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Abstract The effect of incorporating a room temperature ionic liquid, 1-butyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide (BMITFSI), in the polymer electrolyte (PE) based on poly(ethylene oxide)-(lithium bis(trifluoromethanesulfonyl) imide) [PEO-LiTFSI] was investigated. BMITFSI content was varied between 20 and 80 parts by weight (pbw) in 100 pbw of PEO-LiTFSI and the influence on ionic conductivity, electrochemical stability and interfacial properties on lithium electrode was studied. A remarkable increase in ionic conductivity was achieved with BMITFSI addition, the effect being most pronounced at lower temperatures. Compared to PEO-LiTFSI, the PEs containing BMITFSI exhibited well-defined redox peaks corresponding to stripping and deposition of lithium. The PEs containing BMITFSI exhibited good electrochemical stability and significantly low interfacial resistance with the lithium electrode. Good discharge performance with 82% active material utilization and stable cycling property was achieved when the PE containing 60 pbw of BMITFSI was evaluated in Li/LiFePO4 cells at 40 °C. © 2007 Elsevier B.V. All rights reserved. Keywords: Room temperature ionic liquid; Polymer electrolyte; Lithium battery; Ionic conductivity; Imidazolium salts



1. Introduction Rechargeable lithium metal polymer battery (LMPB) that employs lithium metal as anode and a polymer electrolyte (PE) for charge transportation is considered to be an ideal power source for a number of applications including portable electronic devices and electric vehicles. For attaining a high and reversible specific energy from a LMPB, it is inevitable that the repetitive deposition and stripping of lithium remains highly reversible during the electrochemical process. Since cycling of lithium metal is known to result in deposition of lithium dendrites that can decrease cycle life of the cell and cause safety concerns, development of suitable ⁎ Corresponding author. Fax: +82 55 753 1806. E-mail address: [email protected] (J.-H. Ahn). 0167-2738/$ - see front matter © 2007 Elsevier B.V. All rights reserved. doi:10.1016/j.ssi.2007.06.006



electrolytes that can suppress the dendrite growth and improve plating morphology has been pursued actively [1]. Poly(ethylene oxide) (PEO)-based electrolyte is one of the most promising and widely studied solid PE, mainly because of the good mechanical and thermal properties and interfacial stability with lithium metal. The prototypical solid PE is PEO-LiX, prepared by blending PEO with lithium salt (LiX) of a large anion [2,3]. The transport of Li+ ions in these electrolytes has been associated with the local relaxation and segmental motion of the amorphous regions in the PEO chains. These polymers often show higher crystallinity at lower temperatures and the electrolytes exhibit low room temperature ionic conductivity (typically ≤10− 5 S/cm). This necessitates operation at higher temperatures (generally, N70 °C) for successful utilization of them in practical applications. With PEO-based gel electrolytes formed by
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incorporating molecular solvents that can compete with ether “O” atoms of polymer for Li+ coordination, a significant increase in room temperature ionic conductivity has been reported [4]. However, the reactivity of such solvents leads to poor interfacial stability with lithium metal and their volatile nature causes safety concerns in case of an unexpected short circuit in the battery. Another approach recently adopted has been to incorporate a room temperature ionic liquid (RTIL) in PEO-LiX solid PE. RTILs are molten salts having a low melting point and exist as liquids at or below room temperature [5]. Unlike molecular solvents, RTILs are nonflammable and nonvolatile and hence cause no detrimental effect on the safety aspects of the battery. In addition, RTILs generally possess high ionic conductivity, high chemical and thermal stability, a wide electrochemical window and low toxicity [5]. Different types of RTILs such as those with cations based on imidazolium [6–8], pyrrolidinium [9–13], piperidinium [14,15], morpholinium [16] and quarternary ammonium [17] have been investigated as electrolytes for battery/capacitor applications either solely [6,14] or as the solvent when incorporated in gel/polymer electrolytes [7,9–13,16]. Shin et al. studied the suitability of PEOLiTFSI electrolyte incorporating the RTIL based on pyrrolidinium cation, PYR13TFSI {N-methyl-N-propylpyrrolidinium bis(trifluoromethanesulfonylimide)} for LMPB [9–13] and reported good compatibility with lithium electrode, enhanced ionic conductivity and satisfactory performance at a moderate rate (0.05 C) and temperature (40 °C). 1-butyl-3-methylimidazolium (BMI+)-based RTILs have been less explored as electrolytes [18–20]. Nevertheless, a comparison of the following properties reported for the two RTILs, BMITFSI and PYR13TFSI respectively [5] leads one to expect a better performance from BMITFSI: melting point: −4 °C vs. 12 °C; ionic conductivity: 3.9 mS/cm at 20 °C vs. 1.4 mS/cm at 25 °C; molar conductivity: 1.14 cm2/Ω mol vs. 0.39 cm2/Ω mol; viscosity: 52 cP at 20 °C vs. 63 cP at 25 °C; cathodic limit −2 V vs. −1.5 V; anodic limit 2.6 V vs. 2.2 V; electro-chemical window: 4.6 vs. 3.7 (with Pt working electrode, Ag|Ag+ in DMSO reference electrode). In an earlier study we compared the electrochemical properties of PEO-LiTFSI electrolyte incorporating three RTILs based on BMI cation, and achieved enhanced performance; the best results were with BMITFSI [21]. In the present study, the effect of varying the content of BMITFSI in PEO-LiTFSI electrolyte on the electrochemical and interfacial properties of LMPB has been evaluated. 2. Experimental 2.1. Preparation of PEs The RTIL, BMITFSI was synthesized by a procedure reported by Farmer et al. [22], by the reaction of 1-butyl-3-methylimidazolium chloride with LiTFSI. PEO (Aldrich, Mw = 2 × 106) and LiTFSI (Aldrich) were vacuum dried for 20 h at 50 °C and 110 °C respectively before use. PEs were prepared by a solvent-free, hotpressing procedure. PEO-LiTFSI electrolyte was made by blending PEO corresponding to 20 mol of EO (ethylene oxide) units with 1 mol of Li salt. For preparing PEs incorporating BMITFSI, 100 parts by weight (pbw) of PEO-LiTFSI was blended



