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Abstract
        Lithium-ion batteries (LIBs) have been considered as one of the most promising electric energy storage systems due to the various merits of high voltage, high capacity, low cost and environmental friendliness. However, there are still several challenging issues in LIBs to be overcome in order to fulfil the requirements as high-performance power sources in future market, including higher capacity, lower cost, longer cycle life and better rate performance. Nanostructure engineering has been demonstrated as a powerful and effective strategy in the rational design of new electrode materials with optimized performance through both morphological and compositional solutions. For example, various nanostructures with controlled morphologies including hollow spheres/cubes, nanowires/rods as well as nanoplates could achieve significantly enhanced lithium storage properties due to the size and shape effects. However, the intrinsic properties including low electrical conductivity and poor mechanical stability of most oxide electrode materials, leading to unsatisfactory cycling stability and rate performance, still seriously limit their applications. Recently, an emerging concept of hybrid nanostructures has attracted tremendous attention since better performance could be expected in such architectures. Coaxial nanocables, as one of the most interesting hybrid nanostructures, hold the great potential for simultaneously resolving the problems of poor electrical conductivity and weak mechanical stability with rational design and careful choice of core and shell components. However, there are not too many such reports showing the attractive properties of nanocable structures for lithium storage, probably due to the lack of appropriate synthesis methods.
        In this work, we have successfully synthesized CNF@MnO and CNF@CoMn2O4 coaxial nanocables with considerably enhanced lithium storage performance through a facile two-step strategy. The method involves the polyol process for the synthesis of metal-glycolate layer on the surface of the CNFs and the subsequent thermal ennealing treatment undr N2 protection. These two nanocable electrodes exhibit remarkable lithium storage properties in terms of high specific capacity, long cycle life and superior rate performance. For example, at a current density of 1000 mA/g, the CNF@CoMn2O4 nanocable electrode can deliver a high capacity of about 655 mAh/g and can last for at least 300 cycles, which is remarkable. The enhanced electrochemical performance could be attributed to several advantages of the smart coaxial nanocable configuration, which can effectively alleviate the volume change, prohibit the nanoparticle aggregation and facilitate the electron transport. Such high-performance nanosctructures with large-scale production might hold great potential for the fabrication of high energy and power density lithium-ion batteries.
[image: F:\T420\CCO-CMO paper\EES\EES revised version\Send to lou\TOC figure.tif][image: F:\T420\CCO-CMO paper\EES\EES revised version\Send to lou\Figure 4.tif]
Typical morphologies and lithium storage properties as anode for LIBs
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