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High—entropy Ceramics: A New Strategy for Electromagnetic Wave
Absorbing Materials

ZHANG Weiming'*” XIANG Huimin' DAI Fuzhi' SUN Zhimei*”’ ZHOU Yanchun'

(1 Science and Technology on Advanced Functional Composite Laboratory, Aerospace Research Institute of
Materials & Processing Technology, Beijing  100076)
(2 School of Materials Science and Engineering, Beihang University, Beijin 100191)
g g g y Jjing
(3 Center for Integrated Computational Materials Engineering , International Research Institute for Multidisciplinary Science, Beihang

University , Beijing 100191)

Abstract The advancement of microwave technology has spurred the development of electromagnetic (EM)
protection technology. Being capable of dissipating excess electromagnetic radiation in the form of heat, EM wave
absorbing materials have gathered widespread attentions. Confronted with complex EM environment, it is of great
significance to explore EM wave absorbing materials with both strong and broadband absorbing capacity within the
frequency band of 1 to 18 GHz. At present, the design methods for EM wave absorbing materials mainly include
nano—composite construction and doping modification. Through combining dielectric loss—type and magnetic loss—
type nanomaterials, the dieleciric and magnetic loss coupling can be achieved. However, complex preparation
process, difficulty in accurately controlling the dispersion of nanofillers and poor high—temperature stability and
resistance to oxidation are the main drawbacks for these types of materials. Ulira~high temperature ceramics
(UHTCs) possess good thermal stability and resistance to oxidation, however, the poor impedance match makes it
unsuitable for EM wave absorption. Through designing and preparing high—entropy ceramics containing magnetic
components, strong and broadband absorbing capability can be achieved in UHTCs. The high—entropy design
paradigm can simultaneously adjust the conductivity and enhance the magnetic loss capability, which opens a new

window to tune the impedance match for dielectric materials with high conductivity.
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Fig. 3 Preparation method and EM absorption properties of Ni@MXene nano—composites
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Tab.1 Minimum reflection loss (RL,; ) and maximum
effective absorption bandwidth (EAB) together with the
corresponding thickness (d,, d,) of single phase materials
including nano—carbon, MXene, ferrite materials and silicon
carbide etc. as well as the related composite materials

FkL RL/dB  d/mm EAB/GHz d/mm
Carbon nanotube (CNT)2"! -72 3.00 0 -
Fe,0,/CNTs"! -43.0 1.50 830 175
Fe,0,/7C*! -59.2 1.68 330 1.68
Graphene!?!! - 6.0 3.00 0 -
Graphene/Fe?!! - 45.0 3.00 4.40 2.00
Carbon fiber (CF)*! -16.6  3.00 450  3.00
CF/MoS,*! -21.4 380  10.80  3.80
CF/MoS,/Fe,0,””  -473 2.70 580 270
Ti, G, -17 1.40 560  1.40
Ti,C,/NiP -526 3.0 6.10  2.00
Ti,C,/CoFe, 0,5 -30.9 1.50 8.50 150
Fe,0, -395 670 590  1.30
Fe,0,/PEDOT? -55.0 1.30 434 130
SicP -4.5 4.00 0 -
SiC winsker/Fe, 0, -723 2.55 6.06 2.5
(V6T ,Cr, ), A1C -56.2 1.75 4.16  2.00
Fe,Co,”" -53.6 1.55 6.80  1.55
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