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EXPERIMENTAL DETAILS

Materials and reagents. Spent LiFePO,4 (R-LFP) powder and graphite (R-G) powder, which
have been removed the binder, were purchased from Zhengzhou Guojuan Waste Batteries Recycling
Company. Nickel nitrate hexahydrate (Ni(NOs), 6H,0, 98%) and urea (99%) were purchased from
Sinopharm Chemical Reagent Co., Ltd. KOH (95%), Isopropanol (99%) and IrO, (Ir750520) were
purchased from Shanghai Macklin Biochemical Co., Ltd, Hipure Chem Co., Ltd and Yantai Yijia
New Material Technology Co., Ltd. Pt/C (40 wt%), Nafion solution (5 wt.%) and anion exchange
membrane (AEM, Piperl[ON-A80-HCO3 and Sustainion X37-50) were provided by Suzhou Sinero
Technology Co., Ltd. Carbon paper (HCP030P) was provided by SCI Materials Hub. Kmem-80 um
and Nickel felt was purchased from Kmem-tech Co., Ltd and Taixin Electrochemical Equipment Co.,
Ltd, respectively. All of the solutions were prepared with ultrapure water produced by MilliQ Water
System. All chemicals were used as received.

Preparation of Catalysts. R-LFP, R-G, nickel nitrate, urea and water were uniformly mixed
and ball-milled at 650 rpm for 2 h. The molar ratio of R-LFP, R-G, nickel nitrate and urea was 1: 13:
0.5: 1.5, and the solid-liquid ratio was 90 g/ L. After drying, the product was calcined at 800°C under
an Ar atmosphere for 2h. After cooling to room temperature, LFP;G3;NiysUrea; s was obtained.
LFP;GNiyUrea, was synthesized by adjusting the molar ratio of four reactants.

Materials characterizations. The crystal structures of catalysts were characterized utilizing
Xray diffraction analysis (XRD, Lab XRD-6100 diffractometer with Cu Ka radiation) at a scanning
rate of 5° min™! over the range of 10° to 80°. X-ray photoelectron spectroscopy (XPS) analysis was
performed using a Kratos AXIS Ultra DLD. The morphology characterizations were carried out by
JEOL JSM-7800F scanning electron microscopy (SEM) and transmission electron microscopy

(TEM, Thermo Scientific Talos F200X).
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Electrochemical measurements. All electrochemical tests were performed using a standard
three-electrode system at room temperature, with Hg/HgO and Pt mesh as the reference electrode and
the counter electrode, respectively. Unless otherwise indicated, the voltage reported in this study was
converted to the RHE reference scale by the following eq 1.

E (vs. RHE) = E (vs. Hg/HgO) + 0.098 + 0.059xpH (1)

In order to prepare the working electrode, 10 mg of catalyst powder was dispersed in a 1: 1
volume ratio in a 900 uL mixed solvent of ultrapure water and isopropanol, and 100 pL of 5 wt%
Nafion solution was added. After ultrasonication, crushing and stirring, a uniform catalyst slurry was
obtained. Subsequently, 4 uL of catalyst ink was dropped on a glassy carbon electrode (RDE, 3 mm
in diameter) to form a uniform catalyst coating. The OER polarization curve was tested in oxygen-
saturated 1M KOH to fix the reversible oxygen voltage. It was tested at a scanning rate of 10 mV s-!
at 1600 rpm at ambient temperature, and the curve after reaching a stable state was recorded. The
electrolyte resistance (R) was measured by the impedance test at 1.52 V (vs. RHE), with an amplitude
of 5 mV and a frequency range of 102 - 103 Hz. The iR compensation was calculated by eq 2.

E (vs. RHE) = E (vs. Hg/HgO) + 0.098 + 0.059xpH - 90% x iR )

By plotting the relationship between the overpotential () and the logarithmic current (log (j)),
the polarization curve was transformed into a Tafel curve. The Tafel slope (b) could be obtained by
fitting the linear part of the Tafel curve according to eq 3.

n=blog(j) +a (3)

ECSA was estimated by measuring Cgy from the cyclic voltammograms curves tested in a non-
Faradaic region at 0.9-1.0 V (vs. RHE) at various scan rates (20, 40, 60, 80, and 100 mV s!) using
the equation:

ECSA =Cy / Cq 4)
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where C; is the specific capacitance of catalysts, which is usually 0.04 mF c¢cm for the flat
surface.

