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Abstract 

This article presents a facile synthesis of different morphological silicon carbides 

(SiC) absorbers by adjusting the weight ratio of carbon spheres to waste glass powder. 

With the decreased proportion of waste glass powder, the diffusion rate of SiO vapour 

decreases, which is lower than the deposition rate, leading to the morphology change 

from fluffy spheres to nanofibers. The electromagnetic wave (EMW) absorbing 
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results show that the fluffy spherical SiC possesses the optimal EMW absorption 

performance with an effective absorption bandwidth 4.81 GHz at 1.6 mm, mainly due 

to stacking faults-induced polarisation loss and conductive loss. By comparison, the 

EMW absorbing ability of  SiC obtained through wasted glass powder is better than 

the normal SiC prepared through commercial SiO2. Thus, the waste glass has shown 

great promise as silicon resources to prepare high-performance SiC absorbers.  

Keywords: Electromagnetic absorbing performance, SiC absorber, synthesis 

mechanism, stacking faults, waste glass powder. 

1 Introduction 

Electromagnetic wave (EMW) pollution has been overgrowing with the 

development of technology and has now become the fourth pollution after air, water 

and noise pollution [1]. Excessive EMW radiation can expose living organisms to 

potential health risks. Shi et al. [2] discovered that specific electromagnetic radiation 

in wireless signal ranges increases wakefulness in mice. Gandhi et al. [3] found that 

static electromagnetic fields significantly affect sleep onset and duration through the 

thermal model of human body analysis. Thus, various EMW absorbers that can 

effectively absorb EMWs have been developed to solve the problems mentioned 

above [4-8].  

Silicon carbide (SiC) is a dielectric absorber [9] and can be applied in extreme 

working circumstances due to its high-temperature oxidation resistance, high strength, 

low density, and good chemically inert [10, 11]. It has been reported that SiC with 

different morphology shows significantly different wave absorber properties. A series 

of experiments have been carried out to prepare SiC with different morphology. For 

example, Wu et al. [12] used bamboo pulp paper as a carbon source and commercial 

Si and SiO2 as a silicon source to prepare a bamboo-shaped SiC whisker absorber. 
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The effective absorption bandwidth (EAB) is 3.4 GHz at a thickness of 2.5 mm. Xiao 

et al. [13] adopted carbon fibre as a carbon source and commercial SiO2 as a silicon 

source to synthesise fabric SiC composite absorbers. The EAB is 5 GHz at 2 mm. Liu 

et al. [14] prepared porous interconnected SiC through apple fruit. The porous 

interconnected morphology of apple fruit was perserved. The EAB can reach 4 GHz 

with a 4.0-5.0 mm sample thickness. All these previous work confirm that SiC has a 

good shape memory on the carbon sources and is a good EMW absorber. Therefore, 

efforts to develop well-controlled morphology SiC have been a great impetus to the 

field of EMW radiation. Until now, the research on morphology with synthesis 

mechanisms is rarely studied. 

The traditional way to prepare SiC is through the high-temperature reaction of 

silicon and carbon resources, which can be explained as a vapour-solid (VS) or 

vapour-solid-liquid (VSL) mechanism. For VS reaction, enough SiO vapour can be 

generated at 1200 ℃, which can further react with solid carbon sources and keep the 

shape of carbon sources. For example, Liang et al. [15] synthesized an eggplant-

derived SiC absorber, and the shape of the products is consistent well with eggplant 

through VS reaction. For VSL reaction, some other substances can form a molten or 

liquid solution at high temperatures and promote the reaction between silicon and 

carbon sources. Liu et al. [16] synthesised a hollow SiC@C absorber through the VSL 

mechanism between resorcinol formaldehyde resin and self-prepared SiO2 by adding 

a metal catalyst, which can become the molten solution at high temperature and serve 

as the site for forming SiC. However, the synthesis mechanism of the SiC absorber 

and the relationship between morphology and reaction was relatively vague in those 

early studies.   

