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Supplementary Figure 1│Schematic representation of enhanced uranium adsorption in seawater by a honeycomb-inspired bulk adsorbent with hierarchical porous channels.
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[bookmark: _Toc194530709][bookmark: _Toc194531146][bookmark: _Toc195111595]Supplementary Figure 2│Silica gel templates with regularly arranged honeycomb columns and size-matched brass frames.
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Supplementary Figure 3│Synthesis of IM-PAO, LP-PAO and HTC-PAO.
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[bookmark: _Toc194530710][bookmark: _Toc194531147][bookmark: _Toc195111596]Supplementary Figure 4│The physical form of HTC-PAO.
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[bookmark: _Toc194530711][bookmark: _Toc194531148][bookmark: _Toc195111597]Supplementary Figure 5│SEM images of IM-PAO and LP-PAO.
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[bookmark: _Toc194530712][bookmark: _Toc194531149][bookmark: _Toc195111598]Supplementary Figure 6│Digital photograph of HTC-PAO block with the size of 60 mm (L) × 55 mm (W) × 10 mm (H).
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[bookmark: _Toc195111599]Supplementary Figure 7│FTIR spectra of PAN, PAO, IM-PAO, LP-PAO, and HTC-PAO are presented. 
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[bookmark: _Hlk194956170][bookmark: _Toc194530713][bookmark: _Toc194531150][bookmark: _Toc195111600]Supplementary Figure 8│High-resolution XPS spectra for IM-PAO, LP-PAO and HTC-PAO in N 1s area. 
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[bookmark: _Toc194530714][bookmark: _Toc194531151][bookmark: _Toc195111601]Supplementary Figure 9│High-resolution XPS spectra for IM-PAO, LP-PAO and HTC-PAO in C1s area. 
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[bookmark: _Toc194530715][bookmark: _Toc194531152][bookmark: _Toc195111602][bookmark: _Hlk194246048]Supplementary Figure 10│Mercury intrusion-extrusion curves of IM-PAO, LP-PAO and HTC-PAO. 
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Supplementary Figure 11│Nitrogen adsorption–desorption isotherms of IM-PAO, LP-PAO and HTC-PAO.
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[bookmark: _Toc195111603]Supplementary Figure 12│Water contact angle measurements for IM-PAO, LP-PAO, and HTC-PAO. 
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[bookmark: _Toc195111604]Supplementary Figure 13│Mechanical properties of thin films. 
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[bookmark: _Toc194530716][bookmark: _Toc194531153][bookmark: _Toc195111605]Supplementary Figure 14│Uranium adsorption performance of IM-PAO and LP-PAO in simulated seawater with different concentrations. (V, 5000 mL; Mads, 5 mg). 
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[bookmark: _Toc194530717][bookmark: _Toc194531154][bookmark: _Toc195111606]Supplementary Figure 15│XPS spectra of IM-PAO and LP-PAO before and after uranium adsorption.
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[bookmark: _Toc195111607]Supplementary Figure 16│EDS mapping of HTC-PAO following uranium adsorption.
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[bookmark: _Toc194530718][bookmark: _Toc194531155][bookmark: _Toc195111608]Supplementary Figure 17│High-resolution U4f XPS spectra of the IM-PAO and LP-PAO.
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[bookmark: _Toc194530719][bookmark: _Toc194531156][bookmark: _Toc195111609]Supplementary Figure 18│Digital photographs of the HTC-PAO before and after uranium adsorption. 
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[bookmark: _Toc194530720][bookmark: _Toc194531157][bookmark: _Toc195111610]Supplementary Figure 19│Uranium adsorption kinetic data and corresponding fitting curves based on Pseudo first order and Pseudo second order models for IM-PAO, LP-PAO and HTC-PAO. (C0, 4 ppm,16ppm; V, 5000 mL; Mads, 5 mg). 
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[bookmark: _Toc194530721][bookmark: _Toc194531158][bookmark: _Toc195111611]Supplementary Figure 20│Equilibrium adsorption isotherm and the corresponding fitting curves based on Freundlich model and Langmuir model for IM-PAO and LP-PAO.
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[bookmark: _Toc194530722][bookmark: _Toc194531159][bookmark: _Toc195111612][bookmark: _Toc194530724][bookmark: _Toc194531161]Supplementary Figure 21│Model establishment and mesh division of IM-PAO, LP-PAO and HTC-PAO.
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[bookmark: _Toc195111614]Supplementary Figure 22│Performance of Cycle Adsorption in HTC-PAO.
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[bookmark: _Toc195111615]Supplementary Figure 23│An advanced marine water recirculation system was engineered for efficient uranium recovery applications.
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Supplementary Table 1 | Uranium adsorption capacities of IM-PAO, LP-PAO and HTC-PAO at different times. 
	
