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S1 Calculation
EMI SE was measured using an Agilent E5071C vector network analyzer by the wave guide method in the 8.2-12.4 GHz (X-band) range. The measured scattering parameters (Figs. S11 and S21) were used to calculate the absorption, reflection, and total shielding values. EMI SE (SET) is divided into three parts: reflection loss (SER), absorption loss (SEA), and multiple reflection loss (SEM), and can be expressed by the following formulas: 
 (S1)
When ≥15 dB， can be neglected, meanwhile，、and  can be determined as follows：
  +       (S2)
The power coefficients of reflection (R), transmission (T), and absorption (A) can be calculated based on the four scattering parameters (Figs. S11, S12, S21, and S22) of the network analyzer.
 2 = 2      （S3）  
 2 = 2      （S4）  
                        
 and can be obtained as：
       （S6）   
        （S7）
The skin depth (δ), defined as the depth at which the incident electromagnetic wave decays to 1/e of its surface value, can be calculated using the following formula (Gupta, Singh, Teotia et al., 2013):
     （S8）
where  is the frequency, μ is the permeability, and σ is the conductivity. 
  Hence
       (S9)
[bookmark: OLE_LINK30] can also be obtained by the following formula：
.68 （）    (S10)
The specific SE (SE·d-1), which considers the material's density, is expressed as:
       (S11)
S2 Supplementary Figures and Tables
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Fig. S1 Microscopic image of the CNFs after grinding
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[bookmark: OLE_LINK216][bookmark: OLE_LINK23][bookmark: OLE_LINK22]Fig. S2 SEM images and diameter distribution diagrams of a NTCA-DAB-PVP nanofiber membrane. b carbon nanofibers membrane. c CFA@PANI. d CP-1@PANI. e CP-2@PANI. f CP-3@PANI
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[bookmark: OLE_LINK19]Fig. S3 Synthetic scheme for the reaction of the NTCA and DAB monomers to BBB and derived carbon structure

[image: ]
Fig. S4 Comparative photos of NTCA-DAB-PVP membrane and its nanofiber membrane
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[bookmark: OLE_LINK3]Fig. S5 Photos of mechanical flexibility of CNFs membrane
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[bookmark: OLE_LINK12]Fig. S6 SEM image of PANI nanoparticles
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Fig. S7 SEM image of in CFA aerogel, where the nanocellulose entangled around the CNFs and act as the binder
[bookmark: OLE_LINK104][image: 组会2024.3.26]
Fig. S8 Photographs of the color change of the aerogels and the precipitated PANI particles
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[bookmark: OLE_LINK4][bookmark: OLE_LINK6][bookmark: OLE_LINK13]Fig. S9 Photographs and cross-sectional SEM images of a CP-2 aerogel. b CP-3 aerogel c CFA@PANI aerogel. d CP-2@PANI aerogel
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[bookmark: OLE_LINK20][bookmark: OLE_LINK2]Fig. S10 SEM image of CP-3@PANI aerogel
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Fig. S11 EDS mapping of C, N, O, P elements and their proportion of the CP-3@PANI
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[bookmark: OLE_LINK5][bookmark: OLE_LINK18]Fig. S12 Raman spectra of CFA, PANI Power and CNFs/PANI hybrid aerogels
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Fig. S13 P 2p spectrum of CP-3@PANI
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Fig. S14 TGA curves of CP-1@PANI, CP-2@PANI, and CP-3@PANI
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Fig. S15 N2 adsorption–desorption isotherms and pore size distribution curves of CFA and CP-3@PANI
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Fig. S16 Water contact angle (WCA) of the CFA, CP-3, and CP-3@PANI
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[bookmark: OLE_LINK15][bookmark: OLE_LINK14]Fig. S17 Construction of a device for testing the resistance change of CP-3@PANI aerogel during heat treatment
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[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Fig. S18 a Temperature-resistance dependence of CP-3@PANI during heating-cooling cycle; b Time-resistance change rate curve of CP-3@PANI during heat treatment
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[bookmark: OLE_LINK8]Fig. S19 Conductivity of PANI doped with different acids in CP-3@PANI
[bookmark: OLE_LINK291][image: ]
[bookmark: OLE_LINK9]Fig. S20 SEM images of CP-3@PANI aerogels in-situ polymerization for 4h, 8h, 12h, and 16h
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[bookmark: OLE_LINK7]Fig. S21 EMI SE of CP-3@PANI aerogels in-situ polymerization for 4h, 8h, 12h, and 16h
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[bookmark: OLE_LINK293]Fig. S22 SET, SER, and SEA values of CP-3@PANI in the 5-50 MHz
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Fig. S23 SET, SER, and SEA values of CP-3@PANI in the 50-500 MHz
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Fig. S24 (a) the SET, SER, and SEA value of CP-3@PANI in the K-band. (b) the R, T, and A value of CP-3@ PANI in the K-band
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[bookmark: OLE_LINK208]Fig. S25 (a) real part ε' and (b) imaginary part ε“of CFA and CP-3PANI
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Fig. S26 Thermal infrared images of the CP-3@PANI on a 300 °C heating platform after 10 repeated heating cycles
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[bookmark: OLE_LINK272]Fig. S27 Thermal conductivity of CFA, CP-2@PANI, CP-3@PANI and CP-3@PANI after 10 repeated heating cycles
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[bookmark: OLE_LINK10]Fig. S28 EMI SE values of the CP-3@PANI after 10 heating and cooling cycles (from RT-300 °C)
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Fig. S29 TGA curves of P-PANI and PANI 
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[bookmark: OLE_LINK21]Fig. S30 a Photo of nanocellulose aerogel; b HHR curves of the nanocellulose aerogel and composite aerogels; c THR curves of the nanocellulose aerogels and composite aerogels
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Fig. S31 LOI values of the pure nanocellulose, CFA, CP-3 and CP-3@PANI aerogel
Table S1 The compositions of the CNFs/PANI aerogels
	Samples
	Carbon nanofiber (g)
	PANI
(g)
	CNFs : PANI
(g)
	Nanocellulose 
Suspension (g)a
	Density
(g cm-3)

