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S1. Experiments
[bookmark: _Hlk62908182]S1.1 Main materials
[bookmark: _Hlk197688291]Melamine (C3H6N6) and boric acid (H3BO3) were purchased from Macklin. Nickel chloride hexahydrate (NiCl2·6H2O) was purchased from Aladdin. Polydimethylsiloxane (PDMS) (type: SYLGARD 184) and curing agent were bought from Dow Corning Co., Ltd. (USA). All chemical reagents were used without further purification.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: _Hlk62908189]S1.2 Characterizations
[bookmark: OLE_LINK7][bookmark: OLE_LINK5][bookmark: OLE_LINK8]The X-ray diffraction (XRD) patterns of the specimens were acquired using a X-Ray Diffraction (D8 ADVANCE, BRuker) equipped with Cu-K α radiation (λ = 0.154 nm, tube voltage = 40 kV, tube current = 40 mA). To further determine the elemental composition and surface chemical bonds of the final products, the composition and bonding states of the BNNR, Ni/BNNR and CNB aerogel were characterized by Fourier transform infrared spectroscopy (FTIR, Trace 100) and X-ray photoelectron spectroscopy (XPS, PHI GENESIS 500) with Al Kα as an X-ray source , respectively. The Raman spectra were through by a Raman spectrometer (LabRam HR Evolution). The morphology and structure of the BNNR, Ni/BNNR and CNB aerogel were observed by scanning electron microscope (SEM, TESCAN CLARA) and transmission electron microscope (TEM, Tecnai G2 F30 and JEM F200), respectively. And the element distribution was analyzed by the Energy dispersion spectrometer (EDS, Ultim Extreme) equipped in the SEM. Nitrogen adsorption-desorption isotherms were recorded by specific surface area and porosity analyzer (Micromeritics ASAP 2460). The magnetic hysteresis loops were recorded by vibration sample magnetometer (VSM, MicroSence EV9). The mass percentage of nickel was measured by inductive coupled plasma emission spectrometer (ICP; Agilent 5110). The thermogravimetry (TG) was performed on a Netzsch STA449F3 thermo-analysis instrument at a heating rate of 10 ℃/min up to 800℃ in air and nitrogen atmosphere, respectively. Electrochemical impedance spectroscopy (EIS) measurements were conducted on the samples using the CH Instruments CHI660E electrochemical workstation, with a Pt plate serving as the counter electrode, an Ag/AgCl reference electrode, and 3.5 wt% NaCl as the electrolyte solution. The thermal conductivity of the sample was measured by the transient hot-wire method thermal conductivity meter at room temperature (TC3000E, XIATECH). Infrared thermal images were taken by the Yoseen X640D thermal imager. 
S1.3 Electromagnetic parameters measurement
[bookmark: OLE_LINK6]The electromagnetic parameters of the CNB aerogel were measured by a vector network analyzer (E5063A, Agilent) in the frequency range of 2-18 GHz. The mixture (mixed absorbing materials with paraffin matrix) was pressed into the ring-shaped sample (outer diameter 7.00 mm, inner diameter 3.04 mm) in a mass ratio of 1:9. According to the transmission line theory, the RL values can be calculated according to the following equations [1, 2]:
                                                 (S1)
                                       (S2)
              (S3)
                                                        (S4)
where Zin is the normalized input impedance of the microwave absorber, Z0 is the input impedance of the free space, f is the absorption frequency, d is the thickness of the absorber, and c is the velocity of light in the free space, μr and εr are the complex permittivity and complex permeability, η is the specific absorption efficiency, and ρ is the density, respectively.
The simulated thickness calculated by the quarter-wavelength matching model is defined by the following equation:
                                     (S5)
Where the tm, λ, fm and c represent the matching thickness, the wavelength of EMW, the matching frequency, and the speed of the EMW in a vacuum, respectively. The experimental tm aligns closely with the calculated thickness based on the quarter-wavelength matching model.
