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Fig. S1. Schematic representation of the preparation of Co/Ni-MOFs and Co/Ni@C carbonized

magnetic nanoparticles.



Fig. S2. Digital photographs of as-prepared Co/Ni@C@PDMS mixture and the corresponding

cured Co/Ni@C@PDMS composite film.
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Fig. S3. Particle size distribution of (a) Pristine Co/Ni-MOFs before carbonization. (b)

Co/Ni@C nanoparticles obtained after carbonization.
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Fig. S4. EDS elemental mapping images showingthe spatial distibution of C, Co, Ni and N

elements in the Co/Ni@C nanoparticles.
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Fig. S5. (a) EDS elemental mapping images of C, Co, and N elemets in the 3D dual
GnP30@PDMS/CM5 composites. (b) Cross-sectional SEM image showing the CM/PDMS

layer on the top side of the GnP30@PDMS/CMS5 composites.



Fig. S6. Cross-sectional SEM images of random R-GnP30/CMS5/PDMS composites at different

magnifications.
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Fig. S7. High resolution XPS spectrum of (a) C 1s spectrum, (b) N Is spectrum, (c) Co 2p

spectrum, and (d) Ni 2p spectrum for Co/Ni-MOFs.
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Fig. S8. (a-b) M-H hysteresis loops of carbonized Co/Ni@C nanoparticles.
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Fig. S9. Comparison of (a) EMI SEr, (b) SE, and (c) corresponding power coefficients of



random R-GnP30/CMS5/PDMS and 3D dual GnP30@PDMS/CMS5 composites. Error bars

represent standard deviation (n = 3).
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Fig. S10. Frequency-dependent electromagnetic parameters of GnP30@PDMS/CM
composites. (a) &', (b) ¢", and (c) tand,. (d) u', (¢) 1", and (f) tand,. (g, h) Cole—Cole plots for
GnP30@PDMS/CMO0 and GnP30@PDMS/CMS5, respectively. (i) Normalized input

impedance (|Z;,/Zy|) as a function of frequency.
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Fig. S11. Comparison of normalized SEr versus thickness for the GnP30@PDMS/CM5

composite with 3D dual network structures and other reported 3D polymer composites.

11



I I
0.41 1.2
g el
I I
E"" 0.3 _M 0.9- I
I 1
4 0.2 3 0.6
3 i 3
< <
0.1 0.3
0.0 0.0
Neat PDMS CM5/PDMS R-GnP30/ GnP30@
CM5/PDMS PDMS/CM5

Fig. S12. Comparison of thermal conductivity of (a) neat PDMS and 5wt% CM/PDMS
composites. (b) Random R-GnP30/CM5/PDMS composites and 3D dual GnP30@PDMS/CM5

composites. Error bars represent standard deviation (n = 3).
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Table S1. Compositional analysis of GnP30@PDMS foams and GnP30@PDMS/CM

composites with GnP and Co/Ni@C nanoparticles.

GnP content in

GnP content in

Co/Ni@C content in

Materials GnP30@PDMS GnP30@PDMS/CM  GnP30@PDMS/CM
foams (Wt%) composites (Wt%) composites (Wt%)
GnP30@PDMS/CMO 15.85 -
GnP30@PDMS/CM3 15.97 2.25
GnP30@PDMS/CMS5 » 16.06 3.70
GnP30@PDMS/CM8 16.25 5.98
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Table S2. Detailed comparison of EMI shielding performance of our prepared 3D dual

GnP30@PDMS/CM composites with other reported 3D dual structure-based composite

materials.

