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Abstract : As demand for electric vehicles increases, the market for lithium-ion batteries is also rapidly increasing. The battery life
of lithium-ion batteries is limited, so waste lithium-ion batteries are inevitably generated. Accordingly, lithium was selectively pre-
leached from waste lithium iron phosphate (LiFePO,, hereafter referred to as the LFP) cathode material powder among lithium ion
batteries, and iron phosphate (FePO,) powder was recovered. The recovered iron phosphate powder was mixed with alkaline sodium
carbonate (Na,COs) powder and heat treated to confirm its crystalline phase. The heat treatment temperature was set as a variable,
and then the leaching rate and powder characteristics of each ingredient were compared after water leaching using Di-water. In this
study, lithium showed a leaching rate of approximately 100%, and in the case of powder heat-treated at 800 °C, phosphorus was
leached by approximately 99%, and the leaching residue was confirmed to be a single crystal phase of Fe,O,. Therefore, in this
study, lithium, phosphorus, and iron components were individually separated and recovered from waste LFP powder.
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Table 1. Different extraction methods of LFP battery
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Method Condition Result Product After leaching Reference
Li = 96.85%, . After heat treatment, only the
. H,SO, + H,0 Li,PO .
Acid 6(;°C 4120 rinri Fe = 0.027%, Fle}PO4 FePO, Crystal phase was Li et al. [23]
’ P =1.95% ¢ confirmed by XRD analysis
NaHSO, + H,0 . . . . .
Acid a 10 04 L e Li = 99.84%, Li,CO, Electrical capacity evaluation Gong et al. [24]
15 riin Fe = 0.048% FePO, for reuse 8 ’
Acid H,SO, + O, = 97.82%, Li,PO, Only the FePO, crystal phase was W et al. [25]
120°C, 90 min P =22.48% FePO, confirmed by XRD analysis " '
Na,Cit .
. . Li,CO Only the FePO tal ph
Mechanical RT, 5 hr, Li = 98.9% s Hy e el clystal p ase‘ was Zhang et al. [26]
500 pm FePO, confirmed by XRD analysis
Nacl Li,CO
Mechanical RT, 6 hr, Li = 96.03% 2T Reuse using circular loops Liu et al. [27]
500 rpm NaFePO,
FeCl, Li,CO
Mechanical RT, 30 min, Li>97% BN No mention Wu et al. [28]
600 rpm LiFe,Oq
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Figure 1. (a) X-ray diffraction pattern and (b) ~ (c) SEM image of
waste LiFePO, powder.

Table 2. Chemical composition of waste LiFePO, cathode
powders and residue after leaching (%)
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Figure 2. Experimental procedure for the Li separation/recovery of
waste LiFePO, powder.
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Figure 3. X-ray diffraction pattern of wasted LFP powder and
leaching residue.
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Table 3. Chemical composition of leaching solution and leaching

efficiency (%)
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Figure 4. Gibbs free energy change according to various chemical
reaction equations when mixing FePO, and Na,CO,
powders.
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Figure 6. X-ray diffraction pattern of FePO, and Na,CO, and their
mixed powders (2:3 = FePO,:Na,CO;) mixed by ball
milling.
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Figure 5. TGA curves; (a) FePO,, Na,CO; and mixed powder, (b) detailed curve of mixed powder.
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Figure 7. X-ray diffraction pattern; (a) according to heat treatment temperature of mixed power, (b) residue after water leaching of heat-treated
powder at each temperature.
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Table 4. ICP-OES data and leaching efficiency after water
leaching according to heat-treatment temperature

Temperature L-Fe R-P Fe .leaching P l.eaching
(ppm) | (ppm) | efficiency (%) | efficiency (%)
None 8.5 252,127 0.11 10.5
200 4.0 | 218,887 0.05 22.3
400 1.1 | 136,623 0.01 51.5
600 1.4 | 115,676 0.02 58.9
800 0.5 2,478 ~0 99.1

* L-Fe: Fe concentration in leachate, R-P: P concentration in
leaching residue
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Figure 8. Leaching efficiency of P and Fe according to heat-
treatment temperature.
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