[bookmark: _Hlk165636634][bookmark: _Hlk162613315][bookmark: _Hlk162613297][bookmark: _Hlk165559958][bookmark: _Hlk165559973]According to the Debye's theory analyzing the relationship between ε' and ε", the mechanism of medium loss can be estimated, and the formula is as follows [3]:
                                       (S6)
                                                    (S7)
                                                   (S8)
[bookmark: _Hlk162613332]where εs and ε∞ is the permittivity of absorbers at the high frequency limit and electrostatic field, respectively; τ is the polarization relaxation time; ε0 is the vacuum permittivity. Theoretically, each Cole-Cole semicircle corresponds to a polarization relaxation process.
[bookmark: _Hlk176010077]S1.4 RCS simulation
To evaluate the practical application of the samples, further simulations were performed based on far-field responses. In this simulation, the measured model is composed of an upper absorbing layer and a lower perfect electrical conductor (PEC) layer, where the thickness of the upper half is set to 3 mm, and the thickness of the lower half is set to 2 mm, respectively. The side length of the square shape model was designed to 180 mm. Here, the positive x axis is φ=0°, the positive z axis is θ=0°, the sheet is placed on the x-o-y plane along the positive z axis, and the microwave enters the model along the z axis. The excitation source is plane waves, and propagates in the direction of the negative half-axis of the Z-axis. The open (add space) boundary conditions were used in all directions. The scattering detection was determined by Theta and Phi. The radar cross-section (RCS) of the simulated sample is calculated as follows: [4, 5]
[bookmark: _Hlk198119582]                                       (S9)
where S is the area of the simulated plane, λ is the wavelength of incident EMW, Es and Ei are the emitted and the received electric field strength, respectively. The color and multi-directional radiating bars indicate the intensity of scattered EMW, and low scattered signal intensity corresponds to high EMW absorption performance.
S1.5 DFT calculation
The first-principles calculations are based on the CASTEP module of the Material Studio within density-functional theory (DFT).[6, 7] The exchange-correlation interactions functionals were calculated by using the Perdew-Burke-Enzerhof (PBE) functional of generalized gradient approximation (GGA).[8, 9] Ultrasoft pseudopotential serves as the plane wave base. Pulay of BFGS (Broyden-Flecher-Glodfarb-Shanno) is used to address electron relaxation. The plane-wave energy cutoff was set as 517 eV. The convergence threshold was set at 1.0 × 10-6 eV in energy and 0.01 eVÅ-1 in force. The Brillouin zone was modeled by gamma centered Monkhorst-Pack scheme, and the k-point sampling grid is set to 12 × 12 × 2 grid for all models.
S1.6 The synthesis mechanism of BNNR aerogel
The corresponding chemical reactions for the formation of BNNR aerogel can be described as:[10]
2H3BO3+C3N6H6 → C3N6H6·2H3BO3                                  (S10)
C3N6H6·2H3BO3 → 2BN+3H2O+3CO+2NH3+N2                         (S11)
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[bookmark: _Hlk200099959]Fig. S1. XPS spectra of CNB aerogel, (a) CNB-1, (b) CNB-3, (c) CNB-5.
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Fig. S2. Raman spectra of CNB aerogel.
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[bookmark: _Hlk213227467]Fig. S3. Nitrogen adsorption-desorption isotherms and pore width distributions of (a) CNB-1 and (b) CNB-5.
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Fig. S4. TG curves of CNB-1, CNB-3 and CNB-5 aerogels under air atmosphere.
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Fig. S5. TG curves of pure PDMS, CNB-1/PDMS, CNB-3/PDMS and CNB-5/PDMS aerogel elastomers under N2 atmosphere.
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Fig. S6. TEM images of (a) BNNR aerogel. (b) SAED images of BNNR aerogel.