In this work, SiC absorbers with different morphologies were prepared by adjusting 
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the proportion of waste glass powder. The change in the morphology is due to the 

competitive process where diffusion and deposition occur simultaneously [17]. When 

the ratio of carbon spheres to glass powder was 1 to 1, there were enough silicon 

resources to ensure that the diffusion rate was higher than the deposition rate, 

resulting in fluffy, porous, spherical SiC, which had an excellent EMW absorption 

performance. The minimum reflection loss (RLmin) value of SiC is -48.92 dB at 8.96 

GHz. The EAB of the product reaches 4.81 GHz at 1.6 mm. In contrast, the normal 

SiC were synthesised through commercial SiO2, and its EMW absorbing performance 

was tested. The result shows that its EMW absorbing capacity is slightly worse than 

SiC prepared by the waste glass. This work analyses the formation mechanism of 

different morphological SiC absorbers and presents a new method to recycle waste 

glass. 

2 Experimental sections 

2.1 Materials 

A ball-milling machine milled waste glass, and X-ray fluorescence tested the main 

ingredients with the components of SiO2 (71.55 wt%), Na2O (13.2 wt%), Al2O3 (5.96 

wt%), and CaO (3.37 wt%). Tetraethyl orthosilicate (TEOS), ammonium hydroxide 

solution (NH3·H2O, 25-28 wt%), ethanol absolute (EtOH), sucrose, silicon powder (Si, 

3000 mesh), sodium polyacrylate (PAAS, average Mw 4000K-5000K), hydrofluoric 

acid (HF，40 wt%). All materials, including distilled water, were purchased from 

Macklin and used without further purification. 

2.2 Preparation of monodisperse carbon sphere templates 

The monodisperse carbon sphere templates were synthesised through a 

hydrothermal reaction. 2 g sucrose was dissolved in 40 ml of distilled water, and 30 

mg PAAS was added. After violently whisking for 60 minutes, the solution was 
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shifted from the beaker to 50 ml Teflon and heated to 190 ℃  for 5 hours. The 

monodisperse carbon sphere templates were obtained after centrifugation and dried at 

60 ℃ overnight.  

2.3 Preparation of SiC with tunable morphology 

The brown carbon spheres were mixed with waste glass powder according to 

different ratios (the weight ratio of carbon spheres to glass powder was 1:1, 2:1 and 

4:1, respectively). Then, the mixture was put into a corundum crucible in a tube 

furnace under the protection of an argon atmosphere. The furnace temperature was 

controlled with a program of heating of 550 °C at 2 ℃·min
-1

, holding at 550 ℃ for 3 

hours, further heating to 1400 ℃ at 2 ℃·min
-1

, respectively, holding for 8 hours and 

then cooling to room temperature at 5 ℃ ·min
-1

. Subsequently, excess silicon 

resources and impurities were removed with HF overnight. SiC with different 

morphologies were obtained by eliminating the excessive carbon in a muffle furnace 

at 650 ℃  for 3 hours. The final samples were named G-1-1, G-2-1, and G-4-1, 

respectively. In contrast, the same amount of commercial SiO2 was used to prepare 

normal SiC and labelled C-1-1, C-2-1, and C-4-1, respectively. (Note: G represents 

glass powder, and C represents commercial silicon. The first number represents the 

amount of carbon spheres, and the second represents the amount of silicon sources.) 

2.4 Characterisation 

The ingredients of the waste glass powder were tested by X-ray fluorescence (XRF). 

The crystalline phases and phase purity of the products were tested by an X-ray 

diffraction (XRD), operated at 40 kV and 40 mA and the 2 theta from 10 ˚ to 80 ˚ with 

the speed of 5 ˚·min
-1

. Raman spectra were recorded on a Xplo RA Raman 

spectrometer with a spectral range from 500 cm
-1

 to 1100 cm
-1

 using a laser of 532 nm. 

The microstructure of the products was observed through field emission scanning 
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electron microscope (FESEM). The hollow morphology was tested on a transmission 

electron microscope (TEM). The thermal stability of the products was studied on a 

thermal gravimetric analyser (TGA) from 30 ℃ to 800 ℃ in an environment in which 

the air was untreated with a heating rate of 10 ℃·min
-1

. The specific surface area and 

pore size of each sample were tested by a Nitrogen adsorption-desorption analyser 

(BET). The band gap characteristics of SiC are measured through an Ultraviolet 

spectrophotometer (UV-Vis), and the wavelength ranges from 200 nm to 800 nm. The 

electromagnetic wave absorption performance was tested by a vector network 

analyser (VNA) between 2 GHz and 18 GHz using a circular ring obtained by mixing 

with wax with a filling weight ratio of 30 %.  

