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Pre-Treatment of spent powder and preparation of deep eutectic solvents (DES) 

The spent powder was stirred at 80°C in a double-mason jar for 1 hour, then vacuum-filtered using anhydrous ethanol and deionized water before drying overnight at 80°C. Subsequently, it was heated at 900°C in a tube furnace under an air atmosphere for 5 hours to remove impurities and binders.

DES was simply prepared by mixing OxA (6.3035g) and ChCl (6.981g) together at a mole ratio of 1:1 and stirring at 50 ºC for 30 minutes in a flask without any further treatment, obtaining a transparent colorless liquid. The DES was heated to different temperatures at a stirring speed of 300 rpm, and then the spent powder with a set solid-to-liquid ratio (1/20) was added and kept for 10h. 15ml dimethyl sulfoxide was added to the flask after leaching. The diluted solution was put into the high-speed centrifuge and centrifuged at 5000 rpm for 10min. The separated 1st filter residues were repeatedly cleaned 3 times by DMSO and the 1st filtrate was collected separately. Then the 1st and 2nd filtrates were diluted with 100ml water and heated to 70℃ for 3h, there was much pink precipitate formed, which was followed by vacuum filtration to separate. The 1st filter residues and the 2nd filter residues were reserved for the next step.

Synthesis of Commercial Comparison Samples

RuO₂ commercial material based on Table S2 controls loading amount on carbon paper. 0.116 mg RuO2 was dispersed in 0.2 mL ethanol with 10 μL of Nafion solution (5 wt %, Sigma-Aldrich) under ultrasonication to form a homogeneous ink, then was drop-coated and pasted on a carbon paper current collector (1 × 1 cm2) with a pressure of 10 MPa and dried at 60℃ in oven (RuO₂/CP). The loading density of RuO2 was 0.9 wt%.
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Fig. S1 XRD of pre-treated spent powder
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Fig. S2 the XPS survey spectrum: (a) 1st filter residues and (b) 2nd filter residues.
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Fig. S3 the EDS results of: (a) 1st filter residues and (b) 2nd filter residues.
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Fig. S4 XPS of Ni5Co5(ox)(H2O)2/CP-(−50)-30: C 1s and O 1s.
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Fig. S5 SEM of CP-(−50)-30 and Ni5Co5(ox)(H2O)2/CP-(−50)-30.
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Fig. S6 TEM of Ni5Co5(ox)(H2O)2/CP-(−50)-30.
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Fig. S7 LSV curve of Ni5Co5(ox)(H2O)2/CP-(−50)-15.
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Fig. S8 LSV curve of Ni6.66Co3.33(ox)(H2O)2/CP-(−50)-30 and Ni3.33Co6.66(ox)(H2O)2/CP-(−50)-30. 
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Fig. S9 CV of Ni0.5Co0.5(ox)(H2O)2/CP-(−50)-30.
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Fig. S10 Cdl of Ni0.5Co0.5(ox)(H2O)2/CP-(−50)-30 and Ni5Co5(ox)(H2O)2/CP-(−50)-30.
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Fig. S11 CV of RuO2/CP.

	Sample

%
	the 1st filter residues
	the 2nd filter residues

	Nickel
	19.02
	0.018

	Cobalt
	0.62
	25.32

	Manganese
	0.68
	6.64

	Lithium
	0.24
	0.010

	Copper
	<0.0005
	<0.0005

	Iron
	<0.0005
	<0.0005


Table S1 ICP-OES of the 1st filter residues and the 2nd filter residues.

	Sample

%
	Ni5Co5(ox)(H2O)2/CP-(−50)-30

	Nickel
	0.162

	Cobalt
	0.68


Table S2 ICP-OES of the Ni5Co5(ox)(H2O)2/CP-(−50)-30.
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