[bookmark: _Hlk223447455][image: ]
Fig. S7. SEM images of (a1) NB-1, (a2) CNB-1, (b1) NB-5, and (b2) CNB-5.

[bookmark: _Hlk223451416][image: ]
[bookmark: _Hlk223451543]Fig. S8. Cole-Cole model plots: (a) CNB-1 aerogel, (b) CNB-3 aerogel, and (c) CNB-5 aerogel.

[bookmark: _Hlk223458470][image: ]
[bookmark: _Hlk200100036][bookmark: _Hlk223448212][bookmark: _Hlk223448224]Fig. S9. Electromagnetic patterns: (a) μ′, and (b) μ′′.

[bookmark: _Hlk223462172][image: ]
[bookmark: _Hlk200638585][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: _Hlk179455825][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Fig. S10. 3D and 2D plot of RL for different samples, (a1-a2) CNB-1 aerogel, (b1-b2) CNB-3 aerogel, (c1-c2) CNB-5 aerogel in the range of 2.0–8.0 GHz.
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Fig. S11. Three-dimensional images of CST simulations for CNB-3 aerogel at 3 GHz (a), 6 GHz (b), and 17 GHz (c).
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[bookmark: _Hlk200100492]Fig. S12. (a) Infrared thermal images of CNB-3 aerogel on a constant temperature heating plate of 100℃. (b) Temperature–time curves of CNB-3 aerogel surface.
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Fig. S13. (a) Infrared thermal images of PDMS, BNNR/PDMS, and CNB/PDMS aerogel elastomer on a constant temperature heating plate of 100℃. (b) Temperature–time curves of samples surface.
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Fig. S14. 3D (a) and 2D (b) map of the RL curves for CNB/PDMS samples.


[bookmark: _Hlk223459636]Table S1. Atomic ratio results from N1s.
	Samples
	N-B (at%)
	pyridinic N(at%)
	pyrrolic N(at%)
	graphitic N(at%)

	CNB-1
	55.73
	27.03
	10.97
	6.27

	CNB-3
	46.09
	38.11
	11.02
	4.78

	CNB-5
	40.09
	34.36
	20.93
	4.62



[bookmark: _Hlk220847254][bookmark: _Hlk223462083]Table S2. Comparison this work with some reported materials EMW absorption performance
	[bookmark: _Hlk165741743]Material
	RL
(dB)
	Thickness
(mm)
	EAB
(GHz)
	Thickness
(mm)
	Samples
	Refs.

	[bookmark: _Hlk199349231]Co/CNF
	-45
	1.8
	4.6
	1.8
	S1
	[11]

	CF@Ni-6
	-49.87
	2.1
	5.92
	2.2
	S2
	[12]

	CNCM-2
	-50.10
	1.90
	4.80
	1.90
	S3
	[13]

	Co/Ni-CNF-20
	-40.13
	4.6
	4.4
	4.6
	S4
	[14]

	TiB2@BN/PDMS
	-31.20
	1.55
	5.12
	1.75
	S5
	[15]

	BN0.5/Ni0.5/CNT5/WPU
	-42.4
	2.5
	3.12
	1.5
	S6
	[16]

	BGO-1
	-48.9
	2.1
	4.2
	2.1
	S7
	[17]

	BN@C-2
	-29.12
	2.5
	3.44
	2.5
	S8
	[18]

	BN/Ni
	-42.8
	1.7
	2.24
	1.7
	S9
	[19]

	BN-MXene/PDMS
	-49.72
	2.0
	5.8
	2.0
	S10
	[20]

	CNTs/h-BN
	-40.13
	4.5
	3.8
	4.5
	S11
	[21]

	CNB-1
	-27.36
	1.77
	5.41
	2.18
	/
	This work

	CNB-3
	-57.12
	2.83
	6.93
	1.99
	/
	This work

	CNB-5
	-20.89
	1.55
	6.77
	1.91
	/
	This work



Table S3. Comparison this work with some reported materials specific absorption efficiency.
	Material
	RL
(dB)
	Ρ
(g/cm3)
	η
(dB·cm³·g⁻¹)
	Refs.

	CoNi/CNT/PNF
	-44.7
	0.107
	418
	[22]

	MXPI-25%
	-64.70
	0.072
	899
	[23]

	SiCNF-1450
	-21.41
	0.041
	522
	[24]

	GNS/SiC@SiBCN
	-75.80
	0.082
	924
	[25]

	Ni/MnO-CA
	-64.09
	0.0531
	1207
	[26]

	CoNi-MOF@graphene
	-42.62
	0.059
	722
	[27]

	PI/CNT
	-51.13
	0.123
	416
	[28]

	CNB-3
	-57.12
	0.0403
	1417
	This work
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