3 Results and discussion 

Fig.1 (a) schematically illustrates the synthesis process and how the weight ratio of 

glass powder experimentally determines the morphology of SiC. First, monodisperse 

carbon sphere templates were prepared through a hydrothermal reaction of sucrose at 

190 ℃ . It is worth mentioning that surfactant PAAS is crucial to synthesising 

monodisperse carbon sphere templates (Fig.1 d and e). PAAS has high molecular 

weight and produces steric hindrance after absorbing carbon spheres, thus achieving 

the best dispersion effect [18]. Second, the obtained carbon spheres were mixed with 

glass powder at a certain concentration and placed into a tube furnace at 1400 ℃. 

After a high-temperature reaction, the monodisperse carbon sphere templates can be 

maintained (Fig.1 f). Different morphology of pure SiC can be obtained after the 

treatment to remove unreacted silicon and carbon. In theory, abundant newly 

generated atoms shift to lower energy sites by surface diffusion [19]. The waste glass 

concentration decides the microstructure of SiC between the diffusion and deposition 

rates of silicon resources. As expected, when the ratio is 1:1, there were sufficient free 
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silicon resources to diffuse and react with carbon spheres. Thus, the resultant 

morphology was fluffy flower-like spheres (Fig.1 g). However, the diffusion rate of 

SiO vapour drops when the concentration of waste glass decreases; at this point, the 

sphere morphology can become scattered, and the spheres can no longer be 

maintained (Fig.1 h). As the concentration of glass powder continually declined (4:1), 

the diffusion rate dropped to a critical level when the deposition rate led to the 

formation of SiC nanofiber (Fig.1 k).  

For the glass powder system, even though the reaction temperature (1400 ℃) did 

not reach the melt temperature of SiO2 (1723 ℃), the reaction between SiO2 and C 

spheres can occur due to the existence of metallic oxides, which can decrease the 

temperature of diffusion movements and react as Equation (1) shows. The generated 

SiO vapour can further react with C templates or CO vapour to generate SiC 

according to Equations (2) and (3). When the ratio was 1:1, there was sufficient SiO 

vapour. The diffusion rate is higher than the deposition rate and can form spherical 

flower-like G-1-1. The diffusion rate declines gradually with the decreasing 

concentration of silicon resources. As the glass powder concentration dropped to 2:1, 

the diffusion rate was slightly lower than the deposition rate, and there was 

insufficient SiO for both Equations (2) and (3). However, Equation (3) is more likely 

to occur because it requires less energy than Equation (2) [20]. Thus, the sphere 

morphology cannot be maintained, forming scattered spheres (G-2-1). As the 

concentration of silicon resources kept falling and reaching 4:1, the deposition rate led 

to the reaction, and the generated CO2 reacted with C to form more CO (Equation 4) 

to speed equation (3). There is almost no reaction occurred on C templates. Thus, the 

microstructure is nanofibers (G-4-1). 

 𝑆𝑖𝑂2(𝑠) + 𝐶(𝑠) = 𝑆𝑖𝑂(𝑔) + 𝐶𝑂(𝑔)  (1) 
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 𝑆𝑖𝑂(𝑔) + 2𝐶(𝑠) = 𝑆𝑖𝐶(𝑠) + 𝐶𝑂(𝑔)  (2) 

 𝑆𝑖𝑂(𝑔) + 3𝐶𝑂(𝑔) = 𝑆𝑖𝐶(𝑠) + 2𝐶𝑂2(𝑔)  (3) 

 𝐶𝑂2(𝑔) + 𝐶(𝑠) = 2𝐶𝑂(𝑔)  (4) 

The XRD tests were used to investigate the crystal composition of the samples. The 

XRD patterns of the products after a high-temperature reaction in the tube furnace 

showed that the composition of the product changed from silica and silicon carbide to 

carbon and silicon carbide as the weight ratio of the silicon source decreased (Fig.S1). 

