Diamond cloth-supported NiMnOx electrodes for flexible supercapacitors 
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Conductive diamond is one of the best electrode materials for various electrochemical applications. However, flexible diamond electrodes needs to be developed for recent emerging flexible electronic devices such as flexible supercapacitors. Diamond cloth (DC) was proposed as a promising candidate, where carbon cloth substrate is conformally overgrown with a conductive boron-doped diamond (BDD) thin film. DC thus offers superior chemical stability, rich surface chemistry, and good flexibility, making it an ideal scaffold for stabilizing pseudocapacitive materials.1 Meanwhile, in order to enhance the performance of flexible diamond supercapacitors, nickel-manganese oxides (NiMnOx), one of attractive pseudocapacitive materials was introduced to DC surface, owing to its rich multivalent redox chemistry. 

In this presentation the construction of a NiMnOx@DC flexible electrode via a controllable electrodeposition method will be shown with an aim to construct flexible supercapacitors that deliver both high power density and energy density while maintain electrochemical and mechanical stability under repeated deformation. DC was employed since the practical use of NiMnOx is often limited by weak interfacial bonding and structural degradation when directly grown on other substrates such as carbon cloth (CC).  Compared to NiMnOx@CC prepared under identified conditions, NiMnOx@DC exhibits enhanced electrochemical performance. In 1.0 M Na2SO4, NiMnOx@CC delivers 47.1 mF cm-2 at 10 mV s-1 and 42.8 mF cm-2 at 1 mA cm-2, whereas the optimized NiMnOx@DC achieves 180.5 mF cm-2 at 10 mV s-1 and 228.1 mF cm-2 at 2 mA cm-2. Notably, NiMnOx@DC maintains nearly ideal coulombic efficiency (~100%) and more stable cycling over 10,000 charge-discharge cycles. The enhanced performance of NiMnOx@DC can be attributed to improved adhesion between the active material and BDD surface, facilitating more efficient electron transfer, and optimized pore structure that promotes electrolyte penetration and ion transport. A symmetric quasi-solid-state device assembled from NiMnOx@DC delivers an energy density up to 72.8 μWh cm-2 and a power density of 17.0 mW cm-2. This device remains high mechanical robustness under various bending conditions, which is attributed to the inherent flexibility of the DC substrate and the strong interfacial adhesion between the substrate and the NiMnOx active material. In summary, such flexible diamond supercapacitors are promising energy-storage units for wearable and portable electronics in future.  
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