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Fig. S1 a One manufacturing batch resulted in around ~ 100 g of (FeCoNi)80B20 fibers. b The digital photograph of the fiber prepared by melt-extraction
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[bookmark: _Hlk213675200]Fig. S2 a SEM images of the fibers with smooth surface that prepared by melt-extraction. b EDS maps of the (FeCoNi)80B20 as-prepared fiber surface. The SEM images demonstrated the fibers have a diameter of approximately 30 μm with uniform surface elemental distribution
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Fig. S3 B 1s XPS spectra of as-prepared (FeCoNi)80B20 fiber. The B 1s spectrum confirmed the existence of B-B and B-O bonds
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Fig. S4 TEM image of the (FeCoNi)80B20 fibers after ion milling. TEM analysis was performed on a thin region of the sample
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[bookmark: _Hlk220084950][bookmark: _Hlk216372769]Fig. S5 HRTEM image of the (FeCoNi)80B20 fiber that demonstrated the construction of the crystalline–amorphous (c-a) heterostructure. The nanocrystals, with diameters ranging from 10–20 nm and present in large quantities
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[bookmark: _Hlk220085515]Fig. S6 EDS maps of (FeCoNi)80B20 fiber that exhibited a uniform elemental distribution of amorphous
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Fig. S7 Reusability of Fe80B20 fibers. The degradation time was set at 30 and 40 seconds to evaluate the catalyst's reusability. The Fe80B20 fibers maintained its activity for 25 cycles
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[bookmark: _Hlk214020829]Fig. S8 Degradation efficiency of (FeCoNi)80B20 fibers for various a fiber dosage, b contaminant concentration and (c) temperature. The optimal operating conditions were identified as a catalyst loading of 0.5 g L−1, an RhB concentration of 25 mg L−1, and ambient temperature
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Fig. S9 ICP-OES results of Fe, Co and Ni elements during the degradation process. During degradation, the leaching of Fe, Co, and Ni was detected, with Fe exhibiting the most pronounced release, indicating its dominant role as the primary active site in AOPs
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[bookmark: _Hlk219993988][bookmark: _Hlk219994172][bookmark: _Hlk213872083][bookmark: _Hlk219994344][bookmark: _Hlk213872108]Fig. S10 Quenching experiments results of (FeCoNi)80B20 fibers using furfuryl alcohol (FFA), p-Benzoquinone, methyl alcohol (MeOH) and tertiary butanol (TBA) as quenching agents. The results demonstrated that the pivotal role of ·OH and SO4·−generated radicals in organic molecule degradation and the small amounts of O2·−, and 1O2 species were produced during the water treatment processes
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Fig. S11 Electrochemical polarization curves of Fe80B20, Fe75Ni25, Fe33Co33Ni34 and (FeCoNi)80B20 fibers. Electrochemical polarization analysis using the Tafel extrapolation method revealed that (FeCoNi)80B20 possessed the lowest self-corrosion current density (Icorr = 0.0046 mA cm−2), indicating superior corrosion resistance
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[bookmark: _Hlk213873391]Fig. S12 SEM images of the (FeCoNi)80B20 fiber after 30 times cycle. The fiber surface exhibited extensive spalling accompanied by precipitate formation
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Fig. S13 EDS maps of the precipitates of (FeCoNi)80B20 fiber after 30 times cycle. The EDS mapping revealed that these precipitates were primarily composed of Fe, C, and O, which was identified as the main cause of catalyst deactivation
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[bookmark: _Hlk213937367]Fig. S14 Nyquist plots of the catalysts in 1.0 M KOH for OER. Among the tested samples, (FeCoNi)80B20 demonstrated the lowest charge-transfer resistance, indicating the accelerated Faradaic processes.
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Fig. S15 CV curves of the fiber in 1 M KOH at different scan rates (10, 30, 50, 70, 90, 110 mV s-1): a Fe75Ni25, b Fe33Co33Ni34, and c (FeCoNi)80B20 fibers. d Cdl corresponding to different scan rates. According to the reported typical value, the specific capacitance (Cs) in 1 M KOH is selected as Cs = 0.040 mF cm2. Therefore, the (FeCoNi)80B20 fibers exhibit the maximum ECSA value, indicating abundant active sites, which correspond to optimal OER performance
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Fig. S16 Chronopotentiometry curves of (FeCoNi)80B20 under current density of 200 mA cm-2 without iR correction. The (FeCoNi)80B20 fiber maintained stable operation for 120 h with only a modest increase in potential
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Fig. S17 Electrocatalytic HER performance. a LSV curves of different samples (iR corrected, scanning rate: 5 mV s-1) in 1.0 M KOH. b Tafel plots for the data presented in a. c Nyquist plots, where the inset shows the equivalent circuit model. The (FeCoNi)80B20 electrode revealed the lowest overpotential and Rct
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[bookmark: _Hlk214026105]Fig. S18 SEM images of the (FeCoNi)80B20 fiber after after 250 h water splitting stability test. After 250 h of stability testing, the fiber surface remained smooth and self-supporting
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[bookmark: OLE_LINK23]Fig. S19 EDS maps of the (FeCoNi)80B20 fiber after 250 h water splitting stability test. The surface of the fiber maintained uniform elemental distribution that was obviously different with the fiber after AOPs reusability test