	IM-PAO
	LP-PAO
	HTC-PAO

	
	4ppm
	8ppm
	16ppm
	4ppm
	8ppm
	16ppm
	4ppm
	8ppm
	16ppm

	0
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00
	0.00 
	0.00 

	2
	48.90 
	98.25 
	187.59 
	73.35 
	171.15 
	244.50 
	195.6
	171.15 
	268.95 

	4
	73.35 
	162.79 
	286.79 
	85.57 
	268.95 
	391.20 
	244.50 
	317.85 
	513.45 

	6
	97.80 
	213.87 
	352.92 
	110.02 
	317.85 
	489.00 
	268.95 
	391.20 
	709.05 

	8
	122.25 
	258.18 
	415.99 
	134.47 
	391.20 
	586.80 
	293.40 
	435.65 
	782.40 

	10
	136.92 
	289.25 
	458.12 
	171.15 
	415.65 
	635.70 
	305.62 
	489.00 
	846.85 

	12
	146.70 
	317.19 
	494.25 
	195.60 
	464.55 
	684.60 
	317.85 
	537.90 
	890.20 

	16
	158.92 
	342.38 
	521.32 
	207.82 
	489.00 
	731.05 
	334.96 
	586.80 
	934.65 

	20
	171.15 
	361.56 
	539.38 
	220.05 
	513.45 
	745.72 
	342.30 
	635.70 
	929.10 

	24
	183.37 
	377.53 
	552.45 
	244.50 
	537.90 
	770.17 
	347.19 
	660.15 
	998.00 

	28
	195.60 
	389.72 
	565.58 
	256.72 
	557.46 
	792.18 
	359.41 
	684.60 
	1002.44 

	32
	207.82 
	400.69 
	576.73 
	268.95 
	574.57 
	806.85 
	366.75 
	733.50 
	1051.34 

	36
	220.05 
	413.12 
	582.65 
	268.95 
	586.80 
	836.19 
	374.08 
	757.95 
	1063.57 

	40
	220.05 
	422.66 
	588.26 
	281.17 
	603.91 
	843.52 
	378.97 
	782.40 
	1075.79 

	44
	232.27 
	430.09 
	593.79 
	293.40 
	616.14 
	855.75 
	383.86 
	757.95 
	1100.24 

	48
	232.27 
	435.73 
	598.71 
	293.40 
	616.14 
	855.75 
	391.20 
	782.40 
	1100.24 
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Supplementary Table 2 | Fitting parameters of adsorption kinetics data based on pseudo-second-order and pseudo-first-order models. 
		 
	C0 (ppm)
	Pseudo-second-order
	Pseudo-first-order

	 	 
	
	R2
	qe (mg g-1)
	R2
	qe (mg g-1)

	IM-PAO
	4
	0.9942
	228.63
	0.9823
	221.92

	
	8
	0.9998
	433.97
	0.9929
	417.16

	
	16
	0.9970
	604.46
	0.9940
	579.67

	LP-PAO
	4
	0.9910
	293.44
	0.9862
	284.77

	
	8
	0.9978
	612.07
	0.9850
	588.20

	
	16
	0.9973
	860.04
	0.9918
	824.08

	HTC-PAO
	4
	0.9903
	375.25
	0.9471
	360.01

	
	8
	0.9962
	779.28
	0.9838
	752.21

	
	16
	0.9891
	1099.80
	0.9855
	1050.55


[bookmark: _Toc194530726][bookmark: _Toc194531163][bookmark: _Toc195111691]


Supplementary Table 3 | Fitting parameters of equilibrium adsorption isotherms of IM-PAO, LP-PAO and HTC-PAO based on Langmuir and Freundlich models. 
	
