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Abstract

The global demand for lithium-ion batteries (LIBs) has been continuously increasing since the 1990s along with the growth
of the portable electronic device market. Of late, the rapid growth of the electric vehicle market has further accelerated the
demand for LIBs. The demand for the LIBs is expected to surpass the supply of lithium from natural resources in the near
future, posing a risk to the global lithium supply chain. Moreover, the continuous accumulation of end-of-life LIBs is expected
to cause serious environmental problems. To solve these problems, recycling the spent LIBs must be viewed as a critical
technological challenge that must be urgently addressed. In this study, recycling LIBs using pyrometallurgical processes and
post-processes for efficient lithium recovery are briefly reviewed along with the major accomplishments in the field and current
challenges.
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Table 1. Comparison between the different LIB recycling processes”

Pyrometallurgical

Hydrometallurgical Direct recycling

Type of method Chemical

Chemical Physical

Requirements High temperatures

Acids or other precipitating agents

Physical stimuli

Recovered materials Raw materials

Raw materials Active materials

High recycling rates; Large variety

Environmentally friendly; High

recover materials

A High li ; Sol fre i .
dvantages igh recycling rates; Solvent free of metals recovered specificity; Non-destructive
High temperatures needed; May Complex process: Use of toxic Non-specific; Do not allow for
Disadvantages need other processes to effectively plex p i simultaneous processing of different

reagents, Costly process

cathode materials

Efficiency evaluation Recovery rate

Recovery rate Resynthesized cell efficiency
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discharge process and lithium-ion movement in
LIBs”.
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Table 2. Valuable metals in the most common commercial LIBs”
Metal types (elemental weight %)
Battery types
Co Li Mn Ni Cu Al Fe
LiNi,Co,Mn,0,> 14.88 5.75 16.96 21.87 0.05 10.82
LiCo0,* 16 2 - - 10 3 19
LiCo0,> 5-20 5-7 - 5-10 - - -
LiCo0,*" 16.5 2 - - 7.1 4.1 -
LiCo0," 29.49 3.14 - 0.02 16.48 8.02 -
LiCo0,*" 27.5 14.5 - - 24.5 14 -
LiNiMnC00,"? 8.45 1.28 5.86 14.84 16.6 22.72 8.79
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Table 3. Brief data review on pyrometallurgical recycling of LIBs*

Spent material | Reducing/Muxing ageny | | el reatment Postreament | PREY WR
Polymer LIB*" Al can, pyrolusite, SiO, 800°C,2h H,S0,, H,0 99.84 | 50.28
LiCoy7Nig,1sMng,150,> Activated carbon 700°C, 1h C¢HsO7, NaySO4, | M, H,O|  >99 38.30
LiCo0,*® Graphite, NaOH 10 % 520°C,3h H,0 - 93.00
LiCo0,, LiMn,04, LiNiO,* Graphite 400-700 °C, 0.5-1.5 h - - -
LiCo0,*” Al foil 600°C, 1h NaOH 2.5 M - 93.67
LiCo0,™ NaHSO, - H,O 600 °C, 0.5 h H,0 72.56 | 0.53
LiCo0,”” HNO;, (70 °C, 5 h) 250°C, 1h H,0 <0.1 >93
LiCo0,*” NH,CI 350 °C, 20 min H,0 99 99
4.3. In-situ 22l HjA At A o2 2lE THUE ASHES] B 2+
‘in-situ’ S BiA HPHL 28k T-ojA] 2 AL 1,436 Kol 1,173 K& 7435199t o€ coupling ¥
wow ATEI Q= 2F 35 W 5 skl In- 4 collapsing ZE-2 in-situ 3]4=0] 7] Y2} E Hgs}
situ 378 TR 7| §lo] AR MR 9] dESHE & 31 A 9 ARRIA 9] T 71 Aidol] 7] ofstar k.
o vl A1§ 7153 Pel2 Wgksks Aot LiCo0,9 Table 3.2 fﬂl 2ol 714 AR PES B3t
LiMn,0; FFAE 71 92419 in-sitm S Hpglo] o AjgREo] A2 @O 2A Tt AdFSo] AYHT 9
FE|9lom, Fig. 73+ o] A71A glol WX oxygen- L LS alc}m.
free W4 TPgol K] 7 AT BAL LibCO:S} B4 %
T SRR WA, e AT 24 720 5.4 =
A4 FZ(oxygen framework)ol|A] &% 0] Li,CO;Z
WP ET} T 30, Xiao2t Maot in-situ 3<=of] T3t o] A MAF R H7] AR}t Aol FF3] EgEH,
22 242 AAsiglon, Bl U IHERD Aad] 7] AEAe) A9 BEgoR A8 2EolaA

)
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