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S1 Characterization
The morphologies and microstructures of HA, MXene, PPy, HA/MXene, and the HMP papers were characterized by scanning electron microscopy (SEM, GeminiSEM 500, Carl Zeiss, Germany). Atomic force microscopy (AFM, Bruker, Germany) image of Ti3C2Tx MXene nanosheets was recorded using a Bruker Dimension Icon. Fourier infrared (FTIR) spectra were measured by a Nicolet iS20 step scan instrument (Thermo Scientific, USA). The papers' X-ray photoelectron spectroscopy (XPS) spectra were analyzed on K-Alpha equipment (Thermo Scientific, USA). The water contact angle of the sample was performed using an optical contact angle meter (OCA20, Dataphysics, Germany). TGA testing was carried out on a simultaneous thermal analyzer (TG 209 F3 Tarsus, Netzsch, Germany) with a heating rate of 10 oC min-1 in an N2 atmosphere. The paper's electrical resistance (R) was obtained with a Keithley 2700 sourcemeter (Cleveland, OH, USA) using the four-probe technique at room temperature to calculate the conductivity. 
[bookmark: OLE_LINK50]The prepared paper was cut into strips (20 × 5 mm2) with a blade to obtain the tensile test sample. A universal testing machine (5944, Instron, USA) was used for the tensile test of the paper, and the strain rate set at room temperature was 1.0 mm min-1. The mechanical properties of all samples were averaged from at least three test results. ΔL is the length change, and L is the initial gauge length, so the fracture strain is ΔL/L. Toughness can be calculated according to the following formula:

where δ represents stress, ε is strain.
The electrothermal performances of the papers were tested using a DC power (Keithley 2460, USA) supply of defined voltage, and the surface temperature of the papers was measured and captured by an infrared (IR) thermal imager (VarioCAM HD head 880, InfraTec, Germany). The photothermal performance of papers was studied with xenon lamp (CEL-HXF300-T3, China) irradiation to simulate sunlight.	
S2 Measurement of EMI Shielding Performance
A N5227A (Keysight Technologies, USA) vector network analyzer was used to test the EMI SE value of the HMP paper in the X-band (8.2-12.4 GHz). The scattering parameters S11 and S21 were tested and used to calculate the reflection (R), transmission (T), and absorption (A) coefficients. At the same time, the total EMI shielding effectiveness (SET), reflected EMI shielding effectiveness (SER), absorbed EMI shielding effectiveness (SEA), and multiple internal reflected EMI shielding effectiveness (SEM) were calculated by the following formula:
, 




If SET exceeds 10 dB, SEM can be generally ignored [S1].
EMI shielding efficiency (%) expressed the ability to shield electromagnetic waves as a percentage. The calculation formula was as follows:

To fairly compare the effectiveness of EMI shielding materials, the specific shielding efficiency (SSE) and SSE/t expressions considering density and thickness were as follows:


According to the transmission line principle:

where Zin is the input impedance of the absorber, Z0 is the impedance of free space, r is the relative complex permeability, r is the complex permittivity, f is the frequency of microwaves, d is the thickness of the absorber, and c is the velocity of light.
S3 Supplementary Fiugures and Tables
[image: ]
Fig. S1 Schematic illustration of the fabrication of MXene/DMAc dispersion
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[bookmark: OLE_LINK13]Fig. S2 a SEM Morphology of the delaminated Ti3C2Tx MXene nanosheets. b Lateral size distribution of MXene nanosheets
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Fig. S3 Schematic illustration of the polymerization of HA solution
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Fig. S4 Tyndall effect of a MXene/DMAc, b HA/DMAc, and c HA/MXene/DMAc dispersion
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Fig. S5 Digital image of the a HA/MXene and b HMP hydrogel
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Fig. S6 N- and O- element mappings of the HMP paper cross-section
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Fig. S7 a, c, e Cross-sectional SEM images of HMP nanocomposite paper. b, d, f Magnified images of a, c, and e, respectively
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Fig. S8 a Ti 2p spectra of MXene paper. b O 1s spectra of MXene, MH30, and HMP33 papers
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Fig. S9 a Typical stress-strain curves of HA/MXene papers with various MXene contents and corresponding b tensile strength, fracture strain, c toughness, and modulus
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Fig. S10 Water contact angle (CA) measurements for the MXene, HA, HM30, HP33, and HMP33 papers
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Fig. S11 Optical images of the HMP33 paper during ultrasonication in water
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Fig. S12 SEM image of fracture path of HA paper
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Fig. S13 The shielding efficiencies of the HMP papers with different PPy loading
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Fig. S14 The average R and A values of the HMP nanocomposite paper in the X-band
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Fig. S15 The a real part and b imaginary part of complex magnetic permeability, and c tan of the HM30 and HMP33
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Fig. S16 a Real part and b imaginary part of complex permittivity, and c tan of the HM30 and HMP33
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Fig. S17 SSE/t of the HM30, HP33, and HMP papers
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Fig. S18 EMI SE of the HMP33 paper after soaking in various solvents for 7 days
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Fig. S19 The photothermal curves of the papers with various PPy contents under the xenon lamp irradiation at a 100 mW·cm-2 light intensity
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Fig. S20 The equilibrium temperature of the HMP papers versus the PPy content
Table S1 Tensile mechanical properties of various papers
	[bookmark: _Hlk130459362]Samples
	Tensile stress/MPa
	Strain/%
	Toughness/MJ m-3
	Modulus/GPa

