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ABSTRACT

Recovery of cobalt from soft cemented carbide scraps is a critical challenge due to the limitations of
conventional pyrometallurgical and hydrometallurgical processes, which are energy intensive,
environmentally hazardous, and generate corrosive effluents. A novel electrochemical approach using
deep eutectic solvents (DES) addresses these gaps by enabling a green, scalable process under mild
conditions, achieving >99.9% cobalt purity while minimizing waste and eliminating aggressive
chemicals. The innovation lies in the single-step electrodeposition of cobalt onto surface-engineered
stainless-steel substrates, eliminating binders and shurry-based fabrication for energy storage devices.
This direct integration produces binder-free supercapacitor electrodes with exceptional performance-

specific capacitance of 357 F-g—1, energy density of 44.8 Wh-kg-1, and
robust cycling stability, outperforming conventional systems. Cobalt’s
unique redox properties make it highly suitable for single step recovery
from wastes to direct fabrication for supercapacitor applications,
enabling fast charge-discharge c¢ycles and high energy density, critical
for next generation energy storage. Comprehensive characterization
using XRD, SEM-EDS, Raman spectroscopy etc. confirmed phase purity and
morphology, while CV, GCD, and EIS validated superior electrochemical
behavior. Additionally, a multi—-step recovery route producing cobalt
oxalate and cobalt oxide powders from cemented carbide sludge
demonstrated high power densities (>2600 W-kg-1), showcasing
versatility for advanced energy storage. By converting hazardous soft
scrap into high value energy materials, this approach promotes a circular
economy, reduces reliance on primary cobalt sources, and accelerates
sustainable energy technologies.
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