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Fig. S2 Disperse HMCCo-2 in ethanol solution and sonicate for 15 minutes before taking TEM
images. a Single carbon nanotube separated after ultrasound. b Elements mapping for single
carbon nanotubes. c-e Single carbon nanotubes separated after ultrasound. f High resolution
TEM images of carbon nanotube tips and Co nanoparticle
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Fig. S3 al-a4 SEM images of PMZ-1, PMZ-2, PMZ-3, and PMZ-4. b1-b4 SEM images of
HMCCo-1, HMCCo-2, HMCCo-3, and HMCCo-4
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Fig. S4 XRD pattern of MXene
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Fig.S5 Thermogravimetric analysis (TGA) and differential thermogravimetric analysis (DTG)
of PS powder and PMZ-2 powder. a TGA and DTG of PS powders from room temperature to
880°C. b TGA and DTG of PMZ-2 powders from room temperature to 880°C. ¢ TGA of PS
and PMZ-2 powders from room temperature to 880°C. The test equipment was TG209 F3,
tested under N> atmosphere with a heating rate of 10°C/min
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Fig. S6 a N 1s spectra of PMZ-2 and HMCCo-2. b O 1s spectra of PMZ-2 and HMCCo-2. ¢ F
Is spectra of PMZ-2 and HMCCo-2
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Fig. S7 The Cole-Cole semicircles of a HMCCo-1, b HMCCo-2, ¢ HMCCo-3, and d HMCCo-
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Fig. S8 Frequency-dependent p"(u')?f! curves of HMCCo-1, HMCCo-2, HMCCo-3, and
HMCCo-4
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Fig. S9 Room-temperature hysteresis loop of a PMZ-2 and b HMCCo-2
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Fig. S10 2D plot of RL values for al HMCCo-1, a2 HMCCo-2, a3 HMCCo-3, and a4 HMCCo-
4 with thicknesses ranging from 1-5mm. The characteristic impedance for b1 HMCCo-1, b2
HMCCo-2, b3 HMCCo-3, and b4 HMCCo-4. EAB bar charts for ¢c1 HMCCo-1, ¢2 HMCCo-

2, ¢3 HMCCo-3, and ¢4 HMCCo-4
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Fig. S11 a The attenuation constant, b characteristic impedance, and ¢ EAB corresponding to

1.5-4.5 mm of the HMCCo series
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Fig. S12 |Zin/Zy |, attenuation constant, and RL value of HMCCo-2
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Fig. S13 SEM images of al ZIF67, bl PS@ZIF67, ¢1 MXene@ZIF67, and d1 PS@MXene
before calcination. SEM images of a2 ZIF67-600, b2 PS@ZIF67-600, ¢2 MXene@ZIF67-600,
d2 and PS@MXene-600 after calcination at 600°C. RL values corresponding to 1-5 mm
thickness for samples a3 ZIF67-600, b3 PS@ZIF67-600, ¢3 MXene@ZIF67-600, and d3
PS@MXene-600. The remaining scales in the Figure are all 1 um

Figure S13 shows four sets of comparative experiments, in which factors such as sample
ratio, preparation process, and reaction time before calcination were consistent with the
parameters used for preparing the same product PMZ-2. The calcination temperature, holding
time, and heating rate of the four groups of samples were consistent with the parameters for
preparing HMCCo-2 under the same conditions. In addition, the method of preparing coaxial
rings and the filler ratio are also consistent with the previous text.
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Fig. S14 al Real and imaginary parts of complex dielectric parameters, a2 real and imaginary
parts of complex permeability, and a3 dielectric loss tangent and magnetic loss tangent for
ZIF67-600. bl Real and imaginary parts of complex dielectric parameters, b2 real and
imaginary parts of complex permeability, and b3 dielectric loss tangent and magnetic loss
tangent for PS@ZIF67-600. ¢1 Real and imaginary parts of complex dielectric parameters, ¢2
real and imaginary parts of complex permeability, and ¢3 dielectric loss tangent and magnetic
loss tangent for MXene@ZIF67-600. d1 Real and imaginary parts of complex dielectric
parameters, d2 real and imaginary parts of complex permeability, and d3 dielectric loss tangent
and magnetic loss tangent for PS@MXene-600
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Fig. S15 a The attenuation constant curves and b u”(n’)f™! - Frequency curves of four samples.
¢ |Zin/Zo|-value curves of four groups of samples at the corresponding thickness when RL value

