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Abstract: Microwave absorbing materials (MAM) , as a crucial component of radar stealth technology,
reduce the radar cross-section of detected targets by absorbing radar waves, thereby lowering the probability
of detection. Currently widely applied in the stealth design of various aircraft, naval vessels, and armored
vehicles, they effectively enhance equipment survivability and combat effectiveness on the battlefield,
making them strategic key materials in the defense sector. Therefore, developing high-performance radar-
absorbing materials represents both a research hotspot in advanced materials science and a critical
requirement for national defense security. This paper first provides a detailed discussion on the definition,
classification, and absorption principles of radar-absorbing materials. It then systematically summarizes the
current research status and latest advancements across different types of radar-absorbing materials,
analyzing their respective advantages and limitations based on practical application contexts. Finally,
focusing on key challenges in the field, it identifies some primary future research directions: deepening the
understanding of loss mechanisms, developing novel materials with unique electromagnetic responses, and
enhancing engineering design capabilities.
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Fig.7 Schematic diagram of key components and requirements for ground equipment
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Fig.8 Model of a compatible metamaterial absorber, surface current distribution diagram , and reflection loss curves under different polarizations(a)!®’,

model of a transparent metamaterial absorber, reflection loss diagram, and surface current distribution diagrams(b)!" and model of an adaptive absorber,

reflection loss curves at different bending angles , and surface current distribution diagrams (c)"
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Fig.9 Schematic diagram of applications in microwave absorbing materials

(a)schematic diagram of the honeycomb absorber structure in the fuselage and wings; (b)schematic diagram of a coating-type absorbing material ;

(¢)schematic diagram of the honeycomb absorber structure in flange and radar dome ; (d)carbon fiber and foam absorbers for superstructure and masts;;

(e)schematic diagram of coating-type absorbing materials for ship section; ()schematic diagram of multi-spectrum compatible composite absorbing

material for ground equipment(outer layer: visible light and infrared stealth coating, inner layer:radar stealth layer) , schematic diagram

of impact-resistant absorbing materials( fiber-woven absorbing materials )
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Table 1 Research status and key characteristics of absorbing materials for various equipments
Equipment Substrate
Category Absorbent or structure RL,;,/dB EAB/GHz Performance/Feature Ref.
type type
Aerospace  Coating Carbon- CB/PI/MXene —56.3 4.2 Lightweight, (6]
based CNT-ZnO —70 3.4 excellent thermal [7]
S-GA —25 5.2 stability , high [8]
Ceramic- SiC/SisN, —48.6 7.4 temperature resistant [10]
based BN@SiOC —40 6 [11]
Si0,/C@SiC/SiO —18 5.2 [13]
Metal oxide — Co;0,@rGO/SiO, —52.6 4 Oxidation-resistant [15]
Fe@ZrO, —45.36 10 [17]
K, sNa, sNbO,(KNN)/ —16.25 12 [18]
710,/ ALO, [22]
Structural CNT/SiC —16.29 4.4 High-temperature [23]
CF/PMI —50 14 resistant, excellent [24]
SiC/Si;N, —20 7 stability , low density, [27]
FSS/Si0,/P1/CB —25 12.38 compressible, thermal [28]
SiC/C —40 14 insulation
Warship Deck CF/PEEK Excellent mechanical [29]
T700CF/vinyl ester properties , wear [30]
resistance [32]
Super- Epoxy-based silicate Lightweight,, weather [33]
structure CIP@SiO, —25.6 8.3 resistant, UV -resistant [30]
Mast FSS/fiber(foam)MA Multiband, [36]
compatibility [38]
Chimney FeNi@C —47.26 7.06 Resistant to inorganic [40]
corrosion and high- [41]
temperature oxidation
Waterline area C@NiCo-LDHs@Ni —57.4 6.4 Impact-resistant,
CIP@Co/Ni —71.11 8 corrosion-resistant , inhibits
ARZn-x —40.18 22 bacterial adhesion
Ground Multi- CuS@rGO —25 7.2 Low infrared [59]
vehicle spectrum Fe,0,@Sn0O, —27.38 13.68 emissivity [60]
compatibility Fiber/Fe;0,/C/Cr,Oy —46.2 7.9 [61]
Carbon aerogel —19.8 4.64 [62]
MWCNTS/Zn, 0Cop O —26.4 4 [66]
SnOy,@ZnO —23.51 3.5 [67]
CuS@MoS,/Zn0O/C —19 6.62 [68]
Optical ITO/PMMA MA 4 Optical transparency, [69]
transparency ITO/PET 17.32 flexibility ,angular and [70]
compatibility Graphene-FSS/ITO 11 polarization [76]
AgNWs MA —14 14.1 stability [77]
Extreme impact Fiberglass/PU/CNT —25 13.1 Impact-resistant, [46]
protection CFC/EP@ZnO —25.3 4.16 bullet-proof, blast [80]
Aramid fabric MA —34 32 resistant [83]
Environment ITO/PET MA —31 8 High environmental [85
adaptive PIN MMA —40 1.2 adaptability [86]
PIN/honeycomb —28 15 [87]
Graphene —27.5 10 [49]
Water, resistive film —25 0.42 [88]
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