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Introduction

* Increasing political and consumer focus on climate change

— Increase electric vehicle (EV) production

* Increased lithium-ion battery (LIB) production




THE NORTHERNMOST UNIVERSITY
of Technology in Scandinavia

* Increased lithium-ion battery (LIB) production

Electric car stock (BEV and PHEV), 2005-15
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Battery energy density (Wh/L)
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 Cathode

— Lithium metal oxide, LiMeO,, graphite and
PVDF binder on aluminum foil

— Metals used: i.e. Co, Ni, Mn, Al, Fe

 Anode
— Carbon and PVDF binder on copper foll

» Electrolyte
— Li salts and organic solvents (flammable).

» Plastic casing and electrical contacts [T
and circuit
— Plastics and electronics

e Electronic circuit
— Serve as a guard

» Steel or aluminium casing
— Steel (Fe, Cr, Ni), Al

Anode
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— Earlier: Cobalt recovery

— Nowaday: ? Lower cobalt content

o Different battery chemistries
— All contain Li in cathode

— Electrolyte contain Li salts in solution

e Short circuiting / thermal runaway

System NCA Graphite LFP(phosphate) MS (spinel)
Electrodes Graphite Graphite

Positive LiNig gC0g 15Al5 0505 LiFePO, LiMn,O,
(Cathode)
Negative Graphite Graphite Graphite LULEA
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Publications within the subject

Mechanical reatmant

Mechanical processing

i i i w I ] prometaungy
— Crushing and sieving m
Pyrometallurgical processing - :

— Pre-heating and smelting -
» Hydrometallurgical processing .
— Separation of metals 2 W0
— Leaching %
« Existing recycling routes ol

— Combination of processes

— Umicore
» Heating/smelting process follow by
leaching — recovering Co, Ni, Cu and Fe
- TOXCO prOCeSS ﬂ | | | | | | | | | | | |
» Cooled in Nitrogen, mechanical shredding 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

and hydrometallurgical process — recover
LiOH, and metals

— Sony-Sumitomo process
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Sony-Sumitomo
process (Japan)
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— Designed for all types of Li containing waste
VR

Toxco process
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Fe, O, P, V, Mg...
C, H, Si, K, Na...

“ Mineralization “ » Ore

v
4 A
e
v
’
’
’
e
’
4

» Hydrometallurgy

~\

Refining/

Cu, Zn, Pb, Ni, Co, Au, Ag
S, Fe
Sh, As, Bi, Sn

N

Beneficiation

Further processing

Al, Cr, Li Secondary mtrl.
etc I
scrap/residues

"/5 Smelter ?

 Combination of mineral processing, hydro- and pyrometallurgy
» Beneficiation to enriched material streams
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