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Abstract Electrochemically prepared poly(methyl)thiophene is characterized by cyclic voltammetry and galvanometry with an activated carbon counter-electrode. It is then used as a cathode in a laminated plastic asymmetric hybrid electrochemical device with a nano-structured Li4 Ti5 O12 anode. This device displays the specific power of a supercapacitor, with a higher specific energy of 10 Wh/kg, and better cycle-life than a Li-ion battery. The matching ratio of the active materials was found to strongly influence cycle-life. © 2003 Elsevier B.V. All rights reserved. Keywords: Poly(methyl)thiophene; Plastic; Asymmetric hybrid; Supercapacitor



1. Introduction Electronically conducting polymers are theoretically considered a very promising material for building electrochemical supercapacitors [1–3]. Among those polymers, poly(methyl)thiophene (PMeT hereafter) has attracted special interest since the 1980s as a cathode for rechargeable batteries [4]. More recently, other substituted polythiophenes have been proposed as suitable active materials for supercapacitor electrodes [5]. This is mainly due to their high specific capacitance, fast doping–dedoping kinetics, and their ability to undergo both n- and p-doping, making them usable in a symmetric configuration. However, differences in specific capacitance, cycle-life and doping kinetics of the nand p-doping processes have made these devices difficult to balance and unstable upon cycling. To improve the n-doping, electron withdrawing substitution on the monomer has been proposed, and interesting poly-3-arylthiophenes such as poly(fluoro)phenylthiophene have been identified [6]. Although the n-doping was still not stable enough, it has been found that these substitutions also improved the p-doping process, and resulted in a better stability and higher doping levels than polythiophene. In order to reduce cost, improve cycle-life, and still benefit from the higher energy and power yielded by a conducting polymer cathode, alternative ∗ Corresponding author. Tel.: +1-732-445-1653. E-mail address: [email protected] (A. Du Pasquier).
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anodes have been proposed too. In particular, activated carbon [7] and nano-structured lithium titanate oxide [8] have been used with a poly(fluoro)phenylthiophene cathode. However, two drawbacks still remain to be overcome with poly(fluoro)phenylthiophene: lower cycle-life and higher cost than activated carbon. For instance, the synthesis of poly(fluoro)phenylthiophene is a two step reaction: preparation of the monomer by coupling of bromo-thiophene with phenyl magnesium, followed by chemical or electrochemical polymerization of the monomer [9]. This is a concern for the cost of the polymer, and the risk of having bromide impurities. By contrast, PMeT of high quality can be directly prepared by electrochemical synthesis of the inexpensive monomer, yielding a lower cost and higher purity polymer. Such a polymer has been used with success with an activated carbon anode [10]. On the other hand, a nano-structured Li4 Ti5 O12 anode has also been successfully coupled with an activated carbon cathode, leading to the so-called nonaqueous asymmetric hybrid supercapacitors. Those devices have demonstrated a packaged specific energy of 11 Wh/kg, a specific power of 800 W/kg at 95% efficiency, and a cycle-life comparable to carbon–carbon supercapacitors [11]. The objective of the present paper is to study the coupling of a PMeT cathode with a nano-structured Li4 Ti5 O12 anode. First, the electrochemical evaluation of the polymer was performed according to the literature against an excess of activated carbon anode, in a three-electrode cell using PC-NEt4 BF4 electrolyte. Then, laminated devices
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were fabricated and tested with a limited amount of acetonitrile, LiBF4 2 M electrolyte. In particular, the specific energy, specific power and cycle-life of a packaged prototype using a Li4 Ti5 O12 anode and PMeT cathode are evaluated.



2. Experimental 2.1. Polymer synthesis Electrochemical synthesis of PMeT was carried out with an expanded Ti-platinized cylindrical working-electrode (114 cm2 ) in a cell with two separated compartments in a 0.5 M NEt4 BF4 in acetonitrile solution plus 1 M 3-methylthiophene in the working-electrode compartment (cf. Fig. 1). The separator was not porous to avoid contamination of the working-electrode compartment by species resulting of acetonitrile reduction that occurs on the counter-electrode during the experiment. All experiments were carried out under an argon atmosphere. Monomer oxidation was performed under galvanostatic conditions, with I = 7.5 mA/cm2 . The reaction yield was close to 81%. The dendritic polymer obtained was ground into a very thin powder and washed with methanol using soxhlet extraction for 3 days. The synthesis provided around 70 g of pure polymer. 2.2. Polymer testing Four centimeter square polymer electrodes were prepared by mixing the PMeT powder with an electronic conductor (acetylene black AB) and organic binders (3% CMC/2% PTFE mixture). The active material paste was then laminated onto a pre-treated aluminum current collector. The treatment consists in a conductive paint thin film deposition in order to



avoid aluminum re-passivation and to decrease the contact resistance between the active materials and the collector. Cyclic voltammetry and galvanostatic cycling tests were performed in a three-electrode cell with an activated carbon-based composite electrode as counter-electrode. The reference electrode was a Ag+ /Ag 10−2 M in acetonitrile; all the potentials were reported against Li+ /Li. The separator was made of PTFE (two sheets, each 25 m thick, 80% porosity). All cells were assembled in a MBraun glove box (oxygen and water content 
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