with BMITFSI of 20, 40, 60 and 80 pbw. The PEs containing BMITFSI are designated as PEO-LiTFSI-BMITFSI(X), where X denotes 20, 40, 60 or 80. For example, PEO-LiTFSI-BMITFSI(20) denotes mixing of 100 pbw of PEO-LiTFSI with 20 pbw of BMITFSI (i.e. 100 mg of PEO-LiTFSI with 20 mg of BMITFSI). The ingredients were initially mixed at room temperature in a ball mill at 100 rpm for 1 h. For this, a ball-to-powder ratio of 10:1 was employed and hardened stainless steel (SS) balls of 10 mm and 5 mm diameters were used. The homogenous mixture so obtained was placed between two plastic sheets and hot pressed in an aluminum mold at 100 °C for 30 min, applying a pressure of ∼0.5 MPa. PE membranes of average thickness 200 μm with good homogeneity and mechanical strength were obtained with this procedure. PEs were prepared in an argon-filled glove box with a moisture level b10 ppm. For the ball-milling step, which required operation in open air, the materials were first housed in sealed vials and then removed from the dry-box. After completing the ball-mill mixing, it was put back in dry box for further processing. 2.2. Measurements The ionic conductivities of the PEs were measured by the AC impedance method using SS Swagelok® cells with an IM6 frequency analyzer. The electrolyte sample was sandwiched between two SS electrodes and the impedance measurements were carried out at 10 mV amplitude over the frequency range 100 mHz to 2 MHz. The ionic conductivity as a function of temperature was determined in the temperature range 25 to 80 °C. The cell was kept at each measuring temperature for a minimum time of 30 min to ensure thermal equilibration of the sample at that temperature before measurement. The ionic conductivity (σ) was calculated as σ =t/RA; where t and A denote the thickness and area respectively of the PE and R denotes the bulk resistance of the electrolyte obtained as the x-axis intercept of the AC impedance response, when it showed no change in shape with frequency. Thermal properties were evaluated by differential scanning calorimetry (DSC) using TA 2040 instrument at a heating rate of 10 °C/min. The interfacial resistance between the PE and lithium metal electrode was measured at room temperature by the impedance response of Li/PE/Li cells over the frequency range 10 mHz to 2 MHz. Cyclic voltammetry (CV) of the electrolyte sandwiched between lithium electrodes was measured at room temperature at a scan rate of 1 mV/s between −1 and +1 V. Two-electrode cells were assembled by sandwiching PE between lithium metal anode (300 μm thickness, Cyprus Foote Mineral Co.) and carbon-coated lithium iron phosphate (LiFePO4) cathode in SS Swagelok® type, circular cells of 23 mm diameter. LiFePO4 was prepared in-house by mechanical activation followed by solid state reaction at high temperature [23]. Electrochemical performance tests were carried out using an automatic galvanostatic charge-discharge unit, WBCS3000 battery cycler (WonA Tech. Co.), between 2.0 and 4.2 V at 25 and 40 °C, at a current density of 0.05 C. 3. Results and discussion Ball-milling method is known to be an effective way to prepare PE based on PEO-LiX since it results in higher amorphous
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domains of PEO with small spherulitic morphology leading to enhanced ionic conductivity, especially at lower temperatures [3]. In the present study, a solvent-free method consisting of ballmilling and hot-pressing steps has been adopted to prepare the PEs. The method results in getting thin and homogenous electrolyte films. PEs containing 0 to 60 pbw of BMITFSI are free-standing, non-tacky films (slightly tacky with 60 pbw of BMITFSI) that are easy to handle. With 80 pbw of BMITFSI, the film becomes highly tacky, looses mechanical integrity and handling becomes difficult. Hence, compositions with N 80 pbw of BMITFSI have not been considered worthy of evaluation for developing solid PEs. Fig. 1 presents the DSC traces of PEO, BMITFSI and the PEs with and without RTIL. PEO exhibits a crystalline melting transition, starting at 60 °C, with a melting peak (Tm) at 74 °C. The polymer is predominantly crystalline since a well-defined glass transition (Tg) corresponding to the amorphous phase is absent. PEO-LiTFSI electrolyte has a Tm at 63 °C, lower than that of pure PEO. This implies the existence of interactions between ether “O” atoms of PEO and Li+ ions that lead to an inhibition of the effective reorganization of PEO chains for crystallization to occur [24]. A weak Tg at − 30 °C, indicating the presence of amorphous phase is observed for PEO-LiTFSI. BMITFSI has an endothermic transition at − 3 °C, corresponding to its Tm. Incorporation of BMITFSI in PEOLiTFSI results in a further decrease of Tm of PEO. For e.g., the Tm of PEO-LiTFSI-BMITFSI(80) is 55 °C, lower than that of PEO-LiTFSI by 8 °C. The amorphous phase becomes more predominant in the electrolyte containing BMITFSI and a stronger, well-defined Tg occurs at − 60 °C. Thus, it is inferred that PEO-LiTFSI-BMITFSI consists of a significant amorphous phase which is formed by the interaction of BMITFSI, LiTFSI and a portion of PEO, and the remainder of PEO forms the crystalline phase. Shin et al. have also observed similar DSC results by incorporating a pyrrolidinium-based RTIL in PEOLiTFSI [9,13]. The temperature dependence of ionic conductivity of the PEs has been studied by AC impedance spectroscopy. Fig. 2(a) shows the impedance response of PEO-LiTFSI at 25 °C and 80 °C (the minimum and maximum temperatures studied here). At 25 °C, the impedance response is in the form of a semicircle observed at



