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Supplementary Figures and Tables 

 

Fig. S1 SEM image of SiC nanofibers and corresponding EDS 

 

Fig. S2 The SiC@SiO2 nanofibers cross-section preparation process. a Select target area, b and 

c sample excavation on the front and rear sides of the target location, d focused ion beam 

thinning of sample, and e the thinned sample thickness is only 53.69 nm 
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Fig. S3 High-resolution TEM (HR-TEM) of SiC core of the SiC@SiO2 nanofibers and 

corresponding selected area electron diffraction (SAED) 

 

Fig. S4 XRD patterns for the SiC NFA 

 

Fig. S5 FTIR spectra for the SiC NFA 
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Fig. S6 Raman spectra for the SiC NFA 

 

Fig. S7 The SiC@SiO2 NFA on an iron plate above a jar filled with liquid nitrogen (~ −40 °C) 

 

Fig. S8 The hydrophilicity of original SiC NFA with a water contact angle (WCA) of ~0° 
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The EMW-absorbing properties of dielectric loss materials are determined by their relative 

complex permittivities (εr). It is well known that the real part of the permittivity (ε') represents 

the storage capacity of electrical energy, while the imaginary part of the permittivity (ε'') 

indicates the ability to dissipate electrical energy [S1]. As shown in Fig. S9a, the value of real 

permittivity for the SiC@SiO2 NFA gradually decreases from 14.47 to 7.75 in the frequency 

range of 2−12.46 GHz. The reason for this is that the rearrangement of the dipoles cannot match 

the increase in the frequency of the EMW, which leads to a weakening of the dielectric 

polarization effect. The specific manifestation is that the dielectric response decreases with 

increasing frequency [S2]. In addition, the ε' curve for the SiC@SiO2 NFA shows some 

fluctuation in the frequency range of 12.46–18 GHz, which may be due to the dipole 

polarization caused by the orientation of some random dipoles in the material parallel to the 

EM field [S3]. Figure S9b shows that the value of ε'' gradually increases when the frequency 

increases from 2 to 11.6 GHz, which may be due to polarization relaxation. Furthermore, the 

value of ε″ gradually decreases with increasing frequency from 11.6 to 15.9 GHz, which may 

be due to the weakening of the interfacial polarization among the SiC@SiO2 nanofibers in this 

frequency range. Interestingly, the curve for ε″ shows a broad upward peak in the frequency 

range of 15.9–18 GHz with a maximum value of 6.08, indicating an enhanced dipole 

polarization effect for the SiC@SiO2 NFA. The dielectric tangent loss value (tan δε = ε″/ε′) is 

generally used to indicate the energy dissipation capability. The variation trend for tan δε in the 

frequency range of 2–18 GHz is similar to that for ε″, as shown in Fig. S9c. The tan δε curve 

for the SiC@SiO2 NFA exhibits two peaks at 12.07 and 16.28 GHz, suggesting that the aerogel 

has a superior dielectric loss performance in the high frequency range. 

According to Debye theory [S4], the relative complex permittivity ( ) can be expressed as 

follows [S5]: 

                   (S1) 

where  is the static permittivity,  is the relative permittivity at infinite frequency, f is the 

frequency, and τ is the polarization relaxation time. Therefore, ε′ and ε″ can be expressed as 

follows: 

                               (S2) 

                           (S3) 

                (S4) 

According to Eqs. (2) and (3), the relationship between ε′ and ε″ can be expressed as follows: 

             (S5) 

Based on Eq. (5), the Cole-Cole semicircle diagrams can be plotted, which relate the real and 

imaginary parts of the complex permittivity, and each semicircle represents a Debye relaxation 

process [S6, S7]. Figure S9d shows that there are at least three distinct semicircles, indicating 

the existence of multiple dielectric relaxation processes in the SiC@SiO2 NFA. 
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Fig. S9 Electromagnetic parameters for the SiC@SiO2 NFA. (a) Real part of the permittivity, 

(b) imaginary part of the permittivity, (c) tangent loss, and (d) the Cole-Cole semicircle 

curves (ε″-ε′) for the SiC@SiO2 NFA 

 

Table S1 Multifunctional properties of the SiC@SiO2 NFA 

Sample 
Density 

(mg/cm3) 

Porosity 

(%) 

BET specific 

surface areas (m2 

g-1) 

Average pore 

size (nm) 

RLmin 

(dB) 

EABmax 

(GHz) 

SiC@SiO2 

NFA 
~11 ~99.6 185.3 22 −50.36 8.6 

Table S2 Mechanical performances of the SiC@SiO2 NFA 

Cycles 
Maximum stress (kPa) Young’s modulus (kPa) 

~25 °C ~700 °C ~ −40 °C ~ −196 °C ~25 °C ~700 °C ~ −40 °C ~ −196 °C 

1 29.33 28.56 28.27 27.35 41.17 40.59 39.98 39.13 

50 29.25 28.49 28.19 27.27 40.99 40.37 39.75 38.89 

100 29.19 28.41 28.11 27.18 40.69 40.11 39.48 38.67 

200 29.06 28.27 27.92 27.02 40.26 39.58 39.03 38.33 

400 28.84 28.03 27.56 26.71 39.36 38.55 37.89 37.36 

600 28.61 27.78 27.26 26.43 38.57 37.56 36.82 36.28 

800 28.36 27.55 27.01 26.19 37.87 36.58 35.71 35.07 

1000 28.12 27.31 26.8 25.95 37.08 35.5 34.75 34.06 

 

Table S3 Thermal conductivities of the SiC@SiO2 NFA 

Temperature (°C) 20 200 400 600 

Thermal conductivity (W/(m·k)) 0.027 0.041 0.069 0.105 
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