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S1 Supplementary Figures
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Fig. S1 Pore size distribution of MNFS prepared at the LiCl concentration of 0.004 wt% and AC concentration of 40 wt%
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Fig. S2 The scalability of our strategy
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Fig. S3 Diameter distribution diagram of PVDF fibers. Diameter of fibers prepared by solution containing LiCl content at a 0 wt% and b 0.004 wt%
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Fig. S4 SEM images of the fibers prepared from PVDF solution with the LiCl content of a 0.002 wt% and b 0.006 wt%. The insets present the optical photos of the jets.
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Fig. S5 Conductivity of PVDF solution with different concentration of LiCl (0.002 and 0.006 wt%) and AC (60 wt%)
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Fig. S6 a SEM images of the fibers prepared from PVDF solution with acetone concentration of 60 wt%. The insets present the SEM images of surface mophology of the single fiber. b Surface tension and viscosity of PVDF solution with different AC concentration (20, 40, and 60 wt%).
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Fig. S7 Linearized cloud point plots of the PVDF/DMAc/H2O and PVDF/DMAc/AC/H2O system
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Fig. S8 Cross-section images of porous structures under different concentration of AC. a 20, b 40, and c 60 wt%.
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Fig. S9 The porosity and volume density of fiber assemblies prepared from the solution with different AC concentration.
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Fig. S10 Mechanical and thermal insulation performance of fibrous assemblies prepared under different concentration of LiCl and AC. a Elongation and tensile strength of fibrous assemblies. b IR images of fibrous assemblies placed on a heating stage (50 ℃). c Temperature difference (|ΔT |) between the sample surface and the stage
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Fig. S11 a Max stress of MNFS under different cycles with strain of 50%. b Presentation showing that MNFS could maintain resilience in liquid nitrogen
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Fig. S12 The tensile fracture mechanism of MNFS
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Fig. S13 The thermal transfer behavior models of electrospun fiber assembly and MNFS
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[bookmark: OLE_LINK74]Fig. S14 Schematic illustration of the set-up for thermal insulation test
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Fig. S15 Thermal insulation performance of MNFS under different temperature conditions
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Fig. S16 Photographs showing the liquid-repellent properties of the MNFS
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Fig. S17 Tensile stress-strain of MNFS under various washing cycles
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Fig. S18 Thermal conductivity of MNFS under various washing cycles
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Fig. S19 The ultraviolet transmittance of MNFS
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Fig. S20 The reliability and durability of MNFS. a morphology, b Compressive stress-strain, c Tensile stress-strain, and d thermal conductivity of MNFS under different exposure times
S2 Supplementary Tables
Table S1 The conductivity of the solution with different LiCl concentration and AC content
	LiCl 
[wt%]
	AC
[wt%]
	DMAc
[wt%]
	Conductivity
[μS/cm]

	0
	20
	80
	6.5±0.02

	0.002
	20
	80
	15.6±0.05

	0.004
	20
	80
	25.0±0.17

	0.006
	20
	80
	33.5±0.1

	0.004
	40
	60
	26.3±0.16

	0.004
	60
	40
	26.8±0.2





Table S2 The comparison of the density, thermal conductivity, and mechanical properties for the commercial and reported thermal insulating materials
	[bookmark: _Hlk201265623]Component
	Synthesis strategy
	Density
[bookmark: OLE_LINK1][mg cm-3]
	Thermal
conductivity
[mW m-1 K-1]
	Tensile strength [kPa]
	Compressive
strength
[kPa]
	Reference

	Commercial Cotton
	/
	27.6
	46.31
	16.6 (50% strain)
	8.74 (70% strain)
	Self testing

	Commercial Polyester
	/
	10.4
	42.33
	10.8 (50% strain)
	6.25 (80% strain)
	Self testing

	PI
	[bookmark: OLE_LINK8]Freeze-drying
	26
	30.06
	160 (25% strain)
	~160 (90% strain)
	[1]

	CNF/PPy/PU
	
	140-160
	52-56
	None
	None
	[2]

	Carbon/SiO2
@CNTs
	
	40
	~48
	
	17.65 (75% strain)
	[3]

	SiBCN/SiC
	
	142
	52
	
	None
	[4]

	Sodium alginate/ Al2O3
	
	53
	27.2
	
	2100 (80% strain)
	[5]

	PPS
	
	6.4
	28
	8 (25% strain)
	~120 (95% strain)
	[6]

	BSiTa-PA
	Ambient pressure drying
	180
	49.6
	None
	768.7 (30% strain)
	[7]

	Zircon
	Airflow- assisted spinning
	20
	26
	[bookmark: OLE_LINK6]42.4 (18.5% strain)
	~90 (95% strain)
	[8]

	Polyimide
	
	50
	37
	None
	15 (80% strain)
	[9]

	Yttria-stabilized zirconia
	
	65
	21
	
	~5 (50% strain)
	[10]

	Mullite
	Electrospinning
	8
	20
	3.5 (20% strain)
	~3.7 (80% strain)
	[11]

	Zirconia-silica
	Off-axial electrospinning 
	8
	24.6
	~45 (150% strain)
	35 (90% strain)
	[12]

	PVDF
	Multiple-jet electrospinning
	7.1
	24.85
	216 (200% strain)
	27 (80% strain)
	This work



Table S3 The UV-resistance performance of MNFS
	
	UPF
	T(UVA)/%
	T(UVB)/%

	Number of Scans
	9
	9
	9

	Mean
	1937.06
	0.09
	0.05%

	STD
	89.45
	0.05%
	0.00%

	COV
	4.62%
	57.51%
	0.00%


Table S4 Performance requirement for difference application scenarios
	Application scenarios
	Component
	Project
	Index requirements
	References

	Aerospace
	Cargo insulated containers
	Working environments
	Temperature (-30-45℃), relative humidity (100%)
	GB/T 18433-2023

	Transportation
	Refrigerated trailers
	Thermal conductivity (25℃)/[mW m-1 K-1]
	≤24
	GB/T 40363-2021

	Building insulation
	External Wall Insulation Modules
	Thermal conductivity (25℃)/[mW m-1 K-1]
	Grade 024
	≤24
	GB/T 30595-2024

	
	
	
	Grade 030
	≤30
	

	
	
	
	Grade 034
	≤34
	


S3 Supplementary Captions for Movies S1 to S2
Movie S1: Demonstration of tensile fracture process of single helical fiber.
Movie S2: Demonstration of tensile and recovery process of single helical fiber.
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