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Preparation and microwave absorption properties of ultra-fluffy doped graphene

aerogel composites
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(College of Light Industry and Textiles, Inner Mongolia University of Technology, Hohhot 010080, China)

Abstract: With the rapid advancement of intelligent communication, the issue of electromagnetic radiation caused
by information transmission is becoming increasingly severe. However, traditional microwave absorption mate-
rials have limitations such as poor attenuation ability and difficulties in impedance matching, which no longer meet
practical applications. In this paper, graphene aerogel (GA) was prepared by hydrothermal synthesis based on the
theory of electromagnetic loss, the design strategy of multi-component synergistic loss and the construction of three-
dimensional porous aerogel. To enhance its properties, we incorporated MnO,-coated Ni-Zn ferrite (NiZnFe,0,@
MnO,) microspheres with graphene dielectric material to prepare ultra-fluffy magnetically doped graphene-based
composite aerogel (NiZnFe,0,@Mn0,/GA) powders. The impact of heat treatment temperature and magnetic dop-
ing on the wave absorption capability of the composite aerogel was analyzed. Our results demonstrate that at a heat
treatment temperature of 300°C and a nickel-zinc ferrite doping amount of 15wt%, the composite aerogel exhibits

optimal absorption performance. At a matching thickness of 2.9 mm, it achieves a minimum reflection loss (RL,,;,)

YRS EHE: 2023-12-04; fEEIHHA: 2024-01-02; RA B 2024-01-12; MEH LR E: 2024-01-25 14:17:29

4B & Hidlk: https://doi.org/10.13801/j.cnki.fhclxb.20240024.003

HEWH: EZEARPIY:IE4S (12362012; 51765051); 52 AR A R4 (2017MS0102); 52 BHE R A (2020GG0282); P52 1 i 2524458 S0 58
Fe BN A ATHT B % (TY20230103)
National Natural Science Foundation of China (12362012; 51765051); Natural Science Foundation of Inner Mongolia (2017MS0102); Inner
Mongolia Science and Technology Program Fund (2020GG0282); Institutions of Higher Education of Inner Mongolia (JY20230103)

BISEE: ST, WL, 802, WL S, TF5 05 o I RE S50 S5 I i FIZ A48 E-mail: gaoxp@imut.edu.cn

SIS AERUK, BRak, BB 55 EE A RIS B S PORHY H 5 BRI MERE [1]. -8 M K274, 2024, 41(10): 5375-5388.
REN Peiyong, CHEN Miao, ZHAO Ke, et al. Preparation and microwave absorption properties of ultra-fluffy doped graphene aerogel
composites[J]. Acta Materiae Compositae Sinica, 2024, 41(10): 5375-5388(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20240024.003
mailto:gaoxp@imut.edu.cn

- 5376 -

EEMRER

value of —47.27 dB at a frequency of 8.72 GHz, providing an effective absorption bandwidth (EAB) spanning 3.2 GHz

covering most X-band frequencies while maintaining only a packing load rate of 10wt%. The problem of poor mate-

rial impedance matching is solved, the dielectric loss and magnetic loss capacity of the absorbing materials are

optimized. The application requirements of the wave absorbing material for "thin, light, wide and strong" are met.

Keywords: composites; Ni-Zn ferrite; graphene aerogel; core-shell structure; absorption properties
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A1 NiZnFe,0,@MnO,/f1 B THENE (GA) B A BEB I AT &7 2 E

Fig.1 Schematic diagram of preparation of NiZnFe,0,@Mn0,/graphene aerogel (GA) composite aerogel powder
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Fig.2 (a) XPS full spectra; XPS survey curves of C1s of GO (b), GA (c), GA-300°C (d), GA-400°C (e), and GA-500°C (f)
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Fig.3 IR spectra (a) and Raman spectra (b) of GO and GA at different thermal reduction temperatures
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Fig.5 SEM images of NiZnFe,0,/GA composite aerogel: ((a), (b))
NiZnFe,0,/GA-15wt%; ((c), (d)) NiZnFe,0,/GA-25wt%;
(e) NiZnFe,0,/GA-35wt%; (f) NiZnFe,0,/GA-45wt%
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Fig.6 Absorption properties of GA and NiZnFe,0,/GA: (a) Dielectric loss factor tand,; (b) Magnetic loss factor tané,;

(c) Impedance matching coefficient Z;,,/Z,; (d) Reflection loss
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Fig. 7 XRD patterns of different doped graphene aerogel heat treated: (a) NiZnFe,0,/GA; (b) NiZnFe,0,@Mn0,/GA
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d—Interplanar spacing

¥ 8 ((a), (b)) NiZnFe,0,@MnO, #Fki SEM K14; ((c), (d)) NiZnFe,0,@MnO, ki TEM % ; (e) NiZnFe,0,@MnO, {#5kfY EDS mapping %]

Fig.8 ((a), (b)) SEM images of NiZnFe,0,@MnO, microspheres; ((c), (d)) TEM images of NiZnFe,0,@MnO, microspheres; (¢) EDS mapping analysis of

NiZnFe,0,@MnO, microspheres
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Fig.9 NiZnFe,0,@Mn0,/GA composite electromagnetic parameters: (a) Real part of the permittivity; (b) Imaginary part of the permittivity; (c) Tangent
of the dielectric loss angle; (d) Real part of the permeability; (e) Imaginary part of the permeability; (f) Tangent of the magnetic loss angle
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Fig. 10 Reflection loss curves, 3D reflection loss plot and corresponding contour plot of NiZnFe,0,@Mn0O,/GA: ((a)-(c)) NiZnFe,0,@Mn0,/GA-200°C;
((d)-() NiZnFe,0,@Mn0,/GA-300°C; ((g)-(i)) NiZnFe,0,@Mn0,/GA-400°C; ((j)-(1)) NiZnFe,0,@Mn0,/GA-500C
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Table1 Comparison of wave absorption properties of NiZnFe,0,@Mn0,/GA composite aerogel

Sample Thickness/mm Frequency/GHz RL,,,/dB EAB/GHz
NiZnFe,0,@Mn0,/GA-200C 4.3 5.68 -18.53 1.2
NiZnFe,0,@Mn0,/GA-300C 2.9 8.72 -47.27 3.2
NiZnFe,0,@Mn0,/GA-400C 2.4 10.24 -36.70 3.44
NiZnFe,0,@Mn0,/GA-500C 1.3 18.00 -17.48 2.56
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Fig. 11 Relationship between RL values versus a quarter wavelength A (a), RL value and impedance matching coefficient Z value (b) of
NiZnFe,0,@Mn0,/GA-300°C
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