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Abstract : Globally, the demand for electric vehicles has surged due to greenhouse gas regulations related to climate change,
leading to an increase in the production of used batteries as a consequence of the battery life issue. This study aims to selectively
leach and recover valuable metal lithium from the cathode material of spent LFP (LiFePO,) batteries among lithium-ion batteries.
Generally, the use of inorganic acids results in the emission of toxic gases or the generation of large quantities of wastewater, causing
environmental issues. To address this, research is being conducted to leach lithium using organic acids and other leaching agents.
In this study, selective leaching was performed using the organic acid methane sulfonic acid (MSA, CH,SO,H). Experiments were
conducted to determine the optimal conditions for selectively leaching lithium by varying the MSA concentration, pulp density,
and hydrogen peroxide dosage. The results of this study showed that lithium was leached at approximately 100%, while iron and
phosphorus components were leached at about 1%, verifying the leaching efficiency and the leaching rates of the main components
under different variables.
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Table 1. Hydrometallurgical methods using the organic acids as leaching agent for the recycling of waste LiFePO, batteries

Leaching agents Experimental conditions Product Results Ref.
. 1 0,
. HCOOH W.lth 10% (V./V) 0 *R.R. Li 99.5% Mahandra and
Formic * HCOOH/Li molar ratio 3.23 - FePO,/C . .
. . . * L.E. Li 99.98% Ghahremian
acid * Pulp density 10% (w/v) - Li;PO, (99%) “L.E. Fe&P {0.5% 32]
 Temp. 30 °C, Time 30 mim o =
Cit * 100% H;Cit with 6% (v/v) H,O *L.E. Li 94.839
e % HCit with 6% (v/v) H0, - FePO, (96%) 194.83% 1 imar et al.
fruit juice * Pulp density 67 g L Li,CO, (99.2%) * L.E. Fe 4.05% 3]
acid * Room Temp., Time 90 mim R *L.E. P 0.84%
Weak Citric * H,Cit with H,0O, - Fe(OH), *L.E. Li 99.35% Li et al.
acid acid * Mechanochemical: 400 rpm, 2 hr - Li,CO; * L.E. Fe 3.86% [34]
*R.R. Li 95.05%
* 0.8 M CH;COOH with 6% (v/v) H,0O
Acetic « Pul densiSt 120 “I:l'l % (vIv) HO, - FePO, * L.S. Li 94.08% Yang et al.
acid ) Tenli’ 0 é Timge 30 mim - Li,CO; (99.95%) | «L.E.Li94.57% [35]
P «L.E. Fe (1%
« LFP 700 °C, 5 hr calcination * R.R. Li 99%
Oxalic * LFP with H,C,0, (1:1) - FeC,0,-2H,0 * R.R. Fe 94% Fan et al.
acid * Mechanochemical: 500 rpm, 2 hr - Li,PO, *L.E. Li 99.34% [36]
» Water leaching * L.E. Fe 7.13%

1) L.E. : Leaching efficiency, 2) R.R. : Recovery Rate, 3) L.S. : Leaching Selectivity
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Figure 1. Experimental procedure for the lithium selective separation
from waste LFP cathode powders.
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Table 2. Chemical composition of wasted LEP cathode powders. (mg kg™)

Elements Li Fe P Al
Waste LFP cathode powders 35,897 334914 213,161 1,157

Table 3. Leaching rate of reaction according to the pulp density (g L") and the MSA concentration (M) from waste LFP cathode powders

Pulp density MSA Leaching rate (%)
Sample . H,-pH
P (gLl M) Li Fe P PHPT
MSA S1 0.15 61.2 0.1 3.4 1.5-8.2
MSA S2 50 0.31 100 t 0.0 1.3 1.2-3.6
MSA S3 0.62 100 t 57.8 62.2 0.9-1.4
MSA S4 0.15 31.2 0.4 2.9 1.5-8.6
MSA S5 100 0.31 59.0 0.0 1.6 1.2-7.0
MSA S6 0.62 93.8 11.6 9.4 0.9-2.8
MSA S7 0.15 15.8 0.1 1.8 1.5-8.7
MSA S8 200 0.31 28.5 0.0 1.2 1.2-7.5
MSA S9 0.62 42.6 7.8 5.5 0.9-2.8
* pH;: initial pH in leaching, pHy: final pH after leaching
(a) 015M (b) 031M (c) 02M
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Figure 2. The correlation of leaching rate according to the pulp density and MSA concentration; (a) MSA concentration of 0.15 M, (b) 0.31 M,
and (c) 0.62 M.
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Figure 3. The xrd data of leaching residue; (a) MSA concentration variable (fixed pulp density: 50 g L") and (b) pulp density variable (fixed

MSA concentration: MSA 0.31 M).

Table 4. The leaching rate of reaction according to the H,0, dosage (mL) from waste LFP cathode powders

H.O, dasace Leaching rate (%)

Sample ? (sz) & o o . pH-pH,
MSA S2-0 0 62.6 41.2 40.3 1.2-2.6
MSA S2-1 1 87.4 23.2 22.6 1.2-2.8
MSA S2-2 2 100 1 14.7 16.5 1.2-3.0
MSA S2-3 3 100t 0.9 2.4 1.2-2.7
MSA S2-4 4 100 t 0.0 2.0 1.2-3.1

MSA S2 5 100 t 0.0 1.3 1.2-3.6
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