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Abstract : Nanocomposite polymer electrolytes(NCPE) comprising poly ethylene oxide(PEO),LiCF3SO3/LiClO4/LiBF4 and 

filler BaTiO3-g-GO for  different composition were prepared by a simple hot press technique.The prepared membranes were 

subjected to ionic conducvitiy and compatbility studies. The addition of filler in the PEO+ LiCF3SO3 complexes has 

significantly enhanced the ionic conductivity and was attributed to Lewis acid-base interaction. Finally, a 2032-type Li-S was 

assembled and its cyclying profile was analysed at  600C. 
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I. INTRODUCTION  : 

Lithium–sulfur battery one of the most promising  rechargeable batteries among various energy storage devices are boon to the 

battery technology owing to its ultrahigh theoretical capacity and low cost[1,2]. A major issue for its commercialization is the 

rapid capacity fading due to polysulfide dissolution and the formation of undesirable lithium dendrites. A tactic to improve the 

capacity and cyclability of Li-S batteries is the electrolyte optimization so as to reduce the loss of sulfur by dissolution in the 

liquid electrolyte [3-8]. Among the possible electrolyte alterations, replacement of the common liquid organic electrolytes with 

polymer electrolytes has been proved as promising and efficient. The advantages of these electrolytes include no-internal 

shorting, leakage of electrolytes and no non-flammable reaction products at the electrode surface [9–13]. The development of 

polymer electrolyte for lithium batteries focusses on enhancing ionic conductivity at ambient temperature, tensile strength, 

appreciable transference number thermal and electrochemical stabilities and better compatibility with electrodes [10-12,14]. It 

has also been demonstrated that nanosized particles with Lewis acidic surface properties received much attention in an attempt 

to increase the ionic conductivity and their large surface-to-volume ratio stabilizes the electrolyte/lithium interface[15]. Takeda 

et al[16] reported the electrochemical properties of mixed-phase electrolytes compromising BaTiO3, PbTiO3 and LiNO3. The 

same group has reported the cycling behavior of Li/PEO+BaTiO3+LiCF3SO3[17]. However, the cycling profile was found to 

be poor even at 70°C. The authors have also reported the interfacial properties of BaTiO3 added PEO based electrolytes with 

different lithium salts[18]. 

The filler was suitably incorporated in a PEO matrix along with a lithium salt to design  polymer electrolytes for all-

solid-state lithium-sulfur batteries and its  electrochemical properties are studied. 

II. EXPERIMENTAL DETAILS 

Preparation of NCPE 

The nanocomposite polymer electrolyte (NCPE) samples were prepared by a simple hot press technique as reported 

earlier[19,20]. In the present work, BaTiO3-g-GO separately were prepared [21,22] as a filler.   The electrolytes were prepared for 

the various compositions of PEO, LiX(X= CF3SO3/ClO4/BF4)  and BaTiO3-g-GO as filler displayed in Table 1. Briefly; all 

components, namely the selected LiX, PEO and filler were dissolved in an anhydrous acetonitrile. The total weight of polymer, 

inert filler and lithium salt was set to be 100% by weight. The solution was continuously stirred in a magnetic stirrer for 6 hours at 
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room temperature. The viscous solution was cast as a membrane. Upon evaporation of solvent the precursor was hot-pressed in 

order to get a uniform membrane. The thickness of the membrane was between 50-60µm. Subsequently, this membrane was stored 

in a vacuum oven for further characterization. 

Table 1 : Composition of PEO, LiX, Filler 

 

 

 

 

 

 

 

 

 

The ionic conductivity was measured by sandwiching the samples between two stainless steel blocking electrodes. The 

measurements were performed using an electrochemical impedance analyzer (Bio-Logic InstrumentSP-31, France) between 100 

kHz and 50 mHz for different temperatures between 30oC and 60 °C. 

The compatibility of NCPE with lithium metal anode was studied by assembling symmetric cell composed of Li/NCPE/Li 

and measuring its interfacial resistance Ri as a function of time under open circuit condition at 60°C. 

