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S[I~MARY 

The room temperature conductivity of lithium salts dissolved in 
polyethylene oxide, proposed as polymer electrolytes, is shown to 
decrease drastically upon storage. The crystallization process, which 
is responsible for that ageing, can be blocked, if two further 
components are added : an elastomer copolymer butadiene-acrylonitrile 
and a macromer of polyoxyethylene. In addition, a crosslinking process 
must be carried out. 

INTRODUCTION 

Since the discovery by Armand [I] that solid materials dotained 
by dissolving alkali metal salts in polyalkylene oxide can be used as 
solid electrolytes in batteries, an increasing interest has been 
devoted to the study of these systems, especially these based on 
polyethylene oxide [2-10]. It seems now accepted that the ion transport 
involves the amorphous phase rather than the crystalline ones [4, 5, 9, 
ii ], a WLF law being obeyed when the temperature is varied [12]. Recent 
studies show the interest of more amorphous polymers (aliphatic 
polyesters [13]), of strongly acidic counterions [14], and of polymers 
with short polyoxyethylene branches [14-17]. Nothing has been published 
up to now on the behavior of these syst~ns upon ageing, when storing 
the electrolyte in contact with lithium. The present paper shows first 
that the ionic "conductivity" at room temperature decreases in general 
drastically upon storage. It also shows how it may be maintained using 
a complex composite material [17]. An extended study of the 
electrochemical properties of the high performance syst~ns dotained 
will be published in the near future [20, 21]. 

RESULTS AND DISCUSSION 

The components of the solid electrolyte are first dissolved in 
dry acetonitrile ; the solvent is removed frcm a teflon flat container, 
under an argon stream, to give a membrane that may be stored in a glove 
box under argon. The solid electrolyte membrane is placed between a 
lithium anode and a composite cathode of MnO 2 impregnated with a 
solution of LiCIO 4 in polyethylene oxide (PEO) of 0.9 10 6 molecular 
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weight, pressed under 2 tons in a closed button and treated 1 hour at 
100vC. The solid state battery Li/ES/MnO 2 is then stored at 35~ 

After ageing, a set of galvanoplastic pulses (5 ms/sec) is 
applied and the intensity of the current delivered under a 1.5 volt 
tension at the end of the pulse. The experiment is carried out at 
various storage time and the result is a plot of that current versus 
the storage time (fig. 1-5). As shown in figure i, the conductivity of 
the LiCIO~, PEO system drastically decreases after a few hours of 
storage. OSC experiments (fig. 6) for the same system show that this 
decrease is parallel to a crystallization process that may involve the 
polyethylene oxide itself (peak at 62~C) ; the peak at 71~ being 
probably associated with a crystal phase including the lithium cation 
in a PEO helix. The replacement of LiCIO 4 by LiCF~SO~ in the 
electrolyte also leads to a less drastic decrease in the c~nd~ctivity 
(fig. 2 ) ; the corresponding membrane is less sticky and the DSC shows 
only (me peak at 56~ after i00 hours. 

As shown in figure 3, an important improvement (related with the 
ageing process) is obtained upon introduction of a limited amount, i.e. 
3.5 % of an elastcmer butadiene-acrylonitrile (18 %) copolymer. 

But the real breakthrough is obtained [17] when, in addition to 
the elastGmer, ~rene ended macrc~er of polyethylene oxide [18] 

CH2=CH-~ 

CH2-O- ( CH2-CH2-O ) nCH3 ( I ) 

is added in p~rtial replacement of polyethylene oxide, the ethylene 
oxide unit/Li- weight ratio being kept constant (8 with LiCIO 4 or 
11.8 with LiCF3SO.). In this case, provided a radical trea~f is 
applied on amorphous material, very good results can be obtained. The 
treatment that may be either thermal or radiative (Xray) involves both 
the polymerization of the macromer and the crosslinking of the 
elastc~er. 