The XRD patterns (Fig.1 b) of the final products show that the diffraction peaks 

located at 35.74 ˚, 60.14 ˚, and 71.97 ˚ are the three firm peaks of SiC, in a good 

agreement to (111), (220), and (311) crystal planes of β-SiC (JPCDS PDF#73-1708), 

respectively. The weak peaks at 41.50 ˚ and 75.71 ˚ correspond to (200) and (222) 

crystal planes of SiC. A small peak at 33.72 ˚ indicates stacking faults (SF) [21] in β-

SiC, which can increase electron energy and polarisation loss. These results 

demonstrate that we obtained pure SiC with some SF, indicating etching and high-

temperature treatment can remove excess silicon and unreacted carbon. The pore 

properties of the products can be examined by BET measurement. Fig.1 (c) shows the 

Nitrogen adsorption-desorption curves of each sample and manifests the property of a 

typical Ⅳ isotherm [22-24], indicating pores existed in the prepared SiC. The unique 

pore morphology improves the matching condition with air and increases air contact 

surfaces, promoting interfacial polarisation [25]. Fig.S2 shows the specific surface 

area of each sample. It can be found the particular surface area of SiC gradually 

decreases with the declining concentration of silicon resources, which is due to the 

spheres totally transforming into nanofibers. This agrees well with the previous results. 

The TGA curves (Fig.S3) show different morphological SiC did not lose weight from 

room temperature to 800 ℃ in air atmosphere, indicating that pure SiC has good 
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thermal stability. 

 

Fig.1 (a) Schematic showing the facile synthesis process of different morphology of SiC in various 

ratios of carbon spheres to silicon resources. (b) XRD patterns of G-1-1, G-2-1, G-4-1. (c) Nitrogen 

adsorption-desorption curves of G-1-1, G-2-1, G-4-1. (d) carbon spheres without PAAS. (e) 

monodisperse carbon spheres with PAAS. (f) SiC@C after high-temperature reaction in the tube 

furnace. (g-k) pure SiC at different ratios of carbon spheres to waste glass.  

TEM tests can further affirm the specific microstructure of SiC in different 

concentrations of glass powder. As shown in Fig.2 (a-c), the morphology of SiC 

changes from fluffy spheres to scattered spheres to nanofibers when the ratio ranges 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



from 1:1 to 2:1 to 4:1. The results fit well with the FESEM test results. Fig.2 (d and 

d1) are the high-resolution TEM images of G-1-1. Obviously, the surface contains 

good stacking order, a large number of stepped stripes and a small amount of 

amorphous phase. A large amount of stepped stripes indicates a high stacking faults 

(SF) content in SiC, which aligns well with the XRD results. These defects can create 

a dipole field by unbalanced charge distribution and increase polarisation loss [26]. 

According to the surface lattice analysis, the distance between crystal planes is 0.251 

nm, corresponding to the (111) crystal plane of SiC. The element mapping tests 

illustrate that C and Si are uniformly distributed at the whole spheres in Fig.2 (e), 

which also proves the products are pure SiC. 

 

Fig.2 (a-c) Low-resolution TEM images of G-1-1, G-2-1 and G-4-1. (d,d1) High-resolution TEM 
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images of G-1-1. (e) Element mapping distribution of G-1-1. 

To determine the effects of morphology on the EMW absorbing ability, the input 

impedance is given based on the following equations [27-29]: 

 𝑍𝑖𝑛 = 𝑍0√|𝜇𝛾/휀𝛾| 𝑡𝑎𝑛ℎ[𝑗(2𝜋𝑓𝑑/𝑐)]√𝜇𝛾휀𝛾  (5) 

 𝑅𝐿 = 20 𝑙𝑜𝑔10|(𝑍𝑖𝑛 − 𝑍0)/(𝑍𝑖𝑛 + 𝑍0)|  (6) 

where Z0 means the free space impedance (Z0=377Ω), Zin is the input impedance of 

the absorber, f is the measured frequency, c is the velocity of EMW in free space, d is 

the thickness of the absorber. From Equation (6), if Zin equals Z0, then reflection loss 

(RL) equals 0, which indicates no reflection. However, this ideal impedance-matching 

condition is very hard to achieve. Therefore,  we prepared the EMW absorption 

material with the input impedance (Zin) close enough to the optimum impedance of 

the free space. Typically, the RL value of EMW absorbers should be lower than -10 

dB, which means that at least 90 % of the EMW  energy is absorbed [6, 30]. 

Fig.3 (a-c) are the 3D graphs of reflection loss of G-1-1, G-2-1 and G-4-1, which 

can clearly show the trend of reflection loss with frequency and thickness. The EMW 

absorption ability of G-1-1 and G-2-1 is stronger, while that of G-4-1 is the worst. 

Fig.3 (d-f) gives intuitive information on the thickness and frequency of each product. 

