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Table 1 Latest research progress on microwave absorption

of impedance-matched biomass-derived porous
carbon-based composite materials in the range of

2 to 18 GHz
Biomass precursor Zin EAB/GHz RL,/dB d,/mm Ref.
Cotton 0.90-1.10 4.4 —-60.0 1.65 [19]
Spinach 0.70 7.3 —62.2 271 [20]
Shaddock peel 0.75-1.25 5.8 -29.5 1.70  [21]
Waxberry 0.30-0.50 8.0-40.0 -74.8 [22]
Chitosan 1.00-1.40 X-band —68.8 5.10  [23]

Z;, is normalized input impedance; EAB: Effective absorption bandwidth;

RL pin: Minimum reflection loss; d,,: Matching thickness.
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(a) SEM image of PC-600
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Fig. 1 SEM photos and pore size distribution of walnut shell derived carbon before activation (C-600) and after activation
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Table 2 Latest research progress on microwave absorption

of magnetic porous
carbon-based composite materials in the range of

metal/biomass-derived

2 to 18 GHz

Biomass Combined

precursor absorbent EAB/GHz RL,/dB d,/mm Ref.
Cotton Ni 7.1 —40.5 1.90  [43]
Cotton Co 4.4 -51.2 1.65  [19]
Corncob Co 6.5 —64.5 2.60  [48]
Rice husk Fe 3.6 -23.9 1.60  [44]
Rice Ni 5.0 -52.0 1.68  [42]

* 3 HMEREUMENRITESILREESMRE 2~
18 GHz URIRU TS E MY R FT Rt R

Table 3 Latest research progress on microwave absorption

of magnetic metal oxides/biomass-derived porous

carbon-based composite materials in the range of

2 to 18 GHz

Biomass Combined

precursor absorbent EAB/GHz RL,y/dB d,/mm Ref.
Dopamine Fe;0,4 35 —50.8 1.50 [49]
Pine pollen NiO 4.1 -50.9 2.80 [50]
Collagen fiber Fe;0,4 5.4 -36.0 2.00 [51]
Sisal fiber Fe;04 4.3 —48.6 2.50 [52]
Teak wood MnO 4.7 —51.2 2.51 [53]
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Extended Abstract

The rapid development of electromagnetic wave technology brings a unprecedented convenience, but leads to some related
concerns regarding electromagnetic pollution and associated health risks. Consequently, the development of electromagnetic wave
absorption materials becomes crucial for ensuring both survival and safety. Biomass porous carbons (BPCs) can be used as highly
promising materials for addressing these challenges due to their unique properties, including ultra-low density, large surface area,
abundance of precursors, and exceptional dielectric loss capabilities, showcasing immense potential for electromagnetic wave
absorption applications. However, manipulating the absorbing properties of biomass carbon-based composite materials through
changes in structure and composition is restricted, and the absorption mechanisms of BPCs materials still remain unclear, due to the
absence of a comprehensive framework.

In this review, the absorption mechanism of BPCs materials as absorbers is explored, including impedance matching, interface
polarization, multiple reflection and scattering, conductivity of network structure, pore size control to optimize absorption
performance, and unique absorption mechanism of magnetic media/ biomass-derived porous carbon materials. Also, several puzzles
and unsolved problems of the absorption performance are emphasized, and a further research is needed to solve these uncertainties
and deepen the understanding of the electromagnetic wave absorption capacity of BPCs.

In addition, this review proposes a promising theoretical method to enhance the electromagnetic absorption properties of BPCs
materials, providing valuable insights and directions for future research work in this field. Despite the considerable progress made in
both experimental and theoretical aspects of BPCs materials, some challenges persist. These include difficulties in synthesizing highly
conductive networks, challenges in precisely controlling pore parameters, and issues related to the aggregation and oxidation of
magnetic nanoparticles in magnetic BPC composites, all of which require further exploration and resolution.

Summary and Prospects The rapid development of electromagnetic wave technology leads to significant conveniences and also
concerns electromagnetic pollution and associated health risks. Consequently, the development of electromagnetic wave absorption
materials becomes crucial for ensuring survival and safety. Biomass porous carbons (BPCs) can be used as promising materials in this
regard due to their unique properties such as ultra-low density, large surface area, abundance of precursors, and excellent dielectric
loss capabilities, highlighting their enormous potential for electromagnetic wave absorption applications. However, despite a
significant progress in manipulating the absorbing properties of biomass carbon-based composite materials, there is a fragmented
understanding of the absorption mechanisms of BPCs materials, necessitating a more comprehensive framework. This review
provides a thorough examination of the absorption mechanisms of BPCs materials, encompassing impedance matching, interface
polarization, multiple reflections and scattering, the conductivity of network structures, control of pore size for optimizing absorption
performance, and the distinctive absorption mechanisms of magnetic media/biomass-derived porous carbon materials. Furthermore,
this review gives several challenges for a further exploration. One significant challenge is related to the contribution of conductive
networks to the absorption performance of BPCs materials, with some aspects such as difficulties in preparation and poor stability.
The precise control of pore parameters and exploration of suitable specific surface areas for optimal interface polarization effects
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remain major challenges in material preparation methods. Moreover, the aggregation and oxidation of magnetic nanoparticles in
magnetic BPC composites affect their absorption performance, necessitating a further research in this area. Although this review is
based on theoretical summaries derived from laboratory results and does not delve into the synthesis processes of the materials, it
offers a comprehensive elucidation of the absorption mechanisms of BPC-based absorbing materials. This review strives to guide
future research and applications via providing insights into cost-effective and high-performance BPC-based absorption materials.
Some studies need to contribute to the development of efficient and versatile absorption materials via addressing these challenges and
advancing the understanding of BPCs' electromagnetic wave absorption capabilities, ultimately mitigating electromagnetic pollution
and ensuring public health and safety.

Keywords biomass; porous carbon; microwave absorbing materials; absorption mechanism; effective absorption bandwidth;
reflection loss



