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Figure S1. SEM images of Silk-PPy(0.1-10) with different Py addition ratios (0.1, 1, 3, 5, 7, 10 mmol per 50 mL system). (A) shows a two-fold magnification of (B), while (B) displays a five-fold magnification of (C). Ppy begins to delaminate when the Py amount increases to 7 mmol per 50 mL.
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Figure S2. SEM images of Silk-P(1-7)-P with different pyrrole addition ratios (0.1, 1, 3, 5, and 7 mmol per 50 mL system).
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Figure S3. SEM image of the cross-section of Silk-P5.
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Figure S4. Photographs of the real products. (A) Silk fabric, (B) Silk-P5-P. (C) The thickness of the samples.
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Figure S5. Effect of doping of different concentrations of PTS on the electrical conductivity of EMI fabrics
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Figure S6. Chemical stability of Silk-P5-P. (A) Changes in WCA of Silk-P5-P in neutral (pH=7), strong acid (pH=1), and strong alkaline (pH=12) environments after continuous immersion for 6h. (B) SEM image of Silk-P5-P after continuous immersion for 6h in a weak alkaline (pH=9) environment, the inset is a magnified image. (C) SEM image of Silk-P5-P after continuous immersion for 6h in a weak acid (pH=4) environment, the inset is a magnified image.
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Figure S7.  Photographs of Silk-P5-P used for oil-water separation. Water and methylene chloride were stained with methylene blue and Sudan III, respectively.
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Figure S8. (A) Surface roughness changes in Silk-P(0.5-9)-P after15 times of tape peeling. (B) Sa changes in Silk-P(0.5-9)-P after 5, 10, 15 times of tape peeling. 
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Figure S9. (A) Mechanical durability testing (tape-peeling) of Silk-P(0.5-9)-P. (B, C) WCA changes in Silk-P(0.5-9)-P after 5, 10, 15 times of tape peeling.
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Figure S10. (A) Surface roughness changes in Silk-P(0.5-9)-P after 15 cycles of sandpaper abrasion. (B) Sa changes in Silk-P(0.5-9)-P after 5, 10, 15 cycles of sandpaper abrasion.
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Figure S11. (A) Cycle photographs of Silk-P(0.5-9)-P sandpaper wear. (B, C) WCA changes in Silk-P(0.5-9)-P after 5, 10, 15 cycles of sandpaper abrasion.
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Figure S12. WCA changes in Silk-P(0.5-9)-P after 7 d ultraviolet irradiation.
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Figure S13. (A) Surface roughness changes in Silk-P(0.5-9)-P after 24 h ultraviolet irradiation. (B) Sa changes in Silk-P(0.5-9)-P after 24 h ultraviolet irradiation.
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Figure S14. Temperature rise of Silk-P5-P in dry and moist environments at different intensities of 808 nm laser irradiation for 10 min. (A) Photothermal temperature rise of Silk, Silk-P5, and Silk-P5-P in dry and moist environments at different intensities of light intensity (0.22-0.6 W cm-2). (B) Photothermal temperature rise of wet environments of Silk-P5 at different intensities of light intensity (0.2-1.0 W cm-2).
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Figure S15. Infrared camera photographs of dry ambient photothermal temperatures of Silk, Silk-P5, and Silk-P5-P at different intensities of light intensity (0.22-0.6 W cm-2).
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Figure S16. SEM image of bacteria after Silk-P5-P sustained 10min photothermal antibacterial. (A) SEM image of E. coli after photothermal antimicrobial treatment. (B) SEM image of S. aureus after photothermal antimicrobial treatment. (C) SEM image of E. coli before photothermal antimicrobial. (D) SEM image of S. aureus before photothermal antimicrobial.
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Figure S17. Colony counts of E. coli (A) and S. aureus (B) for control, silk, Silk-P5, and Silk-P5-P groups without NIR irradiation. 
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Figure S18. Temperature of Silk, Silk-P5, Silk-P5-P under different daylight (0.5-2.0 sun). (A) Comparison of the temperatures of Silk, Silk-P5, and Silk-P5-P under the same daylight. (B) Temperature of Silk-P5 under different daylight. (C) Temperature of Silk-P5-P under different daylight.
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Figure S19.Temperature changes of Silk, Silk-Ppy, and Silk-Ppy-PDMS irradiated at 2sun for 10min.



[image: ]
Figure S20. Colony counts and antimicrobial rates of Silk, Silk-P5, and Silk-P5-P irradiated for 10 min in a humid environment at 1sun. (A) Colony number of S. aureus. (B) Antibacterial rate of S. aureus. (C) Colony number of E. coli. (D) Antibacterial rate of E. coli.
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Figure S21. (A) Photographs of bacterial colonies of Silk-P5-P during continuous immersion for 2, 4, 6, 24h in different chemical environments (pH=4, 9) and control after 10 min of continuous irradiation with infrared light (E. coli and S. aureus). (B-E)  Colony counts and antimicrobial rates of Silk-P5-P during continuous immersion for 2, 4, 6, 24h in different chemical environments (pH=4, 9) and control after 10 min of continuous irradiation with infrared light ( E. coli (B, C) and S. aureus (D, E)).
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Figure S22. Schematic illustration of the EMI shielding mechanism. The conjugated Ppy backbone facilitates charge transport, causing conductive and dielectric losses, while the needle-like morphology extends the EM wave propagation path through repeated reflection and scattering within the hierarchical structure.
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Figure S23. Electromagnetic shielding effectiveness of electromagnetic shielding fabrics with different py additions and number of fabric layers, corresponding to the normalized calculation of absorption coefficient (A) and reflection coefficient (R). (A) Electromagnetic shielding effectiveness, (B) absorption and reflection coefficients of electromagnetic shielding fabric Silk-P (0.5-9) with different py additions (0.5, 1, 3, 5, 7, 9 mmol per 50 mL solution), (C) Electromagnetic shielding effectiveness, (D) absorption and reflection coefficients of electromagnetic shielding fabric Silk-P1 @ (1-5) with different number of layers and py additions (1 mmol per 50 mL) (E) electromagnetic shielding effectiveness, (F) absorption and reflection coefficients of electromagnetic shielding fabrics Silk-P5 @ (1-5) with different number of layers of 5 mmol per 50 mL of py. (G) electromagnetic shielding effectiveness, (H) absorption and reflection coefficients of electromagnetic shielding fabrics Silk-P1-P @ (1-5) with different number of layers of 1 mmol per 50 mL of py. 


