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Figure S1. (a) XRD pattern of Spent LIBs, (b) NiMnCoFe-oxalate salts, and (c) NCMFP.
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Figure S2. XPS spectra of NiMnCoFe-oxalate salts as prepared: (a) Survey spectrum, (b) Ni

2p, (c) Co 2p, (d) Mn 2p, (e) Fe 2p, (f) C 1s, (g) O 1s.

Table S1: Table of Metal Concentration in the NCMFP:

Metal Element

Elemental Spectral Lines

Normalized Concentration (%)

Ni

Co

Fe

Ni231.604 r

Co228.615r

Mn 257.610 r

Fe 259.940r

79.98

12.80

6.98

0.24
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Figure S3. (a) N, adsorption-desorption curves of NiMnCoFe-oxalate salts, (b) Pore size

distribution curve of NiMnCoFe-oxalate salts. (¢) N, adsorption-desorption curves of NCMFP,

(d) Pore size distribution curve of NCMFP.

Figure S4. (a-c) SEM images of NiMnCoFe-oxalate salts at different magnifications, (d-1) SEM

image and the corresponding elemental mappings of NiMnCoFe-oxalate salts.
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Figure S5. (a) SEM images of NCMFP, (b-g) the corresponding

NCMFP and the SEM-EDS data of area scan on NCMFP particle.
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Figure S6. (a) Transverse line scan of NCMFP particles and (b) corresponding data.

(b)

Figure S7. Contact angle test. (a) Contact angle of pure carbon paper. (b) Contact angle of

NCMFP on carbon paper.
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Figure S8. Tafel plots in 1 M KOH + Seawater.
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Figure S9. Cyclic voltammetry (CV) curves and linear fitting of double layer capacitance (Car)

versus CV scan rate were used to estimate the electrochemically active surface area (ECSA) of

different catalysts. The CV curves were measured in the scan rate range of 20 mV s™' to 200

mV s with an interval of 20 mV s'.



69 Table S2: Under the conditions of 1 M KOH + Seawater, the detailed data obtained from the fitted

70 electrochemical impedance spectroscopy (EIS) are as follows:

71
Element Rs (Q) CPE-T CPE-P Ret (Q) Wo
NCMFP 1213 0.0010207 0.73512 17.77 0.40909
Spent LIBs 1.194 0.0051592 0.76266 14.39 0.43886
Ni Foam 1.108 0.0012648 0.73929 19.83 0.47063
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75  Figure S10. Bode plots at different potentials in alkaline saline electrolyte.
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78  Figure S11. Tafel plots of (a) NCMFP, (b) Spent LIBs, (¢) Ni Foam, (d) RuO; and (e) IrO,.
79



80  Table S3: Comparison of overpotential values required at different current density between the
81  NCMEFP catalyst and other recently reported transition-metal-based OER electrocatalysts.
No. Catalyst Electrolyte j (MA cm?) 1n (mV) Reference
10 245
50 290
1 NCMFP 1 M KOH+Seawater 100 310 This Work
150 335
200 350
. Proceedings of the National Academy of Sciences 119.18
2 NiFe-CuCo LDH 1 M KOH+Seawater 100 318 (2022): €2202382119
3 Fe-Ni(OH)/NisS, 1 M KOH+0.5 M NaCl 10 269 Nano Research 14 (2021): 1149-1155
. . . . Proceedings of the National Academy of Sciences 116.14
4 NiFe hydroxide/NiSs-Ni 1 M KOH+0.5 M NaCl 100 330 (2019): 6624-6629
5 NiFe LDH 1 M NaOH+Seawater 100 333 Angewandte Chemie 133.42 (2021): 22922-22926
6 Cu@Co-CoO/Rh 1 M KOH+0.5 M NaCl 10 260 Small 17.50 (2021): 2103826
7 NiCo LDH/NiCoP 1 M KOH+0.5 M NaCl 50 350 Chemical Engineering Journal 411 (2021): 128538
8 Ni3S2/Co3S4 1 M KOH+0.5 M NaCl 100 360 Applied Catalysis B: Environmental 291 (2021): 120071
9 V doped CoCr LDH 1 M NaOH+Seawater 10 320 Chemical Communications 58.8 (2022): 1104-1107
10 B-Co.Fe LDH 1 M KOH+0.5 M NaCl 200 350 Nano Energy 2021,83, 105838
11 NiPy/HA 1 M KOH+0.5 M NaCl 200 392 Small 19.11 (2023): 2205689
12 NiCoHPi@Ni;N/NF 1 M KOH-+Seawater 150 370 ACS Applied Materials & Interfaces 14.19 (2022): 22061-
‘ 22070
13 CoFeL DH@Ni;P/NF | M KOH-+0.5 M NaCl 150 350 Journal of Colloid and Inte;f;lzce Science 659 (2024): 821-
14 NiO/NizS:@NisPy/NF | M KOH+Seawater 150 365 [nternational Journal of Hydrogen Energy 31 (2024):
15 NiNS/NF 1 M KOH+Seawater 100 404 Journal of materials chemistry A 7.14 (2019): 8117-8121
82
83
84
85
86
S 3804 NCMFP (1 M KOH+Seawater)
E
= 360+
1]
."E'
S 3401
v
Q
2 3201
$ Overpotential Change Rate: 0.127 mV h'
O 300{ o
0 200 300 400 500 600
87 Time (h)
88  Figure S12. Average overpotential change rate in long-term stability test.
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Figure S13. SEM images of NCMFP after long-term stability test, and the corresponding elemental
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Figure S14. (a) Comparison of OER polarization curves in 1 M KOH + Seawater and 6 M KOH +
Seawater electrolytes. (b) Comparisons of the overpotential required at 50 mA cm™, 100 mA cm?,
, respectively. (¢c) OER polarization curves in 1 M KOH + Seawater

and 6 M KOH + Seawater electrolytes through normalizing the electrochemical activity via ECSA.