	HA
	199.05±3.85
	19.60±0.25
	30.16±0.78
	5.82±0.26

	HM10
	274.3±10.96
	16.37±0.45
	36.86±0.88
	9.07±0.79

	[bookmark: _Hlk130372840]HM20
	324.06±7.88
	14.97±0.55
	39.63±0.99
	13.55±0.32

	HM30
	382.71±8.31
	13.63±0.21
	41.98±0.60
	16.14±0.68

	HM40
	397.93±7.16
	10.37±0.29
	34.01±0.62
	24.78±0.70

	[bookmark: _Hlk167652732]HMP8
	364.68±9.02
	15.33±0.50
	44.93±1.42
	12.98±0.12

	HMP17
	348.87±12.09
	16.86±0.34
	47.83±0.86
	9.96±0.45

	HMP25
	332.33±9.07
	19.45±0.51
	51.41±1.36
	8.29±0.25

	HMP33
	309.67±5.69
	22.38±0.48
	57.63±0.81
	7.64±0.28

	HMP42
	215.57±9.08
	14.99±0.34
	29.38±1.11
	7.04±0.06

	HP33
	258.10±10.55
	23.62±0.54
	50.67±0.31
	6.51±0.16





[bookmark: OLE_LINK5][bookmark: OLE_LINK2]Table S2 Comparison of mechanical properties of HMP nanocomposite papers with other EMI composite materials. For each reference, the maximum tensile stress and toughness are used to compare with this work
	Types
	Materials
	Tensile stress
(MPa)
	Strain
(%)
	[bookmark: OLE_LINK15]Toughness (MJ m-3)
	Refs.

	Conductive polymer-based
	PPy/GO-MP-CF-Epoxy
	308
	-
	3.2
	 [S2]

	
	PPy/CNF/graphene/PVA
	217.9
	12.0
	19.6
	 [S3]

	
	PANI/CNT
	232.3
	11.5
	20.1
	 [S4]

	
	PANI/Epoxy
	106.0
	9.6
	5.06
	 [S5]

	
	PANI/carbon-PTFE/GF
	21.5
	12
	17.5
	 [S6]

	
	PANI/Epoxy
	88.81
	6.8
	3.95
	 [S7]

	
	PEDOT:PSS/MXene
	38.6
	0.28
	~0.05
	 [S8]

	
	PEDOT:PSS-ANF/MXene
	155.9
	20
	19.4
	 [S9]

	MXene-based
	MXene/ANF
	198.80
	15.30
	21.87
	 [S10]

	
	MXene/ANF
	177.9
	13.3
	13.7
	 [S11]

	
	MXene/ANF
	230.5
	6.2
	11.8
	 [S12]

	
	MXene/ANF
	232.0
	8.2
	13.4
	 [S13]

	
	MXene/ANF
	300.5
	3.0
	5.3
	 [S14]

	
	MXene@ANF
	243.04
	9.05
	12.21
	 [S15]

	
	MXene/Kevlar nanofiber
	101
	4.6
	2.6
	 [S16]

	
	CNF-MXene-TA
	275.4
	5.8
	10.2
	 [S17]

	
	MXene/CNF/PDA
	237.1
	7.2
	8.5
	 [S18]

	
	ANF-MXene/AgNW
	235.9
	24.8
	~20
	 [S19]

	
	MXene-xanthan
	121.09
	6.31
	4.43
	 [S20]

	
	MXene/TOCNF
	171.5
	5.3
	6.1
	 [S21]

	
	MXene/HNFs
	178.24
	8.04
	9.35
	 [S22]

	
	CNF@MXene
	112.5
	4.3
	2.7
	 [S23]

