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Fig. S1 (a) SEM image of Ti3AlC2. (b) SEM image of m-MXene. (c) TEM image of MXene. (d) TEM image of ANF 
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Fig. S2 TEM images of MoS2
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Fig. S3 (a) Cross section SEM image of ternary MXene/ANF-MoS2 composite films. (b) Ternary MXene/ANF-MoS2 composite film digital picture
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Fig. S4 (a) XRD spectrum of MoS2. (b) XRD spectrum of ANF-MoS2 composite films. (c) XRD spectrum of ANF/MXene-MoS2
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Fig. S5 XPS spectrum of MoS2
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Fig. S6 Fracture cross section EDS mapping images
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Fig. S7 Tensile stress-strain curves of different composite films: (a) ANF/MoS2; (b) 2AMMO; (c) 4AMMO; (d) 5AMMO; (e) 6AMMO; (f) 7AMMO
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Fig. S8 The tensile stress-strain curves of ternary MXene/ANF-MoS2 composite films and control samples: binary MXene/ANF composite films [S1] 
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Fig. S9 Fracture surface SEM images: (a) ANF/MoS2. (b) 2AMMO. (c) 4AMMO. (d) 5AMMO. (e) 6AMMO. (f) 7AMMO
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Fig. S10 Fracture cross-section SEM images: (a) ANF/MoS2. (b) 2AMMO. (c) 4AMMO. (d) 5AMMO. (e) 6AMMO. (f) 7AMMO
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Fig. S11 Fracture surface EDS mapping images
[image: ]
Fig. S12 Electrical conductivity of AMMO composite films
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Fig. S13 EMI shielding effectiveness of ternary MXene/ANF-MoS2 composite films in 1-18 GHz
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Fig. S14 EMI shielding result of a Bluetooth headset
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Fig. S15 (a) I-V curve of ternary MXene/ANF-MoS2 composite films. (b) The linear fitting of temperature and U2
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Fig. S16 Infrared thermal images of ternary MXene/ANF-MoS2 composite films under different electric heating voltages
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Fig. S17 Infrared thermal images in photothermal conversion: (a) binary MXene/ANF composite films; (b) ternary MXene/ANF-MoS2 composite films
[image: ]
Fig. S18 The comparison between binary 5AM and ternary 5AMMO
Table S1 The detailed additive amounts of different components in the experimental preparation process
	
	MXene：ANF
	MXene
 (0.29 wt%)
	ANF
 (1 wt%)
	MoS2 
(0.55 wt%)
	Filler content

	ANF/MoS2
	
	
	1.8 g
	1.4025 g
	0.3

	2AMMO
	2:8
	1.55 g
	1.8 g
	1.4025 g
	0.4041

	4AMMO
	4:6
	4.14 g
	1.8 g
	1.4025 g
	0.5228

	5AMMO
	5:5
	6.21 g
	1.8 g
	1.4025 g
	0.5883

	6AMMO
	6:4
	9.31 g
	1.8 g
	1.4025 g
	0.6585

	7AMMO
	7:3
	14.48 g
	1.8 g
	1.4025 g
	0.7341




[bookmark: _Hlk161229074]Table S2 Mechanical performance of MXene/ANF and MXene/ANF-MoS2 composite films
	
	Tensile Strength (MPa)
	Strain-to-failure (%)
	Toughness (MJ∙m-3)

	ANF 
	
60.02.9
	
44.03.7
	
16.82.8

	2AM 
	
136.55.1
	
34.00.7
	
29.74.1

	4AM
	
140.91.8
	
26.32.5
	
20.32.1

	5AM
	
105.76.4
	
22.11.7
	
13.04.1

	6AM
	
85.54.4
	
18.31.9
	
8.81.8

	7AM
	
82.15.1
	
14.41.7
	
6.10.3

	ANF/MoS2
	67.98.6
	57.06.2
	21.45.0

	2AMMO
	181.81.4
	32.22.4
	36.52.6

	4AMMO
	211.97.0
	27.02.4
	37.62.6

	5AMMO
	167.39.1
	25.80.7
	26.30.8

	6AMMO
	86.76.8
	28.10.7
	14.51.1

	7AMMO
	68.14.4
	24.51.6
	9.41.0


Table S3 The comparison of toughness and strain-to-failure between ternary MXene/ANF-MoS2 composite films and other works
	Materials
	Strain-to-failure (%)
	Toughness (MJm-3)
	References

	MMT/PVA-GA 70/30
	0.33
	0.5
	[S2]

	MTM/PVA 70/30
	1.7
	2.1
	[S3]

	MTM/CS 65/35
	2.3
	1.3
	[S4]