The results indicate that the absorbing properties have a relation with the thickness of 

the products. The biggest RLmin value tends to move to a lower frequency by 

corresponding increases in the thickness, which is caused by the quarter wave 

principle [31, 32]. When we test the absorption performance, the phase between the 

incident and reflected waves is 180 ˚ and counteract, and then the RLmin can be 

obtained. The minimum reflection loss (RLmin) values of G-1-1, G-2-1 and G-4-1 are -

48.92, -52.5, and -12.64 dB, respectively. To further compare the EMW performance 
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of different morphology, the reflection loss curves at different thicknesses are shown 

in Fig.3 (g-k). The EAB values of the samples were 4.81, 3.48, and 1.32 GHz, 

respectively. The matching thickness were 1.6, 1.9, and 9.5 mm, respectively. Also, 

the value of RLmin under a specific frequency means the match between the medium 

and free space is nearest. For the thickness of G-1-1 at 2.4 mm, the RLmin is -48.92 dB, 

and the corresponding frequency is 8.96 GHz, showing that electromagnetic waves 

can maximally enter the product; thus, the sample has the lowest reflection loss value. 

 

Fig.3 The EMW absorption performance of G-1-1, G-2-1, and G-4-1. (a-c) 3D graphs. (d-f) 2D graphs. 

(g-k) The reflection loss curves at different thicknesses. 

Electromagnetic parameters mainly determine the EMW absorption performance. 

Thus, complex permittivity is analysed to explain the EMW loss mechanism. The 휀′ 

and 휀′′  represent the storage ability and consumption ability of electromagnetic 
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energy. As shown in Fig.4 a, the 휀′ values of all samples decrease gradually with the 

increase in frequency, which can lead to a widened frequency bandwidth. 

Furthermore, the more pronounced the change, the wider the absorption bandwidth is 

[33].  The results show that the slope of G-1-1 is the largest from 18 decreases to 10.5, 

while the slope of G-4-1 is the least from 4 to 3. Thus, the effective bandwidth of G-

1-1 is the broadest, which benefits from the SF and defects of the fluffy spherical 

structure. Meanwhile, the 휀′  value of G-1-1 is the highest, which suggests an 

enormous electric-storage ability. The 휀′′ value of each sample shows the same trend 

as seen in Fig.4 (b), and the value decreases from 6.7 to 0.9 as the weight ratio 

changes from 1:1 to 4:1. The higher 휀′′ value means the strength dielectric loss ability, 

which is due to the boosted polarisation relaxation and conductive loss. As observed 

in Fig.4 (c), the 𝑡𝑎𝑛𝛿𝜀 (휀′′/휀′) value of G-1-1 is higher than the others means the 

balanced storge and loss ability. Furthermore, the polarisation relaxation peaks of 휀′′ 

curves can be clearly observed. Based on Debye's theory, the Cole-Cole semicircle 

(휀′′ - 휀′ ) indicates a corresponding Debye relaxation process, and one semicircle 

represents one polarisation process. Meanwhile, the bigger the radius, the more 

powerful the polarisation loss will be [4, 33]. The correlativity between 휀′  and 휀′′ 

value can be obtained through the following Equation:  

 [휀′ − (휀𝑠 + 휀∞)/2]2 + (휀′′)2 = [(휀𝑠 − 휀∞)/2]2  (7) 

where 휀s is the static permittivity, 휀∞ is the relative permittivity. The polarization 

relaxation processes are intuitively shown in Fig.4 (e-g). The Cole-Cole curve of G-1-

1 has four larger semicircles, while G-4-1 shows the least, indicating that G-1-1 has 

higher polarisation relaxation loss. The higher property of G-1-1 is due to the SF and 

defects of fluffy spherical SiC, which can cause a lot of defect-induced polarisation. 

Meanwhile, the matching value of  휀′, 휀′′  and d/𝜆0  can be calculated through the 
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following Equation [34]: 

 𝑡𝑎𝑛 ℎ[𝑗(2𝜋𝑑 ∕ 𝜆0)√휀′−휀′′] = √휀′−휀′′   (8) 

where 𝜆0 is the wavelength of EMW in free space. In theory, if the 휀′- 휀′′  (Cole-Cole) 

curves of an absorber is closer to the matching curve, the better the input impedance 

approaching the impedance of free space. The matching line and Cole-Cole curves are 

shown in Fig.S4. The Cole-Cole curve of G-1-1 is closest to the matching line, which 

has the best impedance matching condition, resulting in more incident EMW entering 

the fluffy spherical absorber.  

