolytes indicaes the presence of material with
M.Wt.’s up to 5,000. Further results on the
polymerizaion readions and further readions with PF5
will be reported.

The transesterification products are observed in
the dedrolytes of Li-ion cdlswhich have only undergone
asingle formation cycle axd which have not been
subjeded to any hea treament. This result indicaes that
the PFs readionsare present in pradicd cdls. Further
analysis of the products from cycled cdlswill be
discussed with particular emphasis on how they may
aff ect the formation of protedive films on the dedrodes
and how such readions affed safety.
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