Fig. 1. DSC traces of PEO, PEO-LiTFSI, BMITFSI and PEO-LiTFSI-BMITFSI (80).
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Fig. 2. AC impedance spectra at 25 °C and 80 °C of (a) PEO-LiTFSI, (b) PEOLiTFSI-BMITFSI(80).



medium-high frequencies and a straight line inclined with respect to the real axis at lower frequencies. This type of behavior is typical for a PE sandwiched between two quasi-blocking electrodes [2]. At 80 °C, the ionic resistance of PEO-LiTFSI decreases considerably with a shift of the semicircle to higher frequencies and hence shows only the straight line part of impedance in the spectrum. Such a behavior is observed at temperatures above 60 °C, where the crystalline segments of PEO melt, increasing the overall mobility of ions in the electrolyte. The impedance behavior of PEO-LiTFSI-BMITFSI(80) at 25 °C and 80 °C is shown in Fig. 2(b). For this system, the ionic resistance is seen to be low even at the minimum temperature of 25 °C and as a result the semicircle gets shifted to higher frequencies. Compared to PEOLiTFSI, the ionic resistance of PE containing BMITFSI is lower by 6790 Ω at 25 °C and by 25 Ω at 80 °C. Thus, the incorporation of BMITFSI in the solid PE significantly reduces the electrolyte resistance, and the effect is more pronounced at lower temperatures. The variation of ionic conductivity with temperature for PEOLiTFSI with varying BMITFSI content is presented in Fig. 3. The ionic conductivity of PEO-LiTFSI varies between 4.0× 10− 6 S/cm at 25 °C and 8.2 × 10− 4 S/cm at 80 °C. The RTIL, BMITFSI has an ionic conductivity of 3.9× 10− 3 S/cm at 20 °C [5]. The ionic conductivity of PEO-LiTFSI electrolyte with BMITFSI shows an increasing trend with the content of BMITFSI over the entire
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Fig. 3. Variation of ionic conductivity with temperature of PEO-LiTFSIBMITFSI electrolytes.