A large amount of SF and defect structure can be further confirmed by Raman 

spectra and UV-Vis results, as shown in Fig.4 (d,h). From Raman spectra, the three 

samples all have a strong peak of around 780 cm
-1

, corresponding to the Transverse 

Optical phonon mode (TO, the standard characteristic is 796 cm
-1

) of SiC [35]. The 

specific TO value of G-1-1, G-2-1 and  G-4-1 were 776 cm
-1

, 789 cm
-1

, and 790 cm
-1

.  

The three samples had a scattering peak near 930 cm
-1

, corresponding to Longitudinal 

Optical phonon mode (LO, the standard characteristic is 972 cm
-1

) [35]. The LO peak 

of G-1-1, G-2-1 and  G-4-1 were 935 cm
-1

, 924 cm
-1

, and 929 cm
-1

. All three samples 

were shifted, and the FWHM (full width at high maximum) of the TO peak line was 

large and asymmetric due to the SF and construction defects in the β-SiC [36]. The 

higher the SF density, the higher the TO peak shifts to the low frequency. The result 

shows that G-1-1 has the highest SF and defect density of the three samples. The UV-

vis absorption spectra show that the Eg of the three samples were 2.28 eV, 2.68 eV 

and 2.32 eV, respectively. Among the three samples, G-1-1 has a lower bandgap from 

incomplete crystallization caused by a higher diffusion rate [37]. Meanwhile, the 

lower the band gap, the easier it is for electrons to be stimulated from the valence 

band to the conduction band and the higher the conductivity, leading to high 
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conductive loss [38].  

Moreover, these Cole-Cole curves have many loops at high frequencies, illustrating 

that EMW loss is primarily driven by polarisation loss instead of conduction loss. The 

fitted results of the contribution of polarisation loss (εp") and conduction loss (εc") are 

shown in Fig.4 (i-k). The εc" value of each sample decreases with the frequency 

increase, while the εp" value increases first and then slightly decreases. The trend 

aligned well with the Cole-Cole curves, illustrating that the εc" contributes 

significantly at low frequency and εp" contributes greatly at high frequency. The 

curves also reveal that the εc" and εp" value of G-1-1 is the highest, which means the 

EMW can be attenuated most on G-1-1. The εp" to εc" ratio curves are plotted in Fig.4 

(k). The results illustrate that G-1-1 has a higher ratio of conduction loss than 

polarization loss, which coincides with the UV-Vis spectra results (Fig.4 h).  
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Fig.4 (a) Real permittivity, (b) Imaginary permittivity, (c) Dielectric tangent loss and (d) Raman 

spectrum of G-1-1, G-2-1, and G-4-1. (e-g) Cole-Cole curves of G-1-1, G-2-1, and G-4-1. (h) Plots of 

(ahν)
1/2

 versus hν for the indirect transition of G-1-1, G-2-1, G-4-1. Bandgap Eg is obtained by 

extrapolation to α=0. (i) Conductive loss, (g) Polarisation loss and (k) Ratio of polarisation loss to 

conductive loss of G-1-1, G-2-1, and G-4-1. (m) Dielectric loss mechanism diagram of G-1-1. 

Based on the discussions above, the porous flower-like morphology of G-1-1 

exhibits good EMW absorbing properties, and the EMW absorbing mechanism is 

shown in Fig.4 m. Firstly, the porous soft spherical structure improves the impedance 

matching condition, giving more EMWs access to the absorber. Meanwhile, the 

sample has a higher specific surface area (146 m
2
·g

-1
), which means the greater the 

number of atoms on the surface, leading to polarisation loss. Secondly, the incident 

EMW is repeatedly reflected and scattered through the porosity of the material, which 

increases the transmission route of the EMW, making it easier to dissipate EMW 

energy [39, 40]. Furthermore, the lower band gap of G-1-1 can make the electron 

transmission easier to generate conduction loss. In addition, the fluffy structure can 

also form a sizeable conductive network, promoting conductive loss and further 

attenuating EMW energy. Thirdly, many SF and defects can trap charge carriers to 

promote defect-induced polarisation and dipole polarisation, leading to more EMW 

energy converted into heat energy. These multiple synergisms result in an excellent 

EMW absorption ability of G-1-1. The effective absorption bandwidth of G-1-1 can 

reach 4.81 GHz at a thickness of only 1.6 mm.  