	
	MXene/CNF
	135.4
	16.7
	14.8
	 [S24]

	
	PDA/MXene
	309
	3.5
	4.4
	 [S25]

	
	GO/MXene/cellulose
	324
	4.6
	9.8
	 [S26]

	
	MXene/PU
	33.27
	67.15
	18.47
	 [S27]

	
	CNF/MXene
	114.4
	2.8
	2.6
	 [S28]

	
	CNTs/MXene/cellulose
	97.9
	4.6
	2.1
	 [S29]

	
	CNF/MXene@Ag
	78.5
	4.6
	3.0
	 [S30]

	
	CuNW/MXene/ANF
	206.55
	10.92
	19.97
	 [S31]

	Graphene-based
	[bookmark: OLE_LINK6]rGO/CA
	118.0
	8.5
	4.6
	 [S32]

	
	Graphene/ANF
	131.2
	9.58
	8.84
	 [S33]

	
	f-G/ANF
	158.9
	16.0
	16.5
	 [S34]

	
	rGO/PVA
	188.9
	2.67
	2.52
	 [S35]

	
	NFC/Graphene
	116.78
	4.2
	3.50
	 [S36]

	
	Graphene/rGO
	90
	1.3
	0.86
	 [S37]

	CNT-based
	PDA@CNT
	49.2
	4.4
	1.3
	 [S38]

	
	PVP@CNT
	92.2
	4.5
	2.6
	

	[bookmark: _Hlk163570020]
	PDA/PVP@CNT
	143.5
	6.3
	5.0
	

	
	CNT/Cellulose
	77.8
	9.2
	5.8
	 [S39]

	
	CNT/NR
	22.2
	15.3
	3.02
	 [S40]

	
	CNT/PEO&NFC/Fe3O4
	36.03
	19.1
	2.98
	 [S41]

	[bookmark: _Hlk167653596]This work
	HMP8
	364.68
	15.33
	44.93
	

	
	HMP17
	348.87
	16.86
	47.83
	

	
	HMP25
	332.33
	19.45
	51.41
	

	
	HMP33
	309.67
	22.38
	57.63
	


- No value available
[bookmark: OLE_LINK10][bookmark: OLE_LINK4]PPy: polypyrrole, GO: graphene oxide, MP: magnetite nanoparticles, CF: carbon fibers, CNF: cellulose nanofiber, PVA: Poly(vinyl alcohol), PANI: Polyaniline, CNT: carbon nanotube, PTFE: polytetrafluoroethylene, GF: glass fabric, PEDOT:PSS: poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate), ANF: aramid nanofiber, TA: tannic acid, PDA: polydopamine, AgNW: silver nanowire, TOCNF: 2, 2, 6, 6-Tetramethyl-1piperidinyloxy (TEMPO) oxidized cellulose nanofibers, HNFs: holocellulose nanofibers, PU: polyurethane, CuNW: copper nanowire, rGO: reduced graphene oxide, CA: calcium alginate, f-G: fluorinated graphene, NFC: nanofibrillated cellulose, PVP: polyvinylpyrrolidone, NR: natural rubber, PEO: Polyethylene oxide.


[bookmark: _Hlk143129511]Table S3 The EMI shielding performance of HA, HM30, HP33, and HMP papers
	Samples
	Density (g cm-3)
	Thickness (mm)
	Electrical conductivity
	EMI SE (dB)
	SSE/t
(dB cm2 g-1)

	HA
	1.380
	24.8
	8.2×10-11
	0.05
	14.6

	[bookmark: _Hlk143084934]HM30
	1.611
	13.3
	7.3
	13.3
	6219.8

	HMP8
	1.524
	14.9
	105.6
	22.6
	9940.9

	HMP17
	1.398
	19.3
	1848.8
	34.6
	12806.4

	HMP25
	1.306
	22.5
	8355.7
	42.9
	14607.2

	HMP33
	1.237
	25.4
	17386.2
	54.1
	[bookmark: OLE_LINK14]17204.7

	HMP42
	1.194
	30.9
	20914.0
	59.6
	16155.9

	HP33
	1.209
	25.6
	6297.0
	39.8
	12856.1


Table S4 Comparison of the EMI shielding performance of the HMP nanocomposite papers with other EMI materials
	Types
	Materials
	Thickness (mm)
	EMI SE (dB)
	SSE/t 
[bookmark: OLE_LINK9](dB cm2 g-1)
	Refs.