[bookmark: _Hlk220086898][image: ]
Fig. S20 HRTEM image of the (FeCoNi)80B20 fiber after 250 h water splitting stability test. The decrease in nanocrystal size likely contributes to the reduced OER activity
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Fig. S21 a Chronopotentiometry curves of (FeCoNi)80B20 at 200 mA cm-2 of the synchronized process without iR correction. b Chronopotentiometry curves of (FeCoNi)80B20 at 200 mA cm-2 after degradation without iR correction. The fiber shown more excellent stable during the synchronized process
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[bookmark: _Hlk214026725]Fig. S22 The LSV curves of the addition of a RhB and b Na2S2O8. c Degradation efficiency comparison on the change of applied current. The presence of RhB and Na2S2O8 exerted only a negligible influence on OER performance, whereas the decolorization efficiency was significantly accelerated under an applied current owing to enhanced electron transfer
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Fig. S23 a Co 2p, b B 1s and c O 1s XPS spectra of (FeCoNi)80B20 during the AOPs, water splitting and synchronized process. The XPS spectra exhibited no substantial changes in peak features, indicating the structural stability of (FeCoNi)80B20 under different operating conditions
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Fig. S24 a Fe 2p and b Ni 2p XPS spectra of (FeCoNi)80B20 during the AOPs, water splitting and synchronized process. The Fe 2p and Ni 2p spectra displayed the evident negative shifts after the synchronized process, suggesting an increased electron density around Fe and Ni atoms, which is beneficial for catalytic activity
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[bookmark: _Hlk219909229]Fig. S25 Raman spectroscopy of (FeCoNi)80B20 after AOPs, water splitting and synchronized processes compared with the as-prepared fiber. The fiber after the synchronized process exhibited enhanced Raman bands at 281, 472, 554, and 715 cm−1, which were characteristic of FeOOH and NiOOH, indicating the formation of the active M-OOH species during operation



[bookmark: OLE_LINK22][image: ]
Fig. S26 The digital photograph of the AEM system of the synchronized process. A peristaltic pump was used to regulate the flow of 1.0 M KOH electrolyte to both sides of the electrolyser at a rate of 2.5 mL min-1 throughout the testing
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[bookmark: _Hlk219908417][bookmark: _Hlk220078301]Fig. S27 X-ray diffraction patterns of (FeCoNi)80B20 before and after the synchronized process. The crystalline peaks became less sharp after the synchronized process, suggesting the occurrence of structural reconstruction during the process
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Fig. S28 LSV curves of (FeCoNi)80B20 before and after 100 stability tests at current density of 200 mA cm-2 in simulated reclaimed water (iR corrected, scanning rate: 5 mV s-1)
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[bookmark: _Hlk217313471][bookmark: _Hlk214025469][bookmark: _Hlk217313491]Fig. S29 (a) SEM image and (b) EDS maps of the (FeCoNi)80B20 after 115 h synchronized process. The SEM images demonstrated that the fibers retained their self-supporting structure, while abundant surface precipitates were observed. EDS mapping confirmed that these precipitates were primarily composed of Fe, C, and O
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[bookmark: _Hlk216363611]Fig. S30 Cyclic voltammetry (CV) curves of (a) Fe75Ni25, (b) Fe33CO33Ni34 and (c) (FeCoNi)80B20 in 1 M KOH with and without methanol (1 M). Scan rate: 50 mV/s. The (FeCoNi)80B20 exhibited the moderate adsorption energy of the OH*
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[bookmark: _Hlk216363804]Fig. S31 The surface adsorption process of OER for Ni site of amorphous (FeCoNi)80B20 and nanocrystalline Ni4B3
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Fig. S32 The surface adsorption process of AOPs for Fe site of amorphous (FeCoNi)80B20 and nanocrystalline Fe3B
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[bookmark: _Hlk216367385]Fig. S33 Partial density of states (pDOS) for amorphous a (FeCoNi)80B20, b nanocrystalline Ni4B3 and c Fe3B. The pDOS analysis further indicated that Fe, Co, and Ni sites collectively regulated the adsorption characteristics of (FeCoNi)80B20, thereby facilitating intermediate desorption in both catalytic reactions
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Fig. S34 Partial radial distribution function (PRDF) between Fe, Co and Ni of the (FeCoNi)80B20. The analysis of the first PRDF peak reveals the specific coordination number for each sample

