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Abstract: Traditional metal and ferrite microwave absorbing materials are limited by high density, excessive
thickness, and insufficient absorption intensity, restricting their effectiveness in protecting modern electronic
devices from electromagnetic interference. Two—dimensional (2D) sheet-like Hofmann—type metal-organic
frameworks (MOFs) possess ordered crystal structures, well-defined interfaces, and facile fabrication processes,
providing a promising platform for designing high—performance microwave absorbers. In this study, Co[Ni(CN)4]
MOF was employed as a precursor to fabricate 2D CoNi/C composites through a controlled carbonization strategy.
During carbonization, NiCo nanoparticles were uniformly embedded within a continuous carbon matrix, resulting in
abundant heterointerfaces, stable dielectric response, and pronounced magnetic loss behavior. The carbonization
temperature was systematically optimized to tune the complex permittivity, complex permeability, and impedance
matching, enabling effective microwave attenuation at minimal thickness. Detailed structural characterization

revealed that the 2D morphology and porous carbon framework facilitate formation of conductive networks and
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interface polarization, while metallic nanoparticles contribute to magnetic resonance, collectively enhancing the
synergistic interaction between dielectric and magnetic losses. Electromagnetic measurements demonstrated that the
P-CoNi/C-600 sample exhibits a minimum reflection loss of - 51.9 dB at a thickness of 1.7 mm and maintains a
broad effective absorption bandwidth, highlighting the efficiency of low—thickness microwave absorption. This work
elucidates the cooperative dielectric - magnetic loss mechanism in Hofmann MOF-derived CoNi/C composites and
provides a practical strategy for the rational design of lightweight, high—performance microwave absorbing materials

for advanced electromagnetic protection applications.
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composite materials
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Fig. 1 Schematic illustration of the synthesis process of the P-CoNi/C~X composites
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Fig. 2 XRD patterns of the Co[Ni(CN)s] Hofmann MOF precursor (a) and P-CoNi/C composite (b), and TG and DTA curves (c)
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[¥13  P-CoNi/C-500(a) .P-CoNi/C-600(b) .P-CoNi/C-700(c) .P-CoNi/C-800(d) ¥ SEM [£] ; P-CoNi/C-500(e) .P-CoNi/C-600
(f) \P-CoNi/C-700(g) .P-CoNi/C-800(h) ) TEM &
Fig. 3 SEM images of P-CoNi/C—500 (a), P-CoNi/C-600 (b), P-CoNi/C-700 (c), and P-CoNi/C-800 (d), TEM images of P-CoNi/C—
500 (e), P-CoNi/C~600 (f), P-CoNi/C~700 (g), and P-CoNi/C-800 (h)
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Fig. 6 (a) The real part of complex permittivity, (b) the imaginary part of complex permittivity, (c) the dielectric loss tangent, (d) the

real part of complex permeability, () the imaginary part of complex permeability, and (f) the magnetic loss tangent of the P-CoNi/C-X

composites
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Fig. 5 Raman spectra (a), XPS Spectra (b) of the P-CoNi/C—X composites, high—-resolution XPS spectra of C 1s (c), Co 2p (d), Ni 2p
(e) of P-CoNi/C—600 and Magnetic Hysteresis Loops of the P-CoNi/C—X composites
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