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[bookmark: _Toc227327097]Table S1 Summary of SERS substrates reported for uranyl detection with corresponding Raman shifts, detection limits, and regeneration capabilities.
	[bookmark: _Hlk186808174]Substrate
	Raman shift(cm-1)
	Detection limit
	Regeneration
	Ref

	APA-modified gold nanoparticles
	828
	8×10-7 M
	NO
	[1]

	Au nanostar
	870, 843
	
	NO
	[2]

	Fe3O4-Au@CdTe
	828
	10-6 M
	NO
	[3]

	IE Ag@Au@SiO2
	Centered at 800-870
	1.1×10-7 M
	NO
	[4]

	AgNR@Al2O3
	720, 828
	2.3×10-9 M
	NO
	[5]

	citrate-stabilized AgNPs
	750
	6×10-8 M
	NO
	[6]

	Ag
	707
	7.4×10-8 M
	NO
	[7]

	Ag
	714
	1×10-8 M
	NO
	[8]

	AgNR SERS Tape
	centered at 730-790
	1×10-7 M
	NO
	[9]

	Au@MHA
	821, 833, 846
	
	NO
	[10]

	Au@ZIF-8
	828
	5 × 10-7 M
	NO
	[11]

	Ag/Ag2O–COF
	705-715
	8.9×10-10 M
	NO
	[12]

	FA@ZIF8
	829
	10-7 M
	NO
	[13]

	Ag/SA SMH
	715
	6.7×10-9 M
	NO
	[14]

	AgNR@Al2O3
	715
	6.7×10-6 M
	NO
	[15]

	Ag2O aggregates
	715
	10-7 M
	NO
	[16]

	Au nanostar
	818
	
	NO
	[17]

	This work
	850
	5×10-8 M
	Yes
	This work
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[bookmark: _Toc227327098]Fig. S1 Magnetization curves of FA and FA@tPF.
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[bookmark: _Toc227327099]Fig. S2 TEM images of FA@tPF with scale bars of 100 nm and 50 nm.
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[bookmark: _Toc227327100]Fig. S3 XPS survey spectra show the elemental changes before and after the synthesis of tPF on the FA surface.
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[bookmark: _Toc227327101]Fig. S4 The characteristic peak intensities of uranyl detected by FA@tPF among different batches.
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[bookmark: _Toc227327102]Fig. S5 Zeta potentials of FA@tPF before and after uranyl adsorption.
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[bookmark: _Toc227327103]Fig. S6 SERS spectra of FA@tPF for detecting uranyl ions at different NaCl concentrations.
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[bookmark: _Toc227327104]Fig. S7 Peak areas of the O=U=O bond during three cycles of adsorption and desorption.
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[bookmark: _Toc227327105]Fig. S8 SERS spectra of FA@tPF over six adsorption and desorption cycles.
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[bookmark: _Toc227327106]Fig. S9 (a) TEM image of FA@tPF after elution with Na2CO3; (b) FT-IR spectra of FA@tPF before adsorption, after uranyl adsorption, and after elution with Na2CO3.
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[bookmark: _Toc227327107]Fig. S10 Grad-CAM visualization for SERS spectral classification of adsorbed uranyl using a CNN model.


[bookmark: _Toc227327108]Materials Synthesis
FA: A total of 184 mL of DI water was added into a 500 mL conical flask, followed by the addition of 8 mL of 2% HAuCl₄ solution, and the mixture was heated to 130 °C under magnetic stirring for 20 min. Subsequently, 8 mL of Na₃Ct aqueous solution (400 mg of Na₃Ct dissolved in 8 mL of DI water) was added, and the reaction was continued at 130 °C for another 20 min. The heating was then stopped, and the solution was allowed to cool to room temperature under continuous stirring.
FA@ZIF-8: 0.76 mL of Zn(NO₃)₂·6H₂O solution (0.45 g of Zn(NO₃)₂·6H₂O dissolved in 7.5 mL of methanol) was added to the FA nanoparticles (NPs) dispersed in 3 mL of methanol after magnetic separation and removal of the supernatant, followed by the addition of 2-MIM solution (0.26 g of 2-MIM dissolved in 3.6 mL of methanol). The mixture was reacted at room temperature for 3 h under shaking conditions. Afterwards, the obtained FA@ZIF-8 substrate was magnetically separated, washed three times with methanol and DI water, respectively, and finally dispersed in 1.5 mL of ultrapure water for further experiments.



[bookmark: _Toc227327109]The calculation formula of the enhancement factor (EF):

where ISERS and IRS represent the Raman intensities obtained from the SERS spectrum and the normal Raman reference spectrum, respectively, and CSERS and CRS correspond to the analyte concentrations under the two measurement conditions. The reference spectrum used for EF calculation is the normal Raman spectrum of the target analyte (10-2 mol·L-1) measured under identical instrumental conditions.
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