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[bookmark: _Hlk216640480][image: ]
Fig. S1 Schematic comparison of LFP battery recycling processes, highlighting conventional methods and the proposed strategy, where the direct recycling (Type C) eliminates the necessity to dismantling and separating processes and significantly reduces resource and energy use consumption and environmental impact.
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[bookmark: _Hlk216633487][bookmark: _Hlk216623588]Fig. S2 Digital photo of (a) spent LiFePO4/graphite (LFP/Gra) pouch cells and (b) the as-prepared I2-containing recovery reagent
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[bookmark: _Hlk216622943][bookmark: _Hlk216632670]Fig. S3 Cycling performances of spent LFP/Gra pouch cells in I2-containing electrolyte with different I2 molar concentrations (0-0.02 M)
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[bookmark: _Hlk216633106]Fig. S4 Cycling performances of spent LFP/Gra pouch cells in I2-containing electrolyte with different injection volumes
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[bookmark: _Hlk216636119]Fig. S5 Cycling performances of fresh LFP pouch cells at 1C without the injection treatment of I2-containing recovery reagent
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Fig. S6 CV curves of spent LFP/Gra pouch cells in iodine-free electrolyte within 2.5-4.2 V at 0.1 mV s-1
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Fig. S7 XRD patterns of S-Gra and R-Gra anodes
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Fig. S8 Raman spectra of B-Gra anode

[bookmark: _Hlk216878335][image: ]
Fig. S9 SEM images and EDS mapping images of S-Gra anode
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Fig. S10 Atomic and mass content of C, O, F, N and I in S-Gra anode
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Fig. S11 SEM images and EDS mapping images of R-Gra anode


[image: ]
Fig. S12 Atomic and mass content of C, O, F, N and I in R-Gra anode
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Fig. S13 Raman spectra of B-LFP cathode

[bookmark: _Hlk216878309][image: ]
Fig. S14 SEM images of (a) S-LFP and (b) R-LFP cathodes
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Fig. S15 (a) SEM images and EDS mapping images of S-LFP cathode; (b) Atomic and mass content of C, O, P and Fe in S-LFP cathode
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Fig. S16 (a) SEM images and EDS mapping images of R-LFP cathode; (b) Atomic and mass content of C, O, P and Fe in R-LFP cathode
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[bookmark: _Hlk216873257][bookmark: _Hlk216873279]Fig. S17 (a) Color change of the I2-DMC solution in homemade-cuvette cells containing the S-LFP and S-Gra electrodes; (b) UV-vis spectra and the digital photo of the LiI-DMC solution
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Fig. S18 CV curves of Li||Al cells in (a) LiPF6 and (b) I2-containing electrolytes at 1 mV s-1
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[bookmark: _Hlk214974843][bookmark: _Hlk214974854]Fig. S19 SEM images of Al foil in Li||Al cells after CV test in (a) LiPF6 and (b) I2-containing electrolytes
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Fig. S20 High resolution (a) F 1s and (b) Al 2p spectra of Al foil in Li||Al cells after CV test in LiPF6 and I2-containing electrolytes
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Fig. S21 XRD patterns of Al foil in Li||Al cells after CV test in LiPF6 and I2-containing electrolytes

[bookmark: _Hlk217145207][image: ]
Fig. S22 SEM images of Cu foil after soaking in (a) LiPF6 and (b) I2-containing electrolyte for 24 h
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Fig. S23 The appearance of LFP pouch cell without pinhole (left one) and the tape sealed post-injection LFP pouch cell (right one) cycling after 500 cycles
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[bookmark: _Hlk216637336]Fig. S24 (a) Capacity recovery ratio and (b) EIS spectra of spent pouch cells before and after injecting commercial LiPF6 electrolyte without iodine species
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Fig. S25 Resistance evolution of RD, Rct and RSEI
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Fig. S26 (a) Self-discharge behavior and (b) rate performance of pouch cells before and after injection
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[bookmark: _Hlk217146058][bookmark: _Hlk217145790]Fig. S27 Cycling performances of LFP pouch cells in raw LiPF6 electrolyte and I2-containing LiPF6 electrolyte
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[bookmark: _Hlk217145800]Fig. S28 (a) EIS spectra and (b) the corresponding DRT spectra of pouch cells in raw LiPF6 electrolyte and I2-containing LiPF6 electrolyte
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[bookmark: OLE_LINK105][bookmark: _Hlk217145728]Fig. S29 (a) Variation of dead Li content in S-Gra anode over time and the corresponding linear fitting result; (b) UV-vis spectra of raw I2-DMC solution and the S-Gra immersed I2-DMC solution