The macromer reacfiivity was shown to be very similar to that of 
styrene [18 ] and does not seem to be affected by the length of the PEO 
oligomer chain attached to it. The crosslinking process way occur owing 
to the transfer process involving a C~ 2 group vicinal to an internal 
double bond of the 1-4 butadiene unit, but is also probably done via 
copolymerization of the macrcmer with the vinyl double bond of the 1-2 
butadiene ; such a process causes the macrcmer to be grafted cnto the 
elastomer backbone, which, in turn, becomes more compatible to the 
polyethylene oxide. This grafted elastemer induces amorphisation of the 
medium, so that the conductivity may be increased ; in addition, the 
crosslinking process tends to fix the state of the matter, so that the 
crystallization process which relates to the ageing is inhibited. 
During the polymerization, the benzylic nature of the chain end of the 
macromer induces a rather high activity as a transfer agent, thus 
causing some extra crosslinking. As shown by figure 4, the replacement 
of the macromer with a styrenic chain end by a corresponding oligcmer 
with a saturated benzylic chain end leads to a good, although always 
inferior electrochemical behaviour. The best results are shown in 
figure 5, using both LiCF3SO 3 and rather high amount (between 20 
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Figure 1 - Delivered 
current (mA) versus 
storage time for elec- 
trolyte of LiCIO 4 in 
polyethylene oxide of 
molecular weight 4.106 
(run i) or in a mix- 
ture of polyethylene 
oxide of molecular 
weight 9.105 (90%) 
and 105 (10%) (run 47) 
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Figure 2 - Delivered 
current (mA) versus 
storage time for elec- 
trolyte of LiCIO 4 (run 
47) or LiCF3SO 3 (run 
48) in a mixture of 
polyethylene oxide 
of molecular weight 
9.105 (90 %) and 
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Figure 3 - Electroly- 
tes of LiCF3SO 3 in 
polyethylene oxide 
(molecular weight 4.106 ) 
with, in addition, 
3.5 (run 57), iO 
(run 58) or 20 % 
(run 60 of butadiene- 
acrylonitrile elasto- 
mer Perbunan R. 
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Figure 4 - Long term 
storage electrochemical 
performances of composi- 
te solid polymer electro- 
lyte including LiCf3SO 3 
in polyethylene oxide 5 
(molecular weight 9.10 ) 
80%, Perbunan (3.5%), 
and various polyethylene 
oxide oligomers (20%) 
used after radiative 
crosslinking process 
(X ray 1 hour at 80 ~ C) 
run 63 ; benzylic ended 
oligomer molecular weight 
55O 
run 64 : benzylic ended 
oligomer molecular weight 
1900 
run 65 : styrenic ended 
oligomer molecular weight 
19OO 
run 66 :styrenic ended 
oligomer molecular weight 
5000 

Figure 5 - Very long term 
storage electrochemical 
performance of composite 
solid polymer electrolytes 
including LiCF3SO3, poly- 
ethylene oxide (molecular 

(DAYS) weight 9.105) (PEO), Perbu- 
' nan and Styrene ended 

iOOO oligomer (SEO) of molecu- 
lar weight 550 
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Figure 6 - DSC traces 
of a LiClO 4 polyethy- 
lene oxide-~molecular 
weight 9.103) 
membrane after no(A) 
24 h(B) or iOO h(C) 
storage time 
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and 50 %) of a rather low molecular weight macromer (550) ; they 
involve a crosslinking process carried out enough time and at a 
temperature high enough (150~ so that both cc~lete melting of the 
crystallites and complete polymerization of the ma_~rcmer_~ake place. 
Then a rather high "conductivity" (up to 2.10 ohm ~/crn) can be 
reached and kept for a very long storage time (mere than 3 years). But 
we have to underline that, in batteries, the conducitivity is not the 
only term of dissipation [21] and it is now proved that solid state 
polymer lithium batteries are limited by 2 major terms : 

a) the dynamic space charge originates in the mobility of the 
anion [21]; 

b) the blocking interface onto the negative electrode [ 20 ]. 
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