Sulfur-Graphene(SG) binary composite cathodes for cycling studies were prepared  by doctor blade-coating a slurry 

comprising 72 wt% of the SG, 12 wt% of Poly(vinylidene fluoride) and 16 wt% of Super P carbon dispersed in N-methyl-2-

pyrrolidone on an aluminium foil, and was dried at 100 ◦C in an air oven. A 2032-type coin cell was assembled with SG electrode 

with areal sulfur loading of 0.5 mg/cm2 and lithium metal foil (Foote Minerals) was used as anode. The NCPE was sandwitched 

between the two electrode. The Li-S cell was cycled between 1.6 and 3V. 

III.RESULTS AND DISCUSSION 

Ionic Conductivity 

The ionic conductivity of the nano composite polymer electrolyte was calculated from the equation 

Sample PEO 

wt(%) 

LiX 

(X=CF3SO3
/ClO4

/BF4) 

wt(%) 

Filler 

(BaTiO3-

g-GO) 

S1 98 2 0 

S2 95 3 2 

S3 90 5 5 

S4 85 10 5 

S5 80 12 8 
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Fig. 1. Variation of ionic conductivity as a function of inverse temperature of NCPE for S1-S5 of salt LiCF3SO3 with  filler BaTiO3-

g-GO 

 

σ= L/(AR) 

where A is the area of the electrode 

L is the thickness of the film 

R is the bulk resistance. 

The ionic conductivity increases with the increase of temperature and also with the increase of BaTiO3-g-GO content. The ionic 

conductivity varies from 10-5 Scm-1 to 10-3 Scm-1 for the sample S1(PEO+LiCF3SO3) to S5 (PEO+LiCF3SO3+ BaTiO3-g-GO).An 

increase of two orders magnitude, in ionic conductivity is observed when the content of BaTiO3-g-GO was 8 % (sample 

S5).Irrespective of the content of BaTiO3-g-GO and LiCF3SO3 , all curves show a remarkable change in the slope beyond 50 °C, 

which indicates the well-known transition of PEO from the crystalline to the amorphous phase. The observed increase in ionic 

conductivity was attributed to the interaction of Lewis acidic center of BaTiO3-g-GO with anions of the LiCF3SO3 salt which 

reduces the crystallinity of the polymeric host[23-26]. 

At higher filler content, the conductivity is reduced due to the predominant dilution effect. Similarly, the ionic conductivity also 

increases with the increase of lithium salt concentration as evidenced in Fig 2. 
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Fig 2 Variation of ionic conductivity as a 

function of inverse temperature of NCPE for S5 with different salts with BaTiO3-g-GO as filler 

Among the salts studied, the NCPEs with LiCF3SO3 as salt shows the maximum ionic conductivity and is attributed to the fact 

that there is a higher dissociation of bulky anion in the polymer host when compared  with  other  salts. Also  the  fluorinated anions  

can  be  easily  dissociated . In all the systems examined no discernable change was observed in the order of ionic conductivity 

values above 600C where the well know transition from crystalline to amorphous of PEO takes place. 

Compatibility 

 

 

 

 

 

 

 

 

 

Fig 3: Variation of interfacial resistance as a function of time for the samples S1(PEO+LiCF3SO3) ,S5 

(PEO+LiCF3SO3/LiClO4/LiBF4+BaTiO3-g-GO) 

The interfacial resistance plays a vital role in determining the   properties   that   include   shelf   life, safety, lithium   deposition, 

dissolution, efficiency and cycle life. The compatibility of NCPE with lithium metal anode was studied by assembling symmetric 

cell composed of Li/NCPE/Li and measuring its interfacial resistance Ri as a function of time under open circuit condition at 60°C. 

In the present study, sample S5 was used for electrochemical characterizations as this sample was found to be optimal in 

terms of ionic conductivity. 

Initially for the PEO+LiCF3SO3 complex the value of interfacial resistance, ‘Ri’ increases exponentially. The growth of 

the interfacial resistance does not follow a regular trend. The interfacial resistance of the NCPE has been significantly reduced upon 

the incorporation of BaTiO3-g-GO and after 150 hours the ‘Ri’ values do not change much. This may be attributed to the 

morphological changes of the passivation films that varies with time to finally acquire a non-compact, possibly  porous  structure. 

