REVERSIBLE NaVS2 (DE)INTERCALATION ELECTRODE FOR Na-ION BATTERIES
Eungje Leea, Donghan Kima, Michael Slatera, 
Christopher Johnsona, and Youngsik Kimb
a Chemical Science and Engineering Division, 
Argonne National Laboratory, Argonne, IL 60439, USA

b Department of Mechanical Engineering,

Indiana University Purdue University Indianapolis, Indianapolis, IN 46202, USA
INTRODUCTION

Electrode materials for Na-ion batteries that operate at room temperature have seen major advances in the last couple of years. Some of these examples are sodium layered oxides, poly-anionic materials, fluorides, framework oxides, NASICONs, and sulfate-fluorides.1 There also exist various transition metal sulfides that can be employed in Na batteries. The early first-row transition metal layered sulfides possess suitable electrochemical properties, and the first work was directed primarily to binary metal sulfides, most notably, the prototype intercalation electrode, TiS2.2 The Ti(IV)/(III) redox couple is about 1.8 – 2.0 V vs. Na. The layered TiS2 provides soft bonding of Na to the sulfide atoms in the layers, and large gallery space between the TM layer slabs to fit Na+, which allows facile reversible electrochemical (de)intercalation. The electrochemical properties of other disulfides such as VS2, TaS2, ZrS2, NbS2 were elaborated by Abraham et al.,3 but in these cases, because of the molten-salt nature of the electrolytes, these electrodes were operated at moderate 130 °C. Herein, we report for the first time the room-temperature insertion/extraction of Na from NaVS2 in order to evaluate the feasibility of the material as a electrode for Na-ion batteries. The structural change of NaxVS2 is monitored as a function of Na content, and the stable room-temperature phase of NaVS2 is determined.
EXPERIMENTAL

For synthesis of NaVS2, appropriate amounts of Na2S (Aldrich), S (Alfa, 99.999%), and V (Aldrich, 99.5%) were mixed together in an Ar glove box and placed in a carbon-coated quartz tube that was then sealed under vacuum. The tube was heated slowly over 20 h to 750 °C, held for three days, and then cooled slowly over 5 h to 250 °C, followed by quenching in air. The sample was removed from the tube in an Ar glove box where it was thoroughly ground and pelletized. Then it was treated again at the same temperature with the same experimental process. 
The electrodes were fabricated from a 70:20:10 (wt%) mixture of active material : acetylene black as current conductor : polytetrafluoroethylene as binder. The metal Na electrochemical half-cells (size 2032) were constructed as previously published.4 
For powder X-ray diffraction (XRD), the prepared sample was finely ground and placed in the sample holder of the diffractometer (Bruker D8 Advance, Cu Kα) and then was sealed with thin amorphous Kapton tape inside the He glove box. For the ex-situ XRD measurements the cells were discharged or charged to a certain voltage and then disassembled in a He glove box, wherein the electrodes were washed with dry dimethyl carbonate (DMC). The dried electrodes were mounted on the XRD holder and sealed with Kapton tape for XRD measurements.
RESULTS

Reversible electrochemical deintercalation of ~ 1.0 Na per formula unit of NaVS2, corresponding to a capacity of ~ 200 mAh/g, is achieved at room temperature. A room-temperature phase diagram of NaxVS2 (0 < x < 1) has been constructed by monitoring cell potential as a function of Na content, x during the deintercalation, and the stable phase for NaVS2 was determined as O3-type structure (Fig. 1). NaxVS2 shows O3-, P3-, and O1-type phase transition during the whole range of deintercalation from x = 1.0 to x = 0. When Na is inserted in to NaVS2, a reversible conversion reaction is observed. 
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Figure 1: Voltage profile of NaxVS2 (0 < x < 1).
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