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S1 Filler Orientation Test
To assess the orientation of nanosheets with parallel alignment, Wide-angle X-ray scattering was utilized. The formulas are as follows [S1, S2]:

                                                                 (S1)

                                                 (S2)



where  represents the average value of the squared azimuthal cosine for the (002) peak of the tested MXene flakes, and  denotes the signal intensity at an azimuthal angle of .
[bookmark: _Hlk185784386]S2 A-R-T Coefficients and EMI SE
The four parameters (S11, S21, S22, S12) containing eight data were obtained using the vector network analyser. Among them, the A21, R21, T21 coefficients of port Ⅰ are calculated as follows S3-S4; The calculation formula for their SER21, SEA21, SET21 shown in S5-S6 [S3-S5]. Similarly, the A12, R12, T12, SER12, SEA12, and SET12 of port Ⅱ can be obtained according to formula S7-S10.
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S3 Impedance Matching and Attenuation Constant
[bookmark: OLE_LINK81][bookmark: _Hlk175905784][bookmark: _Hlk175907343][bookmark: _Hlk155536985]Impedance matching characteristics are represented by |Zin/Z0|. The attenuation constant (α) is used to evaluate the attenuation ability of the composites. Optimal impedance matching is achieved when the |Zin/Z0| value approaches or Eq. 1 [S6]. The higher attenuation constant indicates greater absorption of electromagnetic waves by the material. |Zin/Z0| and α can be calculated as follows [S7]:

[bookmark: _Hlk157351578]                                      (S11)

    (S12)
[bookmark: _Hlk175905558]Where is the input impedance,  is the impedance of free space,  is the relative complex permittivity (),  is the relative complex permeability (), d, f, and c are thickness, frequency, and the velocity of EMWs in free space, respectively. 
S4 Electromagnetic Wave Absorption Measurements
The vector network analyser was employed to measure the relative complex permittivity and relative permeability across the frequency range of 8.2-12.4 GHz. Further, the measured EM parameters were used to calculate the RL-f curves according to the following formula [S8, S9]:

                                           (S13)
The higher the value of the RL, the stronger EMWs absorption capacity. 
S5 1/4λ Matching Thickness Interference Loss
According to the homogeneous plate model, when the thickness of the material is an odd multiple of a quarter of the wavelength, the phase difference between the incident wave and the reflected wave of EMWs by the baffle at the interface of the absorbent is about 180o, EMWs are then dissipated by interference cancellation, which is the fourth-wavelength cancellation theory [S10, S11]:

  （=1,3,5,...）                                 (S14)
Therefore, for any specific frequency of EMWs, the corresponding material thickness can be designed according to the quarter-wavelength theory. 
[bookmark: _Hlk184651190]S6 Debye Relaxation
The polarization phenomenon of materials involves the movement of bound charges along the direction of the applied electric field, resulting in electron displacement or dipole orientation. In high-frequency electromagnetic fields, electron motion or dipole deflection may not fully follow the electric field changes, resulting in a hysteresis effect in electron or dipole polarization relaxation [S12]. Based on the Debye relaxation theory, the Cole-Cole semicircular equation can well represent the relaxation process in electromagnetic fields [S13, S14]:

                                                       (S15)

                                                  (S16)
, , , ,  and  are the relative permittivity at high frequency limit, the static permittivity, the angular frequency, the polarization relaxation time, the conductivity, and the vacuum permittivity. From Eqs. S15and S16, the relationship between ε' and ε'' can be derived as follow: 

                                       (S17)
In the plots, each Cole-Cole semicircle corresponds to a Debye relaxation process. When the locus of the permittivity in the complex plane is a semicircle with endpoints on the axis of reals and centre below this axis a polarization behavior is formed. For polarizations that can keep up with changes in electromagnetic fields, there will be no semi-circular ring (relaxation phenomenon). The straight line at the end of the curves indicates that dielectric loss predominantly arises from conduction losses. 