This insulating layer will impede electrode reactions. This may very well have happened when excessive amount of the passive 

BaTiO3 -g-GO phase were introduced into the polymer matrix. 
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It is quite apparent from the figure 3 that the values of interfacial resistance “R
i
” for NCPE’s increases with  increase 

of time  and  the  value  is  found to  be  higher  for  the  lithium  salt  which possesses fluorine compound. The  salt  which  

possesses  no  fluorine compound, for example, LiClO
4
 exhibits minimum interfacial resistance “R

i
”. However, the “R

i
” values of 

the film with LiCF
3
SO

3
  are more or less similar to that of LiClO

4.
 The low compatibility of polymer electrolytes containing 

fluorinated lithium salts with lithium metal anode may be attributed to the following reasons. The amount of fluorine  substances  on  

the  lithium  surface  increases  according to  the storage time. An important reason for the increase in “Ri” is due to the formation of 

fluorine compound LiF on the surface of lithium. 

Charge-discharge 

The Li-S cell with NCPE comprising PEO+LiCF3SO3+ BaTiO3-g -GO was assembled as described in the experimental 

procedure. For cycling analysis the NCPE membrane PEO+LiCF3SO3+ BaTiO3-g-GO was employed as this membrane exhibited 

high ionic conductivity and good electrochemical properties. 

The polymer cells were characterized by galvanostatic cycling in the 1.4V-3.0V range at different current densities at 60°C. The 

performance of the cells was evaluated in terms of discharge capacity and cycle life. The cells were cycled at different current 

regimes from 0.1C to 5C-rates. 

 

 

 

 

 

 

 

 

 

 

Fig 4: Cycling profile of Li-S cell PEO+LiCF3SO3+BaTiO3-g-GO 

The specific capacity of the material was calculated by the equation Specific capacity(mAh/g)= Time(h)x current(mA)/Material 

weight(g). 

The cell shows a well defined stable plateau at 2.4V vs Li+ on charge and 2.1V  vs  Li-on discharge  at different C-rates. A small 

drop in voltage indicates a lower interfacial resistance and is attributed to the better adhesion of the NCPE on the electrode. It offers 

an initial discharge capacity of 698 mAh g-1 at 0.1C- rate and it decreases to 489 mAh g-1 at 1C- rate with the Coulombic efficiency 

99% and at 2C- rate it drastically reduces to 280 mAh g-1 .The cell offers a discharge capacity of 198 mAh g-1 at 5C- rate without 

much in fade in capacity. Even this small fade in capacity with increase in C- rate is attributed to the  following reasons. Composition 

of cathode material which has to be optimized. 
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Fig 5: Discharge capacity as a function of cycle number- PEO+LiCF3SO3+BaTiO3-g-GO 

Typical characteristic of S is its low electronic conductivity and the limited diffusion of Li+  ions into the structure, causing 

electrode polarization and the formation of a solid electrolyte interface. The declining discharge capacity at higher C- rates may 

also be due to the solid electrolyte  interface(SEI) film formation with electrolyte decomposition.The better cyclability with 

appreciable Coulombic efficiency at low C- rates is attributed to the slower diffusion of polysulfides to the anode than the total 

electrochemical reaction time. Generally, measurement of Coulombic efficiency can be widely employed to quantify the shuttle 

process. 

IV.CONCLUSIONS 

The nanocomposite polymer electrolytes comprising PEO- LiCF3SO3-BaTiO3-g-GO exhibited  maximum ionic 
conductivity at 60ºC among the  lithium salts analysed. The NCPE membranes with LiBF4 and LiClO4 also offered appreciable 
ionic conductivity above 45ºC. The higher ionic conductivity of the NCPE electrolytes with LiCF3SO3 as lithium salt is attributed 

to the easier dissociation of the bulky anion. It is attributed to the formation of an insulated layer of BaTiO3-g-GO. The interfacial 

resistance “Ri” values have been reduced upon incorporation of fillers in the NCPEs and is The cycling profile of Li/NCPE/S cells 

at 60ºC showed that the cells composed of NCPEs (PEO+LiCF3SO3+ BaTiO3-g-GO) are capable of delivering 689 mAh/g and can 

be considered for further improvement. 
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