temperature range studied here. Thus, PEO-LiTFSI-BMITFSI(80) shows the highest ionic conductivities of 3.2 × 10− 4 S/cm at 25 °C and 3.2 × 10− 3 S/cm at 80 °C. The enhancement in ionic conductivity with RTIL addition is very much pronounced at lower temperatures: thus, addition of even 20 pbw of BMITFSI results in an increase by one order (i.e. ten times) at 25 °C, compared to an increase by two times at 80 °C. The trend in variation of ionic conductivity with temperature progressively changes from a well-defined, two-region behavior for PEOLiTFSI to an almost linear behavior for PEO-LiTFSI-BMITFSI (80). The change in slope of the curve at ∼60 °C is typical of PEObased electrolytes and has been attributed to the change in conduction mechanism of the electrolyte associated with the PEO crystalline-amorphous phase transition. The PEs containing 20– 60 pbw of BMITFSI also show a similar trend but with reduced slopes, indicating that the Li+ ions interact with the PEO chains in these cases as well, although less strongly. A similar observation of enhanced ionic conductivity of PEO-LiTFSI electrolyte with the addition of pyrrolidiniumbased RTIL has been reported and the effect was attributed to the formation of salt-containing amorphous phase of PEO at low temperatures with RTIL leading to an overall reduction of crystallinity of the system [9]. The Li+ ions that are coordinated with the “O” atoms of PEO segments could be freed partially or fully from that trap by coordinating with the anion of RTIL and hence could lead to larger number of charge carriers with improved charge migration. Thus, incorporation of RTIL is an effective way of enhancing the ionic conductivity of PEO-based PEs to an appreciable level which has hitherto been not possible by other modifications [9]. The CV data of the electrochemical cells can be useful for investigating the behavior of the electrodes in the electrolytes. The first cycle CV data obtained for lithium cells with PEOLiTFSI-BMITFSI electrolytes with varying BMITFSI content are compared in Fig. 4. The electrolytes containing BMITFSI exhibit well-defined processes corresponding to anodic oxidation at peak voltages (Ep) in the range 0.24 to 0.33 V, and cathodic reduction at Ep in the range − 0.53 to − 0.56 V. The peak currents (Ip) for the processes show a slight increasing



trend with the BMITFSI content; thus, Ip for oxidation process increases from 0.09 mA to 0.16 mA with an increase of RTIL content from 20 to 80 pbw; for reduction process the respective Ip values are − 0.16 mA and − 0.24 mA. The redox process is thus seen to occur efficiently in the PEs containing RTIL with an average peak separation of ∼0.8 V. The oxidation and reduction processes are less defined in PEO-LiTFSI compared to that of the PE with BMITFSI; they occur at 0.66 V and − 1.0 V respectively, with a peak separation of 1.66 V, double that for the electrolyte with RTIL. The redox current is also feeble in PEO-LiTFSI, ∼ 0.05 mA. The first cycle CV comparison indicates that BMITFSI incorporation in PEOLiTFSI substantially improves its redox behavior with lithium electrodes. BMITFSI is reported to have an electrochemical stability window of 4.6 V, with a cathodic limit of − 2 V and an anodic limit of 2.6 V vs. Ag|/Ag+ [25], which correspond to 1.2 V and 5.8 V respectively vs. Li/Li+. Some EMI-based RTILs have been reported to be unstable below 1 V and hence not suitable for applications in lithium batteries [7]. However, we observe from the present experiments that PEO-LiTFSI-BMITFSI system is able to provide good resolution for the lithium reduction process that occurs at ∼ − 0.5 V. Moreover, the electrolyte has a low reduction current of b0.25 mA at − 1.0 V (vs. Li/Li+). This suggests that the bulk reduction of BMITFSI has not progressed much even at − 1.0 V and thus the electrolyte might be assumed to have a cathodic stability up to − 1.0 V at least. The presence of LiTFSI salt in the electrolyte might help to suppress the reduction of imidazolium cation, similar to that observed for pyrrolidinium cation in an earlier study [9]. The enhancement of cathodic stability of RTIL below the plating potential of lithium by incorporating in PEO-LiX electrolytes is attributed to the formation of a stable passivation layer on the lithium electrode which conducts Li + ion effectively but prevents further reaction with RTIL [1]. Nevertheless, it should be noted that the cathodic current at − 1.0 V increases with BMITFSI content in the electrolyte and hence, the presence of an excess RTIL in the system is not advisable for good cathodic stability. Further studies have been performed with PEO-



