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Fig. S1 SEM images of a ZIF-8 and b ZIF-8@ZIF-67
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Fig. S2 EDS line scan image of ZIF-8@ZIF-67
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Fig. S3 TEM images of a Co-HCC, b CNT of Co-HCC, and c the lattice fringe of Co-HCC
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Fig. S4 EDS mapping images of Co-HCC
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Fig. S5 a Magnetism of Co-HCC. The Tyndall effect of b d-Ti3C2Tx and c TOCNFs, respectively
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Fig. S6 Zeta-potential measurement of TOCNFs, d-Ti3C2Tx, and Co-HCC before and after CTAB modification (pH = 7, in water)
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Fig. S7 a XRD patterns of ZIF-8@ZIF-67, ZIF-67, and ZIF-8, respectively. b The XRD patterns of Ti3AlC2 and d-Ti3C2Tx
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Fig. S8 FTIR spectra of a Ti3AlC2 and d-Ti3C2Tx, b ZIF-8@ZIF-67, ZIF-67, and ZIF-8, respectively
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Fig. S9 a Specific surface area and b pore diameter of ZIF-8@ZIF-67 and Co-HCC
[image: ]
Fig. S10 a, d BJH adsorption dV/dlog(D) pore volume, b, e Horvath-Kawazoe cumulative pore volume Plot, and c, f Horvath-Kawazoe differential pore volume plot of ZIF-8@ZIF-67 and Co-HCC, respectively
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[bookmark: _Hlk158645917]Fig. S11 XPS fine spectra of N 1s of Co-HCC
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[bookmark: _Hlk158646908]Fig. S12 XPS fine spectra of Zn 2p of Co-HCC
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Fig. S13 The magnetic hysteresis loop of a d-Ti3C2Tx, HMN-5L-57.1%, ZIF-8@ZIF-67, Co-HCC, and b each layer of HMN-5L-57.1%, respectively
[image: ]
Fig. S14 Schematic diagram of vector network analyzer in GHz electromagnetic shielding test
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Fig. S15 EMI SE and R/A coefficient of ZIF-8@ZIF-67, Co-HCC, and d-Ti3C2Tx
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Fig. S16 EMI SE of pure d-Ti3C2Tx films, MN composite films, and HMN composite films
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[bookmark: _Hlk159027269]Fig. S17 T, A, and R coefficient of pure d-Ti3C2Tx films, MN composite films, and HMN composite films
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Fig. S18 a The thickness and b SSE/t of HMN composite films
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Fig. S19 EMI SE of HMN composite films before and after stored at room temperature for 240 hours
[image: ]
Fig. S20 a Transmission mode system and b reflection mode system of time-domain THz spectroscopy (PCA= Photoconductive antenna)
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Fig. S21 Solar-heating performance of HMN composite films in 20 cycles a and 6000 s continuous illumination b with an applied solar intensity of 1.0 Sun
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Fig. S22 NIR irradiation photothermal performance of HMN composite films in 20 cycles a and 645 s continuous illumination b with an applied solar intensity of 0.2 W·cm−2
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Fig. S23 Light absorbance and reflectivity of HMN composite films
[image: 0204b00b82ebca43ae762ba2cdee762]
[bookmark: OLE_LINK1]Fig. S24 IR emissivity of HMN composite films
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Fig. S25 a Optical images show the characteristics of low density, flexible, and ultrathin for HMN composite films respectively. b Cutability of HMN composite films. (The scale bar is 1 cm)
[image: ]
Fig. S26 Bending test of HMN composite films
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Fig. S27 Stress-strain curve of HMN composite films, TOCNFs, and d-Ti3C2Tx
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Fig. S28 Process of attracting HMN composite films by magnets
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Fig. S29 Ultrasonic stability of pure d-Ti3C2Tx films (Upper) and HMN composite films (Lower)


Table S1 Comparison of comprehensive GHz EMI performance between HMN composite film and other materials
	Materials
	X band
	Ku-band
	K-band
	Ka-band
	Refs.

	TPU/graphene films
	~20 dB
	~21 dB
	~22 dB
	~25 dB
	[S1]

	TPU/15AC@4M−SW
	35.7 dB
	38.9 dB
	-
	-
	[S2]

	MWCNTs/epoxy
	-
	-
	-
	41 dB
	[S3]

	DMD-based Ag film
	~50 dB
	~55 dB
	~50 dB
	~55 dB
	[S4]

	Ti3C2Tx/CIs 
	31.9 dB
	-
	-
	-
	[S5]

	ITO nano-branch
	-
	-
	21.09 dB
	17.81 dB
	[S6]

	PVDF/GnP
	-
	-
	-
	37.4 dB
	[S7]

	TPU/CAPP/MSCF
	43.8 dB
	32.0 dB
	-
	-
	[S8]

	GO@dough
	33.95 dB
	-
	-
	-
	[S9]

	HMN-5L-57.1%
	43.7 dB
	36 dB
	60.9 dB
	66.8 dB
	This work


Table S2 Comparison of comprehensive THz EMI performance between HMN composite film and other materials
	Materials
	EMI SE
(dB)
	Frequency
(THz)
	SE/t
(dB·μm)
	RLmax
(dB)
	EAB
(THz)
	Refs.