	Metal-based
	Cu Foil
	0.01
	70
	7812
	 [S42]

	
	CF/PC/Ni
	0.31
	72.7
	1376.1
	 [S43]

	
	AgNW/cellulose
	0.16
	48.6
	5585.0
	 [S44]

	
	PP/PDA/Ag
	0.166
	25.01
	6097.56
	 [S45]

	
	Ag/magnetic CNT/PP
	0.53
	61.1
	2811.78
	 [S46]

	MXene-based
	Ti3C2Tx/TOCNF
	0.035
	39.6
	4750
	 [S21]

	
	Ti3C2Tx/CNF
	0.047
	24.0
	2647
	 [S24]

	
	CNT/MXene/Cellulose
	0.038
	23.4
	5219
	 [S29]

	
	PVA/MXene
	0.027
	44.4
	9343
	 [S47]

	
	CuNW/MXene/ANF
	0.043
	46.67
	9120.6
	 [S31]

	
	HNFs/MXene
	0.036
	32.09
	8501.84
	 [S22]

	
	CNF/GNPs/MXene
	0.0385
	33.74
	5332.62
	 [S48]

	
	MXene/MMT
	0.03
	57.8
	8381.5
	 [S23]

	
	Ti3C2Tx/PNFs
	0.0279
	43
	7972
	 [S49]

	
	CNF@MXene
	0.035
	39.6
	7029
	 [S23]

	
	MXene/ANF
	0.01097
	21
	9555.7
	 [S14]

	
	MXene/ANF
	0.037
	48.0
	13188.2
	 [S10]

	PPy-based
	ANF@PPy
	0.07576
	41.69
	2762.5
	 [S50]

	
	PAN@Ag@PDA@PPy
	0.16
	23.81
	6764.2
	 [S51]

	
	PPy/CF
	0.45
	23.9
	513
	 [S52]

	
	TiO2/SiO2@PPy@rGO
	0.26
	32.0
	13829
	 [S53]

	
	[bookmark: OLE_LINK11]MNPs/TPU/PPy
	0.2
	26.3
	1563.17
	 [S54]

	Graphene-based
	Graphene/PDMS
	1
	20
	3333
	 [S55]

	
	Graphene/PEDOT:PSS
	1.5
	91.9
	8040
	 [S56]

	
	Graphene/B4C
	1.5
	40
	100
	 [S57]

	
	Graphene/P(St-BA)
	0.05
	21.5
	2663
	 [S58]

	
	Graphene/PS
	0.25
	45.1
	692
	 [S59]

	
	Graphene/PE
	2
	32.4
	318
	 [S60]

	CNT-based
	CNT/MFC
	0.036
	26.67
	9944
	 [S61]

	
	CNF/MWCNT
	0.15
	46.4
	4017.3
	 [S62]

	
	MWCNT/WPU
	1.1
	35
	2143
	 [S63]

	
	CNT/BC
	0.036
	24.01
	9074
	 [S64]

	
	CNT/epoxy
	1.8
	34.5
	535
	 [S65]

	
	CNT/NR
	0.05
	31.9
	8504
	 [S66]

	[bookmark: _Hlk130505522]This work
	HMP8
	0.0149
	22.57
	9940.9
	

	
	HMP17
	0.0193
	34.55
	12806.4
	

	
	HMP25
	0.0225
	42.923
	14607.2
	

	
	HMP33
	0.0254
	54.06
	17204.7
	

	
	HMP42
	0.0309
	59.61
	16155.9
	


[bookmark: _Hlk131165771]CF: nonwoven carbon fabric, PC: polycarbonate, AgNW: silver nanowire, PP: polypropylene, PDA: polydopamine, CNT: carbon nanotube, TOCNF: 2, 2, 6, 6-Tetramethyl-1piperidinyloxy (TEMPO) oxidized cellulose nanofibers, CNF: cellulose nanofiber, PVA: polyvinyl alcohol, CuNW: copper nanowire, ANF: aramid nanofiber, HNFs: holocellulose nanofibers, GNPs: graphene nanoplatelets, MMT: montmorillonite, PNFs: poly(p‐phenylene‐2,6benzobisoxazole) (PBO) nanofibers, PAN: polyacrylonitrile, CF: chrome-tanned collagen fiber, rGO: reduced graphene oxide, MNPs: magnetic nanoparticles, TPU: thermoplastic polyurethane, PDMS: poly(dimethyl siloxane), PEDOT:PSS: poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate), P(St-BA): poly(styrene-butyl acrylate) latex, PS: polystyrene, PE: polyethylene, MFC: microfibrillated cellulose, MWCNT: multi-walled carbon nanotube, WPU: water-borne polyurethane, BC: bacterial cellulose, NR: natural rubber.
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