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Abstract: High-performance microwave-absorbing materials require a synergy of dielectric and magnetic loss mech-
anisms to efficiently dissipate electromagnetic energy. However, single-component materials often fail to simultane-
ously meet the stringent requirements of "thin thickness, lightweight, broad bandwidth, and strong absorption." While
extensive research has focused on compositional optimization and microstructural engineering, systematic explora-
tion regarding macroscopic structural design remains relatively limited. Herein, dielectric nanofiber membranes con-
taining carbon-based materials (graphene oxide(GO) and MXene) and magnetic nanofiber membranes incorporated
with magnetic nanoparticles were individually fabricated via electrospinning. Subsequently, a multilayer alternating

assembly strategy was employed to construct composite films with superior microwave absorption performance. The
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optimized three-layer composite film achieves a minimum reflection loss of -54 dB at a thickness of 3.9 mm, along

with significantly reduced radar cross-section scattering at 4, 6, and 8 GHz. Furthermore, the composite film possesses

desirable multifunctional features, including excellent flexibility, low density, and superior thermal insulation, ena-

bling seamless conformity to complex curved surfaces. These attributes render it highly promising for lightweight

and efficient electromagnetic protection in acrospace stealth technologies, precision electronics, and telecommunica-

tions. This work demonstrates that the multilayer alternating architecture effectively modulates electromagnetic wave

propagation pathways and impedance matching, offering a robust design avenue for high-performance microwave

absorbers.

Key words: electrospinning; multilayer alternating structure; impedance gradient design; dielectric loss; magnetic loss
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Fig. 3 XRD patterns(a, b) and infrared spectra(c, d) of dielectric nanofiber film(a, c¢) and dielectric nanofiber film(b, d)
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Magnetic nanofiber film samples information

oz

REEEERET, LT 102206; 3. FEME

Fibrous membrane

Magnetic particle

Magnetic particle

content, M1/(mg-g

PAN content,

Spinning time,

nomenclature l M;3/(mg-g™h) T/h
M-1 Ni 50 100 18
M-2 Ni 100 80 18
M-3 Fe 50 100 18
M-4 Fe 100 80 18
M-5 Co0304 50 100 18
M-6 Co0304 50 80 18
M-7 Co0304 100 80 18
M-8 FesOa4 50 100 18
xR S2 NTEPRAEBREEREFER

Table S2 Dielectric nanofiber film samples information

Fibrous membrane

Carbon material

Carbon material

content, M>/(mg-g”

Polymer content,

Spinning time,

nomenclature 1 Ma/(mg-g™h) T/h
D-1 graphene 10 100 8
D-2 graphene 10 80 8
D-3 graphene 10 80 20
D-4 graphene 30 80 20
D-5 MXene 5 80 15
D-6 MXene 10 100 15
D-7 MXene 15 100 15
D-8 MXene 20 100 15
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Fig. S1 SEM images of fiber films with different fillers
(a) M-4; (b) M-6; (¢) M-8; (d) D-3; (e) D-6; (f) D-8
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Fig. S2 Electromagnetic parameter curves of the dielectric nanofiber membrane
(a) Real part of the dielectric constant; (b) imaginary part of the dielectric constant; (c) dielectric loss tangent
value; (d) the real part of the permeability; (e) the virtual part of permeability; (f) tangent value of magnetic
loss in the 3.90-5.99 GHz; (g) the real part of the dielectric constant; (h) imaginary part of the dielectric con-
stant; (i) dielectric loss tangent value; (j) the real part of the permeability; (k) the virtual part of permeability;
(1) tangent value of magnetic loss in the 5.38-8.20 GHz
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Fig. S3 Electromagnetic parameter curves of the magnetic nanofiber membrane
(a) the real part of the dielectric constant; (b) imaginary part of the dielectric constant; (c) dielectric loss tan-
gent value; (d) the real part of the permeability; (e) the virtual part of permeability; (f) tangent value of mag-
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Fig. S4 3D RL plots of the nanofiber membrane in the 3.90-5.99 GHz frequency range
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Fig. S5 3D RL plots of the nanofiber membrane in the 5.38—8.20 GHz frequency range
(a) M-2; (b) M-4; (c) M-8; (d) M-7; (e) M-5; (f) M-1; (g) M-6; (h) M-3; (i) D-5; (j) D-1; (k) D-3; (1) D-7; (m) D-4; (n) D-2; (0) D-6;
(p) D-8 in the 5.38-8.2 GHz
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