	MXene/PAA
	45.3
	0.2–2.0 
	0.35
	23.2
	1.8 
	[S10]

	rGO papers
	72.1
	0.1–1.0 
	0.19
	17.6
	0.4 
	[S11]

	MXene/PI
	60.3
	0.1–2.0 
	0.55
	~40
	0.5 
	[S12]

	Zn2+/MXene 
	51
	0.2–2.0 
	0.6
	~16
	1.1 
	[S13]

	Fe3GeTe2
	103.2
	0.1–3.0 
	0.27
	34.7
	0.0029 
	[S14]

	CS sponge
	49
	0.25–3.5 
	0.006125
	47
	3.25 
	[S15]

	Borophene
	50
	0.1–2.7 
	-
	35
	2.6 
	[S16]

	CNFs-Fe3O4
	60
	0.1–1.2 
	0.11
	-
	-
	[S17]

	HMN-5L-57.1%
	114.6
	0.1–4.0 
	0.56
	39.7
	2.1 
	This work





Table S3 Comparison of the stability of the photothermal conversion between HMN composite film and other materials
	Materials
	Cycles
 (Solar)
	Time
 (Solar)
	Cycles
 (NIR laser)
	Time
 (NIR laser)
	Refs.

	PDMS@WSM
	10
	1000 s
	-
	-
	[S18]

	ANF/MXene-PEDOT:PSS
	50
	4200 s
	-
	-
	[S19]

	CNF/MoS2
	-
	-
	15
	~180 s
	[S20]

	ANF-derived carbon
	11
	4800 s
	-
	-
	[S21]

	Ti3C2Tx/BC
	-
	-
	8
	1200 s
	[S22]

	TPU/MXene
	5
	3600 s
	-
	-
	[S23]

	HMN-5L-57.1%
	20
	6000 s
	20
	645 s
	This work


Table S4 Mass percentage of each component of samples
	Constituent
	Co-HCC (wt.%)
	TOCNFs (wt.%)
	d-Ti3C2Tx (wt%)

	HMN-1L-57.1 wt.%
	14.3
	28.6
	57.1

	HMN-3L-57.1 wt.%
	14.3
	28.6
	57.1

	HMN-5L-57.1 wt.%
	14.3
	28.6
	57.1

	HMN-5L-50.0 wt.%
	16.7
	33.3
	50.0

	HMN-5L-40.0 wt.%
	20.0
	40.0
	40.0

	HMN-5L-25.0 wt.%
	25.0
	50.0
	25.0

	HMN-5L-0.0 wt.%
	33.3
	66.7
	0

	HMN-7L-57.1 wt.%
	14.3
	28.6
	57.1

	HMN-9L-57.1 wt.%
	14.3
	28.6
	57.1


[bookmark: _Hlk158027813]Table S5 Content of each component of samples
	Constituent 
	Co-HCC (mg)
	TOCNFs(mg)
	d-Ti3C2Tx (mg)

	HMN-1L-57.1 wt.%
	30
	60
	120

	HMN-3L-57.1 wt.%
	30
	60
	120

	HMN-5L-57.1 wt.%
	30
	60
	120

	HMN-5L-50.0 wt.%
	30
	60
	90

	HMN-5L-40.0 wt.%
	30
	60
	60

	HMN-5L-25.0 wt.%
	30
	60
	30

	HMN-5L-0.0 wt.%
	30
	60
	0

	HMN-7L-57.1 wt.%
	30
	60
	120

	HMN-9L-57.1 wt.%
	30
	60
	120


Table S6 Mass percentage of each layer component of HMN-5L-57.1 wt%
	Constituent 
	Co-HCC (wt.%)
	TOCNFs (wt.%)
	d-Ti3C2Tx (wt%)
	

	Layer 1
	7.1
	14.3
	0
	

	Layer 2
	0
	0
	19.0
	

	Layer 3
	4.8
	9.5
	0
	

	Layer 4
	0
	0
	38.1
	

	Layer 5
	2.4
	4.8
	0
	


[bookmark: _Hlk158027882]Table S7 Content of each layer component of HMN-5L-57.1 wt%
	Constituent 
	Co-HCC (mg)
	TOCNFs (mg)
	d-Ti3C2Tx (mg)
	

	Layer 1
	15
	30
	0
	

	Layer 2
	0
	0
	40
	

	Layer 3
	10
	20
	0
	

	Layer 4
	0
	0
	80
	

	Layer 5
	5
	10
	0
	


Supplementary Movie S1
The variation of LED brightness in Tesla coil experiment with and without HMN composite films.
[bookmark: _Hlk160144249]Supplementary Movie S2
The alarm of the electromagnetic radiation detector in Tesla coil experiment with and without HMN composite films.
[bookmark: _Hlk134890572]Supplementary Movie S3
HMN composite films are attracted by magnets.
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