	MTM/PDDA 70/30
	2.1
	1.4
	[S5]

	MMT/CMC 20/80
	2.6
	~5.3
	[S6]

	RGO/CS 95/5
	10.4
	17.7
	[S7]

	RGO/MoS2-TPU 86/14
	5.8
	6.9
	[S8]

	RGO/CS-Cu+ 91/9
	4.4
	14
	[S9]

	RGO/CMC-Mn2+ 87/13
	3.7
	6.6
	[S10]

	RGO/PVA 58/42
	10.4
	8.5
	[S11]

	GO/Al2O3-CMC 8/92
	5
	8.2
	[S12]

	GO/PAA 95/5
	7.9
	8.9
	[S13]

	MTM/NFC 50/50
	2.8
	2.3
	[S14, S15]

	MXene/NFC 50/50
	16.7
	14.8
	[S16]

	Aminoclay/TOCN 33/67
	11.7
	20
	[S17]

	RGO/TOCN 95/5
	6.2
	15.6
	[S18]

	RGO/DWNT 95/5
	7.9
	9.2
	[S19]

	Alumina/CMC/Cu2+
13.3/20
	~6.8
	17.2
	[S20]

	MXene/BN-PBO  25/75
	~9.8
	~8
	[S21]

	MXene/ANF        20/80
	15.3
	21.87
	[S22]

	MXene/ANF        20/80
	12.45
	19.97
	[S23]

	MXene/ 
heterocyclic aramid 
50/50
	6.9
	16.29
	[S24]

	CuNW/
MXene/ANF
60/40
	18.25
	15.59
	[S25]

	Al–Ti3C2Tx/ANF
40/60
	8.05
	9.96
	[S26]

	Ti3C2Tx /BC
	11.2
	8.1
	[S27]

	2AMMO
	32.19
	36.54
	This
Work

	4AMMO
	26.95
	37.6
	

	5AMMO
	25.78
	26.27
	

	6AMMO
	28.08
	14.51
	

	7AMMO
	24.47
	9.44
	


Table S4 EMI SE of ternary MXene/ANF-MoS2 composite films
	
	Thickness(m)
	SER (dB)
	SEA (dB)
	SET (dB)

	2AMMO
	19
	7.10
	11.32
	18.42

	4AMMO
	20
	13.23
	12.64
	25.87

	5AMMO
	25
	14.33
	26.62
	40.95

	6AMMO
	33
	13.88
	30.00
	43.88

	7AMMO
	48
	14.95
	30.05
	45.00


Table S5 The comparison statistic between ternary MXene/ANF-MoS2 composite films and binary MXene/ANF composite films
	Material
	SEA/SER
	Strain-to-failure (%)
	Toughness
(MJ∙m-3)
	Electric heating
Temperature ()
	Photothermal
conversion temperature ()
	Reference

	6AM
	1.54
	18.80
	8.82
	88.6
	43.8
	[S1]

	6AMMO
	2.16
	28.08
	14.51
	91.6
	53.7
	This work




Table S6 The comparison statistic between ternary MXene/ANF-MoS2 composite films and binary MXene/ANF composite films
	Material
	SEA/SER
	Strain-to-failure (%)
	Toughness
(MJ∙m-3)
	Tensile
strength ())
	SET ()
	Reference

	5AM
	1.49
	21.86
	12.83
	104.65
	40.02
	[1]

	5AMMO
	1.86
	25.78
	26.27
	167.30
	40.95
	This work


[bookmark: _Hlk138074597]Table S7 Comparison statistic about filler content, strain-to-failure and EMI SE of the MXene/ANF composite films with other reported materials.
	Material
	Thickness(m)
	Fequen-cy Range(GHz)
	Filler content (wt%)
	Strain-to-failure (%)
	EMI SE
(dB)
	Toughness
(MJm-3)
	Refer-ences

	Ti3C2TX/BC
	6.7
	8.2-12.4
	44.9
	7.6
	25
	-
	[S28]

	
	5.2
	
	55.8
	6.6
	27
	-
	

	
	4
	
	76.9
	2.4
	38
	-
	

	Ti3C2TX/PEDOT:PSS
	15.2
	8.2-12.4
	75.0
	1.5
	9
	-
	[S29]

	
	12.5
	
	80.0
	0.82
	24
	-
	

	Ti3C2TX/PEDOT:PSS
	6.6
	8.2-12.5
and
11.9-18
	70
	0.3
	42
	-
	[S30]

	
Ti3C2TX/CNF
	167
	8.2-12.4
	50
	16.7
	25
	14.8
	[S16]

