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Novel Cu Based Oxides with Tunnel Structure as Cathode for
Sodium—ion Batteries

Liu, Lilu Qi, Xingguo Hu, Yongsheng* Chen, Liquan Huang, Xuejie
(School of Physical Sciences, University of Chinese Academy of Sciences, Institute of Physics,
Chinese Academy of Sciences, Beijing 100190, China)

Abstract Lithium-ion batteries have dominated the electronic and portable device market, since its commercialization in
1990s. However, the cost gets boosted because of the shortage and uneven distribution of lithium. Due to the advantage of
cost compared with lithium-ion batteries, sodium-ion batteries are considered as the potential candidates for large scale ener-
gy storage systems. Cu based tunnel type materials were first synthesized through simple solid state reaction, with Na,COs,
CuO, Fe,03, MnO, and TiO, as starting materials. These raw materials were weighed and grounded in an agate mortar, fol-
lowed by heat treatment at 950 ‘C for 24 h in air. The obtained samples were analyzed by X-ray diffraction (XRD), scanning
electron microscopy (SEM) and electrochemical performance test. The XRD results demonstrate the tunnel structure was
formed with space group pbam (the same with Na 44MnO,) for each compound. SEM observation manifests that the distribu-
tion of particle size is from several hundred of nanometers to several micrometers. The specifically designed compound with
Mn substitution (Nay ¢6Cug17Mng33Ti500,) can deliver 90 mAh/g cycled between 1.5~4.1 V. Good cycling stability was
verified for this compound, of which 90% of its capacity maintained after 50 cycles at 0.1C rate. Moreover, the rate capability
is also good and 74% of its capacity remained when cycled at 1C rate. Charge transfer mechanism was studied by X-ray pho-
toelectron spectroscopy (XPS), and the electroactivity of Cu®*/Cu®" in this tunnel structure was proved. In addition, we also
performed in-situ XRD in order to examine the structure change during sodium extraction and intercalation. Only solid solu-
tion reaction took place during the test with shift of peaks or change of the peaks’ intensity, however without the appearance
of new peaks or disappearance of existed peaks. Here we report, for the first time, the electroactivity of Cu®"/Cu*" in tunnel
type structure. Our results provide new insights in designing tunnel type compound as cathode material for sodium-ion bat-
teries.

Keywords Cu’'/Cu®" redox couple; layered structure; tunnel structure; sodium-ion batteries
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Na Cu Fe Mn Ti
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Nay 6Cuy3Tip 70, 0.583  0.306 0 0 0.694
Nag 66Cuy.33Tip 6702 0.655 0.332 0 0 0.668

Na0,65Cu0_|7Fe0_33Tiq'5002 0.657 0.176 0.333 0 0.491
Na0,65Cu0_|7Mn0'33Ti0'5002 0.668 0.168 0 0.336 0.496
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Figure 2 Typical SEM image of NagCug17Mng33TipsO, compound
and energy-dispersive spectroscopy mapping with the distribution of Cu,
Mn and Ti
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Figure 6 The initial 5 cycles of (a) electrochemical profiles and (b) cyclic voltammetry (CV) profiles of Nag ¢Cuo 17Mng33Tiy 5O, between 1.5~4.1 V. (c)
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