	CFA
	0.32
	0
	1:0
	4
	0.01

	CP-1
	0.32
	0.32g
	1:1
	4
	0.02

	CP-2
	0.32
	0.64g
	1:2
	4
	0.034

	CP-3
	0.32
	0.96g
	1:3
	4
	0.043


a) [bookmark: OLE_LINK24][bookmark: OLE_LINK11]Weight concentration of the nanocellulose suspension is 1.5 wt%.
Table S2 Some Typical Data for Fiber Shell Polymerization
	[bookmark: OLE_LINK1]Sample
	Weight of ANI
(g)
	Weight increase of the sample (g)
	% Yield of PANIb (only on the
 aerogel)
	Conductivity (S/m)
	Density (g/cm3)
	PA content (wt%)

	CFA@PANI
	1
	0.54
	11.9
	100
	0.075
	17

	CP-1@PANI
	1
	0.63
	13.9
	120
	0.08
	21

	CP-2@PANI
	1
	0.75
	16.6
	170
	0.095
	22.7

	CP-3@PANI
	1
	0.82
	18.2
	199
	0.108
	23.8


b) Yield of the PANI salts was calculated based on the amount of aniline used in the reaction.
Table S3 Surface area, pore volume, and average pores size of the CFA and CP-3@PANI
	Sample
	SBET (m2·g-1)
	Pore volume (cm3·g-1)
	Pore size (nm)

	CFA
	10.98
	0.023
	9.053

	CP-3@PANI
	0.52
	0.000976
	7.45



Table S4 The sample parameters and SSE/d values of carbon-based and PANI-based aerogel
	Materials
	Density
[g·cm-3]
	Frequency
[GHz]
	EMI SE
[dB]
	SSE/d
[dB· cm3 ·g-1]
	Refs.