	
	74
	
	80
	4.9
	26
	2.0
	

	
	47
	
	90
	3.1
	24
	1.2
	

	Ti3C2TX/CNF
	35
	8.2-12.4
	52.8
	4.3
	41
	-
	[S31]

	Ti3C2TX/PVA
	-
	8-12
	35.5
	5.0
	37
	-
	[S32]

	Ti3C2TX/TOCNF
	33
	8.2-12.4
	30
	3.6
	29
	4.1
	[S33]

	
	38
	
	50
	2.1
	35
	1.7
	

	PIF/ Ti3C2TX
	-
	8.2-12.4
	13.8
	10
	22
	-
	[S34]

	
	256
	
	49.1
	3
	40
	-
	

	Ti3C2TX /cellulose
	-
	8.2-12.4
	20.0
	4
	34.9
	-
	[S35]

	PVDF/Ti3C2TX/AgNWs
	300
	8.2-12.4
	15
	9.47
	25
	-
	[S36]

	Ti3C2TX /BCNFs
	11.4
	8.2-12.4
	50
	2.6
	42
	-
	[S37]

	
	-
	
	87.5
	1.4
	54
	-
	

	Ti3C2TX /SA/Ca2+
	2.8
	0.3-18
	80
	3.8
	46
	-
	[S38]

	MXene/BC/APP
	-
	8.2-12.4
	80
	4.3
	41
	2.9
	[S39]

	MXene/ heterocyclic aramid
	16
	8.2-12.4
	50
	6.9
	25.9
	16.29
	[S24]

	
	14.4
	
	60
	3.51
	34.2
	5.81
	

	Al–Ti3C2Tx/ANF
	-
	8.2-12.4
	40
	8.05
	39.1
	9.96
	[S26]

	Ti3C2Tx /BC
	-
	8.2-12.4
	50
	11.2
	43.7
	8.1
	[S27]

	f-Ti3C2Tx /PNFs
	1705
	8.2-12.4
	50
	16
	28
	-
	[S40]

	MXene/MMT-CNF
	-
	8.2-12.4
	30
	7
	45
	-
	[S41]

	MXeneAgNW-CNF
	26
	8.2-12.4
	30
	5.5
	44
	-
	[S42]

	Ti3C2TX /CMC
	3
	0.3-18
	90
	4.5
	53
	-
	[S43]

	
Ti3C2TX /ANF
	5.1
	8.2-12.4
	20
	7
	13
	11
	[S44]

	
	4.5
	
	40
	2.8
	28
	4.5
	

	
	3.9
	
	60
	1.5
	33
	2
	

	
	3.2
	
	80
	1.7
	39
	1.8
	

	
Ti3C2TX /ANF
	23
	8.2-12.4
	20
	8.45
	12.74
	-
	[S45]

	
	22
	
	40
	7.23
	19.43
	-
	

	
	20
	
	60
	2.20
	28.54
	-
	

	
	17
	
	80
	1.80
	30.0
	-
	

	
Ti3C2TX /ANF
	-
	8.2-12.4
	20
	3.3
	8
	5.1
	[S46]

	
	-
	
	40
	3.0
	26
	5.3
	

	
	-
	
	60
	1.74
	35
	1.2
	

	
	-
	
	80
	1.75
	42
	1.1
	

	
Ti3C2TX /ANF
	12
	8.2-12.4
	10
	13.3
	27
	13.7
	[S47]

	
	12
	
	20
	11.9
	30
	9.5
	

	
	9
	
	30
	12.4
	33
	9.9
	

	
	9
	
	40
	8.1
	41
	6.3
	

	
Ti3C2TX /ANF
	-
	8.2-12.4
	20
	15.30
	8
	21.87
	[S22]

	
	-
	
	40
	7.52
	19
	13.39
	

	
	40
	
	60
	5.41
	39
	6.01
	

	
	37
	
	80
	3.26
	50
	2.37
	

	
Ti3C2TX /ANF
	10
	8.2-12.4
	20
	12.45
	24.17
	19.97
	[S23]

	
	12
	
	40
	7.17
	35.09
	17.35
	

	
	15
	
	60
	5.25
	46.89
	7.71
	

	
	28
	
	80
	5.03
	53.48
	5.77
	

	Pure MXene
	3.4
	0.3-18
	100
	2.26
	60.9
	-
	[S43]

	

This work
	19
	8.2-12.4
	40.42
	32.19
	18.42
	36.54
	

	
	20
	
	52.28
	26.95
	25.87
	37.6
	

	
	33
	
	65.85
	28.08
	43.88
	14.51
	

	
	48
	
	73.41
	24.47
	45.00
	9.44
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