The stability test was measured on CHI 760e (Chenhua). The working electrode was prepared
by dropping the above catalyst slurry onto a nickel felt with a working area of 1 x lcm, and the
catalyst loading was 1mg cm™. Before each stability test, multiple LSV tests were firstly performed.
After stabilization, the stability test was tested at 0.25A cm™.

AEMWE Measurements. LFP,G;Nig sUrea, s, [rO,, Pt/C and ionomer (Nafion solution) were
dispersed in a mixed solvent (Vo Visopropanot = 1: 13). Gas diffusion electrodes (GDEs) were prepared
by spraying anode catalyst ink and cathode catalyst ink on nickel felt (1 x 1cm) and carbon paper (1
x 1cm), respectively. The catalyst loadings of the anode and cathode were 1 = 0.2 mg cm2 and 0.5 +
0.2 mg cm2, respectively. Before AEMWE test, different kinds of AEM were immersed in 1 M KOH
for one night and then replaced with fresh KOH solution. AEMWE tests were conducted at DH7000D
(DongHua). The J-V curves were tested at a scanning rate of 10 mV s*! and a KOH flow of 70 ml
min-!. EIS tests were conducted at a range of 10! - 10° Hz, an amplitude of 50 mA, and a current of
0.5 A (The applied RMS AC was 10% of the corresponding DC). EIS and durability tests were

performed at 80 °C and 60 °C, seperately. The KOH flow of durability tests was 20 ml min-!.
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Figure S1. (a) SEM and (b) the corresponding EDS mapping images of LFP;G3;NigsUrea, s.
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Figure S2. (a) P 2p spectra, (b) O 1s spectra, (¢) C 1s spectra, (d) N 1Is spectra and (e) Li Is spectra of

LFP, G13Ni0V5Urea1 5.
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Figure S3. (a) LSV curves, (b) Tafel slopes of different electrocatalysts in ng_ pp: NG Optimization experiment.
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Figure S4. (a) LSV curves, (b) Tafel slopes, (c) comparison of overpotential and Tafel slope of different

electrocatalysts in ng.: ny; optimization experiment with nye,:(npetnyg) of 1:1.
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Figure S5. (a) LSV curves, (b) Tafel slopes, (c) comparison of overpotential and Tafel slope of different

electrocatalysts in nye,: (npetny;) optimization experiment.
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Figure S6. Cyclic voltammograms curves at the non-Faradic potential scope. (a) LFP;G;3NigsUrea, 5, (b) LFP;Gy3,

(c) R-LFP, (d) R-G, (¢) ItO,.
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Figure S7. ECSA-normalized LSV curves of electrodes.
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Figure S10. Nyquist plots of LFP;G3Niy sUrea; s||Pt/C © and IrO,™||Pt/C ©.

LFP,G,4Ni, sUrea, 5(After OER)

NiOOH JCPDS 27-0795

Intensity(a.u.)

T
-

| i ||, Ml ,
10 20 30 40 50 60 70 80
2 Theta(Degree)

Figure S11. XRD pattern of LFP;G3Nig sUrea, 5 after OER.

Table S1. The fitting results of Nyquist plots according to the equivalent circuit model.

Catalysts R (Q) R (Q)
LFP,G5NigsUrea; 5 12.8 85.3
LFP,Gy5-2 429 2209.0
R-LFP 22.9 2613.0
R-G 33.8 1869.0
IrO, 15.3 302.9
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Table S2. Comparison of OER performance between LFP;G3Ni, sUrea; 5 and state-of-the-art catalysts upgraded from waste LIBs.