Table S4: Under the conditions of 6 M KOH + Seawater, the detailed data obtained from the fitted

Element Rs (©) CPE-T CPE-P Rcet (Q) Wo
NCMFP 0.59465 0.00026156 0.87454 1.965 0.35401

Spent LIBs 0.63265 0.00034921 0.88519 2.265 0.34471
Ni Foam 0.49140 0.04863800 0.64265 12.98 0.52237
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Figure S15. Corrosion polarization curve comparison in real seawater electrolyte.
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Figure S16. Corrosion polarization curve comparison in 1 M KOH + Seawater electrolyte.
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121 Figure S17. Corrosion polarization curve comparison in 6 M KOH + Seawater electrolyte.
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124  Figure S18. Corrosion polarization curve comparison in 6 M KOH + seawater + 80°C

125  electrolyte.
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e V5=6.8 mL

126
127  Figure S19. (a) Magnified photo of the electrolyzer, inset: magnified photo of the electrodes during

128  electrolysis, drainage device for collecting the produced hydrogen and oxygen. (b-f) Generators for
129  producing hydrogen and oxygen.
130

131  Table S5: Cost Required for Synthesizing One Gram of Final Product:

Cost Required for
Ref. Drug List Chemical Function Market Unit Price of the Drug | Unit Price of the Drug(RMB/ml or RMB/g) | U™8 U’;f;d“'“""' Drug Usage Amount | goy g ring One Gram
(25 (Liquid) of Final Product
HNO, - Niric Acd Cireaing 042 A B! 04 £
1 LI2CO3 - Lithium Carbanate Adjusting tho rate of Li o T (Trausition Metal 160 RAE 60 s w0
DI Deionied Wter Clesuing DI Water 000 —
NMP- N-Methyl-2-pyrrolidone Used 15 2 solvent, helping to separate the shumingm foil in csthodde !hm.‘ml TFVDE, i . fhe 0.52 RMB/ml 0s2 £
Used NMP andl other imp DI Water o0 —
Used as  dispersion medium for dispersing degraded NCA material aud lthiam kydroxide (LIOH). 0,569 RABml 0s7 n
TBT- Tisumty Batoxide Used a5 au sddifive 10 improve the performance .,fuﬁ.;.;g:::::un. amowats of 3n1%, 57155, and Twt% of the weight 027 RMBL . a0 Ms
Ethanot Used ta diute dolonized water and mis with TET fna atio f 1. 018 RUBL oas 150
LiOH- Lithium Hydroxide Mised M material to ensuring . as1sRMEE 18 oasss
DMC. Dismetigt Curbonste Tsed g the posiive residual clectralyte. 220 RM B BN o
R NMP- N-Meth2-prrralidone Usedat 1 solvent FVDE) Vinder and separ aterial 0.52 KB sz s
Water waste graph - DI Water aso —
LLCO,- Lithiam Carbonste st in he regeneration process, mixe wih Wihiated NCAY powder fo adust he molar rato o ikéum fo fransition mefal 35 RMBE 350
Used or cleaning shectrodes to remave reskbual hectrahte. 220 RABw 10 0
Used ta dissolve the cathode binder nad separate the activo material, 05 RAMB s “
4 Used n the bydrothersmal lithistion process. s B 1818 28 2
Used i canumction with LIOH! fo the bydrothermal hiation process. 095 RAMBm 0ss o2sss
Delonized Water Used for cleaning the processed NCMS23 poder. DI Water 000 —
LIOH HI0 - Lithum Hydroxide Monolydrate  Tsed at 3 thin source in Iping i the material 31 RMBYE 1518 ™
. a1 St Chloie S5 20 RS geat. ocaay i ol e Sl o5 S 2 romoting e b s o fyv— e s s
- DMC - Dot Carbonste Used for cleaning the cathods materil 1o remove residual shectrolyte. 220 Ratmm 220 s
LECOS - Lithium Carboaste Used under certain conitins ax a substifite for LIOHL serving 1s a ithiam soaree in the regeneration process. o0 mAmg se0 osd
Csalic Ackl Salution 1.0 M Used ta ronct with & NCM powderfor selective leaching or dissolution. G4 RMBE s ey
CaCL0, - Cobaltl Oxalate Added o the precirsor 1o adjus the composition of the fnal material. 2076 MBI 208 os
MaC.0. - Manganesell Oxalate Same a3 shove, wsed to afust the compasicion. o5 g s s
N LisCoOn - Lithium Oxalate Same as above, used to provide a m source. .60 RMB/g 660 0.528 s
S0 - Autimany Pestoxide Used for doping the regenerated NCM material o introduce satimony. s REg 11s w10
LiCO, - Lithium Carbosate Added for poteatial ihium I P 3,60 RABE 360 084
LiOHH; O - Lihinm Hydroside Monolydrate Mised with degraded NCA cathode materialfo provide a thium source and compensatefor thium Ioss. T 818 osd
. Na2504 - Sodium Sultste Usod as 2 amoctic al 1 balp ackiove usiform mixing and siotriag. s RAmE oss ™ s
Deiouized Water Used te Hinse the regenerated material 0 reusove residusl sas. DI Water a0 —
LLCO. - Lithium Carboaste Used a5 1 substitte for LIOH to provide a tbiam source during the processing of NCME2L. 60 AR se0 osd
N T 052 RMBwl 0s =
This Work ox 046 OB 045 nn w2
Sodiom Hiypoph 021 A o1 %
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