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Influence of Combination and Distribution of RGO/Fe;O0,/PLA Composite
Absorber on Absorption Performance of Pyramid
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Abstract Based on graphene (RGO)/polylactic acid (PLLA) and RGO/Fe,0,/PLLA composite absorbent wires, a three-
layer pyramid absorbing body was printed using fused deposition forming technology. Through CST simulations and
experiments, the influence of combining and distributing the absorbing agents (horizontal and stereo gradient distributions)
on the absorption performance of the pyramid was investigated, and the absorbing mechanism was revealed. The results
show that, for the homogeneous absorber, the absorption performance of the two-component absorber is better and
improves with increasing graphene content. For the gradient distribution absorber (the pyramid height is 16 mm and the
bottom dimension is 10 mm X 10 mm), when the stereo gradient distribution is adopted (the three-layer wave absorber
graphene is added in amounts of 3%, 5%, and 7% in mass fraction), the strongest wave absorption effect can be
achieved. Reflection losses of 6.1-18 GHz are lower than — 10 dB, and the effective wave absorption bandwidth can
exceed 11.9 GHz. The maximum absorption intensity is —45.8 dB at 17.2 GHz. Compared with the combination of
absorbing agents, the distribution mode has a more significant impact on the absorbing ability of the pyramid. The wave
absorber with stereo gradient distribution, on the one hand, improves impedance matching characteristics to ensure
effective absorption bandwidth; on the other hand, increases multiple scattering, reflection, and spherical diffraction losses
to improve absorption intensity.
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Table 1 Composition of composite absorber

Mass fraction /%

Number Sample

RGO Fe,O, PLA
1 Pure PLA 0 0 100
2 3%RGO/PLA 3 0 97
3 5%RGO/PLA 5 0 95
4 7%RGO/PLA 7 0 93
5 3%RGO/15%Fe,0,/PLA 3 15 82
6 5%RGO/15%Fe,0,/PLA 5 15 80
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Fig. 1 Electromagnetic parameter test sample. (a) Graphene

composite wire; (b) coaxial ring
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Fig. 2 Schematic diagram of pyramid structure. (a) Incident direction of electromagnetic waves; (b) periodic arrangement; (c) unit cross-

sectional size; (d) horizontal gradient distribution; (e) stereo gradient distribution; (f) stereo gradient distribution wireframe
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Table 2 Design scheme of absorbing agent distribution of pyramid absorber

Impedance matching

Sample Distribution layer Absorber layer Reflective layer
Cl Homogeneous 3%RGO/PLA
C2 Homogeneous 5%RGO/PLA
C3 Homogeneous 7% RGO/PLA
C4 Homogeneous 3%RGO/15%Fe,0,/PLA
C5 Homogeneous 5%RGO/15%Fe,0,/PLA
C6 Horizontal 3%RGO/PLA 5%RGO/PLA 7%RGO/PLA
C7 Horizontal 3%RGO/PLA 3%RGO/15%Fe,0,/PLA 7%RGO/PLA
C8 Horizontal 3%RGO/PLA 5%RGO/PLA 5%RGO/15%Fe,0,/PLA
C9 Horizontal 3%RGO/PLA 3%RGO/15%Fe,0,/PLA 5%RGO/15%Fe,0,/PLA
C10 Stereo 3%RGO/PLA 5%RGO/PLA 7%RGO/PLA
Cl1 Stereo 3%RGO/PLA 3% RGO/15%Fe,0,/PLA 7%RGO/PLA
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C13 Stereo 3%RGO/PLA 3%RGO/15%Fe,0,/PLA 5%RGO/15%Fe,0,/PLA
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Fig. 3 Physical picture of C10 pyramid absorber printed sample
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Fig. 4 Electromagnetic parameters of composite wire. (a) Real part of complex permittivity &’; (b) imaginary part of complex

permittivity €”; (c) real part of complex permeability #'; (d) imaginary part complex permeability z"
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Table 3 Reflection losses of absorbers C1-C5

Sample number Bandwidth range /GHz ~ Absorption bandwidth /GHz ~ Absorption peak /dB ~ Resonant frequency /GHz
Cl — 0 —8.8 17.0
C2 13.2-18.0 4.8 —35.0 18.0
C3 9.5-18.0 8.5 —36.7 15.5
C4 8.4-18.0 9.6 —39.9 18.0
(05} 5.7-18.0 12.3 —34.3 12.5
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Fig.7 Energy loss distribution of horizontally distributed absorber at different frequencies. (a) 2 GHz; (b) 10 GHz; (¢) 18 GHz
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Table 4 Reflection losses of absorbers C6-C13

Sample number Bandwidth range /GHz  Absorption bandwidth /GHz ~ Absorption peak /dB ~ Resonant frequency /GHz
C6 10.2-18.0 7.8 —34.5, —26.6 12.6, 15.9
C7 9.5-18.0 8.5 —36.5, —28.4 12.4,15.8
C8 8.3-18.0 9.7 —28.1, —25.7 12.1, 16.0
C9 7.9-18.0 10.1 —31.5, —39.0 11.9, 16.0
C10 8.7-18.0 9.3 —51.4 17.4
Cl1 8.4-18.0 9.6 —41.9 16.2
Cl12 8.4-18.0 9.6 —38.6 18.0
C13 8.2-18.0 9.8 —40.0 18.0
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Fig. 8 Reflection loss curves of different absorber combinations. (a) C6-C9 (horizontal distribution); (b) C10-C13 (three-dimensional
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Fig. 9 Reflection loss of absorber under different distribution modes of absorber
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