Tafel
Cathode Nio
OER catalysts slope (mV  OER stability AEMWE performance =~ AEMWE stablity Ref.
material (mV)
dec!)
LFP Ni-LiFePOs 285 45 14 h, 10 mA cm? (1 M KOH) / / !
1000 h, 0.1 A cm? (1 M KOH); 60°C, 1 A/em?, 2.7 V. 60°C,0.25 Acm?,100h
LFP Ni(OH),/L-LFP 228 47.7 2
600h,0.1 Acm? (1 MKOH + seawater) (6M KOH + seawater) (6M KOH + seawater)
NCM523 Ni-Co-Mn Oxides 36.7 43.84 8.5h, 10 mA cm? (1 M KOH) / / 3
NCM523 NigN/Cos4N/ MnO 271 45.21 140 h, 160 mA~2 (1 M KOH) / / 4
NCM622 Co/NFCH-FF 201 48.4 190 h, 50 mA cm2 (1 M KOH) / / >
70°C, 3 A/em?,2.56 V. 70°C, 0.5 A cm?, 336 h
NCM6 series  F-TMO 330 30 / 6
(pure water) (pure water)
NCMS811 NiCoMnBs 263 57.98 12 h, 10 mA cm (1 M KOH) / / 7
NCMS8I11 Liz 579 (NiCoMn) O, 222 72.9 25 h, 100 mA cm2 (1 M KOH) / / 8

Table S1. continued
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Cathode OER catalysts Nio Tafel slope OER stability AEMWE performance =~ AEMWE stablity Ref.

material (mV)  (mV dec)

NCM9%4 de-NCM9%4 270 121 300 h, 10 mA cm (1 M KOH) / / ?

LCO CoN-Gr-2 280 68.83 10h, 1.6 V (1 M KOH) / / 10

LCO+LMO  MnCo,04 400 80 16.7 h, 1.54V-1.645 V (1 M KOH) / / 1

LFP LFP,G3NigsUrea; s 283 38.9 110 h, 250 mA~2 (1 M KOH) 80°C,1 Acm? 1.847V 60°C, 0.5 A cm?, 800 h This
(IM KOH) (1M KOH) work
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Table S3. AEMWE performance summary of AEM membrane type optimization.

Types of AEM membrane Thickness of AEM Catalyst loading method  E ¢ (60°C)  E ¢ (80°C)

membrane
PiperION-A80-HCO3 80 um catalyst-coated substrate ~ 2.040 V 1.976 V
Kmem-80 pm 80 um catalyst-coated substrate ~ 1.995 V 1.921V
Sustainion X37-50 50 pm catalyst-coated substrate ~ 1.936 V 1.847V

Table S4. Comparison of AEMWE electrolyzer performance in the reported literatures in 1 M KOH.

ECC ECC g
Electrode (anode || cathode) ! ! AEMWE stability Ref.
(60°C)  (80°C)
MOF@POM||Pt/C 1.62 1.58 2000 h (60 °C, 2 A cm™) 12
CAPist-L1||NigMo/MoO, 1.63 1.57 1500 h (80 °C, 1 A cm™?) 13
Cs*-NiFeOOH NS||PtRu/C 1.7 1.541 450 h (60 °C, 1 A cm?) 14
. 110 h (60 °C, 1 A cm™)
NiFeLDH]||Pt/C 1.72 1.63 15
110 h (80 °C, 1 A cm™)
NiFe/ATNT|[Pt/C/ATNT 1.76 1.71 1500 h (80 °C, 0.5 A cm?) 10
NDCOJ|Pt/C 1.78 / 325h (60 °C, 1 A cm?) 17
. . 300 h (60 °C, 0.5 A cm™?)
Ni(Fe) MOF||NiMoOy 1.79 / 18
170 h (60 °C, 1 A cm™2)
Ceg 1-Fe,P/NiCoP || Ceg -CoP/Ni;P 1.812 / 579 h (60 °C, 1 A cm™?) 19
CoCrO,|[Pt/C 1.93 / 120 h (60 °C, 0.5 A cm™?) 20
Fe/S-NiOOH/NF|[Pt/C 2.24 / 100 h (60 °C, 1 A cm™2) 21
NiFe FA NN|NiFe FA NN 2.32 / 200 h (60 °C, 0.5 A ¢cm™) 2
LFP;G1;3NigsUrea, 5|[Pt/C 1.936 1.847 800 h (60 °C, 0.5 A cm™) This work

Note: The E . represented the voltage at a current density of 1A cm2.
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