reaches the minimum
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Fig. S16 Electromagnetic performance of sample PMZ-2. a Real and imaginary parts of
complex dielectric parameters for PMZ-2. b Real and imaginary parts of complex permeability
for PMZ-2. ¢ Dielectric loss tangent and Magnetic loss tangent of PMZ-2. d RL values of PMZ-
2 sample at a thickness of 1.5-5 mm
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Fig. S17 The a complex permittivity real parts, b complex permittivity imaginary parts, ¢
dielectric loss tangent, d complex permeability real parts, e complex permeability imaginary
parts, and f magnetic loss tangent curves of HMCCo obtained at different temperatures
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Fig. S19 The characteristic impedance values of HMCCo-400~HMCCo-800 under matching
thickness
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Fig. S20 Raman spectra of HMCCo-400, HMCCo-500, HMCCo-600, HMCCo-700, and
HMCCo-800
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Fig. S21 EAB of a HMCCo-600, b HMCCo-700, and ¢ HMCCo-800
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Fig. S22 al Complex permittivity, a2 complex permeability and a3 RL curves at 5 wt% filler
ratio. b1 Complex permittivity, b2 complex permeability and b3 RL curves at 10 wt% filler
ratio. c1 Complex permittivity, c2 complex permeability and c3 RL curves at 15 wt% filler ratio.
d1 Complex permittivity, d2 complex permeability and d3 RL curves at 20 wt% filler ratio

As shown in the Fig. S22, with the increase of mass ratio, the real part of complex dielectric
constant is increasing, and the electromagnetic wave absorption performance first increases and
then decreases, and the minimum reflection loss value is minimized at 15 wt%, which is -70.70
dB. When the filler ratio reaches 20 wt%, the complex dielectric constant of the material
increases dramatically. According to the free electron theory, an excessively high dielectric
constant will result in more incident electromagnetic waves being reflected by the absorber,
which is detrimental to the dissipation of electromagnetic waves. In summary, we believe that
the dielectric constant and magnetic permeability of the material are maintained at an
appropriate level at a filler ratio of 15 wt%, so we uniformly use a filler ratio of 15 wt% in our
study.
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Table S1 List of instructions for preparing sample labels

Mass

ratio

of

Materials PS@MXene and Labels gim:rzttll?rne Labels
Co(NO53),-6H,0 P

PS@MXene / PM 600°C HM
When the load capacity of ZIF67 is different
1:1 PMZ-1 600°C HMCCo-1
1:2 PMZ-2 600°C HMCCo-2
1:3 PMZ-3 600°C HMCCo-3
1:4 PMZ-4 600°C HMCCo-4

PS@MXene@ZIF67 When the calcination temperature is different
1:2 PMZ-2 400°C HMCCo-400
1:2 PMZ-2 500°C HMCCo-500
1:2 PMZ-2 600°C HMCCo-600
1:2 PMZ-2 700°C HMCCo-700
1:2 PMZ-2 800°C HMCCo-800

Table S2 Comparison Table of Electromagnetic Wave Absorption Performance of
MXene/CNTs System Materials

Components RLmin(dB) dimm) EAB(GHz) Refs.
MXene@CNTs -48.80 1.72 5.44 [S1]
MXene/CNTSs/PI -50.03 1.70 5.60 [S2]
MXene/CNTs/Fe304 -40.10 2.00 5.80 [S3]
MXene/CNTs/Co -85.80 1.40 6.10 [S4]
CNTs/TizCao-SA -40.00 3.95 4.20 [S5]
MXene@NiCo@NCNTs -55.30 2.10 4.30 [S6]
NiCo/TiC/TiO/CNTs -51.98 1.90 7.76 [S7]
MXene/ZIF67-C@Co/MXene -50.50 4.00 5.80 [S8]
MXene/ZIF67-MXene/CoNi/N-CNTs  -52.64 3.80 1.60 [S9]
MXene/CNTs/Ni -56.40 2.40 3.95 [S10]
Co/CNTs-MXene@CF(Co-ZIF) -61.41 2.52 5.04 [S11]
MXene/Ni/N-CNTs -57.78 1.49 3.44 [S12]
MXene/CNTs -52.90 1.55 4.46 [S13]
MXene/CNTs@Fe-Co -52.56 2.50 2.16 [S14]
MXene/CoNi/CNTs -51.60 1.60 4.50 [S15]
MXene/CNTs -45.00 2.70 4.90 [S16]
MXene/CNFs/CoNi/TiO; -54.60 1.76 4.00 [S17]
MXene/Co-ZIF67 -60.09 2.70 9.30 [S18]
HMCCo-600 or HMCCo-2 -70.70 2.04 5.67 This work
HMCCo-700 -63.25 1.861 4.38 This work
HMCCo-800 -62.91 2.28 3.70 This work
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