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Supplementary Figures 

 

Fig. S1 Statistical histogram of diameter of (a) PAN NFs, (b) CNFs, (c) Co-ZIF/PAN, 

(d) CCC, (e) CoNi-ZIF/PAN, and (f) CNCC fibrous composites 
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Fig. S2 SEM images of (a) Co-ZIF/PAN (Co2+:2-MI=1:8), (b) Co-ZIF/PAN (Co2+:2-

MI=1:0), (c) Co-ZIF/PAN (Co2+:2-MI=1:16), and (d) CoNi-ZIF/PAN 

 

Fig. S3 SEM images of (a) Co-ZIF/PAN and (b) CoNi-ZIF/PAN directly selenized 

without pre-carbonization 
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Fig. S4 EDS mapping of sample CCC 

 

Fig. S5 XRD patterns of single component Co-ZIF, Ni-ZIF and CoNi-ZIF/PAN treated 

with different sonication times 
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Fig. S6 The crystal structure models of (a) hexagonal CoSe, (b) tetragonal Co9Se8, (c) 

hexagonal NiSe, and (d) schematic diagram of the effect of nickel introduction on 

material transformation 

 

Fig. S7 XRD patterns of Co-C@CNFs and CoNi-C@CNFs 

  

https://springer.com/40820


Nano-Micro Letters 

S5/S12 

 

Fig. S8 DTG curves of PAN and CoNi-ZIF/PAN 

 

Fig. S9 (a) Schematic diagram of surface resistance test of copper strip and various 

fibrous membranes (the figure shows the test data of copper strip with unpolished 

surface), (b) the statistical histogram of surface resistance test values of all samples 
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Fig. S10 High-resolution XPS patterns of samples Co-C@CNFs, CoNi-C@CNFs and 

CCC: (a) C 1s, (b) N 1s, (c) Co 2p and (d) Ni 2p 

 

Fig. S11 The C0 curves of Co-C@CNFs and CoNi-C@CNFs 
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Fig. S12 The dependence plot of λ/4 matching thickness vs RL peak vs |Zin/Z0| of the 

sample CNCC 

 

Fig. S13 Contour map of the values of Z of (a) CNFs, (b) Co-C@ CNFs, (c) CoNi-C@ 

CNFs, (d) CCC, (e) CNCC, and (f) the percentage of area occupied by the specific 

impedance matching interval (0.8 < Z < 1.2) 
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Fig. S14 The attenuation constant curves of all samples 

 

 

Fig. S15 (a) Effective absorption bandwidth values of the sample CNCC at different 

thicknesses and (b) dependence of the reflection loss value on frequency at 1.7 mm 
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Fig. S16 Ultra-efficient electromagnetic wave absorbers: scatter plots of (a) specific 

RL values versus thickness, (b) specific EAB values versus thickness, and (c) radar 

comparison chart of typical 1D composite absorbers reported in the literature and in 

this work, scatter plots of (d) specific RL values versus thickness, (e) specific EAB 

values versus thickness, and (f) radar comparison chart of typical MOF-derived 

composite absorbers reported in the literature and in this work 

 

Fig. S17 The temperature difference curves between the upper and lower surfaces of 

various fibrous membranes on the surface of the thermal conductivity test bench within 

0-0.09 s: (a) commercial CFs membrane, (b) CCC fibrous membrane, and (c) CNCC 

fibrous membrane 
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Fig. S18 N2 adsorption–desorption isotherm curve of CNCC fibrous composite (inset: 

the corresponding pore size distribution curve) 

Table S1 Surface resistance test data for copper tape and various fibrous composites 

Sample Resistance (10-4Ω) Length 

(cm) 

Width 

(mm) 

Thickness 

(mm) 

Cross-sectional 

area (mm2) 

Copper strip 17.9 17.6 18.1 17.3 18.2 2 5 0.05 0.25 

CNFs 377.1 379.2 378.4 377.6 378.7 2 5 0.10 0.50 

CCC 286.2 287.3 286.7 288.1 287.8 2 5 0.11 0.55 

CNCC 239.4 237.8 238.7 237.1 238.3 2 5 0.11 0.55 

Table S2 Surface element content of various samples (at%) 

Sample C O N Co Ni Se 

Co-C@CNFs 80.27 7.92 8.06 3.75 0 0 

CoNi-C@CNFs 77.56 8.47 6.85 3.51 3.61 0 

CCC 81.66 5.28 1.85 5.29 0 5.92 

CNCC 72.68 6.08 1.28 4.85 4.99 10.12 

Table S3 Comparison of the EMA performance with other typical 1D materials 

Sample Content (wt.%) RLmin (dB) EAB (GHz) Refs. 

P-CNF/Fe 20 -44.86 (4.1 mm) 3.28 (4.1 mm) S1 [S1] 

HCSS/ZrO2/SiC 35 -48.6 (3.5 mm) 3.2 (3.5 mm) S2 [S2] 

ZnO/Co nanotubes 50 -68.4 (3.0 mm) 5.9 (2.6 mm) S3 [S3] 

CNT@Ti3SiC2@SiCf 10 -53 (3.8 mm) 5.6 (2.5 mm) S4 [S4] 

Cu9S5/C NFs 20 -65.4 (2.7 mm) 4.1 (2.9 mm) S5 [S5] 

MnS/C NFs 30 -68.9 (3.6 mm) 7.2 (3.3 mm) S6 [S6] 

CCC 5 -48.07 (2.2 mm) 7.6 (2.4 mm) This work 

CNCC 5 -68.40 (2.6 mm) 8.88 (2.0 mm) This work 
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Table S4 Comparison of the EMA performance with other typical powdery MOF-

derived materials 

Sample Content (wt.%) RLmin (dB) EAB (GHz) Refs. 

SiC/Ni/NiO/C 20 -50.52 (4.0 mm) 2.96 (2.5 mm) S7 [S7] 

Co/Ni/C 40 -49.8 (2.6 mm) 7.6 (2.6 mm) S8 [S8] 

Ag@C 20 -50.14 (3.0 mm) 5.44 (2.5 mm) S9 [S9] 

Co/C 40 -35.3 (4.0 mm) 5.8 (2.5 mm) S10 [S10] 

NDC/MoS2 30 -34.94 (3.0 mm) 6.08 (3.0 mm) S11 [S11] 

ZnCo@C@1T-2H-

MoS2 
50 -35.83 (5.0 mm) 4.56 (2.0 mm) S12 [S12] 

CCC 5 -48.07 (2.2 mm) 7.6 (2.4 mm) This work 

CNCC 5 -68.40 (2.6 mm) 8.88 (2.0 mm) This work 

Table S5 Mechanical properties test data of various fibrous membranes 

Sample Width (mm) Thickness (mm) Stress (MPa) Strain (%) 

CNFs 20 0.10 4.35 27.8 

CCC 20 0.11 5.68 59.3 

CNCC 20 0.11 6.16 55.7 
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