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Battery Industry
South Korea’s Battery Recycling 2024 
In 2024, South Korean major companies are actively involved in battery recycling. SK, LG, 
and Samsung have established partnerships and invested in recycling technologies and 
facilities. Additionally, POSCO and Doosan are also expanding their efforts in the battery 
recycling industry. Battery RecyclingKey Players Status

1. SK Innovation
   - Developed lithium hydroxide recovery technology.
   - Recycling partnerships with EcoPro and Ascend Elements.

2. LG Energy Solution
   - Invested in Li-Cycle for nickel recycling.
   - Joint venture with Huayou Cobalt in China.

3. Samsung SDI
   - Collaborated with SungEel HiTech for recycling.
   - Established a closed-loop system in global plants.
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NCM Battery Recycling?:  Sulfuric acid Leaching with H2O2 as 
reductant

Battery Industry

✔ Sulfuric acid Leaching 

- Reductants are required to enhance the metal solubility especially Co, Mn by transforming from 
insoluble species Co(III) and Mn(IV) into soluble species Co(II) and Mn(II)

- H2O2 is main reducing agents to reduce the transition metals and Among the alternative, Iron ions 
can be used as reductants

NaHSO3, Na2S2O5, 
Ascorbic acid, 
Glucose, Hydrazine 
sulfate, Iron ions etc.
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✔ LFP Battery Market Share (unit: %) ✔ Development Plans 

LG Energy 
Solution

Samsung 
SDI

SK 
on
POSCO 
Futurem

Mass-producing batteries for 
energy storage systems (ESS)

Planning to begin full-scale 
production in 2026

Development completed; detailed 
mass production plans undisclosed

Producing 20,000 tons of LFP and 
other cost-effective cathode 
materials next year

Battery Industry
The LFP battery market is growing rapidly, driven by its safety and cost benefits. South Korea 
battery companies are actively developing and planning mass production to meet increasing 
global demand. 
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LFP Battery Recycling?: Metal value and Recycling 
viability

✔ Battery Metal Values ✔ Recycling of LFP

Battery Industry

Battery Values Viability

NCA 
(Ni-Co-Al)

$71 per 
kWh High

NCM811 
(Ni-Co-Mn)

$68 per 
kWh High

LFP
 (Li-Fe-P)

$45 per 
kWh Low 

- Economic viability due to high metal prices and Potential decrease in value due to falling Li prices
- Low metal value made recycling uneconomical and lack of incentive for recycling LFP batteries
- For economic reasons, LFP batteries are being recycled through direct recycling or precursor recovery 

methods.

Source: KIPOST
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LFP Battery Recycling?:  LFP made from following 
materials 

Positive plate

Negative plate

Separator

Electrolyte

Case

Al sheet + LiFeYPO4

Cu sheet + Carbon

PP + PE Film

Organic solvent + LiPF6

PP, Aluminum alloy

Battery Industry

✔ Structure of LFP Battery

Results and discussion 
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Results of Battery Recycling
Pretreatment:  Physical separation of spent 
LFP 
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NiO MnO Co2O3 CuO Al2O3 Fe2O3 P2O5 SiO2

A(S) 26.52 13.95 9.17 7.60 6.05 1.65 0.57 0.25

B(H) 17.86 3.81 6.68 9.41 4.61 1.18 0.30 1.91

NCMLiOH
NixCozMny(OH)2Ni Co Mn

LiNixCoyMnzO2

Results of Battery Recycling
Pretreatment:  Information of NCM 
samples

✔ Composition of NCM samples 
(unit: wt%)

A B
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Raw 600 ℃

Results of Battery Recycling
Pretreatment:  Heat treatment for removing organic and further 
process
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Results of Battery Recycling
Pretreatment:  Heat treatment for removing organic and further 
process
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Results of Battery Recycling
Leaching part(i): Effect of Fe and Cu as reductant for sample 
A(-OH)
✔ Leaching efficiency (Cu as 

reductant) 

Experimental conditions: Concentration, 2M H2SO4; PD, 20%; Reductant(Cu, Fe), 25%/PD; 
                                       Temp., 80℃, Time, 6 H

✔ Leaching efficiency (Fe as 
reductants) INPUT INPUT
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Results of Battery Recycling
Leaching part(ii): Effect of Fe and Cu as reductant for sample 
B(-O2) 
✔ Leaching efficiency (Cu as 

reductant) 
✔ Leaching efficiency (Fe as 

reductants) INPUT INPUT

Experimental conditions: Concentration, 2M H2SO4; PD, 20%; Reductant(Cu, Fe), 25%/PD; 
                                       Temp., 80℃, Time, 6 H



17

Leaching part(i): Effect of Cu dosage on NCM 
leaching  

Results of Battery Recycling

Experimental conditions: Concentration, 2M H2SO4; PD, 20%; Reductant(Cu), 1~20%/PD; Temp., 80℃, Time, 6 H

1% 
Cu/PD 

5% 
Cu/PD 

10% 
Cu/PD INPUT INPUT INPUT
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Results of Battery Recycling
Leaching part(i): Effect of Cu dosage on NCM 
leaching 

15% 
Cu/PD INPUT INPUT

20% 
Cu/PD 

Experimental conditions: Concentration, 2M H2SO4; PD, 20%; Reductant(Cu), 1~20%/PD; Temp., 80℃, Time, 6 H
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Cementation?
Reduction?

