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Experimental Methods : Pulsed Discharge Conclusions

Cathode

Al foi
Cathode Active Materials

Primer coating
determine the feasibility
and efficiency
of spent LiBs recycling.

Active Materials

Primer coating _ )
Separation mechanism;
Results , , -1 ..« Joule heating which
Without primer coating ~ With primer coating A~ With primer coating B e adbecive
Input energy [J/mm?] 2.0 17 11 deactivation
+ Plasma expansion
Delamination rate [%] 99 93 100 * Horizontal and bending
thermal stress
Fragmentation rate [%] 37 8.0 4.4
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Liberation of Nickel-Cobalt-Manganese-Based Active Materials from Cathode via EIeCtrlcaI PUISed DISCharge (EPD)
Composites by Dry Grinding Using a Calcium Oxide Grinding Aid

Sequential separations
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ABSTRACT ARTICLE HISTORY
The demand for lithium-ion batteries (LIBs) is expected to increase with the expanding efforts in Received 11 February 2025

achieving net-zero emissions. Various recycling processes are being considered for the proper dis- Accepted 16 April 2025
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K i utriation
posal of LIB waste. In recent years, direct recycling has been developed as an environmentally KEYWORDS / =

friendly and less expensive recycling process, whereby cathode active materials (CAMs) are recov- P . z

ered in their material form. In this study, a dried cathode slurry was used as a sample to investi- ';;2;':'?:1;?2;:::5?;3;? — e \ ‘ —;— —

gate the liberation of CAMs by dry grinding using a calcium oxide (CaO) grinding aid, which was '

found to improve the grinding efficiency. The chemical and image analyses showed that CaO aﬁ?l:‘;l'oiﬁjnedmg e Anode nmraterial
facilitated liberation because the CaQ was adsorbed on the polyvinylidene difluoride binder and \V—
maintained the dispersibility and flowability of the ground material. A basic study was performed C\foi
to confirm the possibility of direct recycling. As a result, the Ca0 grinding aid did not affect the
crystallinity or the fraction of CAMs that could be broken. It was also shown that CaO can be sep-

arated from the fine fraction side by simple air sorting, and CaO could be partially removed by AnOde materlal HNO
water washing, without leaching the critical transition metals. .‘.. o, .’ e S
. « ®
- ~» o » .. M .o e

Acid leaching

3 > 95% delamination maintaining graphite integrity . DR
with Cu and Fe contaminants High-purity graphite
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Manufacturing scrap of \
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— 150 &
74 U
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2 e 100 2
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