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Abstract: With the rapid development of absorbing materials due to the demand for stealth technology in the military and national
defense field and the increasingly serious electromagnetic pollution in life, various types of absorbing materials emerge. Compared with
the conventional carbonaceous absorbing materials, biomass-derived carbonaceous materials improve the absorbing performance due to
their advantages like light weight, low cost and sustainability. This review briefly represented the synthesis methods of biomass carbon
materials, systematically introduced the application of edible and non-edible biomass derived materials in the preparation of carbonaceous
composite absorbing materials, and described recent work on the biomass-derived carbonaceous materials. Recent research progress on
the composite materials in the field of wave absorption was given. The differences in the microstructure and microwave absorption
properties of different biomass-derived carbonaceous composites were mainly analyzed, and the microwave absorption mechanism of
different biomass-derived carbonaceous composites was summarized. The current challenge and the directional perspective of
biomass-derived carbonaceous composites absorbing materials with efficient microwave absorption properties were discussed. This
review provides a comprehensive theoretical and applied knowledge background for the investigation of biomass-derived absorbing
materials, which can promote the development and application of biomass-derived carbon-based composite absorbing materials.
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Fig. 1 Schematic illustration of the process of activated wexberry-derived carbonaceous composite
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Table 1 Microwave absorption performance of edible biomass-derived carbonaceous composites

Precursor material Absorbers Minimum RL (frequency, thickness) Effective absorption bandwidth (EAB) Ref.
Starch Micron solid carbon spheres —64.8 dB (9.02 GHz, 2.57 mm) 3.1 GHz [34]
Egg-white Carbon@FeCoNi —47.09dB (13.8 GHz, 1 mm) 5.45 GHz [35]
Netted Stinkhorn Porous carbon@CuS —61.5dB (7.8 GHz, 2.84 mm) 7.8 GHz [36]
Agaric Carbon/Co —52.62dB (8.56 GHz, 2.8 mm) 5.44 GHz (11.84 GHz-17.28 GHz) [37]
Rice Carbon/Ni —52dB (14.2 GHz, 1.7 mm) 5 GHz (13.0 GHz-18 GHz) [38]

RL is used to evaluate the absorbing performance of composites; RL <—10 dB means that more than 90% of the electromagnetic energy is attenuated.
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(a) SEM image of cotton-derived fibrous carbon/Ni composite!**)

(b) SEM image of cotton-derived porous carbon/Ni composite!
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Fig. 2 SEM images of cotton-derived carbon/Ni composite
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Table 2 Microwave absorption performance of lignocellulose-derived carbonaceous composites

Precursor material Absorbers Minimum RL (frequency, thickness) Effective absorption bandwidth Ref.
Wheat straw Carbon foams —37.0 dB (12.1 GHz, 1.8 mm) 8.8 GHz (7.2-16.0 GHz) [46]
Fir wood Carbon/CoFe —54.4 dB (11.3 GHz, 2.2 mm) 2.6 GHz (9.7-12.3 GHz) [52]
Pinecone Porous carbon —76.0 dB (15.4 GHz, 2.1 mm) 5.92 GHz (11.92-17.84 GHz) [31]
Corncob Porous carbon sheets/Co nanofibers —64.5 dB (13.76 GHz, 2.6 mm) 8.4 GHz (9.6-18.0 GHz) [54]
Pomelo peel Porous carbon nanosheets —56.4 dB (13.5 GHz, 2.3 mm) 6.4 GHz (11.6-18.0 GHz) [55]
Bamboo Carbon/FeCo —40.0 dB (14.1 GHz, 1.9 mm) 4.7 GHz (6.6—-11.3 GHz) [56]
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Fig. 3 SEM image of N-doped chitosan-derived

carbon aerogelst*!
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(a) SEM image of butterfly wing scales-derived carbon?!

(b) SEM image of butterfly wing scales-derived carbon/B-Co(OH), composite!*”
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Fig. 5 SEM images of butterfly wing scales-derived carbon and butterfly wing scales-derived carbon/pB-Co(OH), composite
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Table 3 Microwave absorption performance of other biomass-derived carbonaceous composites

Precursor material Absorbers Minimum RL (frequency, thickness) Effective absorption bandwidth (EAB) Ref.
Chitosan N-doped carbon/Fe;0,4 —68.8 dB (10.05 GHz, 5.1 mm) 4GHz (8.0 GHz-12.0 GHz) [41]
Lignosulfonate Mo0O,/S-doped carbon —53.4 dB (15.52 GHz, 1.7 mm) 4.63GHz (7.8GHz-12.7GHz) [58]
Glucose WS,@carbon —51.40 dB (5.52 GHz, 4.5 mm) 3.92 GHz [40]
Butterfly wing scales Carbon/B-Co(OH),/PAN —68.41 dB (9.08 GHz, 3.0 mm) 7.97 GHz [42]
Cellulose CNT/cellulose aerogel -43.6 dB 7.42 GHz [57]
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Table 4 Microwave absorption performance of one-element, two-element and multi-element biomass-derived carbonaceous
composites

Precursor material Absorbers Minimum RL (frequency, thickness) Effective absorption bandwidth (EAB) Ref.
Rice husk Carbon —47.46 (9.796 GHz, 2.8 mm) 3.4 GHz (8.473—11.875 GHz) [28]
Reed stalk Carbon ~63.9 dB (10.8 GHz, 1.7 mm) 7.6 GHz(10.4-18.0 GHz) [81]
Walnut shell Carbon —42.4dB (8.88 GHz, 2.0 mm) 2.24 GHz (10.48-12.72 GHz) (7
Peacock feathers Carbonaceous photonic crystals —57.9dB (7.3 GHz, 2.5 mm) 2.1 GHz (6.4-8.5 GHz) [65]
Loofah sponge Carbon/Fe;04@Fe —49.6dB (15.9 GHz, 2.0 mm) 5.0 GHz (13-18 GHz) [79]
Fish scale Carbon/Co@Co304 ~89.3dB (13.6 GHz, 2.4 mm) 6.08 GHz (11.92-18 GHz) [66]
Cattail MoS,@Fe;04/Carbon microtubes —62 dB (16.0 GHz, 2.09 mm) 6.76 GHz (10.92—-17.68 GHz) [80]
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