	PANI/MWCNT/graphene
	0.2
	12.4-18
	42
	196
	[S1]

	LSW/PVA/PANI
	0.55
	8.2-12.4
	40
	73
	[S2]

	Wood-derived carbon
	0.072
	8.2-12.4
	25.5
	354
	[S3]

	HfC-carbon fibers/graphene
	0.18
	8.2-12.4
	66.4
	364.1
	[S4]

	NbC-pyrolytic carbon
	0.48
	8.2-12.4
	54.8
	114
	[S5]

	Carbon foam
	0.15
	8.2-12.4
	53
	353
	[S6]

	Carbon-rGO
	0.31
	8.2-12.2
	50
	161
	[S7]

	GRA Carbon foam
	0.166
	8.2-12.4
	40
	241
	[S8]

	Carbon/PN resin
	0.152
	8.2-12.4
	51.2
	341
	[S9]

	Carbon fiber/nano copper
	0.317
	8.2-12.4
	29.3
	92
	[S10]

	Aerogel-like Carbon
	0.121
	8.2-12.4
	51
	421
	[S11]

	Graphene-carbon
	0.07
	8.2-12.4
	37
	528
	[S12]

	WTP-PVA Carbon
	0.057
	8.2-12.4
	40
	700
	[S13]

	Phthalonitrile-Based Carbon
	0.15
	8.2-12.4
	51.2
	341.1
	[S14]

	Sugarcane-derived carbon
	0.112
	8.2-12.4
	51
	455.4
	[S15]

	Bread-derived carbon
	0.29
	8.2-12.4
	17.2
	59.3
	[S16]

	RF/MWCNTs/Fe3O4 carbon
	0.125
	8.2-12.4
	62
	493.6
	[S17]

	Carbon/MWCNTs
	0.52
	8.2-12.4
	85
	163
	[S18]

	Wood-derived carbon/AgNWs
	0.13
	8.2-12.4
	60
	465.1
	[S19]

	Carbon honeycomb/rGO
	0.061
	8.2-12.4
	42
	688.5
	[S20]

	3D-carbon texture/rGO
	0.07
	8.2-12.4
	37
	528
	[S21]

	Carbon foam
	0.121
	8.2-12.4
	20
	165
	[S22]

	CP-3@PANI
	0.108
	8.2-12.4
	85.45
	791.2
	This work



Table S5 Related MCC Data of CNF aerogel
	Sample
	PHRR (W g-1)
	Tp (℃)
	THR (kJ g-1)
	HRC (J g-1 K-1)

	CNF
	248.9
	322.7
	13.9
	248.4



Table S6 CF-3@PANI Comparison of comprehensive performance with samples reported in literatures
	Materials
	EMI SE
[dB]
	Thermal conductivity (W·m-1·K-1)
	PHHR
[W·g-1]
	Refs.

	Carbon foams
	38.9
	0.185
	
	[S23]

	rGO/sugarcane derived hybrid carbon foam
	53
	0.115
	
	[S24]

	PCC/MXene/polyvinyl alcohol
	43.13
	0.69
	207.6
	[S25]

	MXene/polyphosphamide/PA6
	24
	
	300
	[S26]

	SPI/PA/GNS-co-Q
	43
	
	315.46
	[S27]

	(APP)/PEI/MXene/(PCL) ramie fabric
	35
	
	66.3
	[S28]

	UPPH-SMCs
	77
	
	83
	[S29]

	FRs/CNT/TPU
	32.7
	
	28.4
	[S30]

	PS/SiAPP/MWCNT
	11
	
	399
	[S31]

	P-doped PANI/AgMWs
	51.2
	
	223
	[S32]

	Melamine-Based MF/Fe3O4/AgNWs
	49
	
	75.9
	[S33]

	CoFe2O4@CNT/PDMS Foams
	48.85
	0.106
	
	[S34]

	MXene/CNT/Epoxy
	34.7
	
	532
	[S35]

	MXene/montmorillonite/CNF
	43
	0.159
	
	[S36]

	F-reduced graphene oxide (rGO)/paraffin
	74.6
	0.36
	534
	[S37]

	PS-MWCNT-IFR
	38
	
	171
	[S38]

	CP-3@PANI
	85.45
	0.104
	7.8
	This work
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