Fig. 4. First cycle CV comparison of PEO-LiTFSI and PEO-LiTFSI-BMITFSI electrolytes (Li/PE/Li cells, scan rate 1 mV/s, voltage range −1 V to +1 V).
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LiTFSI-BMITFSI(60) that exhibits good mechanical integrity, high ionic conductivity and electrochemical stability. CV data on cycling of PEO-LiTFSI-BMITFSI(60) is presented in Fig. 5. A slight shift of anodic Ep to higher voltages is observed during the initial cycles, but soon the process gets stabilized. The cathodic process occurs at the same voltage on repeated cycling. After about 4 cycles, the cell shows overlapping CV curves, indicating the occurrence of highly reversible redox processes. The anodic and cathodic Ip values are also nearly the same, which is an indication of the high coulombic efficiency for the redox process. The formation of a compatible, Li+ ion conducting interface on lithium metal is essential for achieving good performance from a lithium cell on repeated cycling. Fig. 6 shows the change in impedance of PEO-LiTFSI electrolyte with storage time, evaluated up to 3 days. The impedance spectrum at each time interval consists of two semi-circles. The smaller semicircle at high frequencies results from the contribution of the resistance of the bulk electrolyte (Re) and the larger semicircle at lower frequencies results from the contribution of electrode/electrolyte interface resistance (Rf). The larger semicircles grow in size during the initial period and then show a decreasing trend. Thus, from an initial value of 10,230 Ω, Rf reaches a maximum of 24,320 Ω after 20 h and then reduces to 18,390 Ω after 72 h. The initial increase in Rf is inevitable in lithium batteries due to the formation and growth of the passivation layer on the lithium surface. A reduction in Rf after an initial period of about a day indicates the stabilization of the electrode/electrolyte interface. Re varies from 1970 Ω to 2310 Ω during this time of storage (the small semicircles are shown magnified in the inset of the figure). The variation of Re with storage time is less significant compared to that of Rf for PEO-LiTFSI electrolyte. The impedance behavior of PEO-LiTFSI-BMITFSI(60) under identical conditions is shown in Fig. 7. Unlike PEO-LiTFSI, the spectrum of PEO-LiTFSI-BMITFSI contains only one semicircle over the whole frequency range. Such a pattern is generally shown by liquid/gel electrolytes that have high ionic conductivity (i.e. low Re). The real axis intercept at the high frequency end corresponds to Re of the system. Re remains nearly constant in the range 75–



83 Ω, over the time of study. The presence of BMITFSI in the PE thus helps to reduce Re very significantly (compare 75 Ω for PEOLiTFSI-BMITFSI(60) with 1970 Ω for PEO-LiTFSI). This is an expected behavior since the electrolyte with BMITFSI has a higher ionic conductivity at room temperature, almost 2 orders of magnitude higher than that of PEO-LiTFSI. The variation in Rf of PEO-LiTFSI-BMITFSI(60) with storage time follows a similar trend to that of PEO-LiTFSI; thus, Rf increases from an initial 3547 Ω to a maximum of 5690 Ω after 4 h and then continues to decrease reaching 3615 Ω after 72 h. It can be noticed that the incorporation of BMITFSI in PEO-LiTFSI electrolyte leads to a lithium electrode interface having a significantly lower initial Rf as well as a faster stabilization of the interface (4 h vs. 20 h). Thus, after 3 days, Rf is only ∼2% higher than the initial value for PEOLiTFSI-BMITFSI(60), whereas, for PEO-LiTFSI, Rf after 3 days is higher than its initial value by ∼80%. Lower Rf and its fast stabilization attained for the electrolyte containing RTIL indicates its better compatibility with lithium electrode and the formation of a stable, Li+ ion conducting film on the electrode surface. This passivation layer prevents further reaction of RTIL with lithium



Fig. 5. CVof PEO-LiTFSI-BMITFSI(60) during cycling (Li/PE/Li cell, scan rate 1 mV/s, voltage range −1 V to +1 V).



Fig. 7. Variation of impedance behavior of PEO-LiTFSI-BMITFSI(60) with storage time (Li/PE/Li cell, frequency range: 2 MHz–10 mHz).