	Langmuir model
	Freundlich model

	
	R2
	 (mg g-1)
	R2
	 (mg g-1)

	IM-PAO
	0.92532
	712.16
	0.68055
	775.37

	LP-PAO
	0.93544
	1024.38
	0.71298
	1119.61

	HTC-PAO
	0.95798
	[bookmark: _Hlk188044028]1343.6
	0.77258
	1475.75
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Supplementary Table 4 | IM–PAO adsorption model parameters.
	Parameters
	Value
	Unit

	
	0.856
	

	
	1.176E-6
	

	
	1.739E-9
	

	
	0.147
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Supplementary Table 5 | LP–PAO adsorption model parameters.
	Parameters
	Value
	Unit

	
	0.863
	

	
	1.176E-6
	

	
	1.739E-9
	

	
	0.147
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Supplementary Table 6 | HTC–PAO adsorption model parameters.
	Parameters
	Value
	Unit

	
	0.878
	

	
	1.176E-6
	

	
	X = 6.956E-9
	

	
	Y = 6.956E-9
	

	
	Z = 1.739E-9
	

	
	0.147
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Supplementary Table 7 | Fluid parameters and solid phase density.
	[bookmark: _Hlk187955389]Parameters
	Value
	Unit

	
	1025
	

	
	0.796
	

	
	0.001
	

	
	8
	

	
	1141.100
	





Supplementary Table 8 | The maximum errors and the average errors of the three adsorbents.
	Adsorbents
	Maximum error
	average error

	IM-PAO
	14.84%
	2.77%

	LP-PAO
	16.97%
	4.81%

	HTC-PAO
	10.92%
	6.13%
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Supplementary Table 9 | Uranium adsorption capacity of HTC-PAO adsorbent at different cycle numbers in simulated seawater. 
	Recycles
	Adsorption capacity (mg g−1)
	Elution Capacity
(mg g−1)
	Elution efficiency (%) 

	1
	772.20
	758.33
	98.20

	2
	738.26
	710.96
	96.30

	3
	701.79
	668.70
	95.29

	4
	689.00
	642.45
	93.24

	5
	671.55
	613.08
	91.30


[bookmark: _Toc194530733][bookmark: _Toc194531170][bookmark: _Toc195111698]

Supplementary Table 10 | Concentration of uranium and competitive metal ions in natural seawater and metal-ion-spiked seawater.
	Metal
	Natural seawater
(ppb)
	Metal ion-spiked seawater  (ppb)

	U
	3.3
	330

	V
	1.5
	150

	Mn
	0.2
	20

	Co
	0.05
	5

	Ni
	1.0
	100

	Cu
	0.6
	60

	Pb
	0.03
	3

	Cr
	0.3
	30

	Zn
	4.0
	400





[bookmark: _Toc194530734][bookmark: _Toc194531171][bookmark: _Toc195111699]Supplementary Table 11 | Comparison of the uranium adsorption performance in nature seawater between the HTC-PAO and many other recoverable AO-based uranium adsorbents.
	
	[bookmark: _Hlk164939427]Absorbents
	Year
	qe (mg g−1)
	Time (day)

	a
	HTC-PAO
	
	14.69
	35

	b
	PGP hydrogel1
	2024
	9.73
	11

	c
	PAO PEI sponge2
	2024
	9.79
	15

	d
	Y-PAO hydrogel3
	2024
	10.07
	28

	e
	PAO/PMPC-SH4
	2024
	6.26
	28

	f
	SF-g-PAO5
	2024
	4.95
	28

	g
	Cs-PIDO-16
	2023
	5.75
	28

	h
	PE-PAO@ADH7
	2024
	6.76
	30

	i
	PAO-CNF hydrogel8
	2024
	6.6
	35

	j
	h-PAO9
	2023
	9.86
	49

	k
	PAO-PNF10
	2023
	5
	12

	l
	PP@MeP-H11
	2023
	3.12
	21

	m
	PAO-BS12
	2023
	2.7
	10

	n
	ML-r-PAO@HB13
	2023
	9.74
	28

	o
	MP-PAO14
	2022
	5.8
	28

	p
	PAO@CHM15
	2022
	7.46
	28

	q
	HA-PAO NFMs16
	2022
	6.73
	28

	r
	PAO-BSPE17
	2022
	12.67
	64

	s
	PAO-PHMB-A18
	2021
	3.19
	30

	t
	PAO-CB19
	2021
	8.56
	56

	u
	PA-PAO/CS NFs20
	2021
	4.91
	10

	v
	NC-PAO DN hydrogel21
	2021
	8.62
	25

	w
	AOP@PPLA22
	2020
	10.31
	35

	x
	Zn2+-PAO23
	2020
	9.23
	28

	y
	PAO/Alg NFs24
	2020
	8.42
	56

	z
	Anti-PAO gels25
	2020
	9.29
	30
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