Leaching part(i): Effect of Cu dosage on NCM 
leaching  

Results of Battery Recycling
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Leaching part(i): Effect of Cu dosage on NCM 
leaching  

Results of Battery Recycling

Source: Yoo, K., et al. (2020)Improvement of copper metal leaching in sulfuric acid solution by simultaneous use of oxygen
             and cupric ions. Metals 2020, 10, 721



21

Standard reduction 
potential [V]

Leaching part(i): Effect of Cu dosage on NCM 
leaching  

Results of Battery Recycling

- Cuprous ions are unstable in sulfuric acid solution, they 
immediately convert to cupric ions by losing one electron. 

- Electron can easily reduce Co3+ and Mn3+, which have relatively 
high redox potentials, making Co and Mn easier to leach.
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Standard reduction 
potential [V]

Leaching part(i): Effect of Cu dosage on NCM 
leaching  

Results of Battery Recycling

- Most of the cobalt and manganese have been leached, there are 
no more ions acting as oxidizing agents.

- The electrons released from the oxidation of Cu⁺ to Cu²⁺ are 
received by Cu⁺ ions, forming metallic copper precipitates.
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방전됐을 때 Fe(iii)로 존재하기 때문에 2가 
철이온 필요함 (FeO) 

✔ Heat treatment (active 
atmosphere)

Results of Battery Recycling
Leaching parts: Effect of Iron ions on reducing of Co(III), Mn(III) to Co(II), 
Mn(II)

- Heat-treating LFP in an active atmosphere converts it into the 
Fe2O3 phase, incorporating trivalent iron ions (Fe³⁺). 

- To obtain divalent iron ions (Fe²⁺) from Fe2O3, it is necessary to 
perform heat treatment in a reducing atmosphere. This process 
reduces Fe2O3 to FeO, providing the desired Fe²⁺ ions.

LiFePO4
 

 

Thermal 
treatment

Oxidation
(maghemite)

(hematite)

ReductionFe(II)O
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방전됐을 때 Fe(iii)로 존재하기 때문에 2가 
철이온 필요함 (FeO) 

Results of Battery Recycling
Leaching parts: Effect of Iron ions on reducing of Co(III), Mn(III) to Co(II), 
Mn(II)

Standard reduction 
potential [V]

- Heat-treating LFP in an active atmosphere converts it into the 
Fe2O3 phase, incorporating trivalent iron ions (Fe³⁺). 

- To obtain divalent iron ions (Fe²⁺) from Fe2O3, it is necessary to 
perform heat treatment in a reducing atmosphere. This process 
reduces Fe2O3 to FeO, providing the desired Fe²⁺ ions.

LiFePO4
 

 

Thermal 
treatment

Oxidation
(maghemite)

(hematite)

ReductionFe(II)O



25

✔ (A)Leaching efficiency (FeO as 
reductant) 

Experimental conditions: Concentration, 2M H2SO4; PD, 20%; Reductant(FeO), 25%/PD; Temp., 80℃, Time, 6 H

Leaching part(iii): Effect of Fe(II)O as reductant for sample A(-OH) and 
B(-O2) 

✔ (B)Leaching efficiency (FeO as 
reductants) INPUTINPUT

Results of Battery Recycling
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Conclusions

✔ LFP(Fe, Cu) used as reductant for leaching of Co and Mn from LIBs
Co < 99%, Mn < 99%, Ni 99 %, Li 99% at 2M H2SO4, 80 oC, 6h, PD 20% with Cu or Fe as reductants

✔ Electron donation aids in Co, Mn leaching during conversion of Fe, Cu ions
Copper ions from monovalent to divalent (Cu+ to Cu2+)
Iron ions should convert to FeO to reduce the ferric ion to ferrous (Fe3+ to Fe2+)                    

✔ Phenomena clarified via direct methods (electrochemical analysis)
Investigate whether the electrons generated during the conversion of copper(I) ions to copper(II) 
ions are utilized in the reduction of cobalt and manganese
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Thank you for your attention!
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LIBs Recycling R&D
Previous Experiment: Efficient Separation Technology for Electrode Active 
Materials
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Results of Battery Recycling
Pretreatment:  Heat treatment for removing organic and further 
process

✔ Composition and potential environmental pollution of LIBs of 
LIB battery 


