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ABSTRACT
Ionic liquid electrolytes (ILEs) offer a safer and more sustainable alternative to 
conventional organic electrolytes in lithium-ion (Li-ion) batteries. Their low 
flammability, high electrochemical stability above 4.2 V, and resistance to 
thermal decomposition make them suitable for applications that require high 
safety and long-term durability [1]. Conventional electrolytes are highly volatile, 
which limits their recovery during recycling and often leads to material loss [2]. 
In contrast, ILEs are less volatile and more thermally stable, creating 
opportunities for improved electrolyte recovery. Despite these advantages, 
recycling methods tailored to ILE-based Li-ion batteries remain limited.

This work presents an interface-focused delamination method for direct 
recycling of electrodes from ILE-based lithium-ion batteries. Rather than 
decomposing binders, the approach weakens adhesion at the 
current-collector/active-material interface through controlled interfacial 
modification, thereby allowing clean lifting of CAM or AAM from aluminium or 
copper foils with minimal damage [3]. Both the active material and current 
collector are preserved close to their original state, reducing chemical severity 
and material loss. The study describes the separation mechanism, key operating 
parameters, and post-separation cleaning, purification, and validation steps, and 
positions the technique as a scalable pathway for efficient direct recycling of 
ILE-based cells.
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MECHANICAL 
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• The cathode incorporating an aqueous 
binder demonstrated enhanced 
responsiveness to ultrasonication. 

• However, the applied ultrasonic 
intensity was excessively high, leading to 
physical damage of the electrode sheet. 

• This damage introduced aluminium 
impurities into the delaminated cathode 
material.

Need for an Alternate delamination process
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• Delamination must act selectively at the CAM–
aluminium interface.

• The aluminium current collector should remain 
mechanically intact.

• Separation should avoid aggressive chemicals 
and high mechanical stress.

• The recovered material should remain 
compatible with direct recycling steps.

ElectroChemical Delamination  (ECD)

Mechanism of Delamination

• Delamination is initiated by controlled 
interfacial oxidation at the Al current 
collector–CAM interface.

• Oxide formation and associated volume 
expansion weaken interfacial adhesion.

• Under aqueous electrochemical 
conditions, local hydrogen evolution 
may further assist separation.

• Gas formation generates additional 
interfacial stress at regions already 
weakened by oxidation.

Al Current collector

CAM

Al Current collector

CAM

Al2O3 Layer Interface-Focused 
Delamination

Force acting 
outwards at 
the interface

Al Current collector

CAM

• In contrast to sonication-driven delamination, where cavitation collapse 
applies compressive forces toward the current collector,

• The present method relies on outward-directed interfacial stresses arising 
from chemical modification and, where applicable, gas evolution.

Experimental setup and Results
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• The ECD method enables effective separation of the used cathode active 
material from the aluminium current collector.

• This acts as an alternative to the conventional method, and the mechanism 
for delamination makes it suitable for cleaner delamination.

• The recovered material remains compatible with thermal treatment and 
relithiation.
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