Materials Thickness EMI SE Normalized Absorption Year and

(mm) (dB) SE (dB-mm™) coefficient (A) references
LLDPE/BN@GNP 2 27.8 13.9 ~0.48 2023!
PP/CNTs/Fe;04/PW 2.2 39.2 17.8 ~0.21 20222
Ag@FTSM/Fe;O4/WPU 2 48.7 24.35 0.60 20243
PF/Fe;O04@PPy/Cu 4 32.2 8.05 0.60 20244
Comi@eMtencicellulose 70.4 23.67 0.54 20255
PCL/BN@PLA/CNTs 3 31.4 10.5 ~0.3 2024¢
rGO/hBN/PDMS 4 43.1 10.8 0.34 20237
PU/Ni@MWCNTs 2 30.8 15.40 - 20208
GNPs/rGO/EP 3 51 17 ~0.14 20197
Graphene/CNT/PEN 2 25.8 16.1 - 202310
rGF/rGM/PDMS 2.2 38.75 17.61 ~0.47 20231
MXene@rGO/PI 5 58.7 11.74 ~0.19 202412
PDMS/GNPs@LM 2.16 40.8 18.89 ~0.3 202413
MXene/o-GNPs/PLA 3 65 21.9 - 202214
PVA;E?SS’QTI)ESSDMA 4 40.61 10.15 0.36 20251

GnP30@PDMS/CM5 2.18 71.5 32.8 0.69 This work

Abbreviation: LLDPE: Linear low-density polyethylene; BN: Boron nitride: Fe;O4: Iron oxide; PP: Polypropylene; FTSM:
Foamed temperature-sensitive microspheres; CNT: Carbon nanotubes; PW: Paraffin wax; WPU: Waterborne polyurethane;
PF: Polyimide foams; PPy: Polypyrrole; PCL: Polycaprolactone; rGO: Reduced graphene oxide; PDMS: PU: Polyurethane;
MWCNTs: Multi-walled carbon nanotubes; PEN: Poly(aryl ether nitrile); rGF: rGO and Fe;04; rtGM: rGO and Fe;04; LM:
Liquid metal; 0-GNPs: Ordered GNPs; PLA: Polylactic acid; PVA: Polyvinyl alcohol; PPA: Polyacrylic acid; PEGDMA:

Polyethylene glycol dimethacrylate; PEDOT:PSS: Poly (3,4-ethylenedioxythiophene) polystyrene sulfonate).

Note: “~” indicates approximate values estimated from the corresponding figures in the cited references.
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Table S3. Detailed comparison of through-plane thermal conductivity values in our prepared

3D dual GnP30@PDMS/CMS5 composites with other reported 3D dual structure-based

composite materials.

Thermal

Materials Filli;:;n)tent conduTtivi_ty TCE (%) l}e{e::rreilclgs
(W-:m1.K)

AIN/BN/EP 50 1.29 614 202116
BN@CNTSs/EP 30 1.20 500 202017
PP/CNTs/Fe;O4/PW 10.6 0.59 211 20222
CuNWs-TAGA/EP 7.2 0.71 132 202218
EP/BN-PVDF 21 1.22 618 20201
TiO,@C-Ni/CNTs/NR 3 0.25 136 202220
PP/CNTs/Fe;04/PW 20 0.59 210 20222
PDMS/Ag-BN/rGO 32 1.2 488 20212
PU/GF/MAPP 40 0.58 82.8 202222
rGO/hBN/PDMS 30 1.27 567 20237
PVDF@MWCNT/BN 55 0.83 - 20193
CMC@CNT-PPy/PW 19.1 0.64 156 202324
C-MG-paraffin 15.1 0.88 300 2021%

GnP30@PDMS/CMS5 19.76 1.37 585 This work

Abbreviation: AIN: Aluminum nitride; BN: Boron nitride: EP: Epoxy; CNT: Carbon nanotubes; PP: Polypropylene; Fe;0,:
Iron oxide; PW: Paraffin wax; TAGA: Thermally annealed graphene aerogel; GNPs: Graphene nanoplatelets; PVDF: Poly
(vinylidene fluoride); PDMS: Poly(dimethylsiloxane); MWCNTs: Multi-walled carbon nanotubes; MAPP: Ammonium
polyphosphate wrapped MXene; CMC, Carboxymethyl cellulose, MG: Multilayer graphene.
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