Fig. 6. Variation of impedance behavior of PEO-LiTFSI with storage time (Li/ PE/Li cell, frequency range: 2 MHz–10 mHz). Inset shows magnification of the smaller semicircles.
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and thus helps to enhance the cathodic limit of the electrolyte and improve cycling properties as observed in CV studies. PEO-LiTFSI and PEO-LiTFSI-BMITFSI(60) electrolytes have been evaluated for performance in Li/ LiFePO4 cells. LiFePO4 has gained considerable attraction as a safe and non-toxic, 3.4 V cathode material for lithium batteries that can provide a high theoretical capacity of 170 mAh/g and excellent cycling properties [23,26,27]. A comparison of the discharge capacities of Li/ LiFePO4 cells at 25 °C and 0.05 C-rate using PEO-LiTFSI and PEO-LiTFSI-BMITFSI(60) is presented in Fig. 8. An increase in discharge capacity with cycle number is shown by both electrolytes, indicating the optimization/stabilization needed for achieving a compatible interface with the electrode. The electrolyte containing RTIL shows a better performance, nearly twice that of PEO-LiTFSI. Nevertheless, the discharge capacity realized at 25 °C is poor: i.e. a maximum of 32% of theoretical capacity only is delivered after 5 cycles. Although BMITFSI incorporation has resulted in a substantial increase in ionic conductivity of the electrolyte to 1.7 × 10− 4 S/cm at 25 °C, the performance is still not in a satisfactory level at room temperature. Nevertheless, at the moderate temperature of 40 °C, PEO-LiTFSI-BMITFSI performs better, as shown in Fig. 9. An initial discharge capacity of 90 mAh/ g is obtained which enhances to 140 mAh/g (corresponding to 82% utilization of active material) in 5 cycles. Thereafter, the discharge capacity remains stable with cycling, as shown in the inset of the figure. The enhanced performance at 40 °C compared to that at 25 °C is attributed mainly to the higher ionic conductivity of the electrolyte at 40 °C (5.7× 10− 4 S/cm). Increase of cell operation temperature also causes a reduction in the viscosity of the RTIL and facilitates easy wetting of the electrode surface by the electrolyte and better penetration of ions into the interior of the cathode resulting in enhanced performance of the cell. A similar, satisfactory performance of a PE incorporating pyrrolidiniumbased RTIL has been earlier reported for Li/V2O5 cells [9] and Li/ LiFePO4 cells [10] at moderate temperatures of 40–60 °C. The present study is the first one, to the best of our knowledge, which reports the suitability of PE containing BMI-based RTIL for application in LMPB. Properties such as high ionic conductivity,



Fig. 9. Discharge capacities during first and fifth cycles of Li/LiFePO4 cell at 40 °C using PEO-LiTFSI-BMITFSI(60) as electrolyte (voltage: 2.0–4.2 V). Cycle performance of the cell is shown in inset.



low interfacial resistance with lithium electrode and good electrochemical stability of PEO-LiTFSI-BMITFSI electrolyte make it a good candidate for use in LMPBs operating at moderately high temperatures. 4. Conclusions PEO-LiTFSI solid electrolyte has been modified by the incorporation of 20–80 pbw of the RTIL, BMITFSI. A decrease in Tm of the crystalline segments of PEO and the formation of an amorphous phase in the electrolyte has been observed by inclusion of BMITFSI in the system. BMITFSI addition results in a very significant increase in ionic conductivity of the electrolyte, the effect being more pronounced at lower temperatures. Ionic conductivity increases with the increase in RTIL content and reaches 3.2 × 10− 4 S/cm at 25°C with PEO-LiTFSI-BMITFSI(80). CV studies demonstrate the suitability of the PEs containing BMITFSI for lithium battery application with well-defined redox processes corresponding to lithium stripping and deposition. The presence of BMITFSI in the electrolyte significantly reduces Re and Rf and also helps to achieve a faster lithium electrode stabilization. The optimum electrolyte, PEO-LiTFSI-BMITFSI (60) with good mechanical integrity performs well in Li/LiFePO4 cells at the moderately high temperature of 40 °C, exhibiting an active material utilization of 82% and stable cycling properties. Acknowledgements



Fig. 8. Discharge capacities during first and fifth cycles of Li/LiFePO4 cells at 25 °C using PEO-LiTFSI and PEO-LiTFSI-BMITFSI(60) as electrolytes (voltage: 2.0–4.2 V).
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