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Fig. S1 Electrochemical characteristics of alkaline water electrolyzers assembled with commercial membranes. a, b, Nyquist plots of alkaline water electrolyzers using a PPS membrane (a) and a Zirfon 500 membrane (b) measured at open-circuit voltage (OCV), 1.8 V and 2.0 V. c, d, IV polarization curves and the corresponding deconvolution into kinetic, ohmic and mass-transport overpotentials for alkaline water electrolyzers using the PPS membrane (c) and Zirfon 500 membrane (d).
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Fig. S2 Magnified cross-sectional SEM images of the ICM architecture. a, NiAl catalyst particles embedded in the catalyst layer of the ICM. b, Porous framework interconnecting the catalyst particles within the catalyst layer. c, Finger-like pores in the intermediate membrane region. d, Dense skin layer at the membrane surface.
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Fig. S3 Surface and cross-sectional morphologies of the ZP and CLM. a, b, Top-view SEM images of the upper surface (a) and the glass-contacting surface (b) of the membrane prepared by casting on a glass substrate followed by phase inversion in a water bath. c, Cross-sectional SEM image of the ZP showing the asymmetric porous structure. d, e, Top-view SEM images of the membrane-side skin surface (d) and catalyst-layer surface (e). f, Cross-sectional SEM image of the CLM.
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Fig. S4 Phase composition and Ni chemical states of the ICM before and after alkaline activation. a, X-ray diffraction pattern collected from the catalyst-layer side of the fresh ICM, together with the corresponding reference patterns. b, High-resolution Ni 2p XPS spectrum of the fresh ICM.
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Fig. S5 TEM characterization of the catalyst layer after KOH activation. a, TEM image of the catalyst recovered from the KOH-activated ICM. b, High-resolution TEM image of the region marked in a. c, d, Enlarged lattice-fringe images corresponding to the orange (c) and yellow (d) regions in b, assigned to the NiAl (110) and Ni (111) planes, respectively. e, f, Corresponding line-intensity profiles used to determine the lattice spacings of NiAl (110) (e) and Ni (111) (f).
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Fig. S6 H-type cell used for membrane area-resistance measurements. a, Photograph of the H-type electrolysis cell. b, Schematic illustration of the measurement configuration, comprising two compartments filled with 30 wt% KOH, Pt-mesh electrodes connected to an electrochemical workstation and the membrane mounted between the compartments.
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[bookmark: _Hlk215062890]Fig. S7 Chemical composition, pore-size distribution and water uptake of the membrane samples. a, FTIR spectra collected from the membrane-side surfaces of Zirfon 500, ZP, CLM and ICM. b, Pore-size distributions of Zirfon 500, ZP, CLM and ICM, expressed as the percentage of pores within each pore-size interval. c, Water uptake of Zirfon 500, ZP, CLM and ICM.
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Fig. S8 Electrocatalytic activity of the catalyst layer and optimization of the ICM orientation. a, b, HER (a) and OER (b) polarization curves of bare Ni felt and Ni felt coated with the catalyst layer (CCS-Ni felt). c, Polarization curves of alkaline water electrolyzers assembled with the ICM catalyst layer facing the anode or cathode. d, Corresponding Nyquist plots measured at 1.8 V.


[image: ]
Fig. S9 Optimization of the catalyst-layer composition and casting thickness. a, b, Polarization curves (a) and Nyquist plots measured at 1.8 V (b) of ICMs with catalyst-layer casting thicknesses of 50, 100 and 150 μm. c, d, Polarization curves (c) and Nyquist plots measured at 1.8 V (d) of ICMs with different polysulfone to NiAl mass ratios.
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Fig. S10 Scale-up validation of the ICM-based electrolyzer. a,b, Photographs of the membrane and catalyst sides of the enlarged ICM, respectively. c,d Photograph of the test platform for the electrolyzer with a 10 cm × 10 cm active area. e, Polarization curve of the scaled ICM-based electrolyzer.
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Fig. S11 Gas saturation along the Y direction.


Supplementary Table S1. Electrolysis performance comparison of ICM with reported alkaline water electrolysis.
	Membrane
	Anode//Cathode
	Current Densty
(A cm-2)
	Cell Voltage 
(V)
	Stability
(h)
	Ref.

	ICM
	CoNiFe//Ni foam
	2.05
	1.8
	\
	This work

	ICM
	Ni foam
	1.5
	1.8
	8000
	This work

	CLM
	Ni foam
	1
	1.8
	500
	This work

	PMCM-2
	NiFe//NiCoP
	1
	1.71
	4576
	1

	Z80C5
	NiFe//Raney Ni
	0.6
	1.65
	300
	2

	YSZNPs-15
	Ni foam
	0.5
	1.85
	500
	3

	PTEE/LDH
	IrO2//Pt/C
	1
	1.8
	180
	4

	ZLDH10
	H1//Raney Ni
	1.4
	2
	240
	5

	TFC
	NiFe//Raney Ni
	1.16
	1.8
	1000
	6

	PTFE/PBI
	NiAl//NiAlMo
	1.8
	1.8
	1000
	7

	APCM-0.15
	NiFe//NiMo
	1.057
	2
	600
	8

	Porous PES membrane
	NM/PN/NiFeOx//NM/PN/Ru@NiMoCu20
	0.6
	1.74
	600
	9

	Zirfon
	TPE
	0.91
	1.8
	1500
	10

	Zirfon
	NiMO//Ni
	0.8
	1.76
	1534
	11

	Porous PES membrane
	Ws/Moi-Ni3S2@CoSe/NF
	0.5
	1.75
	1000
	12

	Zirfon
	Fe40Ni40P14B6//Pt/C
	1.5
	1.93
	300
	13

	Zirfon
	Fe2.5Co2.5Ni10OyHz@NFF//FeCoCrCuOx@CF
	0.5
	1.8
	1100
	14

	5%PZ-K30
	NiCoMo//Raney Ni
	1.32
	2
	1300
	15

	SSCM-8
	NiFe//NiMo
	1.9
	2
	1700
	16

	Zirfon
	SS316//Ru@Cu-TiO2/Cu
	1
	1.77
	200
	17

	PPS
	Ni//NiMo/CoMn/Ni
	0.37
	2
	50
	18

	PPS
	Eu2O3/NiS2//NiS2
	0.3
	2
	240
	19
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