Table S1 Comparison of kobs and reusability times for various catalysts
	Materials
	Reusability (times)
	kobs (min-1)
	References

	Fe3O4
	6
	0.019
	[S1]

	FeSiB
	3
	0.16
	[S2]

	FeSiB
	4
	0.519
	[S3]

	FeSiB
	8
	0.8
	[S4]

	FeSiB
	15
	1.34
	[S5]

	FeSiB
	20
	0.64
	[S6]

	FeSiB
	23
	0.25
	[S7]

	FeSiB/Cu
	8
	0.217
	[S8]

	FeBY
	11
	0.011
	[S4]

	FeMoB
	15
	0.36
	[S9]

	CoMoB
	20
	2.31
	[S10]

	FeCuBP
	4
	0.4
	[S2]

	FeSiBNb
	10
	0.183
	[S11]

	FeCoNiB
	30
	1.366
	This work

	FeAlCoNiB
	5
	0.55
	[S12]

	FeCoCrMoCBY
	50
	0.57
	[S13]



[bookmark: _Hlk219997293]Table S2 Comparison of OER overpotential and Tafel slope for various catalysts
	Materials
	Overpotential at
10 mA cm-2 (mV)
	Tafel slope
(mV dec-1)
	References

	IrO2
	260
	45.0
	[S14]

	RuO2
	275
	110.7
	[S15]

	NiFe LDH
	300
	40.0
	[S14]

	FeCo LDH
	331
	85.0
	[S16]

	FeNiB
	319
	56.0
	[S17]

	FeCoB
	315
	26.0
	[S18]

	FeNiMoB
	227
	35.0
	[S19]

	CoMoO4
	312
	56.0
	[S20]

	FeCoNiMoPB
	281
	36.49
	[S21]

	FeNi
	335
	53.5
	This work

	FeCoNi
	288
	45.3
	This work

	FeCoNiB
	276
	53.45
	This work



[bookmark: _Hlk219132013]Table S3 The ICP-OES results of the electrolyte after 250 h water splitting stability test at 200 mA cm-2
	Element
	Concentration (µg/mL)

	Fe
	21.39

	Co
	29.70

	Ni
	26.63



Table S4 The ICP-OES results of the electrolyte after AOPs and synchronized process
	Reactions
	Elements
	Precipitation rate (µg/mL/min）

	AOPs
	Fe
	0.239

	AOPs
	Co
	0.335

	AOPs
	Ni
	0.346

	synchronized process
	Fe
	1.015

	synchronized process
	Co
	1.492

	synchronized process
	Ni
	1.5265


[bookmark: _Hlk220074541]Table S5 Comparison of water splitting performance at high current density of medium/high entropy amorphous alloys prepared by various methods
	Material
	Current density
(mA cm-2)
	Voltage
 (V)
	Prepared methods
	References

	NiCoFeP @NiCoFe-LDH
	1000
	1.86
	Hydrothermal synthesis+Annealing
	[S22]

	[bookmark: _Hlk220073200]AC-NP-CuNiCo
	10
	1.53
	Melt-spinning method+Dealloying
	[S23]

	RuVCoCuZnW
	500
	1.66
	Flash joule heating device
	[S24]

	AC-HEA-CuAgAuIrRu
	10
	1.49
	Melt-spinning method+Dealloying
	[S25]

	FeCoNiCuMoB
	10
	1.48
	Magnetron sputtering
	[S26]

	Fe-NiWB
	500
	1.55
	Electroless plating
	[S27]

	NiNbIrPt
	10
	1.51
	Melt-spinning method+Dealloying
	[S28]
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