[bookmark: _Hlk217145298]Table S1 Comparison of cycling stability different regeneration techniques cathodes for LiFePO4 batteries
	[bookmark: _Hlk217144738]Regeneration method
	Cycling performances
	Capacity retention ratio
	Refs.

	Solid-state regeneration
	 after 400 cycles at 1C
	87%
	[S1]

	Solid-state regeneration
	 after 300 cycles at 0.5C
	87.94%
	[S2]

	Solid-state regeneration
	 after 400 cycles at 5C
	88%
	[S3]

	Solid-state regeneration
	 after 300 cycles at 1C
	82%
	[S4]

	Ex-situ regeneration
	 after 350 cycles at 1C
	81.6%
	[S5]

	Ex-situ regeneration
	 after 500 cycles at 2C
	68.1%
	[S6]

	Chemical relithiation
	 after 500 cycles at 0.5C
	90%
	[S7]

	Electrochemical
	 after 300 cycles at 1C
	85.5%
	[S8]

	Photocatalytic
	 after 500 cycles at 1C
	86.63%
	[S9]

	Injection recovery
	 after 300 cycles at 1C
	77.4%
	[S10]

	Injection recovery
	 after 300 cycles at 1C
	91.2%
	This work



[bookmark: OLE_LINK58]Table S2 Elemental composition content and molar ratios of R-LFP and S-LFP samples based on ICP-OES analysis
	
	Element content (wt%)
	Molar ratio

	
	Li
	P
	Fe
	Li/P
	Li/Fe

	S-LFP
	2.64
	14.89
	26.82
	0.79
	0.79

	R-LFP
	3.44
	14.82
	26.62
	1.03
	1.04



[bookmark: _Hlk216804566][bookmark: OLE_LINK33]Table S3 Rietveld refinement results of the XRD pattern of S-LFP
	Phase 1 LiFePO4
	Phase 2 FePO4

	Atom
	Site
	Wyckoff positions
	Occupancy
	Site
	Wyckoff positions
	Occupancy

	Li 1
	4a
	0
	0
	0
	0.981
	NA
	
	
	
	

	Fe 1
	4c
	0.2859
	0.25
	0.9614
	0.981
	4c
	0.2731
	0.25
	0.930
	1

	P
	4c
	0.0923
	0.25
	0.4073
	1
	4c
	0.070
	0.25
	0.397
	1

	O
	4c
	0.1028
	0.25
	0.7018
	1
	4c
	0.126
	0.25
	0.636
	1

	O
	4c
	0.4650
	0.25
	0.1986
	1
	4c
	0.20
	0.25
	-0.19
	1

	O
	8d
	0.1657
	0.0317
	0.2515
	1
	8d
	0.155
	0.140
	0.126
	1

	Li 2
	4c
	0.2859
	0.25
	0.9614
	0.019
	NA
	
	
	
	

	Fe 2
	4a
	0
	0
	0
	0.019
	NA
	
	
	
	


Phase 1 LiFePO4: Space group: Pnma, Rp = 5.57%, Rwp = 4.11%, a= 10.2526, b=5.9460, c=4.6626; 
Phase 2 FePO4: Space group: Pnma, a=9.7434, b= 5.7504, c=4.7142.


