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Figure S1. (a) The appearance of GODs with different wt% of GO content using ethanol as a solvent,
and (b) when they were pushed with a glass rod.
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Figure S2. (a) Formation of GODs using different polar solvents, and (b) their deformation response
when pressed with a glass rod. (c-f) XRD patterns of GODs prepared with different polar solvents
under varying exposure times in ambient conditions.
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Figure S3. (a) Images of GOD formation (30 wt% of GO content) using polar solvents (water and
ethanol) and non-polar solvents (hexane and toluene), and (b) fabricated films of the GODs.
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Figure S4. Photos showing the amount of GO foams for a large-scale production of GOD composites,
and when they were fabricated into CNT@GOD, V,05@GOD, and TiO,@GOD at a large-scale.
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Figure S5. Relative resistance changes according to bending radii (2.5, 5, 7, 10 and 15 mm) for
RGOD films with thicknesses of 50 um and 100 um
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Figure S6. The XPS spectra of RuO,@RGOD of (a) C 1s and R 3d, (b) O 1s, and (¢) Ru 3p.
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Figure S7. The cross-sectional SEM images of RGOD composites mixed with (a) V,0s, (b) TiO,, (¢)
Fe,03, (d) RuO,, (e) Si nanoparticles, and (f) CNTs. (scale bar: 500 nm)



S— (b)

V,0;@RGAD <

(d)

Figure S8. The SEM surface images and their EDS mapping images of the RGOD composites mixed
with (a) V,0s, (b) TiO,, (¢) Fe,0s, and (d) Si nanoparticles. (scale bar: 2 um)
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Figure S9. (a-b) Photos taken before and after mixing ternary GOD composites (TiO,@V,05@GOD)
depending on processing time using an acoustic mixer. (c-d) SEM surface images and corresponding
EDS mapping images of the ternary GOD composites fabricated by DD and DP mixing. (scale bar: 2

um).
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Figure S10. The TGA curves of GOD, RGOD, and RGOD composites including CNT@RGOD,
RuO,@CNT@RGOD, and Fe,0;@CNT@RGOD.
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Figure S11. Cyclic load—displacement curves under a constant load of 3 mN for RGOD composites
of (a) RuO,@CNT@RGOD and (b) Fe,O;@CNT@RGOD.
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Figure S12. (a) BET adsorption-desorption curves and (b) pore volume distributions of RGOD,
RuO,@RGOD and RuO, @CNT@RGOD films.
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Figure S13. GCD curves of RuO, @CNT@RGOD film at different current densities.
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Figure S14. Comparison of EMI shielding performance of Fe,O;@CNT@RGOD as a function of
thickness, along with various polymer-free graphene composite materials and representative
commercial shielding materials.



Figure S15. (a) Cross-sectional SEM image of multi-layered RGOD/Fe,O3;@RGOD/RGOD, (b) along
with its EDS mapping image and the thickness of each layer. (Inset) (Scale bar: 100 pum)



Table S1. Mechanical properties of GOD, GOD composites and RGOD composites.

Elastic modulus (GPa) Hardness (MPa) Vickers hardness (HV)
GOD 2.42+0.43 88+ 13 8.12+1.2
Fe,0;@CNT@GOD 2.76 +£0.40 149 £ 20 13.8+1.8
RuO,@CNT@GOD 3.40+0.19 178 + 14 16.5+1.3
Fe,0;:@CNT@RGOD 143+1.0 374 £39 346+3.5

RuO,@CNT@RGOD 153+13 488 + 41 415+3.8




Table S2. Comparison of electrochemical performance of RuO, @CNT@RGOD electrode with other
high-density carbon materials including composite structures reported in the literature using a two-

electrode system.
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Table S3. Comparison of EMI SE performance of various polymer-free graphene composite materials
fabricated using different methods, including process temperature and time, along with representative

commercial shielding materials.

. . - EMI SE (dB) Mixing process Post-processing
Materials Th(l;ll::)e s :)ecnl::_?; Co(llsd:;:_ll;lty @ Frequency (Taken temp. (Taken temp. Ref.
8 (GHz) and time) and time)
Electrochemical
D-LIG/Ni 0.327 - 439 79 @ 8.2-12.4 deposition - [12]
(RT, 30 min)
PECVD Annealing
CNT-MLGEP 1.6 0.0089 1.18 475 @ 8.2-12.4 (800 °C, < 2 h) (600 °C, 3h) [13]
Ball-milling Graphitization
: - *104 -
CNT-gGF 0.24 1.3*10 55 @ 5-22 (RT, 12 h) (2800 °C, 2h) [14]
Ultra-sonication Graphitization
Graphene/CNTs 2 0.985 1819.17 75 @ 12.4-18 (RT, 50 min) (2800 °C, 2h) [15]
Hydrothermal
Fe;04/GN 0.20 0.78 50 24 @ 8.2-12.4 reaction - [16]
(180 °C, 10 h)
Hydrothermal
NiFe,0,/rGO 2 - 0.7 382 @ 10.8 reaction - [17]
(200 °C, 12 h)
Stirring and dr; - Hydrothermal
Fe;0,@MWCNTs/RGO 0.6 0.108 5.076 459 @ 8.2-12.4 og Y reaction
(50 °C, 12h) N [18]
(100 °C, 1h)
MLD Annealing
PGFs-xPFO 2.18 - 64.36 @ 2-18 (150 °C, < 2 min) (380 °C, 1h) [19]
Stirring and heating ~ Thermal drying
Graphene/Ag 0.8 - 0.032 28 @ 8.2-12.4 (100 °C, 4.5h) (50 °C, 24h) [20]
Microwave method
f-Fe;0,-VCNTs@rGO 1 - - 25 @ 8.2-12.4 (RT, <5 min) - 21]
Stirring and Thermal dryin
MRGO-MX Foam 15 0.0038 0.81 35@ 8.2-12.4 sonication ermatcrying 5
(RT, ~30 min) (90 °C, 12h) [22]
Copper Foil 0.01 8.97 8.0%10° 70 @ 8.2-12.4 - [23]
Aluminum Foil 0.05 2.7 3.5%10° 62.5@8.2-12.4 -

[24]
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