                       (S18)
[bookmark: _Hlk184897159] can be obtained through a vector network analyzer, and it is also related to conductivity (σ), so polarization loss and conductivity loss can be obtained through nonlinear fitting using formula S18 [S15].
S7 Magnetic Loss Factors
[bookmark: _Hlk176169067][bookmark: _Hlk176169196]Magnetic loss results from the interaction between magnetic absorbents and electromagnetic fields. Magnetic loss primarily results from natural resonance, exchange resonance, eddy current losses, magnetic coupling effects, and so on [S16]. According to the ferromagnetic resonance theory, the natural resonance frequency can be expressed as follows [S17]:

                                                    (S19)

                                            (S20)

                                                (S21)
where , , , , ,  and  the natural resonance frequency, the gyromagnetic ratio, anisotropy energy, the anisotropy coefficient, the vacuum permeability, saturation magnetization and is coercive force. Natural resonance and exchange resonance are the general forms of high frequency magnetic resonance. Natural resonance usually occurs at 2-10 GHz, whereas exchange resonance usually occurs at higher frequency (>10 GHz).
Eddy current loss is the joule heat or energy loss caused by eddy current like water swirling around a good conductor to hinder the transmission of electromagnetic waves under the action of an alternating magnetic field. In general, the relationship between the eddy current loss, conductivity () and the matching thickness () of a magnetic material can be expressed as [S18]: 

                                          (S22)
where  is the vacuum permeability, and the eddy current induction formula can be expressed as [S15]:

                              (S23)
If the magnetic loss is caused only by the eddy current loss mechanism, the value of the - curve is constant. 
[bookmark: _Hlk154827493]S8 Electromagnetic Simulation Method
COMSOL Multiphysics software was used to simulate RL for the layered gradient magnetic MXene composites. The radio frequency mode was selected use finite element simulation programs. In the perfectly matched layer of Fig. S20a, an electromagnetic wave with a frequency of 10 GHz was imported and corresponding permittivity and permeability data were selected in Fig. 3e-h. The wave transmission is shown as follows: 
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Floquet periodic boundary conditions:

                                   (S26)

                                  (S27)
The port of the electric field:

                                     (S28)
The port of the magnetic field:

                                   (S29)
the scattering boundary condition:

                    (S30)
Ideal electrical conductor:

                                                (S31)
The typical wavelength definition of a perfectly matched layer in a fictional domain is:

                                  (S32)
Among, E, H, k0, , , , , and theta represent the electric field intensity (V m-1), the magnetic field intensity (A m-1), the free space wave number (rad m-1), the complex dielectric constant (F m-1), the conductivity (S m-1), the vacuum dielectric constant (8.8542×10-12 F m-1) and incidence angle (rad), respectively. 
The absorbent model (Fig. S19a) was established for MXene with a length of 10 μm, a width of 8 μm, and a thickness of 2 nm. The spherical radius of Ni particles is 200 nm. Figure S19b is the cross-sectional view of the increasing layer structure of the absorbent in a single absorbing unit. The model (Fig. S20a) was established with grey part, green balls, transparent parts, bright yellow part representing the cross-section of MXene 2D nanosheets, the nickel particles attached to the 2D nanosheets, the polymer matrix and the air layer, respectively. The upper edge of the air layer is a perfectly matched layer (PML) and an electric or magnetic field source port, the bottom edge is the scattering boundary layer (SBL) condition, and both sides are Floquet periodic boundary conditions. The EMW excitation source is the electric field polarization source or the magnetic field magnetization source along the Z-direction with an incident power set to 1 W m-1. The electric field and magnetic field at the excitation source are vector orthogonal, and their phase difference is π/2. The models were established as LG5-10-15 and LG15-10-5 from layered ascending concentration gradient composite and layered descending concentration gradient composite based on magnetic MXene fillers. The ideal simulation models are shown in Fig. S20a. The electric and magnetic field intensity distributions are represented by different colors in Fig. S20b-c, where the black arrow represents the field density vector/magnetic flux density. 
S9 Supplementary Figures 
[bookmark: _Hlk184930110][image: ]
[bookmark: _Hlk184930150]Fig. S1 SEM image of (a) MXene, (b) Ni and (c) Ni@MXene
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Fig. S2 XPS spectra of (a) MXene and Ni@MXene, MXene and Ni@MXene at the (b) Ti 2p (c) O 1s and (d) C 1s region
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Fig. S3 FT-IR spectra of Ni, MXene and Ni@Mxene
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Fig. S4 Digital photographs of (a) Ni, (b) MXene, and (c) Ni@MXene adsorbed by the magnet 
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Fig. S5 2D-WAXD images of (a) NL5, (b) NL10, (c) NL15, (d) L5, (e) L10
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Fig. S6 (a) Breaking strength and elongation at break, (b) toughness of NL5, NL10, NL15, L5, L10, L15 composites
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Fig. S7 Magnetic hysteresis loops of L5, L10, L15, LG at room temperature
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[bookmark: _Hlk167217291][bookmark: _Hlk169270281]Fig. S8 SET, SEA, SER of (a) L5, (b) L10, (c) L15, (d) LG15-10-5 (port Ⅱ) and LG5-10-15 (port Ⅰ) composites and their corresponding (e-h) average statistical values
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Fig. S9 (a-c) SET, SEA, SER and their corresponding (d-f) statistical charts, (g-i) A-R-T coefficients and their corresponding (j-l) statistical charts of NL5, NL10, NL15
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Fig. S10 (a) Tanδε and (b) Tanδμ of L5, L10, L15, LG15-10-5 and LG5-10-15
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Fig. S11 (a) Real part permittivity, (b) imaginary part permittivity, (c) Tanδε, (d) real part permeability, (e) imaginary part permeability, (f) Tanδμ of NL5, NL10, NL15
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Fig. S12 (a-c) Three-dimensional representations and (d-f) two-dimensional representations of RL-f of NL5, NL10, NL15
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Fig. S13 Comparison of basic parameters of other absorbing materials according to Table S1
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Fig. S14 (a-c) RL-f curves of L5, L10, L15
[image: ]
Fig. S15 Impedance matching curves of (a) L5, (b) L10, (c) L15
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[bookmark: _Hlk149161463][bookmark: _Hlk148039715]Fig. S16 Cole-Cole curves of (a) L5, (b) L10, (c) L15
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[bookmark: _Hlk145532144][bookmark: _Hlk145581767]Fig. S17 (a) Polarization loss and (b) conductivity loss of L5, L10, L15
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Fig. S18 C0-f curves of L5, L10, L15
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Fig. S19 (a) The size of a single absorbent, (b) the layer structure of a single unit
[image: ]
Fig. S20 (a) Idealized simulation model, (b) electric field mode (V m-1), (c) magnetic field mode (A m-1) of LG5-10-15 and LG15-10-5
Table S1 Comparison of basic parameters of other absorbing materials
	
