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Study on the Self-catalyzed Pyrolysis Synthesis Mechanism and Properties
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Abstract: To address the challenges of complex synthesis processes, high costs, and uneven magnetic nanoparticle dispersion in ex-
isting magnetic graphene preparation methods, this study proposes a one-step synthesis of nitrogen-doped magnetic graphene via
synergistic autocatalytic pyrolysis of graphitic carbon nitride (g-C;N,) and ferrocene. By precisely controlling pyrolysis temperatures
(450 °C-720 °C), the magnetic component ratio and carbon layer thickness were tailored. Mechanistic studies revealed that g-C;N,
serves as a dual carbon/nitrogen precursor, with its pyrolysis products facilitating carbothermal reduction of ferrocene-derived iron

oxides into carbon-encapsulated iron carbides (5-8 graphene shells, interlayer spacing 0.34 nm). Concurrently, iron species catalyzed
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the reconstruction of sp” carbon networks, as evidenced by a 75% enhancement in C—=C peak intensity via XPS analysis. The synthe-
sized material exhibites multifunctional properties: a high specific surface area (344.25 m*/g), uniform mesoporous structure (pore
size 15.38 nm), In terms of electromagnetic properties, the material has a local reflection loss of —7 dB at 10.2 GHz at a thickness of
2 mm; When the thickness is optimized to 3.5 mm, the effective absorption bandwidth (reflection loss << —10 dB) is extended to 7.4
GHz (covering 8 GHz-15.4 GHz), showing the ability of broadband electromagnetic regulation; Remarkable piezoresistive respon-
siveness was observed, achieving a resistivity of 0.2 Q-cm under 32 MPa compression. Magnetic characterization demonstrated a
saturation magnetization of 46.49 emu/g, low remanence ratio (Mr/Ms == 0.02), coercivity 0.046 356 T, showing typical soft magnet-
ic characteristics. Enhanced environmental compatibility was achieved through synergistic hydrophilic surface properties (contact an-
gle 36.6°) and nitrogen doping (weight percent 3.78%). Compared to conventional multi-step methods, this autocatalytic strategy
simplifies synthesis protocols while significantly improving magnetic nanoparticle dispersion stability issues, establishing a high-per-
formance material platform for electromagnetic shielding and environmental remediation.

Key words: nitrogen-doped magnetic graphene; synthesis mechanism; self-catalytic pyrolysis; structural characterization; electromag-

netic properties; environmental remediation
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Table 1 Summary of synthesis methods and applications of magnetic graphene
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Continued Table 1 Summary of synthesis methods and applications of magnetic graphene
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Fig. 1 Analysis diagram of some physical properties of different products
The XRD patterns of g-C;N,, g-CsN,-Coyg, F/g-C3N,-Cis(a); The XRD patterns of F/g-C;Ny-Csso, F/g-C3N,-Ceso, F/g-C;N,-Coy (b); Raman
spectroscopy curves of g-C;N,, g-C5N,-Coy, F/g-C3N,-Copo (¢). Adsorption-desorption isotherm of the sample showing the quantity of

gas adsorbed (cm*/g, STP) as a function of relative pressure (P/P,). The inset shows the pore diameter distribution (inset plot)(d)
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Fig. 2 Microstructural characterization of different products

(a) SEM image of pristine graphitic phase nitrogen-doped carbon (g-C;N,). (b) SEM image of pyrolysis product at 720 °C (g-C;N,-

Ciy)- (c¢) SEM image of single-component ferrocene heat-treated at 720 °C. (d) SEM image of product obtained from the mixture of

ferrocene and graphitic phase nitrogen-doped carbon heat-treated at 720 °C (F/g-C;N,-C,,)
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Fig. 3 Analysis of energy dispersive spectroscopy of graphene products

EDS of F/g-C;N,-C,, (a), (b); The spectrum features distinct regions labeled C (c), O (d), Fe (e) and N (f)
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Fig. 4 Analysis of transmission electron microscopy images and particle size statistical of graphene products

((a——c) Transmission Electron Microscopy (TEM) images of F/g-C;N,-C~20 samples at different scales. (d) Particle size distribution

histogram and approximate normal distribution curve for the nanoparticles in Figure (b). (e) Fe,C; (311) crystal plane. (f) Fe,O,

(110) crystal plane. )
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Fig. 5 XPS analysis spectra of different products
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Fig. 6 Fourier transform infrared spectroscopy analysis of solid and gaseous products
(a) Fourier-transform infrared (FTIR) spectra of g-C;N, g-C;N,-Cry, F/g-C;N,-Cy. (b) Fourier transform infrared spectra of gas-
phase products at four key temperature points (450 °C/550 °C/650 °C/720 °C) in the F/g-C;N,-C,,, reaction process
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Fig. 8 Analysis of electromagnetic properties of graphene products

((a) Various physical properties analysis of F/g-C;N,-C;,: Absorption performance curve of F/g-C;N,-C,,,. (b) Variation of average

resistivity (black curve) and average conductivity (red curve) with pressure (MPa). (c) Magnetization (M) versus magnetic field (H)

curve. (d) Contact angle measurement. )
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