Table S4 Rietveld refinement results of the XRD pattern of R-LFP
	Phase LiFePO4

	Atom
	Site
	Wyckoff positions
	Occupancy

	Li 1
	4a
	0
	0
	0
	0.989

	Fe 1
	4c
	0.2837
	0.25
	0.9748
	0.989

	P
	4c
	0.0950
	0.25
	0.4233
	1

	O
	4c
	0.0912
	0.25
	0.7486
	1

	O
	4c
	0.4667
	0.25
	0.1979
	1

	O
	8d
	0.1649
	0.0485
	0.2883
	1

	Li 2
	4c
	0.2837
	0.25
	0.9748
	0.011

	Fe 2
	4a
	0
	0
	0
	0.011


LiFePO4: Space group: Pnma, Rp = 3.97%, Rwp = 3.18%, a= 10.3191 b=6.0019, c=4.6897.

Table S5 Electrochemical performances of pouch cells at different degraded states before/after injection
	[bookmark: OLE_LINK2]
	Capacity
(mAh)
	[bookmark: _Hlk216699941]Capacity recovery
(%)
	[bookmark: _Hlk216697991]Overvoltage
(V)
	DCIR
(mΩ)

	Cell-A
	S
	145.8
	3.38
	0.19
	22.23

	
	R
	151.19
	
	0.18
	21.07

	Cell-B
	S
	128.4
	7.25
	0.3
	26.96

	
	R
	139.86
	
	0.21
	23.49

	Cell-C
	S
	113.6
	10.75
	0.43
	44.66

	
	R
	130.8
	
	0.21
	24.18

	Cell-D
	S
	99.8
	21.64
	0.5
	61.20

	
	R
	133.99
	
	0.22
	23.81



The calculation method of capacity recovery ratio (%):
Capacity recovery ratio (%) = (A-B)/C * 100%
[bookmark: OLE_LINK22]Taking the data of Cell-D as an example, A represents the recovered discharge capacity of pouch cells after injection treatment; B is the remaining discharge capacity of spent pouch cells before injection treatment; C is the reversible discharge capacity of this fresh pouch cells without injection treatment. In this table, the values of A, B, C are 133.99, 99.8, and 158 mAh, respectively, i.e., 21.64%=(133.99-99.8)/158*100%.


Table S6 Quantitative analysis of inactive lithium content in pouch cells at different degraded states
	[bookmark: _Hlk216781702]Inactive Lithium Content
(mg/g)
	Capacity
(mAh)

	Cell-A
	S
	9.013
	145.8

	
	R
	/
	151.19

	Cell-B
	S
	12.192
	128.4

	
	R
	/
	139.86

	Cell-C
	S
	14.577
	113.6

	
	R
	/
	130.8

	Cell-D
	S
	23.484
	99.8

	
	R
	/
	133.99



Table S7 Recycling cost ($/kg cell) comparison for different battery recycling technologies
	Components
	Pyro
	Hydro
	Direct

	Materials
	1.44
	1.44
	1.44

	Reagent
	0.09
	0.15
	0.14

	Labor
	 0.19
	0.28
	0.05

	Electricity & Equipment
	0.1
	0.4
	0.05

	Depreciation
	0.48
	0.39
	0

	Sewage treatment
	0
	0.01
	0



Table S8 Recycling revenue ($/kg cell) comparison for different battery recycling technologies
	Components
	Pyro
	Hydro
	Direct

	Regenerated cell
	0
	0
	13.4

	Li2CO3
	0
	1.83
	0

	FePO4
	0
	0.5
	0

	Graphite
	0
	1.54
	0

	Aluminum
	0
	0.52
	0

	Copper
	0.56
	0.56
	0



Table S9 Recycling profit ($/kg cell) comparison for different battery recycling technologies
	Components
	Pyro
	Hydro
	Direct

	Cost
	2.30
	2.67
	1.68

	Revenue
	0.56
	4.95
	13.4

	Profit
	-1.74
	2.28
	11.72






Table S10 Greenhouse gas (GHG) emissions (kg CO2-eq/kg cell) and energy consumption (kJ/kg cell) for different battery recycling technologies
	Components
	Pyro
	Hydro
	Direct

	GHGs
	1.53
	2.765
	0

	Energy consumption
	18.72
	16.85
	0
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