	Absorbing materials
	content/%
	RLmin/dB
	EAB
/GHz
	Thickness
/mm
	References

	S1
	Magnetic MXene
	10
	-52.6
	3.7
	3
	[S19]

	S2
	MXene@Ni 
	79.5
	-59.6
	4.48
	1.5
	[S20]

	S3
	MXene-CNTs/Ni
	30
	-56.4
	3.95
	2.4
	[S21]

	S4
	Ti3C2Tx/Ni 
	50
	-47.06
	3.6
	1.5
	[S22]

	S5
	Ti3C2Tx and NiCo2O4 
	50
	-50.96
	2
	2.18
	[S23]

	S6
	NiFe2O4/Ti3C2Tx
	3
	-41.83
	3.52
	3
	[S24]

	S7
	MXene/Ni/C
	57
	-42.3
	5.6
	5
	[S25]

	S8
	Ti3C2Tx/nickel 
	40
	-47.34
	4.65
	1.5
	[S26]

	S9
	MXene/Ni0.6Zn0.4Fe2O4 
	30
	-66.2
	4.74
	1.629
	[S27]

	S10
	MXene/MnO2/Ni 
	30
	-54.4
	6.08
	2.67
	[S28]

	S11
	Ti3C2/Ni
	60
	-24.3
	3.6
	2.2
	[S29]

	S12
	Ni@MXene
	10
	-68.67
	4.2
	2.05
	This work
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S1 Filler Orientation Test 

To assess the orientation of nanosheets with parallel alignment, Wide-angle X-ray scattering 

was utilized. The formulas are as follows [S1, S2]: 

23cos12f

                                                                 (S1) 

/2220/20()cossincos()sindd

                                                 (S2) 

where 

2cos

 represents the average value of the squared azimuthal cosine for the (002) 

peak of the tested MXene flakes, and 

()

 denotes the signal intensity at an azimuthal angle of 



. 

S2 A-R-T Coefficients and EMI SE 

The four parameters (S

11

, S

21

, S

22

, S

12

) containing eight data were obtained using the vector 

network analyser. Among them, the A

21

, R

21

, T

21

 coefficients of port Ⅰ are calculated as follows 

S3-S4; The calculation formula for their SE

R

21, SE

A

21, SE

T

21 shown in S5-S6 [S3-S5]. 

Similarly, the A

12

, R

12

, T

12

, SE

R

12, SE

A

12, and SE

T

12 of port Ⅱ can be obtained according to 

formula S7-S10. 
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2121211ART

                                                    (S4) 
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,    

21212110lg1ATSER

                         (S5) 

21212121TRAMSESESESE
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21222RS

,   
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