Table S1. Summary of Key Fabrication Parameters for the Silk-Ppy-PDMS Composites.

	Fabrication Step
	Parameter
	Value / Condition
	Notes

	Silk Pre-treatment
	Fabric Size
	40 mm × 40 mm
	

	
	Washing Solvent
	Ethanol, Deionized Water
	Repeated 3 times

	
	Drying
	50 °C, Oven, 1 h
	

	Ppy Polymerization
	Monomer (Pyrrole)
	0.1 - 10 mmol (in 50 mL)
	0.002 - 0.2 M

	
	Dopant (PTS)
	1:1 Molar Ratio to Py
	

	
	Oxidant (FeCl₃)
	1:1 Molar Ratio to Py
	In 10 mL water

	
	Catalyst / Acid
	1 mL H₃PO₄ (85 wt%)
	

	
	Premixing & Adsorption
	~300 rpm, 25 min total
	Room Temperature

	
	Polymerization
	~300 rpm, 6 h
	Room Temperature (25 ± 2 °C)

	
	Washing
	Ethanol & Deionized Water
	Until supernatant clear

	
	Drying
	50 °C, 2 h
	

	PDMS Coating
	PDMS Precursor : Curing Agent
	10 : 1 (0.40 g : 0.04 g)
	Sylgard 184

	
	Solvent
	n-Hexane, 60 mL
	

	
	Total PDMS Concentration
	~7.3 mg/mL
	In n-Hexane

	
	Sonication (Dispersion)
	10 min
	Room Temperature

	
	Sonication (Coating)
	30 min
	Ice-water Bath

	
	Curing
	60 °C, 20 min
	Oven

	
	Coating Cycles
	3
	





Table S2. Comparison of Silk-P5-P and recent electromagnetic shielding fabric studies in terms of electromagnetic shielding effectiveness (dB), thickness (mm), and electromagnetic shielding effectiveness per unit thickness (dB/mm).
	Num
	Materials
	SE (dB)
	Thickness (mm)
	SE/T (dB/mm)
	Ref

	1
	Silk-P5-P
	26.3
	0.13
	202.31
	This work

	
	Silk-P5-P@5
	62.9
	0.67
	96.77
	This work

	2
	CNs-P@M-PG-N/P
	38.6
	0.32
	117
	[1]

	3
	CF/MXene/NiCo-LDH
	52.34
	2.12
	24.689
	[2]

	4
	PDMS@CuS@PSF
	46
	0.35
	131.43
	[3]

	5
	MoSe2@MXene/CFs
	37
	0.3
	123.33
	[4]

	6
	[bookmark: _Hlk188257907]MXene@PDA-cotton fabric
	45
	0.358
	125.70
	[5]

	7
	[bookmark: _Hlk188257968]MXene/magnetic LM/polycomposite fibers
	63.45
	0.8
	79.313
	[6]

	8
	MXene/CNTs/TPU fabric
	25.7
	0.15
	171.3
	[7]

	9
	rGO@CNTs-PF fabrics
	40.1
	0.6
	66.83
	[8]

	10
	Ni-SS@CNTs Acetate fabrics
	37
	0.8
	46.25
	[9]

	11
	MXene- cellulose fabric 
	35.2
	0.62
	56.8
	[10]

	12
	[bookmark: _Hlk188257932]MXene/aramid nonwoven fabrics
	35.7
	1.04
	34.3
	[11]

	13
	CNT/graphene/WPU/textile
	35
	0.35
	100
	[12]

	14
	MXene/AgNWs-decorated nonwoven fabrics
	66.4
	0.6
	110.67
	[13]

	15
	SWNTs/GA-chitosan polyamide nonwoven fabrics
	29
	2.8
	10.36
	[14]

	16
	Ag/Ti-TiO2 Cotton fabrics
	40
	1.8
	22.22
	[15]

	17
	TPU/MXene TPU fabrics
	31
	0.3
	103.33
	[16]

	18
	MXene/SPF PET textile
	30
	0.2
	150
	[17]

	19
	Al-waste cotton-carbon felt fabric
	82.63
	6
	13.771
	[18]

	20
	Ni-PIC fabrics
	44
	0.8
	55
	[19]

	21
	Ferromagnetic graphene quartz fabrics
	107
	1
	107
	[20]

	22
	MXene/Ppy PET fabric
	90
	1.3
	69.2
	[21]
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