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The surging global demand for portable electronics and electric mobility has led to an
unprecedented scale-up in lithium-ion battery manufacturing. This expansion puts severe pressure
on critical raw materials (CRMs) supply chains and generates many spent batteries still harbor high -
value metals. Establishing ecofriendly recycling methodologies to close the material loop represents
a pivotal milestone for the battery industry. Direct recycling has emerged as a promising alternative,
focusingon the reclamation of cathode components without dismantling their crystalline structure
and functional properties. This methodology offers a viable pathway to lower energy demands,
minimize chemical consumption, and reduce the overall carbon footprint compared to traditional
pyro and hydrometallurgical operations. This study focuses on layered oxide cathode powders
sourced from spent lithium-ion pouch cells. To isolate the active material from the current foil,
various mechanical and solvent-assisted delamination strategies were evaluated. Every tested
procedure proved the versatility and reliability of the pretreatment phase. The restoration of the
degraded cathode was achieved via a solid-state relithiation process, optimized to correct lithium
deficiencies and reorganize the structural lattice. Physical-chemical analyses verified both the
successful reconstitution of the layered crystalline phase and the suppression of impurities
accumulated during cycling and processing. Electrochemical tests showed an improvement
compared to its initial capacity, validating the functional revitalization of the active matrix. In
conclusion, thisresearch highlights the viability of direct recycling routes for the upcycling of cathode
components from end-of-life LIBs. The findings underscore the capability of these processes to foster
a circular battery economy by mitigating waste streams, minimizing environmental footprints, and
easing the reliance on critical primary resources.



