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The main objective of the present work is to study the effect of rapid solidification on the electrochemical performance of Zr based Laves type alloy with a nominal composition Ti 12 Zr 21.5 V 10 Cr 7.5 Mn 8.1 Co 8 Ni 32.2 Al 0.4 Sn 0.3 . The samples were prepared from the as cast arc melted buttons by melt spinning at different copper wheel rotation speeds of 5, 16.5, 33, and 100 Hz, which are equivalent to linear speeds of 6.3, 21, 41, and 62.8 m s 1 respectively using a cooling wheel with a diameter of 20 cm. The phase composition and morphology of the ribbons were analyzed by X Ray diffraction (XRD) and scanning electron microscopy (SEM). The microstructural changes of the ribbons induced by the variations in the wheel rotation speed were found to be closely related to the electrochemical performances. High discharge capac ities exceeding 400 mAh•g 1 were achieved for the melt spun samples during the measure ments at low current densities. Furthermore, melt spun casting performed at the highest wheel rotation speed of 100 Hz resulted in the best rate performance of the alloy. As this alloy has the smallest crystallite size, this resulted in the shortest H atoms diffusion distances, and thus increased the efficient H diffusion rate and improved the electrochemical performance.

Introduction

Zr based Laves alloys have become the most promising can didates between the metal hydride (MH) alloys used as nega tive active electrode materials in the Nickel/Metal Hydride batteries due to their high capacities in storing hydrogen by forming AB 2 H 3-4 hydrides [1e5]. However, poor activation performance of AB 2 MH alloys in comparison with that of the commercial AB 5 MH compositions motivated intensive studies to improve their electrochemical performance [6e8]. Rapid solidification (RS)/rapid quenching is one of the mate rials processing techniques which produces nanostructured alloys by applying cooling rates exceeding 10 4 K$s 1 to the molten metal, thus affecting both the phase composition and microstructure of the alloys [9e13]. Both the morphology and the highest discharge capacity (after 33 charge discharge cy cles) of 237 mAh•g 1 . This can be due to its optimized microstructure showing a significant refinement, and a rather limited phase segregation as compared to the other melt spun samples.

The discharge rate performances of each sample are pre sented in Fig. 5 (b). These rate performances were evaluated by calculating high rate dischargeability (HRD) given in Table 4, which presents the ratio of the discharge capacity available at the highest current density of 304 mA g 1 to the electro chemical capacity at the lowest current density at 10 mA g 1 . The as cast alloy shows the highest discharge capacity at most applied discharge current densities. The highest discharge capacity at the lowest current density measurement is observed for the melt spun 16.5 Hz sample. This capacity drops faster during the initial increase in current densities, but the decrease in capacity slows down as the current density increases further indicating that the RS pro cess effectively improves the rate performance at higher current densities. Gradual capacity decrease for the studied alloys with increasing current densities can be observed clearer by analyzing the data of the Table 4. The largest decrease in HRD is found to happen for a 16.5 Hz sample, then followed by 33 Hz and 5 Hz samples. However, this rapid decrease only takes place at lower current densities. As cast sample shows the smallest decrease in the capacity at the beginning, but it becomes more pronounced when the current density increases. cooling rate achieved at 100 Hz. This phenomenon is believed to be due to the optimized structure obtained by reaching an appropriate ratio between C14 and C15 phases providing a synergetic effect and improving the rate performance.

Fig. 4 e

 4 Fig. 4 e BSE SEM micrographs of as-cast (a) and melt-spun samples produced at different rotation speeds of 5 Hz (b), 16.5 Hz (c), 33 Hz (d), and 100 Hz (e).

Acknowledgement

This work was supported by Norwegian Research Center on Zero Emission Energy Systems for Transport (MoZEES). We thank CNRS/University of Bordeaux and Prof. Jean Louis Bobet for the availability of the laboratory facilities for the rapid solidification process, and BASF Ovonic Rochester Hills, USA for the access to their research laboratories during the work on this project. Ika Dewi Wijayanti received a fellowship from Indonesia Endowment fund for Education (LPDP) to perform a PhD research project at NTNU/IFE in Norway. r e f e r e n c e s