In contrast, the SiC was prepared by commercial silicon under the same ratio and 

process. Fig. 5 shows that the morphology and EMW absorbing ability of C-1-1, C-2-

1, and C-4-1 had the same trend as the products synthesised by glass powder. The 

comparison of the EMW absorption performance can be clearly seen in Table 1. The 

EMW absorbing performance is closely related to the morphology of the products, 
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and the porous fluffy spherical SiC has a better EMW absorption ability than 

nanofibrous products. In the thickness ranging from 1 mm to 5 mm, the RLmin of G-

1-1 and C-1-1 are -48.9 dB and -28.3 dB, and their EAB can reach 4.81 and 4.15 GHz, 

respectively, indicating that G-1-1 has a better EMW absorbing property than C-1-1. 

These results also show that glass powder can completely replace commercial silicon 

to prepare SiC, which realise the reuse of waste glass and saves energy, further 

protecting the environment. 

 

Fig. 5 (a-c) FESEM images of C-1-1, C-2-1, and C-4-1. (d-f) The 2D graphs of EMW absorption 
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performance of C-1-1, C-2-1, and C-4-1. (g-i) The reflection loss curves at different thicknesses of C-

1-1, C-2-1, and C-4-1. (j)Real permittivity, (k) Imaginary permittivity and (m) dielectric loss tangent of 

C-1-1, C-2-1, and C-4-1. 
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Table 1 The list of the EMW absorbing performance of each sample. 

Samples 

Minimum 

reflection 

loss(dB) 

Effective 

bandwidth 

(GHz) 

Matching 

thickness(mm) 

Effective 

bandwidth-(1mm-

5mm) (GHz) 

G-1-1 -48.9 4.81 1.6 14.60 

G-2-1 -52.5 3.48 1.9 13.82 

G-4-1 -12.6 1.32 9.5 0.82 

C-1-1 -28.3 4.15 1.5 14.60 

C-2-1 -20.5 3.56 5.2 10.28 

C-4-1 -13.8 1.28 10 0 

The electromagnetic wave absorption performance of some representative 

morphology of pure SiC is listed in Table 2, which is acquired from some published 

articles. From the contradistinctive data, porous fluffy flower-like SiC (G-1-1 and C-

1-1) shows great EMW absorbing properties. It further proved the significance of 

preparing SiC with recycled waste glass and broadening its application in the absorber 

area.  
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Table 2 A list of electromagnetic wave absorption properties with previously reported pure SiC 

materials 

Samples 

Minimum 

reflection loss(dB) 

Effective 

bandwidth (GHz) 

Matching 

thickness 

(mm) 

Ref. 

SiC NWs -31.7 2.15 2.0 [41] 

SiC NWs -30 3.7 4.6 [42] 

Porous SiC -30 4 4-5 [14] 

SiC powders -22 1.68 1.5 [43] 

SiC aerogels -43 4 2 [15] 

Hollow 

sphere SiC 

-51.7 5.82 3.1 [44] 

G-1-1 -48.9 4.81 1.6 

current 

work 

C-1-1 -28.3 4.15 1.5 

current 

work 

4 Conclusions 

In this study, the different microstructure of SiC was derived by adequately 

adjusting the concentration of waste glass, which can evolve from porous fluffy 

spheres to nanofibers. The competition between the deposition rate and diffusion rate 

can explain this change. The EMW absorption capacity of each sample was analysed, 

and the results show that when the ratio of carbon spheres to waste glass powder 

reaches 1:1, the biggest RLmin of SiC (G-1-1) is -48.92 dB at 8.96 GHz. The EAB of 

G-1-1 is 4.81 GHz at only 1.6 mm. The porous spherical flower-like structure has 

benefited from the upgraded impedance matching condition, strengthened polarisation 

loss and conduction loss of the product. The normal SiC prepared through commercial 
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silicon was compared with SiC synthesised by the waste glass. The test results show 

that the EMW absorbing property of SiC crafted from waste glass is better,  proving 

that waste glass powder can replace commercial silicon to prepare SiC. This work 

provides remarkable ideas by expending wasted glass for SiC absorbers towards 

excellent stability and EMW properties, achieving lower energy expenditure and 

protecting the environment. 
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1. Successfully prepared different morphological SiC absorbers. 

2. The competition between diffusion and deposition rates leads to a change in 

morphology.  

3. The effective absorption bandwidth of the porous fluffy spherical SiC can reach 

4.81 GHz at 1.6 mm. 
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